
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)

Review paper Reumatologia 2020; 58, 1: 26–33

DOI: https://doi.org/10.5114/reum.2020.93510

Desensitization to biological agents used in rheumatology

Joanna Makowska, Anna Lewandowska-Polak
Department of Rheumatology, Medical University of Lodz, Poland

Abstract

Biological agents such as monoclonal antibodies and fusion proteins are widely used for the treat-
ment of patients with various rheumatic disorders, influencing the quality of life, disability and even 
mortality in patients. However, biological agents can evoke adverse reactions of different grades of 
severity. Although drug avoidance remains a gold standard in the care of patients hypersensitive 
to medication, in certain clinical situations the culprit drug is the drug of choice and cannot be re-
placed by another equally effective compound. In such cases, desensitization can allow the patient 
to be treated within current guidelines and with the most effective treatment. 
The authors searched Medline and Scopus databases for English-language sources using the fol-
lowing key words: hypersensitivity, desensitization, biologicals, adalimumab, etanercept, adali-
mumab, certolizumab, golimumab, rituximab, infliximab, ixekizumab, tocilizumab, anakinra and 
canakinumab. 
The aim of our review is to present the current knowledge about desensitization to biological agents 
and some guidelines according to patient inclusion, contraindications, procedures, and safety  
requirements. 
Drug desensitization is a new issue in rheumatology, and the solution to the problem of allergic re-
actions to biological drugs, which gives patients with rheumatic diseases the opportunity to extend 
and prolong their therapy. The present article is one of the first widely discussing this topic in the 
biological treatment of rheumatic diseases.
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Introduction
Biological agents such as monoclonal antibodies and 

fusion proteins are becoming an everyday treatment of 
patients with chronic inflammatory disorders including 
rheumatoid arthritis, spondyloarthropathies, and sys-
temic lupus erythematosus.

Biologicals have a positive impact on the outcomes 
of the disease, influencing disability, mortality, and qual-
ity of life of rheumatic patients. These medications are 
however not without toxicity. Besides the side effects di-
rectly connected to their mode of action (e.g. increased 
susceptibility to infections in patients treated with TNF 
blockers or rituximab) they can also evoke hypersensi-
tivity reactions. These reactions in the majority of cases 
are mild, but anaphylactic, life-threatening reactions can 
occur as well. 

We searched Medline and Scopus databases for 
English-language sources using the following key words 
and their connections: hypersensitivity, desensitization 
with biologicals, adalimumab, etanercept, adalimumab, 
certolizumab, golimumab, rituximab, infliximab, ixeki-
zumab, tocilizumab, anakinra, canakinumab.

Classification of adverse drug reactions 
to biological agents

Hypersensitivity reactions evoked by biological 
agents present a vast spectrum of clinical symptoms 
and underlying pathomechanisms [1]. Figure 1 pres-
ents the classification of adverse reactions to biological 
agents according to Pichler [2]. 

The proposed classification includes 5 types of ad-
verse reactions to biologicals: 
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Type IV

(delayed, cell-mediated 
reactions) e.g. maculopapular 
eruptions, severe cutaneous 
adverse reactions (SJS/TEN, 

DIHS/DRESS, AGEP)

Type III

(immune complexes) 
e.g. serum sickness, 

vasculitis,  
drug-induced lupus

Type II

(cytotoxic reactions) 
e.g. drug-induced 

cytopenias

Type I

(immediate – IgE 
mediated) from  

urticaria to  
anaphylactic shock

Desensitization possible in mild 
reactions contraindicated in SCARS

1) type a reactions are due to cytokine storm, 
2) type b hypersensitivity reactions, 
3)  type g – caused by immunological imbalance result-

ing in immunodeficiency syndrome or autoimmune 
disorders, 

4)  type d – result of cross-reactivity between drug and 
autoantigens and 

5)  type e – non-immunological adverse events, e.g. heart 
failure due to TNF blockers.
Among hypersensitivity reactions, we can distin-

guish reactions classified according to the classical Gell-
Coombs classification. Biological agents can evoke both 
type I hypersensitivity reactions (immediate hypersensi-
tivity IgE-mediated), type II (cytotoxic), type III reactions 
(serum sickness reactions) and delayed-type IV reactions 
(severe cutaneous reactions such as Stevens-Johnsons 
syndrome/toxic epidermal necrolysis) [2]. 

The reactions can be classified according to their se-
verity into: grade 1 (mild) reactions – limited to the skin, 
grade 2 (moderate) reactions which meet the criteria of 
anaphylaxis and involve one or more organ systems with 
or without skin involvement, grade 3 (severe) reactions 
involving one or more organs with changes in vital signs 
such as hypotension, desaturation, throat syndromes or 
cardiovascular collapse [3]. Understanding of the underly-
ing pathomechanism is crucial for further decisions about 

diagnostic procedures and management of hypersensi-
tive patients.

Management options for patients with 
hypersensitivity to biologicals

Avoidance of the culprit drug and treatment with an al-
ternative, non-cross-reactive drug remains a sensible, gold 
standard in management of patients with hypersensitivity 
to biological agents [4, 5]. However, in certain clinical sit-
uations, the culprit drug remains the optimal therapeutic 
option for our patient (e.g. a patient with adult-onset Still 
disease and tocilizumab hypersensitivity reaction). In such 
cases, inducing tolerance to the culprit drug by implemen-
tation of a desensitization procedure remains the method 
of choice [4].

In some patients, in the case of non-immune medi-
ated, mild cutaneous reactions the adverse reactions 
can be prevented by slowing down the infusion rate 
or premedication H1 antihistamines [1]. However, in 
the case of “true” IgE-mediated hypersensitivity (con-
firmed by skin testing), it seems that such procedures 
are less effective, and reactions after the next exposure 
to the culprit drug can be augmented, becoming even 
life-threatening. In such patients desensitization to the 
biological can be indicated [1].

SJS/TEN – Stevens-Johnson syndrome/toxic epidermal necrolysis, DIHS/DRESS – drug-induced hypersensitivity syndrome/drug rash with eosinophilia  
and systemic symptoms, AGEP – acute generalized exanthematous pustulosis.

Fig. 1. Classification of adverse drug reactions due to biological agents. Desensitization is possible in type 
I immediate reactions, some non-immune mediated hypersensitivity reactions and some mild type IV reac-
tions. Desensitization is contraindicated in type II, type III and type IV severe reactions [2].
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Desensitization

The term drug desensitization is currently used to 
define a process in which a patient’s immune response 
to a drug is modified to generate temporary tolerance 
[4]. In the proposed mechanisms underlying drug de-
sensitization the mast cells and basophils are pushed 
into inhibitory pathways by small, incremental antigen 
doses, deactivating signal transduction and release of 
mediators [6]. 

The decision about the desensitization procedure 
requires not only close cooperation between the rheu-
matologist and the allergologist but also taking into 
consideration:
•	 medical indications for the procedure, 
•	 pathomechanism of the reaction, 
•	 contraindications to the procedure [4]. 

Assessment of pathomechanisms requires the im-
plementation of diagnostic procedures such as skin 
testing or basophil activation test performance [5]. In 
the case of confirmed IgE-mediated reactions, desen-
sitization is possible and successful in most cases [4]. 
There are some controversies in terms of safety and the 
possibility of desensitization of delayed reactions [7]. 

Medical indications

Desensitization is reasonable and recommended if:
•	 the drug is considered first-line therapy and there is 

no alternative treatment,
•	 the culprit drug is more effective than alternative 

therapy [4], 
•	 non-cross-reacting therapeutic agents are unavail-

able. A recent publication proved that desensitiza-
tion is a safe and cost-effective procedure [3]. 

Desensitization to drugs used in rheumatology such 
as TNF blockers [8–29], rituximab [8, 15, 18, 19, 30–42], 
tocilizumab [43–48], IL-17 blockers (ixekizumab) [49] and 
anti-IL-1 (anakinra) [50–53] has been described. Most of 
the described procedures were performed in patients 
with rheumatoid arthritis [8, 32] but desensitization 
in patients with lupus or spondyloarthropathies [24], 
adult-onset Still disease [43], IgG4-related disease [40] 
and autoinflammatory disorders [51–53] has also been 
performed with success. In most of the published cases 
desensitization was performed in patients with imme-
diate reactions, but single reports on successful desen-
sitization in delayed reactions [47] and serum sickness 
disease (type III reaction) [34] have been published as 
well. Table I presents the published cases of desensiti-
zation to biological agents used in rheumatic diseases. 

Table I. List of published cases of desensitization to  
biologicals used in treatment of rheumatic diseases

Drug Author Year of 
publication

No. of 
cases

Ref.

TNF inhibitors

In
fl

ix
im

ab

Puchner TC 2001 l 11

Lelong J 2005 4 12

Brennan PJ 2009 6 8

Gallardo R 2010 1 16

Madrigal- 
Burgaleta R

2013 10 15

Caimmi SM 2014 1 17

Mourad AA 2014 12 14

Bavbek S 2016 1 19

Behera S 2019 1 18

Vultaggio A 2020 1 13

Et
an

er
ce

pt

Bavbek S 2011 1 9

Fellner MJ 2013 1 22

Hall J 2013 1 21

Bavbek S 2015 7 24

de la Varga Martínez R 2017 2 23

A
da

lim
um

ab

Rodríguez-Jiménez B 2009 1 26

Quercia O 2011 1 27

Bavbek S 2013 1 10

Gutiérrez Fernández D 2014 1 28

Demirel F 2015 1 29

Bavbek S 2015 5 24

Thévenot J 2019 2 25

IL-6 antagonist

To
ci

liz
um

ab

Justet A 2014 1 44

Ye W 2016 1 45

Cansever M 2018 1 46

Erdogan T 2018 1 43

Cortellini G 2018 1 47

Demir S 2019 3 48

IL-1 antagonist

A
na

ki
nr

a

Şoyyiğit S 2014 1 51

Leroy V 2016 1 50

Mendonca LO 2017 1 52

I YIImaz 2018 1 53

IL-17 antagonist

Ixekizu- 
mab

Jimenez RB 2018 1 49

Anti CD20
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utive steps at increasing infusion rates. Each step takes 
about 15 minutes and the doses in successive steps are  
2 to 2.5 times higher than in the previous steps [3]. 

The presented protocol is used to desensitize pa-
tients hypersensitive to biologicals and chemotherapeu-
tics. The majority of desensitized patients develop no 
(74%) or a mild (19%) reaction, and only 7% of the pa-
tients present moderate to severe breakthrough reactions 
[31]. The majority of reactions are cutaneous, followed by 
respiratory and gastrointestinal symptoms, and usually 
develop during the last step of the protocol [3]. 

It is important to keep in mind that desensitization 
brings a temporal tolerance state, and as the time inter-
vals between successive doses of biologicals can be very 
long (e.g. rituximab in rheumatoid arthritis patients), the 
procedure of desensitization should be repeated whenev-
er the drug is administered. Table II presents the 16-step 
protocol of intravenous desensitization to rituximab.

Rapid subcutaneous protocols  
of desensitization

As some of the biologicals are administered via the 
subcutaneous route, case series of subcutaneous de-
sensitization have been described as well [9, 10, 24]. 
According to the protocol proposed by Bavbek et al. [24] 
wadalimumab was administered every 30 minutes; the 
initial dose was 0.5 mg, followed by 0.75 mg, 1.25 mg,  

Drug Author Year of 
publication

No. of 
cases

Ref.

Ri
tu

xi
m

ab

Castells MC 2008 3 31

Brennan PJ 2009 14 8

Abadoglu O 2011  32

Madrigal-Burgaleta R 2013 10 15

Kuo JC 2014 2 33

Fajt ML 2014 1 34

Ataca P 2015 1 35

Amoros-Reboredo P 2015 5 36

Bavbek S 2016 1 19

Dilley MA 2016 3 37

Lebel E 2016 7 38

Wong JT 2017 25 30

Öztürk E 2017 3 39

Della-Torre E 2017 1 40

Pérez-Rodríguez E 2013 6 41

Görgülü B 2013 24 42

No data on golimumab and certolizumab desensitization was 
present. 

Table I. Cont.
Pathomechanism of the reaction 
and desensitization possibility

Desensitization is a procedure of tolerance introduc-
tion in patients hypersensitive to the culprit drug. Desen-
sitization is possible in IgE-mediated immediate allergic 
reactions and certain non-IgE-mediated, immediate 
reactions [8]. In general, the data on the mechanism 
of desensitization is available for immediate reactions 
(IgE-mediated) in which rapid desensitization induced 
mast cell tolerance, which is likely to be associated with 
stabilization of the membrane bound IgE receptors that 
are carrying drug antigen [54]. 

Contraindications are mainly based on safety of the 
patients as some of drug hypersensitivity reactions are 
life-threatening (e.g. Stevens-Johnson syndrome/toxic 
epidermal necrolysis) and there are no data that those 
patients can be safely desensitized. Based on this, the 
expert opinion and recommendation is to avoid desen-
sitization in such cases [4, 7, 30, 55].

Contraindications to the procedure

Absolute contraindications include:
•	 previous severe/life-threatening cutaneous drug- 

induced disease (Stevens-Johnson syndrome/toxic 
epidermal necrolysis (SJS/TEN), drug-induced hyper-
sensitivity syndrome/drug rash with eosinophilia and 
systemic symptoms (DIHS/DRESS), acute generalized 
exanthematous pustulosis (AGEP), 

•	 cutaneous and systemic vasculitis, 
•	 serum sickness disease, 
•	 drug-induced organ involvement (hepatitis, nephritis, 

pneumonitis) [7].
Relative contraindications include current treatment 

with beta-blockers and ACE inhibitors, and unstable un-
derlying disease (e.g. asthma, coronary heart disease) [7].

Desensitization procedure
The route of administration will depend on the cul-

prit drug. While the first papers described desensitiza-
tion to monoclonal antibodies via the intravenous route 
(rituximab and infliximab) (see Table I) as the first reg-
istered monoclonal antibodies were administered intra-
venously, recently much more attention has been paid to 
the subcutaneous route of administration [24] (recom-
mended for adalimumab, etanercept or anakinra).

Rapid intravenous protocol

The most common protocol of desensitization is 
the 12-step or 16-step rapid intravenous desensitization 
protocol from Brigham and Women’s Hospital in Boston  
[3, 8, 31]. One to four solutions are delivered in consec-
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2.5 mg, 5 mg, 10 mg and 20 mg (cumulative dose 40 mg 
of adalimumab). All patients were desensitized suc-
cessfully and maintained on weekly adalimumab for  
3 months with premedication. Adalimumab was than 
spaced to every other week without any signs of hyper-
sensitivity [24]. Table III presents the protocol of subcu-
taneous desensitization to adalimumab [24]. 

Desensitization outcomes
In 30–50% of all desensitization procedures mild 

symptoms occurred, and there are no reported deaths 
resulting from desensitization protocol [31]. Most of the 
published desensitization protocols are well tolerated, 
but reactions during the procedure can appear. Usually, 
they are mild (flushing or urticaria) but severe reactions 
such as bronchospasm, desaturation, and hypotension 
can occur as well. In repeated desensitizations, the 
rates of hypersensitivity symptoms drop to 10% [7], 
but severe reactions can occur at every stage of subse-
quent desensitization [56]. Despite adverse events that 
can occur in desensitized patients, in general, the suc-
cess rate of the desensitization procedure is very high 
and well over 90% of patients can achieve a state of 
tolerance [56]. 

Safety measures during desensitization 
procedures

The paper of WAO presents recommendations for 
safety measures that should be undertaken in patients 
before and during drug desensitization [7]. According 
to these recommendations desensitization can be per-
formed both in hospital and outpatient settings; however, 

Table II. Example of 16-step intravenous rituximab desensitization in patient with rheumatoid arthritis, Sjögren’s 
syndrome, uveitis and lack of response to methotrexate and TNF blockers [20]

Step Concentration of solution  
(mg/ml)

Rate of infusion 
(ml/h)

Time of infusion 
(min)

Dose administered during  
each step (mg)

1 0.002 2.5 15 0.001

2 0.002 5 15 0.002

3 0.002 10 15 0.004

4 0.002 20 15 0.008

5 0.031 2.5 15 0.019

6 0.031 5 15 0.038

7 0.031 10 15 0.077

8 0.031 20 15 0.153

9 0.306 5 15 0.383

10 0.306 10 15 0.765

11 0.306 20 15 1.53

12 0.306 40 15 3.06

13 3.036 10 15 7.59

14 3.036 20 15 15.179

15 3.036 40 15 30.358

16 3.036 80 174.375 705.834

Total time of infusion 6 h 40 min approximately. Cumulative dose administered 765 mg of rituximab.

Table III. Subcutaneous desensitization to adalimumab 
in patients with rheumatoid arthritis, ankylosing spon-
dylitis and hypersensitivity reactions to adalimumab [24]

Step Time 
(min)

Dose 
(mg)

Concentration 
(mg/ml)

Volume 
injected (ml)

1 0 0.5 0.5 1

2 30 0.75 5 0.15

3 60 1.25 5 0.25

4 90 2.5 5 0.5

5 120 5 50 0.1

6 150 10 50 0.2

7 180 20 50 0.4

Total time of desensitization 3 h. Cumulative dose 4 mg of adali-
mumab.
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all high-risk desensitization (patients after anaphylactic 
shock, unstable patients with severe cardiovascular dis-
ease) should be performed in the intensive care unit. De-
sensitization should be supervised by experienced, well-
trained allergists and nurses [7]. Emergency equipment 
should be available on site. The procedure of desensitiza-
tion should be closely supervised, as the first symptoms 
of the breakthrough reaction can be very subtle [7]. 

Conclusions 

Drug desensitization is one of the methods of man-
agement of hypersensitivity reactions performed in 
some allergy clinics, but other specialists are not always 
aware about this possibility, which can help to reintro-
duce a drug crucial for treatment of rheumatic diseases. 

This is the first review on desensitization to biolog-
ical agents used to treat various rheumatic disorders 
addressing rheumatology specialists. The avoidance of 
the culprit drug remains the safest and most reasonable 
option in the management of a patient with hypersen-
sitivity reaction. However, in a certain clinical situation 
in which the culprit drug is irreplaceable or simply much 
more effective than an alternative drug, the desensitiza-
tion procedure remains an important option. 

It has been documented in a thousand patients that it 
is a safe and cost-effective procedure giving a chance for 
the patient to receive the most appropriate treatment for 
his condition. Close cooperation between the rheumatol-
ogist and allergologist is required to qualify the patient 
and safely perform the procedure of desensitization. 

The authors declare no conflict of interest.
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