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Abstract | Biologic agents have substantially advanced the treatment of immunological disorders, including 
chronic inflammatory and autoimmune diseases. However, these drugs are often associated with adverse 
events (AEs), including allergic, immunological and other unwanted reactions. AEs can affect almost any 
organ or system in the body and can occur immediately, within minutes to hours, or with a delay of several 
days or more after initiation of biologic therapy. Although some AEs are a direct consequence of the functional 
inhibition of biologic‑agent‑targeted antigens, the pathogenesis of other AEs results from a drug‑induced 
imbalance of the immune system, intermediary factors and cofactors, a complexity that complicates their 
prediction. Herein, we review the AEs associated with biologic therapy most relevant to rheumatic and 
immunological diseases, and discuss their underlying pathogenesis. We also include our recommendations 
for the medical management of such AEs. Increased understanding and improved risk management of AEs 
induced by biologic agents will enable better use of these versatile immune‑response modifiers.

Boyman, O. et al. Nat. Rev. Rheumatol. 10, 612–627 (2014); published online 12 August 2014; doi:10.1038/nrrheum.2014.123

Introduction
Since the advent of biologic agents directed at important 
proinflammatory pathways, the treatment of chronic 
inflammatory and autoimmune diseases has substan‑
tially changed. Considering that these diseases result from 
aberrant responses of the innate and adaptive immune 
system, the latter including T‑cell and B‑cell responses 
(Figure 1), biologic agents are required for a range of 
immunological targets. For biologic agents used to treat 
rheumatic and immunological disorders, these targets 
include proinflammatory cytokines, such as IL‑1, IL‑6, 
IL‑12, IL‑17, IL‑23 and TNF. Moreover, some biologic 
agents are directed against B‑cell molecules, including 
B‑cell activating factor (BAFF; also known as B lympho‑
cyte stimulator [BLyS]) and CD20, or against T‑cell co‑
stimulatory molecules and accessory molecules, including 
CD80 and α4‑integrin (Supplementary Table 1 online).

Overall, biologic agents are usually well tolerated; 
however, data from postmarketing surveillance highlight 
frequent association of these drugs with expected, but 
sometimes also unpredictable, adverse events (AEs), in 
recognized or off‑label use (Table 1).

In this article, we review the pathogenesis, diagnosis 
and risk management of AEs associated with biologic 
agents currently used for the treatment of chronic inflam‑
matory and autoimmune disorders. We first dis cuss 
immediate adverse reactions, including those mediated 
by anti‑drug antibodies (ADAs), then the nonimmedi‑
ate AEs are reviewed by the organs (or systems) affected. 
We also provide information on the medical management 
of AEs.

Immediate adverse reactions
Clinical presentation and pathogenesis
Different classifications of immediate adverse reactions 
to biologic agents have been proposed;1 however distin‑
guishing between standard infusion reactions (SIRs) and 
hypersensitivity reactions is useful. SIRs occur within the 
first hour following infusion of a biologic agent, irrespec‑
tive of the underlying pathogenesis. The most frequent 
SIR manifestations are fever, shaking chills, musculo‑
skeletal pain, nausea, vomiting, diarrhoea and skin rashes. 
Usually, SIRs remain of moderate intensity, although 
severe and potentially fatal pathology can occur, in cluding 
hypotension and multiorgan dysfunction (Table 2).2

Immediate hypersensitivity reactions are the result of 
degranulation of mast cells and basophils, and include 
symptoms typical of acute allergy and anaphylaxis, 
regard less of whether they are IgE‑mediated. These reac‑
tions mainly lead to cutaneous manifestations, including 
pruritus, urticaria and angiooedema. In severe cases, the 
respira tory tract can be involved, with laryngeal angio‑
oedema and bronchospasm that leads to dyspnoea, 
tachyp noea and dysphonia. In extreme cases, patients with 
hyper sensitivity reactions can develop hypo tension caus‑
ing hypoperfusion‑associated coma and organ failure.3 
Compared with SIRs, hypersensitivity reactions can be 
more severe, and even mild hypersensitivity reactions can 
progress to life‑threatening conditions within minutes or 
during subsequent infusions of the causative drug.

The distinction between SIRs and hypersensitivity 
reactions is useful for diagnosis and risk management. 
The common symptoms at the onset of these reactions, 
how ever, overlap considerably, and thus clinical differen‑
tiation between these conditions is often impossible 
(Table 2).2,4
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Standard infusion reactions
Although the underlying mechanisms of SIRs are not 
completely understood, evidence exists that ADAs or a 
cytokine release syndrome might be involved. Biologic 
agents can activate or lyse target cells, causing cytokine 

Key points

 ■ Biologic agents used for the treatment of rheumatic and immunological disorders 
can cause allergic adverse events (AEs), including standard infusion reactions 
and hypersensitivity reactions

 ■ Biologic agents are associated with an increased risk of severe infection, including 
reactivation of tuberculosis (high risk: infliximab, adalimumab; intermediate risk: 
etanercept, abatacept, tocilizumab; low risk: rituximab, anakinra)

 ■ Combination therapy using biologic agents and immunosuppressive drugs 
has a higher risk of serious infections than monotherapy, especially in the first 
12 months of treatment

 ■ Organ‑specific AEs are commonly hepatic, cutaneous or haematological AEs, 
whereas immunological syndromes and cardiovascular, noninfectious pulmonary, 
gastrointestinal and neurological AEs are rare

 ■ Whether patients receiving biologic therapy have an increased incidence of 
lymphomas and skin cancers, especially after combination therapy, is unknown

 ■ Biologic therapy decreases the immune response to primary (but not booster) 
vaccination; therefore, live vaccines (nasal flu; Bacillus Calmette–Guérin; 
measles, mumps and rubella; and yellow fever vaccines) during active biologic 
therapy are prohibited

release and associated clinical symptoms.5 B‑cell lysis by 
the anti‑CD20 antibody, rituximab, is well described.6 
In patients with B‑cell lymphoma who develop SIRs 
following treatment with rituximab, the severity of the 
reaction is related to the number of circulating B cells.7 
B‑cell depletion might explain the decrease of SIRs, both 
in incidence and severity with subsequent infusions of 
rituximab. The medical management and prevention  
of SIRs is described in Table 3.

Immediate hypersensitivity reactions
In contrast to SIRs, immediate hypersensitivity reac‑
tions usually do not occur after the first infusion, and 
are triggered by subsequent infusions, similarly to 
IgE‑mediated hypersensitivity reactions. How ever, 
in rare cases, IgE antibodies with specificity for a bio‑
logic agent can be present before therapy, resulting in 
adverse reactions upon initial exposure to the drug, an 
effect that complicates differential diagnosis from SIRs. 
This phenomenon has been described in patients with 
cetuximab‑induced anaphylaxis; IgE ADAs against the 
carbohydrate galactose‑α‑1,3‑galactose were triggered 
by tick bites.8 Indeed, some patients have tested posi‑
tive with intradermal skin tests for infliximab after an 
immediate hypersensitivity reaction, suggesting an IgE‑
mediated mechanism.9 IgE antibodies specific for bio‑
logic agents that are used to treat rheumatic diseases have 
also been detected in the sera of patients after immediate 
hypersensitivity reactions.10,11 Moreover, some findings 
suggest that immediate hypersensitivity reactions might 
not only be mediated by IgE. Indeed, IgG ADAs, immune 
complexes, or platelet‑activating factor and activation of 
complement pathways could be involved in the develop‑
ment of anaphylaxis.12–14 The medical management and 
prevention of anaphylaxis is described in Table 3.

Anti-drug antibodies
ADAs targeting biologic agents are mainly IgG anti‑
bodies, and are infrequently of the IgE isotype. ADAs 
have been suggested to cause hypersensitivity reactions 
or SIRs,15 although an undesirable activity of ADAs 
more frequently recognized is neutralization of biologic 
agents, resulting in loss of drug efficacy.16 In particular, 
infliximab‑specific ADAs have been detected in 10–50% 
of patients exposed to this biologic agent.17–19 Although 
mouse epitopes in the human—mouse chimeric struc‑
ture of infliximab could promote ADA responses, ADAs 
have also been detected in approximately 25–30% of 
patients treated with adalimumab, a fully‑human anti‑
TNF monoclonal antibody (mAb).20,21 ADAs specific 
for infliximab or adalimumab are neutralizing, and have 
been linked to drug inactivation and AEs, including 
immediate adverse reactions.20,21 For most other biologic 
agents commonly used to treat rheumatic and immuno‑
logical disorders, associations between ADAs and AEs 
have not yet been shown. For example, ADAs have been 
detected in patients treated with etanercept, a recombi‑
nant protein of the TNF receptor linked to human IgG1–
Fc;22,23 however, no association with AEs or decreased 
efficacy of etanercept has been shown, possibly because 
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Figure 1 | Proinflammatory networks in autoimmune and chronic inflammatory 
diseases. Cytokines are instrumental in guiding the differentiation of naive 
(undifferentiated) TH cells. IL‑1β, either in conjunction with TGF‑β or with IL‑6 and IL‑23, 
can drive the generation of TH17 cells that produce IL‑17A, IL‑17F and IL‑22. These 
cytokines induce G‑CSF and CXCL8 (IL‑8) production, and the subsequent recruitment 
of neutrophils. IL‑1β can also directly mediate the production of G‑CSF, thus increasing 
neutrophil recruitment. Alternatively, IL‑12 can promote differentiation of TH1 cells, 
which secrete TNF and IFN‑γ. TNF and IFN‑γ activate inflammatory cells, including 
monocytes and macrophages. TH cells provide help to B cells for efficient antibody 
production and isotype switching. These inflammatory pathways have crucial roles in 
chronic inflammatory and autoimmune disorders, including rheumatoid arthritis 
(TH1 cells, TH17 cells and B cells), psoriasis (TH1 cells and TH17 cells), and systemic 
lupus erythematosus (B cells). Abbreviations: TH, T helper; TH1, type 1 T helper; TH17, 
type 17 T helper; TGF‑β, transforming growth factor‑β; G‑CSF, granulocyte colony 
stimulating factor (also known as colony stimulating factor 3).
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etanercept‑specific ADAs are not neutralizing.24 Further‑
more, ADAs specific for abatacept (an inhibitor of T‑cell 
co‑stimulation),25 rituximab,26 golimumab (an anti‑TNF 
mAb)27 and tocilizumab (an IL‑6 receptor blocker),28 
have also been detected, but studies evaluating the effect 
of these ADAs are lacking.

Some studies investigated switching to a second TNF 
inhibitor after failure of a clinical response to a first 
TNF inhi bitor.29–33 Most of these studies showed that 
switching leads to a favourable clinical outcome without 
safety concerns. Van der Bijl et al.34 examined the effect 
of pre‑existing anti‑infliximab antibodies in patients 

Table 1 | Nonimmediate adverse events caused by biologic agents used to treat rheumatic and immunologic disorders

Biologic 
agent

Major organs or systems affected

Skin Cardiovascular 
and pulmonary 
system

Gastrointestinal 
system

Haematopoietic and immune 
system

Nervous system Infections

Abatacept Psoriasis 
(4 cases)

Cough, COPD 
exacerbation 
(increased by 
20%), ILD 
exacerbation 
(>15 cases)

Elevated serum levels 
of aminotransferases

Leukopenia, thrombocytopenia 
(rare)

NA Increased 
(intermediate) risk of 
reactivation of latent TB

Anakinra Psoriasis 
(1 case)

NA Elevated serum levels 
of aminotransferases

Leukopenia NA Increased risk of 
serious infection

Rituximab Psoriasis 
(6 cases), 
cutaneous 
vasculitis 
(3 cases),  
TEN, SJS

ILD (0.3–1%, 
>175 cases)

NA Thrombocytopenia (rare), 
progressive 
hypogammaglobulinaemia

Enhanced risk 
of PML with 
concomitant 
immunosuppressive 
therapy

Increased risk of liver 
failure with hepatitis B

TNF 
antagonists

Psoriasis  
(>200 cases); 
cutaneous 
vasculitis  
(>125 cases); 
cutaneous 
lupus; 
(neutrophilic) 
dermatoses 

ILD (~1%,  
>120 cases), 
pulmonary 
vasculitis 
(3 cases), 
sarcoidosis 
(46 cases, 
74% pulmonary, 
29% cutaneous), 
heart failure (rare 
case reports)

Elevated serum levels 
of aminotransferases

Neutropenia, thrombocytopenia 
(0.1–2%), pancytopenia (2 cases 
with etanercept), aplastic 
anaemia (1 case with etanercept), 
increased risk of hepatosplenic 
lymphoma, thromboembolism 
(7 cases with adalimumab), 
inflammatory ocular disease 
(>90 cases), renal vasculitis 
(18 cases), autoimmune hepatitis 
(19 cases), inflammatory 
myopathy (5 cases), APS (30–40 
cases), lupus‑like syndrome 
(0.1–0.8%, >140 cases)

CNS vasculitis 
(6 cases), 
demyelinating 
disease, PNS 
vasculitis, relapse of 
multiple sclerosis, 
induction of optic 
neuritis, Guillain–
Barré syndrome

Increased risk of 
reactivation of latent TB 
and opportunistic 
infections (high with 
anti‑TNF monoclonal 
antibody therapy, 
intermediate with 
etanercept), increased 
risk of serious 
infections, increased 
risk of liver failure with 
hepatitis B

Tocilizumab Psoriasis 
(1 case), 
erythroderma 
(1 case)

ILD (1%, >113 
cases)

Intestinal perforation 
(0.3 per 100 
patient‑years), 
elevated serum levels 
of aminotransferases 
(~10%)

Neutropenia (4%), 
thrombocytopenia (1.7%)

NA Increased risk of 
serious infections, 
increased 
(intermediate) risk of 
reactivation of latent TB

Abbreviations: APS, antiphospholipid syndrome; CNS, central nervous system; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; NA, not applicable; PML, progressive 
multifocal leukoencephalopathy; PNS, peripheral nervous system; TB, tuberculosis; TEN, toxic epidermal necrolysis; SJS, Stevens–Johnson syndrome.

Table 2 | Clinical features of immediate adverse reactions to biologic agents 

Adverse event Cutaneous 
or mucosal

Respiratory Gastrointestinal Cardiovascular Others

SIRs Flushing or pruritus Dyspnoea, rarely respiratory 
arrest, usually no bronchospasm

Abdominal pain, 
nausea, vomiting  
or diarrhoea

Chest discomfort, tachycardia or 
bradycardia, rarely hypotension, altered 
mental status, loss of consciousness, 
shock or cardiac arrest

Fever*, shaking 
chills*, arthralgia 
and myalagia*, 
or back pain*

Immediate 
hypersensitivity 
reactions and 
anaphylaxis

Urticaria*, erythema, 
flushing, angioedema* 
(swelling), pruritus of 
palms and soles* or 
genitals*, generalized 
pruritus

Nose: rhinorrhoea, sneezing or 
pruritus. Larynx: dysphonia, 
hoarseness, stridor, cough  
and pruritus 
Lung: bronchospasm*, 
wheezing*, shortness of breath, 
cyanosis or respiratory arrest

Nausea, cramping, 
dysphagia, vomiting, 
abdominal pain or 
diarrhoea

Chest pain, palpitation, tachycardia or 
other dysrhythmia, dizziness, fainting, 
confusion, altered mental status, 
hypotension, loss of consciousness, 
shock or cardiac arrest

Metallic taste in 
mouth or uterine 
contraction

*Although clinical features of SIRs and immediate hypersensitivity reactions are highly overlapping, clinical signs and symptoms indicated by an asterisk are highly suggestive of the indicated 
condition. Abbreviation: SIRs, standard infusion reactions.
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with rheumatoid arthritis (RA) who were switched 
from inflixi mab to adalimumab. Adalimumab was well 
tolerated and effective, irrespective of the anti‑infliximab 
antibody serum titre.

Infections
Tuberculosis
Biologic agents that target TNF or inhibit other pro‑
inflammatory cytokines are associated with an increased, 
but variable, risk of infection with intra cellular and 
extracellular pathogens (Figure  2). Immunity to 
Mycobacterium tuberculosis, a facultative intracellular 
pathogen, involves T cells, type 1 T helper (TH1) cell 
cytokines, and the formation of granulomas. Blocking 
TNF can markedly disrupt granuloma architecture and, 
ultimately, enable dissemination of mycobacteria.35,36 
Moreover, weakening of the immune response to myco‑
bacteria by other biologic agents is also conceivable, 
enhancing the risk of reactivating latent tuberculosis 
(TB). TNF antagonists were the first biologic agents to 

be associated with a risk of TB reactivation, a risk that 
seems to be higher with infliximab and adalimumab 
than with etanercept.37–42 In most cases, reactivation of 
TB led to extrapulmonary or disseminated disease.38,43 
Interestingly, in US patients treated with TNF antago‑
nists, infections with nontuberculous mycobacteria were 
twice as frequent as M. tuberculosis infections.41 Globally, 
the number of reported cases of TB following biologic 
therapy has mostly been dependent on the screening 
procedures,44 drug kinetics,45 the prevalence of TB in 
the recruited population and the stringency of drug trial 
inclusion criteria. Such variables could explain why TB 
was less frequently reported in trials of golimumab46,47 
and certolizumab pegol48 than with previously tested 
anti‑TNF agents.

Despite careful screening of volunteers enrolled into 
controlled studies, abatacept and tocilizumab have both 
been associated with cases of active TB.49,50 This associ‑
ation underlines the need for appropriate screening, and 
subsequent prophylaxis when indicated in these patients 

Table 3 | Management and prevention of SIRs and anaphylaxis

Adverse event People at risk Acute management Re-administration Long-term prevention

Mild SIRs and 
anaphylaxis

All (for infliximab and 
adalimumab use the 
presence of ADAs is 
a risk)15,20,21

Stop infusion immediately
Administration of paracetamol 
(also known as acetaminophen; 
1 g) and an antihistamine (such as 
clemastine; 2 mg) 
Resume infusion at a reduced rate 
after resolution of symptoms

Premedication  
with paracetamol,  
an intravenous 
antihistamine and  
a corticosteroid

Concomitant administration  
of immunosuppressive drugs 
(such as corticosteroids or 
methotrexate) along with 
biologic agents17–19

Severe SIRs 
and anaphylaxis

All (for infliximab and 
adalimumab use, 
the presence of 
ADAs is a risk)15,20,21

Stop infusion immediately
Intramuscular injection of 
epinephrine (adrenaline; 0.5 mg), 
intravenous antihistamine, 
intravenous methylprednisolone 
(125 mg), fluid replacement, 
oxygen

Consider switching to 
another biologic agent 
(or DMARD)201

In the absence of an 
alternative, administer 
a desensitization 
protocol*

Concomitant administration 
of immunosuppressive drugs  
(such as corticosteroids or 
methotrexate) along with 
biologic agents17–19

*See also Box 2. Abbreviations: ADAs, anti‑drug antibodies; AEs, adverse events; SIRs, standard infusion reactions.
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Figure 2 | Biologic agents can inhibit immunity to pathogens. Acquired immunity to extracellular and intracellular 
microorganisms depends on a network of TH17 cells, TH1 cells, cytotoxic CD8+ T cells and B cells. Long‑term immunological 
memory relies on CD4+ memory T cells and CD8+ memory T cells that secrete a range of cytokines. Various biologic agents 
and their immunological targets are shown. Interference in these immune system pathways can lead to failure to control 
extracellular and intracellular pathogens resulting in local or systemic dissemination. Abbreviations: CTLA‑4, cytotoxic 
T‑lymphocyte protein 4; TCR, T‑cell receptor; TH1, type 1 T helper; TH17, type 17 T helper.

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved



616 | OCTOBER 2014 | VOLUME 10 www.nature.com/nrrheum

(Supplementary Box 1 online). Conversely, no increased 
risk of TB was reported in a trial involving rituximab 
treatment of patients with RA,39 similar to previous 
studies of rituximab for non‑Hodgkin lymphoma.51 
Presumably, this lack of association is because rituxi‑
mab was administered to patients who had already been 
screened for TB. Alternatively, this might suggest that 
M. tuberculosis‑specific antibodies or B cells are strongly 
implicated in the immune defence against M. tuberculo
sis. The question remains open. Furthermore, adminis‑
tration of rituximab to patients who tested positive in an 
IFN‑γ‑release assay (IGRA) specific for M. tuberculosis 
seemed to be safe, provided that the patients received 
anti‑TB prophylaxis and did not have clinically active 
TB.52,53 Similarly, there was no indication that ana kinra, 
a recombinant IL‑1 receptor antagonist, weakened 
immunity to TB.54 However, strict clinical observa‑
tion and screening assays should be performed before 
administration of rituximab or anakinra, particularly in 
combination with other immunosuppressive therapy, 
including other biologic agents (Table 4).55 Collectively, 
the risk of reactivation of latent TB seems to be highest 
with the use of anti‑TNF mAbs. Abatacept, etanercept 
and tocilizumab have an intermediate risk of causing 
reactivation, and anakinra and rituximab have a low risk 
of  reactivating TB.

Opportunistic infections
TNF drives immunity to opportunistic infections by acti‑
vating macrophage effector functions that can include 
intracellular killing mechanisms and the generation of 

granulomas. Thus, that facultative intracellular micro‑
organisms, including Aspergillus fumigatus, Candida 
albicans, Coccidioides (the causative agent of coccidi‑
oidomycosis), Histoplasma capsulatum, Listeria mono
cytogenes and nontuberculous mycobacteria, can cause 
serious infections in patients treated with TNF inhibitors 
is not surprising.56 The frequency of such infections was 
estimated at 150–200 per 100,000 patients in the French 
RATIO registry study and was substantially higher in 
patients treated with corticosteroids or anti‑TNF mAbs 
than in patients treated with etanercept.57 Given the 
importance of IL‑17‑producing type 17 T helper (TH17) 
cells for antifungal and antibacterial immunity, espe‑
cially to C. albicans and Staphylococcus aureus,59 bio‑
logic agents that target IL‑17, such as secukinumab, also 
unsurprisingly, increase the risk of fungal infections.58

Serious infections
Serious infections are defined as infections leading 
to hospitalization, use of intravenous antibiotics, and 
some times death. Whereas a meta‑analysis did not 
show an increase in the overall frequency of infections 
in patients treated with abatacept, rituximab or with 
IL‑1, IL‑6 or TNF antagonists, a substantial increase in 
the number of serious infections was reported.60 Impor‑
tantly, in a retrospective study of data recorded in daily 
practice, the frequency of severe infections associated 
with anti‑TNF biologic agents was even higher than the 
incidence reported in phase III trials of TNF antago‑
nists.61 However, long‑term observation of patients 
treated with anakinra or tocilizumab compared to 

Table 4 | Management and prevention of infection‑related adverse reactions to biologic agents

Adverse event People at risk General preventive or therapeutic 
measures

Specific preventive or therapeutic 
measures

Severe bacterial 
infections, 
opportunistic 
infections

Individuals aged 
>60 years or with 
chronic kidney 
disease, chronic lung 
disease or impaired 
lung function79

Early detection of pre‑existing foci  
of infection
Recognition of a past history of  
severe infection
Avoidance of concomitant use of 
immunosuppressive medication
Monitor CD4+ T‑cell count (>0.2 × 109/l)

Vaccination against specific pathogens 
(Streptococcus pneumoniae) prior to 
treatment with biologic agents
When CD4+ T cells <0.2 × 109/l, start 
Pneumocystis jirovecii prophylaxis
Monitor serum IgG titres when treating 
with rituximab83

Tuberculosis Individuals aged 
>60 years or with 
chronic kidney 
disease, chronic lung 
disease or impaired 
lung function79

Screening for latent TB Isoniazid or rifampicin prophylaxis if 
documented latent TB

Herpes zoster Individuals aged 
≥50 years

Antiviral therapy Vaccination prior to treatment with biologic 
agents202

Hepatitis B All (including occult 
carriers)

Monitor viraemia
Higher risk of reactivation under 
biologic therapy for HBV infection than 
with HCV infection92

HBV vaccine prior to treatment with 
biologic agents
Antiviral prophylaxis for chronic HBV109,110

Avoid anti‑cytokine biologic agents93,94  
and rituximab106,107

Hepatitis C All Monitor viraemia
Higher risk of reactivation under biologic 
therapy for HBV compared to HCV92

Acceptable risk of reactivation when using 
cytokine inhibitors or rituximab in patients 
with cryoglobulinaemia‑associated 
vasculitis or hyperglobulinaemic vasculitis97

Vaccination All Contraindication to live vaccines 
(nasal flu, BCG, MMR or yellow fever)200

Zoster vaccine acceptable in patients 
receiving low‑dose systemic steroids202

Abbreviations: BCG, Bacillus Calmette–Guérin; HBV, hepatitis B virus; HCV, hepatitis C virus; MMR, measles mumps rubella; TB, tuberculosis.
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conventional nonbiologic DMARDs confirmed a stable 
infection rate with no increased risk of serious infec‑
tion over time.39,62–64 By contrast, another meta‑analysis 
did not show an increased risk of serious infections 
after rituximab or abatacept treatment of patients with 
RA, although an increased risk of serious infections 
was associated with high doses of anakinra.65 Another 
study showed the risk of serious infections seemed 
to be lower in patients treated with abatacept than in 
those treated with adalimumab, etanercept, infliximab 
or rituximab,42 and the risk remained stable for several 
years.66,67 Conversely, a combined treatment of abatacept 
and TNF antagonists increased the risk of serious infec‑
tions and is thereby not recommended.68,69 Although the 
frequency of serious infections varies with the use of dif‑
ferent biologic agents, upper respiratory tract infections 
are the most common, and septicaemia, septic arthritis 
and osteo myelitis, as well as skin, gastrointestinal and 
urinary tract infections also occur.42,62,65,70 In patients 
treated with TNF antagonists, the overall results are con‑
flicting; some studies concluded that the risk of serious 
infection was not increased and was even decreased,71–73 
whereas the results of other studies, including a meta‑
analysis,74 suggested an increased risk of serious infec‑
tion.75–77 The question arose, therefore, of whether or 
not the rate of serious infections is mainly associated 
with the first few months of anti‑TNF therapy. With a 
careful analysis of a cohort of >5,000 individuals from 
the German RABBIT registry, Strangfeld et al.78 identi‑
fied a ‘biphasic evolution’, an increased risk of serious 
infections during the first 12 months of treatment, fol‑
lowed by a decline in the risk. The decline was associated 
with the patient profiles and with long‑term therapeutic 
management, including a reduction in steroid admin‑
istration, functional improvements and exclusion of 
patients at high risk of infection. A high‑risk profile 
was defined as an age of >60 years, chronic lung and 
kidney disease, impaired lung function, use of steroids 
and TNF antagonists, or a previous history of serious 
infection (Table 4).

Exposure to rituximab has been associated with a 
modest increase (4–6 per 100 patient‑years) in the rate 
of serious infections in patients treated simultaneously 
with methotrexate.70,79 In combination with another 
biologic agent, the overall safety profile of rituximab 
is consistent with methotrexate or other nonbiologic 
DMARDs.80 Interestingly, the risk of infection was not 
increased in patients who switched from rituximab (after 
at least one course or 6 months exposure) to TNF antago‑
nists or abatacept, an important observation as many of 
these patients were still B‑cell‑deficient when switch‑
ing drugs.42,81 However, some patients treated for an 
extended period of time with repeated courses of rituxi‑
mab developed progressive deficits in serum IgM (~22%) 
and IgG (~4%) concentrations, and evidence suggests 
that individuals with IgG deficiency have a higher risk 
of serious infection than patients with normal serum 
IgG titres.82 Interestingly, hypo gammaglobulinaemia 
might even persist after rituximab treatment, despite 
 normalization of B‑cell counts.

The BAFF inhibitor belimumab is another drug that 
influences B‑cell responses and therefore, possibly, the 
susceptibility to infectious diseases. Although belimu‑
mab has not been available for long enough to specifi‑
cally evaluate this relationship, neither a phase III trial 
nor a 4‑year extension study indicated that it was associ‑
ated with a high risk of opportunistic or serious infec‑
tions.83,84 In summary, combination therapy with biologic 
agents and immunosuppressive drugs has been associ‑
ated with an increased risk of serious infections more 
frequently than monotherapy, although evidence sug‑
gests a higher risk of such events during the first months 
of therapy, regardless of the drug used.78

Viral infections
Herpes zoster
Studies, including prospective85 and retrospective sur‑
veys86–88 of the incidence of herpes zoster (shin gles, 
caused by varicella zoster virus [VZV] infection) in 
patients treated with anti‑TNF agents, have reported 
vari able results ranging from no association to low 
inci dence. Old age and concomitant immunosuppres‑
sive therapy are risk factors for herpes zoster.87,88 In a 
3‑year study with the French RATIO registry,57 40% of 
opportunistic infections were of viral origin, including 
eight severe cases of herpes zoster, three of VZV (chicken 
pox), three extensive herpes simplex virus infections and 
four disseminated cytomegalovirus infections. Further‑
more, in a cohort of 1,220 patients (4,206 patient‑years) 
treated with adalimumab, etanercept, infliximab, 
rituximab or ustekinumab (which targets the p40 sub‑
unit common to IL‑12 and IL‑23),89 herpes zoster was 
com mon (about one‑third of cases).89 22 herpes zoster 
cases were identified (1.26% of the total cohort) with 
the lowest incidence rate (IR) for infliximab (IR = 2.4) 
and the highest incidence for ustekinumab (IR = 53.5), 
whereas the incidence with rituximab was comparable 
to etanercept (IR of 5.1 and 5.2, respectively). In a post‑
marketing study of tocilizumab therapy,90 the incidence 
of herpes zoster was also low (6 in 1,000 patient‑years).

Hepatitis B and hepatitis C
Special consideration should be given to hepatitis B 
and C, as these usually chronic infections can cause vas‑
culitis and other autoimmune pathologies that might 
require treatment with biologic agents.91 Screening 
patients at risk for these viruses before initiating bio‑
logic therapy is recommended. In general, the risk of 
biologic‑agent‑induced viral reactivation is higher with 
infection with hepatitis B virus (HBV) than with hepa‑
titis C virus (HCV).92 Indeed, cases of hepatic failure 
have been reported in HBV‑positive patients (even 
in those negative for HBV surface‑antigen, so‑called 
‘occult carriers’) treated with biologic agents, including 
TNF antagonists.93,94 Furthermore, treatment of HBV‑
infected patients with rituximab is contraindicated 
because associated deaths due to fulminant hepatic 
failure have been reported.95,96 By contrast, the course 
of HCV infections reported during treatment with 
cytokine inhibitors or rituximab, for example in patients 
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with cr yoglobulinaemia‑associated vasculitis or hyper‑
globulinaemic vasculitis, was less severe than the course 
of HBV infections.97 Currently, data regarding the use of 
tocilizumab in patients with hepatitis B or hepatitis C are 
not available, because patients with these diseases were 
excluded from clinical trials of tocilizumab.

AEs causing immunological syndromes
Autoantibody responses, most commonly involving anti‑
nuclear antibodies (ANAs) and anti‑double‑stranded 
DNA (dsDNA) antibodies, frequently occur in patients 
receiving TNF‑blocking therapy. Trials have shown that 
20–26% of placebo‑treated patients with rheumatic 
disorders (mostly RA) have ANAs and none have anti‑
dsDNA antibodies, whereas: 50–68% of patients treated 
with infliximab have ANAs and 7–22% have anti‑dsDNA 
antibodies; 11% of patients treated with etanercept are 
positive for ANAs and 15% for anti‑dsDNAs; and 12% 
of those treated with adalimumab are positive for ANAs 
and 10–12% for anti‑dsDNA antibodies.98–101 The emer‑
gence of ANAs is less important than the appearance 
of anti‑dsDNA antibodies during biologic therapy due 
to the low diagnostic specificity of low‑titre ANAs for 
autoimmune disease.

These data on de novo development of autoanti‑
bodies with TNF‑inhibitor treatment are mainly from 
RA trials, thus making it unlikely that the underlying 
disease or trial design influence the differential appear‑
ance of the autoantibodies. However, compared with 
healthy individuals, patients affected by autoimmune 
or chronic inflammatory pathologies have a higher pro‑
pensity to generate autoantibodies, possibly including 
ADAs. TNF antagonists have also been associated with 
the generation of other autoantibodies, including anti‑
phospholipid antibodies (7–11% of treated patients),99–102 
although they rarely lead to antiphospholipid syndrome 
and thrombotic events.103,104

In contrast to the high incidence of autoantibodies in 
patients treated with TNF antagonists, immunological 
diseases associated with ANAs, anti‑dsDNAs and anti‑
phospholipid antibodies are relatively rare, presumably 
because such autoantibodies are usually low‑affinity 
IgM rather than high‑affinity IgG.105 The most fre‑
quent immunopathology associated with TNF blockers 
includes lupus‑like syndrome, vasculitis, sarcoidosis, and 
antiphospholipid syndrome.104 TNF‑blocker‑associated 
lupus‑like syndrome, which can mimic subacute cuta‑
neous lupus erythematosus, chronic cutaneous lupus 
erythematosus or systemic lupus erythematosus (SLE), 
occurs in approximately 0.1–0.8% of patients treated with 
TNF antagonists.104 This condition usually affects women, 
and the onset of symptoms typically occurs 1–12 months 
(total range 10 days to >4 years) after initiation of anti‑
TNF therapy.104 In these patients the most common 
manifestations of disease include general symptoms of 
fever, malaise and asthenia (29%), cutaneous lesions 
(29–67%; including maculopapular rash, butterfly rash, 
alo pecia and photosensitivity), arthritis (31–93%), serosi‑
tis (12–29%; including polyserositis), oral ulcers (4–29%) 
and glomerulonephritis (7%).99–102,104,106 Autoantibodies 

typical of SLE (such as ANAs in 79–100%, anti‑dsDNA 
antibodies in 72–92% and anti‑histone antibodies in 57% 
of cases), hypocomplementaemia (22%) and haemato‑
logical cytopenias (22–29%) have also been reported in 
these patients. Of the reported cases of lupus‑like syn‑
drome associated with anti‑TNF therapy, approximately 
40% fulfilled ≥4 ACR criteria for the diagnosis of SLE, 
thus qualifying as ‘full‑blown’ SLE,107 whereas the remain‑
der of cases were an incomplete SLE‑like syndrome with 
21% fulfilling only three criteria and the rest ≤2 criteria.104

The pathogenesis of lupus‑like syndrome associated 
with TNF blockade remains unclear, although some 
mechanisms have been proposed.101 TNF antagonists 
induce apoptosis of inflammatory cells, thereby poten‑
tially leading to exposure of nuclear antigens in an 
inflammatory context, which might prime auto reac‑
tive B‑cell responses. In addition, immunosuppression 
medi ated by TNF antagonists increases the frequency of 
infection, which could possibly stimulate autoreactive 
B cells, as indicated by the successful use of anti biotics 
in some cases of TNF‑inhibitor‑induced lupus‑like 
syndrome. Moreover, TNF antagonists suppress TH1 
cytokine production, thus favouring TH2 immune 
responses and possibly the production of IFN‑α;108,109 TH2 
immune responses and IFN‑α are both implicated in the 
pathogenes is of SLE.109,110

TNF blockade has also been associated with the 
development of vasculitis in >150 patients, with some 
of these patients having palpable purpura of the skin 
(~85–90%),104 and systemic involvement affecting the 
kidneys (13%), central nervous system (4%), periph‑
eral nervous system (10%) and lungs (2%).104 Six cases 
of TNF‑inhibitor‑associated IgA vasculitis (formerly 
Henoch–Schönlein purpura) have also been reported.110 
The pathogenesis of TNF‑blocker‑induced vasculitis is 
poorly understood, although deposition of antigen– 
autoantibody complexes or the biologic agent could 
cause a type III hypersensitivity reaction.111

Organ‑specific AEs with evidence of autoimmun‑
ity or autoinflammation have also been associated with 
the use of TNF antagonists. These conditions include 
pso riasis, interstitial lung disease (ILD), autoimmune 
hepa titis, demyelinating neuropathies and inflammatory 
ocu lar disease (Table 1).104 The medical management of 
immunologic al AEs is presented in Table 5.

Haematological AEs
Haematological AEs associated with biologic therapy 
include cytopenias (anaemia, lymphopenia, neutro‑
penia, and thrombocytopenia) and rare thromboembo‑
lisms, and can occur either as isolated events or in the 
context of an immunological syndrome, such as lupus‑
like syndrome. Neutropenia and thrombocytopenia 
often develop during treatment with TNF antagonists 
or tocilizumab (Table 1). Rituximab treatment is rarely 
associated with thrombocytopenia, and usually does not 
lead to clinically manifest bleeding.112,113 Furthermore, 
two cases of etanercept‑associated pancytopenia,114,115 
and one case of etanercept‑related aplastic anaemia,116 
have been reported.
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Venous and arterial thromboembolism can occur in 
patients treated with adalimumab, and in some cases 
these patients have ADAs specific for adalimumab. 
The presence of ADAs increases the risk of develop‑
ing thrombo embolisms by approximately threefold 
(8.4 events compared with 26.9 per 1,000 patient‑years 
in individuals without adalimumab‑specific ADAs and 
in ADA‑positive patients, respectively).117

Biologic‑agent‑associated autoantibody responses to 
blood cells might induce cytopenias, perhaps involving 
the formation of immune complexes and the comple‑
ment system.1 Moreover, reduced production, mobiliza‑
tion or recruitment of blood cells might be a consequence 
of immune modulation by the biologic agent. For 
example, tocilizumab‑induced neutropenia probably 
occurs due to decreased neutrophil recruitment from 
the bone marrow and margination of neutrophils, as the 
IL‑6 pathway is known to have a key role in these pro‑
cesses.50,63,118 Likewise, thrombocytopenia could be the 
result of reduced inflammation‑mediated generation of 
platelets due to immunomodulation by a biologic agent 
or autoantibodies associated with biologic agents.50,63,118 

As for thromboembolism, adalimumab‑specific ADAs 
might be involved in creating a prothrombotic state,117 
although the mechanism is unknown.

Cardiovascular AEs
According to a meta‑analysis by the Cochrane Collab‑
oration,60 cardiovascular AEs, including major cardio‑
vascular events (cardiac death, myocardial infarction 
and stroke) and heart failure, are not closely associ‑
ated with the use of TNF blockers, anakinra, abatacept, 
rituximab or tocilizumab. However, an earlier study 
suggested that infliximab and etanercept might exacer‑
bate or cause heart failure.119 That case series reported 
that 47 patients developed heart failure after exposure 
to these agents, with new‑onset cardiovascular disease 
(CVD) reported in 38 individuals and exacerbation of 
pre‑existing CVD in nine patients. However, of these 47 
patients, 40 had either RA or another type of inflamma‑
tory arthritis known to be associated with an increased 
risk of CVD.119 Furthermore, 23 patients were receiv‑
ing concomitant corticosteroids,119 which have been 
suggested to augment the risk of cardiovascular events, 

Table 5 | Management and prevention of noninfectious adverse reactions to biologic agents

Adverse event People at risk General preventive or therapeutic measures Specific preventive or therapeutic measures

Immunological All Discontinuation of biologic agent usually leads to resolution
Following cessation of TNF blockade, 89–99% of systemic 
immunopathology (lupus‑like syndrome, vasculitis, sarcoidosis 
and antiphospholipid syndrome), peripheral neuropathy and 
autoimmune hepatitis cases; 70–75% of psoriasiform skin 
manifestations, and 63–70% of cases of demyelinating central 
nervous system disease, ILD or inflammatory ocular disease 
resolved104 

Discontinuation of biologic therapy
Specific immunosuppressive treatment can be 
used, especially in resistant cases
Following resolution of the biologic‑agent‑associated 
immunological syndrome, treatment of the 
underlying disorder using another class of biologic 
agent or DMARD is recommended by experts110,146

Haematological All Mild cytopenias are not a cause for interruption of biologic 
therapy, whereas persistent or progressive cytopenias pose a 
greater risk of clinically relevant anaemia, bleeding or infection 
and require prompt discontinuation of the biologic agent203

For acute deep venous thromboembolism, we 
recommend switching to another drug, along with 
anticoagulation using parenteral low‑molecular‑
weight heparin (or unfractionated heparin) or an oral 
inhibitor of factor Xa (such as rivaroxaban), followed 
by oral coumarin

Cardiovascular Individuals with 
pre‑existing heart 
failure, and patients 
aged ≥60 years

Immediate interruption of biologic therapy
After cessation of cardiovascular AE, switch to another class 
of biologic agent or DMARD

Particular caution is warranted in patients aged 
≥60 years with pre‑existing heart failure (New York 
Heart Association class III or IV), especially when 
using TNF inhibitors

Pulmonary Individuals with ILD  
or COPD

Regular screening using clinical examination and, if indicated, 
pulmonary functional tests and radiological exams
Upon suspicion of biologic agent‑induced noninfectious 
pulmonary AE, switch to another class of biologic agent 
or DMARD

Special attention is needed with patients with 
pre‑existing ILD, such as ILD associated with RA or 
connective tissue diseases; these patients require 
particular care prior to and during treatment with 
biologic agents134

Gastrointestinal 
and metabolic

All Reduce dose (if applicable) or discontinue and switch to 
another class of biologic agent or DMARD

Reduce dose (if applicable) or discontinue and 
switch to another class of biologic agent or DMARD

Cutaneous All Discontinue and switch to another class of biologic agent  
or DMARD

In the case of blistering disease (such as TEN and 
SJS), immediate cessation of biologic therapy and 
supportive care, causative drug should be banned

Neurological 
(PML)

Patients treated with 
biologic agents or 
immunosuppressive 
drugs (often multiple)

Avoid extreme immunosuppression (CD4+ T‑cell count 
<0.2 × 109/l)

Immediate interruption of biologic therapy 
If necessary, switch to another class of biologic 
agent or DMARD

Malignant All, especially 
individuals with a 
history of cancer or 
risk factors for cancer

Regular assessment for skin and systemic malignancies Immediate interruption of biologic therapy
If necessary, switch to another class of biologic 
agent or DMARD

Abbreviations: COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; PML, progressive multifocal leukoencephalopathy; SJS, Stevens–Johnson syndrome; TEN, toxic 
epidermal necrolysis.
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and half of the patients with new‑onset heart failure had 
known risk factors.120 Therefore, the cases of heart failure 
reported in this study119 might fall within the incidence 
expected in a population with these characteristics.120 
Indeed, several studies have assessed the likelihood of 
cardiovascular events (including heart failure) after 
anti‑TNF treatment of patients with RA; in comparison 
with traditional DMARDs, TNF blockers seem to be 
associated with a reduced risk of cardiovascular events 
in patients with RA, especially in those patients who 
respond to treatment.120–125 Randomized controlled trials 
have shown, however, that in patients with stable heart 
failure without immune‑mediated disorders, TNF block‑
ers do not affect clinical status, or prevent hospitaliza‑
tion or death due to heart failure.126,127 Thus, inhibition 
of TNF might have positive and negative effects on the 
cardiovascular system; although, overall, cardio vascular 
events and mortality do not seem to be increased in 
patients with RA who are treated with TNF antago‑
nists.60,124 Nevertheless, caution is warranted with the 
use of TNF blockers in patients with pre‑existing heart 
failure (New York Heart Association class III or IV), 
especially patients aged ≥60 (Table 5).

By contrast, briakinumab, an antibody that targets the 
p40 subunit shared by IL‑12 and IL‑23, was associated 
with an increase of cardiovascular AEs in a placebo‑
controlled trial,128 with major cardiovascular events 
occurring exclusively in patients who were treated with 
the antibody. This finding, together with an increased 
frequency of squamous cell carcinoma and serious 
infections, led to withdrawal of applications for US and 
European marketing authorization for this drug in 2011. 
Since then, two meta‑analyses129,130 have come to contro‑
versial conclusions regarding the association of serious 
cardiovascular events with the use of briakinumab and 
also with another drug with the same target, usteki‑
numab. One of the meta‑analyses,129 which seems to have 
used more suitable statistical analyses131 of the available 
data than the second meta‑analysis,130 showed that no 
association exists between cardiovascular events and the 
use of biologic agents targeting p40.

Noninfectious pulmonary AEs
Distinguishing pulmonary AEs caused by biologic agents 
from pulmonary complications due to other DMARDs, 
such as methotrexate, or an underlying rheumatic dis‑
ease is difficult. ILD, for example, including usual 
interstitial pneumonia, nonspecific interstitial pneu‑
monia and organizing pneumonia, is a comorbidity 
in approximately 6–7% of patients with RA132,133 (with 
higher prevalence estimates in some reports134), whereas 
methotrexate‑ associated lung disease is estimated to 
occur in 12–33% of patients with RA.135,136

Nevertheless, several biologic agents, including 
TNF antagonists, tocilizumab and rituximab, have 
been associated with noninfectious pulmonary AEs 
(Table 1).110,133,137 These AEs have been estimated to occur 
in approximately 0.3–1.0% of treated patients.110,133,137 
ILD has been shown to be the most common of these 
AEs, whereas alveolar haemorrhage and organizing 

pneumonia are extremely rare.104,110,133 Most of these 
ILD cases occurred in patients treated with the biologic 
agent plus methotrexate, suggesting that biologic therapy 
potentiates pulmonary toxicity of methotrexate. Further‑
more, the evidence shows that the TNF antagonists toci‑
lizumab and rituximab increase the risk of exacerbation 
of pre‑existing ILD (such as occurs in some patients 
with RA).133 Exacerbation of RA‑associated ILD was also 
described in some patients treated with abatacept.134,138 
Abatacept is also associated with an increase of ~20% 
in the frequency of cough and exacerbation of (stable) 
chronic obstructive pulmonary disease (COPD).68

Noninfectious pulmonary AEs associated with 
antirheumatic biologic agents have been proposed to 
result from inhibition of TH1 cytokines, favouring TH2 
immune responses, and a potentially related increase in 
sub clinical pulmonary infections.133 These considera‑
tions guide screening, prevention and management of 
 non infectious pulmonary AEs (Table 5).

Gastrointestinal and metabolic AEs
Most cases of biologic agent‑induced gastrointestinal 
AEs are associated with the IL‑6 blocker tocilizumab. 
Cumulative safety data from five phase III trials in 
patients with RA (with or without concomitant con‑
ventional DMARD treatment) showed that gastro‑
intestinal complications were among the most frequent 
tocilizumab‑associated AEs.63 Gastrointestinal perfora‑
tion was substantially higher in patients with RA treated 
with tocilizumab (0.28 events per 100 patient‑years) 
than in those patients treated with alternative biologic 
agents, oral corticosteroids or NSAIDs (0.11 per 100 
patient‑years).139 Independent risk factors identified for 
gastrointestinal perforation include current exposure to 
corticosteroids and pre‑existing diverticulitis.

Elevated levels of liver enzymes have been associ‑
ated with the use of most biologic agents and need to be 
evaluated periodically during treatment, especially when 
using tocilizumab, which is often associated with hepato‑
toxicity.63 Dose reduction of drugs might be needed, and 
patients with elevated liver enzymes (mainly alanine 
and aspartate aminotransferases) prior to treatment with 
biologic agents should be closely monitored and screened 
for viral hepatitis.

In addition to its effect on the immune system, IL‑6 
also affects lipid and glucose metabolism,140 thereby 
explaining elevated plasma lipid levels (including total 
cholesterol, LDL and HDL) in up to 30% of patients 
treated with tocilizumab.63,141 Current recommendations 
suggest monitoring the plasma lipid levels 6 weeks after 
introducing the treatment, and then every 6 months. 
Hyperlipidaemia should be treated according to the 
current guidelines (Table 5).142

Cutaneous AEs
Cutaneous AEs are frequently associated with biologic 
therapy. In addition to SIRs that are common upon 
initial biologic treatment, but usually regress with con‑
tinued biologic therapy, cutaneous AEs can have various 
clinical presentations. TNF inhibitors are associated 

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved



NATURE REVIEWS | RHEUMATOLOGY  VOLUME 10 | OCTOBER 2014 | 621

with more than 200 cases of psoriasiform eruption (an 
estimated 0.25% of treated patients), including plaque‑
type psoriasis, pustular psoriasis, guttate psoriasis and 
nail psoriasis.108,143–145 These AEs occurred with both 
anti‑TNF mAbs and the TNF receptor fusion protein, 
etaner cept, indicating that these reactions represent a 
drug class‑effect of TNF blockers. In the majority of 
these cases, psoriasiform eruption was a new‑onset 
entity. Although the coexistence of psoriasis in patients 
with RA is only 0.2–0.3%, the occurrence of psoriasis 
in patients treated with TNF blockers was estimated 
to be 2.3–5.0% of patients with RA and 3% of patients 
with spondyloarthritis.108 These figures exceed the usual 
prevalence of psoriasis in the general population, which 
is about 2%, especially considering the short duration 
of the studies. With regard to the pathogenesis of these 
AEs, in some patients, blocking TNF seems to increase 
production of proinflammatory cytokines implicated 
in psoriasis, including IFN‑α production by plasma‑
cytoid dendritic cells (Box 1).108 Cessation of anti‑TNF 
therapy usually leads to resolution of the associated 
psoriasiform eruption.110,146 Psoriasiform skin erup tions 
have also been associated with the use of rituximab (six 
cases), abatacept (four cases), anakinra (one case), and 
to cilizumab (one case).110,147–149

Cutaneous lupus‑like AEs can also occur after expo‑
sure to TNF antagonists, but these skin eruptions rarely 
evolve into full‑blown SLE. Furthermore, rare cases of 
Sweet syndrome (also known as acute febrile neutro‑
philic dermatosis), pyoderma gangrenosum, granuloma 
anulare, palmoplantar pustulosis, pustular folliculitis, 
lichenoid reaction, interface dermatitis and hidra‑
denitis suppurativa have been associated with the use of 
TNF blockers, and one case of erythroderma has been 
linked to tocilizumab treatment.150–152 Numerous cases 
of cutaneous vasculitis have been associated with the 
use of TNF blockers104,110,153 and three cases were linked 
to rituximab treatment.154–156 In most cases, cutaneous 

AEs rapidly resolve after discontinuation of the causative 
biologic therapy (Table 5).

Although extremely rare, cases of toxic epidermal 
necrolysis (also termed Lyell syndrome) and Stevens–
Johnson syndrome have been associated with the use 
of rituximab.157 In such cases, rituximab should be 
w ithdrawn immediately.

Neurological AEs
Demyelinating central and peripheral neuropathies 
are associated with the use of TNF antagonists, notably 
with infliximab, etanercept and adalimumab. However, 
these neurological AEs are rare, with estimated fre‑
quencies of only 0.05–0.20% in patients treated with 
anti‑TNF agents.104,158–161 Reported neurological mani‑
festations associated with such therapies include 
relapse of multiple sclerosis,162–164 an increased rate of 
Guillain–Barré syndrome165,166 and optic neuritis, the 
latter of which accounts for approximately two‑thirds 
of reported cases.167,168 Therefore, TNF antagonists are 
contraindicat ed in patients with these conditions.

Life‑threatening progressive multifocal leuko‑
encephalo pathy (PML), caused by the JC virus, was 
reported in patients with multiple sclerosis or Crohn 
disease who were treated with the anti‑α4‑integrin 
antibody, natalizumab.169–171 Other cases have occurred 
mainly in association with rituximab in patients with 
SLE who were simultaneously treated with cyclophos‑
phamide or other immunosuppressive drugs, and rarely 
in patients with RA treated with infliximab. No cases 
of PML linked to other TNF antagonists or tocilizumab 
have been reported.172–177 In general, these biologic agents 
weaken immunosurveillance in the central nervous 
system (specifically by α4‑integrin‑positive T cells, such 
as after natalizumab treatment) thereby risking reactiva‑
tion of the JC virus and subsequent PML.172 The risk of 
inducing PML is proportional to the level of immuno‑
suppression; therefore, any excess in immunosuppres‑
sion should be avoided, a difficult task as no reliable 
quantitative markers of immunosuppression exist.

Risk of malignancy
Despite an increased risk of malignancies (both solid 
tumours and lymphoma) in several autoimmune dis‑
eases, including RA and inflammatory bowel diseases, 
two meta‑analyses found no association of malignancy 
with approved or off‑label biologic therapies (abatacept, 
adalimumab, anakinra, certolizumab pegol, etanercept, 
golimumab, infliximab, rituximab and tocilizumab).60,178 
These results need to be interpreted with caution, even 
when derived from randomized controlled trials, because 
of the difficulty in defining the risk associated with the 
use of a biologic agent from the risk associated with 
immunosuppressive drugs used simultaneously, or from 
the risk imparted by the underlying disease. Indeed, one 
meta‑analysis of randomized controlled trials indicated 
a dose‑dependent increase in the frequency of malig‑
nancy in patients with RA who were treated with anti‑
TNF biologic agents.74 Furthermore, in patients with RA 
or COPD treated with infliximab, cases of lung cancer 

Box 1 | Psoriasis and biologic‑agent‑induced psoriasiform skin eruptions

Psoriasis is a chronic inflammatory disorder, which usually occurs as plaque‑type 
psoriasis (85–90%). Guttate psoriasis and psoriatic arthritis are less frequent, 
and psoriatic arthritis can accompany plaque‑type psoriasis. The pathogenesis of 
psoriasis depends on the activation of the innate and adaptive immune systems, 
including dendritic cells and T cells, leading to the production of proinflammatory 
cytokines (IFN‑γ, IL‑12, IL‑17, IL‑23 and TNF). The use of biologic agents targeting 
these cytokines has been successful in the treatment of psoriasis, and TNF 
blockers were the first biologic agents to be used for this indication. Of note, 
the important role of TNF in driving pathology mediated by innate and adaptive 
immune responses has been demonstrated during initiation and maintenance 
of psoriatic lesions.204–206 Therefore, it is surprising that TNF blockers have been 
associated with psoriasiform adverse events. This finding might be explained 
by the activation of upstream pathways that depend on the production of IFN‑α 
by plasmacytoid dendritic cells or IL‑15 production by dendritic cells,108,207 as 
demonstrated in a humanized mouse model of psoriasis.208 Following activation of 
these proinflammatory mechanisms, ample TNF is produced in psoriatic lesions, 
both by immune and nonimmune cells,204 which suppresses the generation of 
IFN‑α‑producing plasmacytoid dendritic cells.108 Thus, although IFN‑α becomes 
less important once a lesion is established, the lack of TNF following TNF blocker 
treatment might trigger IFN‑α‑mediated or IL‑15‑mediated psoriasiform pathology 
in some individuals.
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have been reported.179 Likewise, combination therapy of 
etanercept and cyclophosphamide has been linked to an 
increased occurrence of solid tumours in patients with 
granulomatosis with polyangiitis, enhancing the risk of 
cancer beyond that observed with cyclophosphamide 
alone.180 Hepatosplenic lymphomas have been reported 
in patients with Crohn disease who were treated with a 
combination of infliximab and other immunosuppressive 
drugs.181 Also, one study reported a slight increase in the 
risk of lymphoma in patients with RA who were treated 
with TNF antagonists, with differences in the risk attrib‑
uted to different inhibitors;182 however, the increased risk 
of malignancy observed in this study might have been a 
result of selection bias.182 Conversely, two meta‑analyses 
did not demonstrate a statistically significant increase in 
the risk of lymphoma following the use of TNF antago‑
nists.183,184 Although the influence of biologic agents on 
the risk of nonmelanoma skin cancer remains unclear, 
a meta‑analysis by Mariette et al.184 suggested that anti‑
TNF therapy was associated not only with an increased 
rate of nonmelanoma skin cancer, but also with an 
increase in the frequency of melanoma. A slight increase 
in the risk of melanoma was confirmed by a systematic 
literature review of biologic agents used in the treatment 
of RA, including abatacept, adalimumab, anakinra, cer‑
tolizumab pegol, etanercept, golimumab, infliximab, 
rituximab, and tocilizumab.185

Effects of biologic agents on vaccination
A decrease in the primary immune response to vac‑
cination is expected in patients treated with biologic 
agents, in particular rituximab and abatacept.186–188 
How ever, booster vaccination with T‑cell‑dependent 
antigens (such as tetanus toxoid) in patients receiving 

immunosuppressive therapy (for example, metho trexate) 
combined with rituximab, led to the production of pro‑
tective antibodies, in contrast to booster vaccination 
with T‑cell‑independent polysaccharide antigens (such 
as pneumococcal vaccine).187 The quality and effective‑
ness of the immune response depends on the half‑life 
of the immunosuppressive agent and the capacity of the 
immune response to recover after immunosuppression. 
In general, recovery of the immune response should 
occur before vaccine administration in patients previ‑
ously treated with biologic agents, for example B‑cell 
recovery after rituximab.189 Immune recovery for influ‑
enza vaccination should not be expected earlier than 
6–10 months after the last course of rituximab adminis‑
tration,190 but for most biologic agents, the time required 
for this recovery has not been defined.

The immunogenicity of influenza, pneumococcal, 
tetanus toxoid, Haemophilus influenzae type b, hepa‑
titis B and human papilloma virus vaccines has been 
assessed during treatment with biologic agents. The 
immune response to such vaccines in patients treated 
with TNF antagonists, tocilizumab or rituximab, was 
found to be reduced compared with healthy indi viduals, 
but was still sufficient to ensure protective antibody 
titres.186,191 Inhibition of immune responses to influenza, 
tetanus and pneumococcal polysaccharide vaccines was 
more pronounced after abatacept therapy, presumably 
because abatacept blocks the co‑stimulation of T cells by 
antigen‑presenting cells.188,192,193 Substantially reduced 
immune responses were observed when tetanus vaccine 
or pneumococcal vaccine was given to healthy indi‑
viduals 2 weeks after abatacept treatment.188 Similarly, 
antibody responses to influenza vaccine were markedly 
diminished 3 weeks after infliximab treatment, but were 
not modified when the vaccine was administered simul‑
taneously with infliximab.194 Reduced immune responses 
associated with exposure to B‑cell‑depleting agents, 
such as rituximab, might be particularly prolonged,195 
especially in young infants. The immune responses 
to influenza vaccine and pneumococcal vaccine were 
almost abolished when the vaccines were administered 
to patients less than 6 months after rituximab.190 Several 
studies indicate that methotrexate, by itself, reduces the 
immune response.196,197 As methotrexate is often used in 
combination with TNF antagonists and other biologic 
agents, it is unsurprising that immune responses are 
often further reduced by such biologic agents.198

Subunit protein vaccines and related booster injec‑
tions, as well as live attenuated vaccines, should be 
administered at least 2–4 weeks prior to administra‑
tion of biologic therapy.199 Exceptionally, the influ‑
enza vaccine can be administered on the same day as 
infliximab. During biologic therapy, however, the effi‑
cacy of vaccination is expected to be diminished, if not 
abolished. Vaccination with subunit protein vaccines 
simultaneous with biologic therapy will not, however, 
expose the patient to specific AEs. Vaccination with suf‑
ficiently attenuated live vaccines, such as herpes zoster 
vaccine, before anti‑TNF treatment is currently recom‑
mended, but such vaccines can be administered during 

Box 2 | Desensitization after adverse reactions to a biologic agent

 ■ After an immediate reaction to a biologic agent in the context of an immune‑
mediated disease, the prescribing physician should evaluate whether switching 
to an alternative drug is possible. If no alternative treatment is identified, 
desensitization could be considered.

 ■ For a limited period of time, desensitization allows the patient to tolerate an 
immediate‑reaction‑causing drug. The mechanism of desensitization is unclear, 
although some researchers have suggested that the process is antigen‑specific 
and relates to a transient blockade of the release of mast‑cell mediators 
due to prevention of calcium influx into these cells and internalization of 
antigen‑IgE‑IgE‑receptor complexes.188,192,209 After withdrawal of the drug, 
tolerance is lost. Therefore, desensitization needs to be repeated before each 
subsequent infusion.

 ■ Contraindications for desensitization include the following conditions: 
haemolytic anaemia, serum sickness‑like syndrome, toxic epidermal necrolysis 
(also termed Lyell syndrome), Stevens–Johnson syndrome, blistering skin 
diseases, drug reaction with eosinophilia and systemic symptoms, and other 
eosinophilic reactions.210

 ■ For biologic agents requiring intravenous infusion, 12‑step rapid 
desensitization protocols are often recommended.210 Such protocols are 
usually well tolerated. Prior to desensitization, patients should receive 
premedication with an oral H1‑receptor‑targeting antihistamine (such as 
cetirizine or diphenhydramine) and paracetamol (acetaminophen). Intravenous 
or oral glucocorticoid can also be administered. For some biologic agents 
requiring subcutaneous administration, including etanercept and adalimumab, 
desensitization protocols have been published.210–212
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ongoing treatment. Conversely, the use of live vaccines 
(including nasal flu; Bacillus Calmette–Guérin [BCG]; 
measels, mumps and rubella [MMR]; or yellow fever 
vaccines) during active treatment with biologic agents 
is prohibited.200

Conclusions
Biologic agents have substantially improved the quality 
of life of patients with rheumatic and immunological 
disorders. Nonetheless, such drugs have been associated 
with serious AEs and there is an urgent need to identify 
the signs and symptoms of such reactions early in the 
course of treatment. Major potential exclusion criteria 
to treatment with biologic agents have to be system‑
atically checked prior to drug administration. These 
include: the risk of serious infections or reactivation 
of infections, including tuberculosis and viral diseases 
(such as hepatitis); the patient’s cardiovascular status; 
the presence of concomitant autoimmune diseases (espe‑
cially lupus‑like syndromes); prior neurological deficits 
(po lyneuropathies, multiple sclerosis) or vaccine status.

In the future, biomarkers might predict the risk of 
AEs, especially immediate‑type reactions, for which 
allergy‑testing‑protocols need to be developed and 
standardized. Future prospective studies should foster 

research to improve diagnosis and standardization of 
desensitization strategies (Box 2). Interdisciplinary 
efforts between allergo logists, immunologists and 
rheumato logists should develop new ways to prevent 
AEs in patients treated with biologic therapies whilst 
preserving the therapeutic benefit s of these versatile and 
powerful drugs.
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