
Citation: Münger C, Juillerat P and Niess JH. Paradoxical Inflammation in IBD Patients Treated with Anti-Tumor 
Necrosis Factor Alpha Therapy. Austin J Gastroenterol. 2017; 4(2): 1081.

Austin J Gastroenterol - Volume 4 Issue 2 - 2017
ISSN : 2381-9219 | www.austinpublishinggroup.com 
Niess et al. © All rights are reserved

Austin Journal of Gastroenterology
Open Access

Abstract

The development of tumor necrosis factor (TNF) antagonists has 
revolutionized the treatment of inflammatory bowel disease (IBD). Paradoxically, 
TNF antagonists can also induce inflammation, such as psoriasis induced by TNF 
antagonists. The mechanisms by which TNF antagonists induce paradoxical 
inflammation, has remained largely unresolved. In this review we will focus 
on the immunologic effects of the therapy with TNF antagonists and give an 
overview of TNF antagonist-induced immunologically mediated diseases.
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Abbreviations
cIAP1: Cellular Inhibitor of Apoptosis Protein 1; cIAP2: Cellular 

Inhibitor of Apoptosis Protein 2; CKI: Intracellular Casein Kinase 
I; CRH: Corticotropin Releasing Hormone; EGFR: Epidermal 
Growth Factor Receptor; FcγRI: Fc-Gamma Receptor I; FcγRIII/II: 
Fc-Gamma Receptor III/II; FLIPL: FLICE-like Inhibitory Protein; 
G-CSF: Granulocyte Colony Stimulating Factor; HS: Hidradenitis 
Suppurativa; IKK: IκB Kinase; IBD: Inflammatory Bowel Disease; 
JNK: JUN N-terminal Kinase; LPS: Lipopolysaccharide; MLKL: 
Mixed Lineage Kinase Domain-Like (1); NF-κβ: Nuclear Factor 
‘Kappa-Light-Chain-Enhancer’ of Activated B-Cells; RIPK: Receptor-
Interacting Serine/Threonine-Protein Kinase 1; sTNF: Soluble 
Tumor Necrosis Factor; TAB2: TGFβ-Activated Kinase 2; TAB3: 
TGFβ-Activated Kinase 3; TACE: TNF-Alpha-Converting Enzyme; 
tmTNF: Transmembrane Tumor Necrosis Factor; TNF: Tumor 
Necrosis Factor; TNFR1: Tumor Necrosis Factor Receptor 1; TNFR2: 
Tumor Necrosis Factor Receptor 2; TNFSF: Tumor Necrosis Factor 
Superfamily; TNFSRF: Tumor Necrosis Factor Receptor Superfamily; 
TRADD: TNFR1-Associated Death Domain Protein; TRAF2: TNFR-
Associated Factor 2; TRAF5: TNFR-Associated Factor 5; UV: 
Ultraviolet

Introduction
The tumor necrosis factor (TNF) antagonists are potent therapies 

for patients with inflammatory bowel disease (IBD) and other 
immune-mediated diseases. TNF plays a key role in a complex network 
of cytokines in initiating inflammatory reactions by activation of NF-
κB, induction of apoptosis and necroptosis [1-3]. Forward signaling 
is induced by binding of soluble TNF to the TNF receptor 1 (TNFR1) 
and TNF receptor 2 (TNFR2), whereas reverse signaling is induced 
by binding of the respective receptors to membrane-bound TNF 
[1,4]. This leads to pleiotropic effects, such as the release of the 
corticotropin releasing hormone (CRH) by the hypothalamus [5], 
suppression of appetite [6], release of acute phase proteins by the liver, 
such as C reactive protein, stimulation of phagocytes, attraction of 
neutrophils, increase of insulin resistance by serine-phosphorylation 
of insulin receptor substrate-1 in the liver an peripheral tissues [7-12]. 
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Activation of TNF pathways can hence induce shock-like symptoms 
[12]. Prolonged exposition of low TNF concentrations can lead 
to cachexia as observed in cancer patients. Interfering with these 
complex processes is an attractive target to treat auto-inflammatory 
diseases, in which elevated TNF concentrations have been reported 
[13,14]. However, the pharmacological interference with TNF 
can also have unexpected effects. For example, the application of 
these substances can lead to immunologic side effects, either by the 
induction of antidrug antibodies, which can lead to a loss of response 
or infusion reactions or by a shift in the complex cytokine network 
which can paradoxically lead to other immune-mediated diseases 
such as psoriasis, arthritis and sarcoidosis that usually respond well to 
the treatment with TNF antagonists [15-18]. A nomenclature for the 
adverse events of biologicals analogue to the established nomenclature 
for adverse events induced by traditional drugs has been suggested 
(Table 1) [19]. We hence searched the literature using the key words 
“paradoxical reaction”, “IBD”, “ulcerative colitis”, “Crohn’s disease”, 
“anti-tumor necrosis factor-alpha”, “infliximab”, “adalimumab, 
“etanercept”, “golimumab”, “certolizumab”, “psoriasis”, “psoriatic 
arthritis”, “alopecia”, “arthritis”, “vasculitis”, “sarcoidosis”, and 
“hidradenitis suppurativa”. In this review we will first give an 
overview of the current concepts of TNF signaling pathways and then 
focus on paradoxical immunologic side effects of TNF antagonists.

What is TNF and why is it an important drug target?
TNF is one of the best known members of the tumor necrosis 

factor superfamily (TNFSF), which comprises 19 ligands involved 
in pathways leading to cell survival, proliferation, differentiation, 
apoptosis or necroptosis. To date 29 members of the TNF receptor 
superfamily (TNFRSF) have been identified [2]. TNF was first 
described in 1975 as a protein that induces tumor cell death and 
named hence this protein tumor necrosis factor [20]. Later in the 
early eighties TNF was cloned and purified, and was shown to be 
identical with the murine protein cachectin, a macrophage-derived 
protein responsible for the wasting syndrome in chronic infected 
animals (cachexia) [3]. Later its role in inflammatory processes but 
also in cellular communication, cell differentiation and cell death has 
been recognized.
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TNF plays a key role in the cytokine network of inflammatory 
reactions. Its expression can initiate inflammatory reaction, but 
can also have anti-inflammatory effects that might be important 
in the resolution of inflammatory reactions, depending on the cell 
types involved and the local tissue milieu [4]. One hypothesis for 
the explanation of the anti-inflammatory activity of TNF suggests 
that TNF has the capacity to induce apoptosis of immune cells 
responsible for inflammation [21]. TNF is also a critical factor of local 
glucocorticoid synthesis in the intestinal mucosa during the course 
of experimental colitis in mice. The absence of TNF in experimental 
models leads to an exacerbation of disease [22]. Thus, the pro-
inflammatory action of TNF seems to be critical for the initiation 
of inflammation, whereas its anti-inflammatory function helps to 
resolve the inflammation.

TNF is a pleiotropic protein; it mediates a wide variety of biologic 
activities. Its different forms, the several possible interactions with 
receptors and the variety of signaling pathways create a complex 
biological system [4]. TNF is produced by macrophages, T cells, 
mast cells, granulocytes, natural killer (NK) cells, fibroblasts, 
neurons, keratinocytes and smooth muscle cells [4]. TNF exists as 
a transmembrane receptor (tmTNF), from which the soluble factor 
(sTNF) can be released after being enzymatically cleaved by the 
metalloproteinase TNF-converting enzyme (TACE; also known as 
ADAM17) [23]. Both sTNF and tmTNF interact with TNF receptor 1 
(TNFR1) and TNF receptor 2 (TNRF2) [4]. TNFR1 is constitutively 
expressed on most nucleated cells, whereas only immune cells and 
endothelial cells almost exclusively express TNFR2. Binding of TNF 
to TNFR1 and TNFR2 leads to the activation of NF-κB. However, 
the signaling cascades of the respective receptors are different. The 
expression of TNF by different cell types, the different expression 
patterns of the respective receptors and several possibilities of 
interactions between sTNF and tmTNF with the respective receptors, 
helps to regulate a fine-tuned cell-specific immune response.

What signaling pathways are induced by TNF?
Before we discuss in detail the signaling cascades induced by 

TNF we will stress potential mechanisms by which TNF induces 
intracellular signaling pathways. Forward signaling (binding of sTNF 
or tmTNF to TNFR1 or TNFR2 on an effector cell leads to intracellular 
signaling in the effector cell) has to be distinguished from reverse 
signaling (tmTNF activates an intracellular signaling cascade in the 
tmTNF-bearing cell itself). Depending on the TNF receptor type, the 
presence and modification of intracellular proteins TNF signaling can 
lead to different biological outcomes. TNF signaling can ultimately 
result in (i) NF-κB activation leading to pro-inflammatory cytokine 
production (ii) apotosis or (iii) necroptosis. Necroptosis is a pro-
inflammatory form of cell death, in which in contrast to apoptosis the 

initiating events are caspase-independent. Necroptotic cells display 
cell swelling, rupture of the cell membrane and uncontrolled release 
of cell material into the environment [24].

NF-κB activation: We will first focus on the cascade activated 
by binding of TNF to TNFR1 leading to NF-κB activation. Both 
TNFR1 and TNFR2 have cysteine rich extracellular domains but their 
intracellular domains are distinct. TNFR1 contains a cytoplasmic 
death domain to which the adaptor molecule TNFR1-associated 
death domain protein (TRADD) binds [25,26]. The TNFR1/TRADD 
recruits the receptor-interacting serine/threonine-protein kinase 
1 (RIPK1), the TNFR-associated factor 2 (TRAF2), the TNFR-
associated factor 5 (TRAF5) and the cellular inhibitor of apoptosis 
protein 1 (cIAP1) and the cellular inhibitor of apoptosis protein 2 
(cIAP2) to form the TNFR1 complex I [27-29]. cIAP1 and cIAP2 are 
E3 ubiquitin ligases, which add polyubiquitin chains to the receptor-
interacting serine/threonine-protein kinase 1 (RIPK1) [30,31]. 
Polyubiquitylated RIPK1 recruits MAP3K7-binding protein 2 (TAB2) 
and TAB3 and TGFβ-activated kinase 1 (TAK1), which activates JUN 
N-terminal kinase (JNK), p38 and the IκB kinase (IKK) complex [32-
34]. IKK activates NF-κB, ultimately leading to the transcription of 
pro-inflammatory cytokines and anti-apoptotic factors (Figure 1), 
such as the long iso form of FLICE-like inhibitory protein (FLIPL) 
and BCL-XL to promote cell survival [35].

By contrast to TNFR1 TNFR2 lacks a cytoplasmic death domain. 
After binding TNF TNFR2 recruits TRAF1 and TRAF2, which in 
turn ubiquitylates RIPK1 (K63-ubiliquation) to activate the IKK 
complex [36].

Apoptosis: Binding of TNF to TNFR1 can also result in apoptosis 
(programmed cell death). Downstream of TNFR1 RIPK1 is the 

Type of reaction Mechanism Example

Type α reaction Reactions related to cytokine and cytokine release syndrome Sweet’s syndrome induced by granulocyte colony stimulating 
factor (G-CSF)

Type β reaction Hypersensitivity reaction linked to the immunogenicity of biological agents Loss of efficacy due to the development of anti-drug antibodies

Type γ reaction Related to immunodeviation Immunodeficiency, cancer risk, new-onset autoimmune disease

Type δ reaction Related to the co-expression of the target antigen on both pathologic and 
normal tissue

Acneiform eruptions induced by epidermal growth factor receptor 
(EGFR) inhibitor

Type ε reaction New and unexpected physiological functions of biological agents revealed by 
the in vivo use in humans Aggravation of heart failure by TNF antagonists

Table 1: Classification of adverse side effects of biological agents.

Figure 1: TNF receptor 1 and TNF receptor 2 signaling pathways.
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central switch, which turns either the NF-κB activation or apoptosis 
pathway on or off [30]. When RIPK1 is ubiquitylated, the NF-κB 
activation pathway is activated. When RIPK1 is deubiquitylated 
or when ubiquitylation of RIPK1 is prevented, then the apoptosis 
initiating pathway is turned on [30]. Ubiquitin-modifying enzymes, 
such as A20, and deubiquitylating enzymes, such as Cezanne and 
cylindromatosis (CYLD) can remove ubiquitin chains from RIPK1 
[37,38]. Deubiquitylated RIPK1 dissociates from the membrane, 
moves to the cytosol and interacts with TNFR1-associated TRADD 
to form the cytosolic complex IIa, which activates pro-caspase 8 and 
induces apoptosis [39]. In an alternative pathway cIAP1 and cIAP2 
are removed preventing RIPK1 ubiquitylation, which dissociates 
from the membrane to assemble with FADD, pro-caspase 8, FLIPL 
and RIPK3 (but not TRADD) to form the complex IIb (also known 
as ripoptosome). This leads to the release of active caspase 8. There is 
hence a TRADD-dependent and TRADD-independent pathway by 
which TNF signaling induces classical apoptosis [40]. Intracellular 
signaling cascades that adapt to the respective tissue context and 
situation tightly control TNF signaling. RIPK1 is one of the essential 
switches of TNF signaling. When RIPK1 is poly-ubiquitylated the 
IKK complex is activated to induce NF-κB production, which binds 
to promoter regions required for the transcription of anti-apopotic 
factors. Thus, ubiquitylation of RIPK1 prevents death induction. 
When RIPK1 is not ubiquitylated, TNF-driven NF-κB expression is 
turned off and TNF-driven apoptotic signaling is turned on (Figure 
2).

Necroptosis: Necroptosis is a pro-inflammatory cell death in 
which swelling of the organelles, rupture of the cell membrane and 
uncontrolled release of intracellular contents into the surrounding 
tissue occurs. In contrast to apoptosis, necroptosis is caspase-
independent. As for apoptosis deubiquitylated or non-ubiquitylated 
RIPK1 moves to the cytosol [41,42]. Then RIPK1 recruits several 
RIPK3s. RIPK1 and RIPK3 are not cleaved to prevent the activation 
of caspase. Instead RIPK1 and RIPK3 form microfilaments, which is 
called the necrosome. Together with mixed lineage kinase domain-
like (MLKL) the necrosome induces necroptosis (Figure 3).

What is reverse signaling induced by TNF?
Reverse signaling is defined as a process in which tmTNF induces 

an intracellular signaling cascade in the cell expressing tmTNF itself 
[1]. Reverse signaling can occur after binding of membrane bound 
TNFRs, soluble TNFRs or antibodies to tmTNF. Reverse signaling is 
not specific to tmTNF. Other members of the TNF family, such as 
CD40L, LIGHT, TRANCE, TRAIL, CD30L, FasL, 4-1BBL, OX40L, 
CD70, can also induce reverse signaling. The detailed signaling 
cascade has not yet been uncovered, but members of the TNF family 
have an intracellular casein kinase I (CKI) binding site, which could 
mediate the signaling cascade [43]. tmTNF induced reverse signaling 
has cell-dependent effects. It increases the expression of adhesions 
molecules such as selectins, enhances cytotoxic effects of CD8 T 
cells and NK cells, induces proliferation of CD4 and CD8 T cells and 
modulates monocyte/ macrophage function. Reverse signaling down-
regulates the production of IL-1, TNF and IL-6 in macrophages 
pre-sensitized with lipopolysaccharide (LPS). This means that 
repeated challenges of macrophages does not lead to a continuous 
production of pro-inflammatory cytokines. Instead, the production 
of pro-inflammatory cytokines is down regulated, which is called LPS 
tolerance of macrophages [44].

What role does TNF play in inflammatory bowel disease?
TNF is involved in the pathogenesis of immune-mediated 

diseases, such as rheumatoid arthritis and Inflammatory bowel 
diseases (IBD). It is therefore an important target for the treatment 
of these diseases. In IBD, its important role in the pathogenesis of 
the disease has been recognized for a long time. Already more 
than 20 years ago, it has been shown that TNF levels in sera are 
elevated in diseased individuals as compared to healthy controls 
[14]. Advances of endoscopic technologies allow nowadays the 
identification of mucosal immunocytes that express membrane TNF 
[45]. Isolated mononuclear cells from the lamina propria of ulcerative 
colitis and Crohn’s disease patients are characterized by increased 
TNF production [46]. TNF regulates proliferation, apoptosis and 
necroptosis of intestinal epithelial cells, which may contribute to the 
disruption of the epithelial barrier leading to increased permeability 
of the barrier for luminal pathogens [47]. The importance of TNF in 
IBD is further highlighted by the success of antagonizing TNF by TNF 
antagonists, and the response to TNF antagonists directly correlates 
to the number of mucosal immunocytes expressing membrane TNF-
alpha before treatment is initiated [45].

How are TNF antagonists used in the treatment of patients 
with inflammatory bowel disease?

There are four TNF antagonists on the market for the treatment 
of IBD (Figure 4): Infliximab, a chimeric protein, and the fully 

Figure 2: TNF signaling leading to apoptosis.

Figure 3: TNF signaling leading to necroptosis.
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humanized substances adalimumab, certolizumab pegol and 
golimumab. Etanercept, another TNF antagonist which binds soluble 
TNF has no effect in IBD [48].

Infliximab was the first TNF antagonist used in patients 
with Crohn’s disease and ulcerative colitis. Its efficacy was first 
demonstrated in patients with rheumatoid arthritis in 1993 [49]. Its 
use in patients with IBD has revolutionized the treatment of those 
patients by being efficient in inducing remission and sparing steroids.

Infliximab is bivalent IgG monoclonal antibody. It is a chimeric 
antibody and contains 25% mouse-derived amino acids in the binding 
regions and 75% human-derived amino acids in the constant regions 
of the molecule. Adalimumab and golimumab are fully humanized 
bivalent IgG monoclonal antibodies. Certolizumab pegol is different 
as it is not a complete antibody but consists in a monovalent Fab 
antibody fragment covalently linked to polyethylene glycol. In 
contrast to the other three substances, certolizumab does not activate 
complement because as a Fab fragment it does not contain an Fc 
region [4].

There are also pharmacokinetic differences that play a role in the 
immunogenicity of these substances. Infliximab is given intravenously 
every 8 weeks. Its administration leads to higher initial concentrations 
and lower trough levels in contrast to the more frequently applied 
substances adalimumab, golimumab and certolizumab pegol [50].

How do TNF antagonists work?
Although commonly used in the clinic for the treatment of IBD, 

the precise mechanism of action of TNF antagonists is not known 
(Figure 5). TNF antagonists may (i) block the mTNF-TNFR1/2-
interaction (acting as an antagonist), (ii) induce reverse signaling 

(acting as an agonist), (iii) induce cell cytotoxicity by activating 
antibody-dependent cell-mediated cytotoxicity, or by activating 
complement-dependent cytotoxicity through their Fc-region, (iv) 
inactivates TNF. mTNF-TNFR1/2-interaction induces the production 
of inflammatory cytokines but also induces apoptosis / necroptosis 
depending on the tissue context. Blocking mTNF-TNFR1/2-
interactions by TNF antagonists leads to reduced expression of pro-
inflammatory cytokines, such as IL-6 [51]. TNF antagonists induced 
reverse signaling leads to apoptosis, which may contribute to the 
deletion of macrophages producing pro-inflammatory cytokines. 
Binding to Fc receptors mediates antibody-dependent cell-mediated 
cytotoxicity. This leads to the clearance of immune cells, which play 
an essential role for the development and persistence of inflammation. 
All TNF antagonists inactivate sTNF. But this mechanism seems 
not to play a major role in IBD, as Etanercept is ineffective for 
the treatment of Crohn’s disease. This means that the role of TNF 
antagonists for the treatment is likely mediated by blocking mTNF-
TNFR1/2-interaction, induction of reverse signaling and Fc- (cell- 
or complement-) dependent cytotoxicity. This participates in the 
restoration of the integrity of the tight junctions of the intestinal 
epithelium, down-regulation of mucosal angiogenesis, induction 
of apoptosis of T cells prevention of chemotaxis of inflammatory 
cells and recruitment of immune-suppressive cells to the inflamed 
intestine [52].

When are TNF antagonists used?
Although TNF antagonists are used in a wide variety of 

autoimmune and inflammatory disorders we will focus on patients 
with IBD. In patients with an IBD, they are used in moderate to 
severe disease activity, in steroid dependent or steroid refractory 
disease course, fistulizing and extensive Crohn’s disease. There is still 
a debate when TNF antagonists should be used for the treatment of 
Crohn’s disease and ulcerative colitis. Early use may influence the 
disease course, but on the other side overtreatment of patients with 
mild symptoms should be avoided.

All currently available TNF antagonists seem to have a similar 
efficacy. Here the results of the most important studies are shown, 
but the response rates and the remission rates cannot be compared 
directly due to different inclusion criteria and study design (Table 2).

What side effects have been described for TNF antagonists 
used?

Patients treated with TNF antagonists have an increased risk 
for the development of infections, infusion reactions, hematological 
adverse events, neurological adverse events and autoimmune adverse 
events (likely caused by paradoxical inflammation). A recently 
published systematic review about the safety of anti-TNF treatment in 
patients with rheumatoid arthritis showed that infections, particularly 
reactivation of latent tuberculosis or de novo tuberculosis, infusion 
reactions and abnormalities in hepatic liver enzymes are the most 
common side effects in patients treated with infliximab [53]. The 
main adverse effects of adalimumab were infections and infusion 
reactions. Other side effects include neurological adverse events 
(mainly demyelinating diseases) and hematological adverse events 
such as cytopenia. The relationship between TNF antagonists and 
cancer remains controversial despite many comprehensive reports. 
Williams, et al. [54] conducted a systematic review in which all 

Figure 4: Simplified structure of the TNF antagonists.

Figure 5: Mechanisms of action of TNF antagonists.
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available placebo-controlled studies that compared anti-TNF therapy 
with placebo in adults with Crohn’s disease and ulcerative colitis were 
included, involving 7054 patients. They did not find an increased 
risk of malignancy in patients under anti-TNF therapy compared 
to patients receiving placebo. Another study investigated the risk in 
patients with Crohn’s disease receiving adalimumab and also found 
that patients receiving adalimumab mono therapy did not have a 
greater than expected risk of cancer (non-melanoma skin cancer and 
other cancers) [55]. In contrast, this study found that the patients 
receiving a combination therapy had a 5-fold risk of non-melanoma 
skin cancers and a 3-fold risk of other cancers and even a 8-fold risk 
of lymphoma compared to the general population. This increased 
risk was attributed to the immunomodulator. Autoimmune adverse 
events are common events. The lupus-like syndrome was described 
to evolve in up to 1.75% in patients with spondyloarthritis treated 
with TNF antagonists. Psoriasis is another common autoimmune 
adverse event of the TNF antagonists. Rarely, other side effects such 
as interstitial lung disease and sarcoidosis have been described.

What is paradoxical inflammation induced by TNF 
antagonists?

TNF antagonists are successfully used to treat diseases with an 
immunological background. Besides the more frequent side effects as 
allergies and infections, the new onset of other immunological diseases 
can occur such as psoriasis, arthritis, and lupus-like reactions. Even 
new onset IBD has been observed in patients with arthritis treated 
with TNF antagonists [17]. This phenomenon is termed “paradoxical 
inflammation”. The exact pathophysiological mechanism of TNF 
induced inflammation is not known. Furthermore, whether the 
pathophysiology of paradoxical inflammation differs between 
IBD and non-IBD patients is not known. Besides binding with 
their Fab (antigen-binding region) fragment to TNF, infliximab 
and adalimumab also bind with their Fc (crystallizable fragment) 
region to the Fc receptors CD64 (Fc-gamma receptor I (FcγRI)) 
and CD16/32 (Fc-gamma receptor III/II (FcγRIII/II)) expressed 
by monocytes and macrophages. This may induce Son of Sevenless 
(SOS) and p38 activation, which in turn will lead to the secretion of 
IL-12/IL-23 [56]. Switching of infliximab to certolizumab dose not 
fully resolve paradoxical inflammation. The activation of intracellular 
signaling cascades via Fc receptors may hence not fully explain the 
development of paradoxical inflammation in patients treated with 

TNF antagonists. Below we will discuss the most frequently observed 
entities and the underlying current pathophysiologic concepts.

Psoriasis: Despite the fact that TNF antagonists are potent drugs 
in treatment-refractory psoriasis, psoriatic skin lesions have been 
observed as a class effect of these drugs [57]. A recent publication from 
Tillack, et al. [58] has revealed new insights in the pathomechanisms 
of this paradoxical phenomenon.

Epidemiology: This side effect occurred in 4.8% of 434 patients 
of this prospective study. The authors found that smoking, increased 
body mass index and a short IBD duration were the main predictors. 
The clinical picture was different to that observed in patients with 
genuine psoriasis (psoriasis in patients without anti-TNF treatment). 
The most common form was palmoplantar lesions (11/21 patients) 
and guttate psoriasis (7/21 patients). 9/21 patients had scalp lesions; 
three of these patients developed a diffuse alopecia. In other case series 
the Massachusetts General Hospital in Boston [59] the occurrence of 
psoriasis was more frequently described in women than in men.

Pathomechanism: The pathogenesis has been largely unknown. 
Seneschal, et al. [60] examined 13 patients with TNF antagonist-
induced psoriasiform lesions. According to their results, they 
hypothesized that psoriasiform lesions triggered by TNF antagonists 
are different from true psoriasis. They found strong production of MxA, 
a specific marker for the production of type I IFN, in inflammatory 
cells, a cytokine for which beneficial effects in colitis models has been 
described. The type I interferon (IFN) IFN-β suppress Th1 mediated 
experimental autoimmune encephalomyelitis (EAE) and multiple 
sclerosis but augments Th17- mediated EAE. The expression of MxA 
was associated with an increased expression of CXCL9, which plays 
a role in the migration of CXCR3+ lymphocytes into the skin. IFN-α 
plays a major role in psoriasis. Possibly blocking TNF-α increases the 
production of IFN-α by plasmacytoid dendritic cells by inhibiting 
the negative feedback of TNF on pDC generation and maturation. 
Tillack, et al. showed in their study that all patients with severe lesions 
in their cohort were G/G wild type carriers for the rare coding IL23R 
variant rs11209026. This variant is associated with increased Th17 
cytokine production. Their immunohistochemical analysis showed 
infiltrates of IL-17A-secreting T cells and IL-22-secreting T-cells in 
the affected skin. This cytokine pattern is characteristic of Th17 cells. 
Infiltrates of IFN-γ-expressing Th1 cells were found in all patients 

Crohn’s disease Definition of clinical response Response rate Definition of remission Remission rate

Infliximab [84] Reduction of CDAI of 70 points 
or more

Response rate: 81% 
after a single infusion Clinical remission defined as a CDAI<150 Remission rate: 24% 

(not significant)

[85] Decrease of the CDAI >70 at 
week 2, week 30 and week 54 Response rate: 62%

Remission defined as a CDAI <150 and 
discontinuation of steroids at week 2, week 30 
and week 54

Remission rate: 
39% (5 mg/kg) - 45% 
(10 mg/kg)

Adalimumab [86] Decrease of the CDAI >70, at 
week 4 Response rate:  50% Defined as a CDAI <150, at week 4 Remission rate: 36%

Certolizumabpegol [87] Decrease of the CDAI >70, up 
to week 26 Response rate: 35% CDAI <150, up to week 26 Remission rate: same 

as placebo
Ulcerative Colitis Definition of clinical response Response rate Definition of remission Remission rate

Infliximab [88]
Decrease of the Mayo score 
of at least 3 points, week 8, 30 
and 54

Response rate: 61-69% Mayo score of 2 and lower, week 8, 30 and 54 Remission rate: 27.5 
- 38.8%

Adalimumab [89]
Decrease of the Mayo score 
of at least 3 points, week 8, 32 
and 52

Response rate: 50.4% Mayo score of 2 and lower, week 8, 32 and 52 Remission rate: 16.5%

Golimumab [90] Decrease of the Mayo score of 
at least 3 points, week 6 Response rate 54.9% Mayo score of 2 and lower, week 6 Remission rate 18.7%

Table 2: Response and remission rates of the available TNF antagonists.
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indicating that these Th1 and Th17 cells may play a major role in the 
pathogenesis of TNF antagonist-induced psoriasiform skin lesions.

Treatment: The first-line treatment is a topical treatment, 
consisting mainly of topical glucocorticoids, but this is often not 
efficacious. 33.3% of patients seems not improve under topical therapy. 
There are several possibilities in patients not improving under topical 
treatment. The switch to a second and third TNF antagonist is usually 
not effective. In a retrospective 19/62 patients with psoriatic skin 
lesions induced by TNF antagonists were switched to another TNF 
antagonist with improvement in one patient only [61]. Two patients 
were also switched unsuccessfully to a third TNF antagonist. Overall 
recurrent and severe psoriatic skin lesions lead to 40% discontinuation 
of TNF-antagonists despite the concomitant treatment with topical 
corticosteroids, keratolytics, emollients, vitamin D analogues and 
ultraviolet (UV) therapy. The rash reappeared after the switch to 
another TNF antagonist in 52% of the patients. 23% of the patients 
had eventually to stop the treatment with TNF antagonists. The 
addition of methotrexate in patients with TNF antagonist-induced 
psoriasiform lesions has no benefit [62]. TNF antagonists have to be 
stopped in the patients who are refractory to topical treatment, and 
these patient scan be treated with Ustekinumab, an anti-IL12/IL-23 
antibody. IL-12 is of importance for the development of Th1 cells. 
TGF-β and IL-6 are required for the differentiation of TH17 cells, 
which then express surface IL-23R. IL-23 then stabilizes and expands 
Th17 cells. Ustekinumab interferes with Th1 and Th17 driven 
disease. All 7 patients switched to Ustekinumab showed a marked 
improvement of their skin lesions. Remission of CD was maintained 
in 5/6 patients and 2/3 patients with active disease had a significant 
clinical improvement, which correlates with the clinical efficacy of 
this drug in CD patients [63]. Here as well, switching to another TNF 
antagonist was not a good option.

Alopecia: Numerous case reports and case series have described 
the development of Alopecia areata in patients treated with anti-
TNF agents. The biggest report based on a French Pharmaco 
vigilance database was 52 (4.9%) of 1065 alopecia after Anti-TNF 
agents (18 involved infliximab, 17 adalimumab, 15 etanercept and 
2 certolizumab). The reporting odd ratio for the development of 
alopecia during exposure to TNF-a antagonists was 3.0, (95% CI, 2.3 
- 4.0). This dermatological complication remains however quite rare 
with 18 additional clinical cases reported in the literature according 
to a review in 2012 [64]. The hair loss occurred mostly in the scalp but 
could extend to the eyebrow, axilla and pubis.

Pathomechanism: The pathogenesis is linked to the induction or 
aggravation of an autoimmune reaction. 

Treatment: The first-line treatment is mainly to stop the drug, 
which reversed the process in most cases. However, when in some 
cases alopecia persists, this could be difficult to accept in particular 
by female patients.

Eczema: Eczematiform reactions belong to the allergic reactions 
that occur under anti-TNF agents. Moreover it seems to occur to 
patients with a personal and/or family history of atopy.

Epidemiology: Eczema has been reported in up to 7% of 
rheumatoid arthritis patients receiving biological agents against TNF. 
Rahier, et al. described 23 eczematiform lesions in their review of 85 

IBD patients and in the same paper estimate the prevalence based in 
the Lille cohort at 3% [61].

Pathomechanism: Is thought to be similar to the one described 
of psoriasis.

Treatment: Most patients seem to respond adequately to topical 
therapy (steroids, emollient and in some cases tacrolimus). When 
the patients do not respond to topical therapies, then it should be 
considered if the anti-TNF agent has to be stopped.

Arthritis: Arthralgia is a frequent complaint in IBD patients. 
Usually they occur in the context of IBD-associated arthropathy. Less 
commonly, the treatment with TNF antagonists induces arthritis as a 
paradoxical side effect.

Epidemiology: Among the few reports about TNF-antagonist-
induced paradoxical joint inflammation, one case series, published as 
an abstract, suggested an incidence of 1.6% in IBD patients receiving 
infliximab or adalimumab to develop arthritis [65]. In some but not 
all patients a high ANA titer and an elevated anti-ds-DNA titer was 
observed, so that it is difficult to distinguish paradoxical arthritis 
from lupus-like reaction [57]. Clinical criteria, such as serositis, 
involvement of kidneys, skin rash, have to be in addition considered 
to distinguish arthritis from lupus-like reactions. Interestingly, there 
was no correlation with antibodies to infliximab. New onset arthritis 
as a paradoxical side effect of treatment with TNF antagonists is 
better known in patients with hidradenitis suppurativa, another 
chronic inflammatory disease, treated with TNF antagonists in 
severe treatment-refractory cases. Three out of 11 patients (27%) with 
severe HS treated with infliximab developed an acute and painful 
polyarthritis without systemic reaction, leading to the discontinuation 
of infliximab therapy as reported in a retrospective study [66].

Pathomechanism: The pathomechanism is not known. It has 
been hypothesized that the blockade of TNF leads to a disturbed 
balance of inflammatory and regulatory cytokines and cells. Delayed 
hypersensitive reactions have also been proposed.

Treatment: Up to now, the therapeutic strategy for patients with 
paradoxical arthritis has not been well established. In the Leuven 
case series neither the dose escalation of the TNF antagonist nor 
the switch to another TNF antagonist improved the symptoms. The 
discontinuation of the TNF antagonist, the initiation of corticosteroids 
and the addition of an immunomodulator improved the symptoms.

Lupus like reactions: Treatment with TNF antagonists leads to 
the formation of antinuclear antibodies (ANA) in a high number of 
patients (increase from 24% to 77% after 30 weeks in patients with 
rheumatoid arthritis in the prospective study by Eriksson, et al. [67], 
56.8% in patients with Crohn’s disease in the study by Vermeire, et 
al. [16]. However, only a minority of the patients with ANA develops 
the clinical picture of drug-induced lupus erythematosus (DILE). The 
incidence of DILE in patients treated with TNF antagonists seems to 
range from 0.19% up to 1.6% [16,68].

Pathomechanism: Several mechanisms have been proposed how 
these autoantibodies are induced. Possibly, the induction of apoptosis 
or necroptosis by TNF antagonists leads to the release of cell products. 
The released cell material, especially nucleosomes, can immunize the 
host, which may result in the production of antinuclear antibodies. 
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Deregulation of apoptosis or inhibition of a cytotoxic T-lymphocyte 
response that normally suppresses auto reactive B-cells also seems to 
play a role [69].

The clinical picture encompasses mainly joint manifestations, 
especially symmetric large joint arthralgia, synovitis, fever, rashes, 
leukopenia and rarely renal involvement. The antinuclear titer is 
frequently elevated. Typically anti-dsDNA and/or anti-nucleosome 
antibodies are tested positive. Anti-nucleosome antibodies of the IgG 
class even seem to be a more sensitive marker of SLE than anti-ds-
DNA antibodies.

There are no clearly established diagnostic criteria for the diagnosis 
of drug-induced lupus erythematosus. A French group suggested that 
as least 4 ACR criteria with a clear timely relationship with the TNF 
antagonist treatment is required for the diagnosis of drug-induced 
lupus erythematosum, which is supported by high ANA titers. After 
discontinuation of the treatment with TNF antagonists the symptoms 
have to disappear. An additional feature of drug-induced lupus 
erythematosus is the presence of low serum complement [68].

Treatment: The treatment of the drug-induced lupus like 
syndrome consists in stopping the inducing agent. In a cohort of 
13 patients with infliximab-induced DILE joint manifestations 
dominated, in which the re-challenge with a further TNF antagonist 
is associated with a low rate of recurrence [70]. 

Vasculitis: Vasculitis is a rare but potentially fatal side effect 
of TNF antagonists. Review of the current literature identified 113 
patients with a vasculitis as a side effect of the therapy with TNF 
antagonists [71]. The main manifestation was cutaneous in 87%, 
including purpura, ulcerative lesions, nodules, digital vasculitis, 
and macro papular rash. As many as one quarter of the patients had 
extra cutaneous manifestations including visceral vasculitis (24%), 
peripheral nerve involvement (16%), renal involvement (13%), 
central nervous involvement (4%), and lung involvement (3%). In 
24% the ANA were elevated, in 9% the ANCA were elevated and 
also elevated cryoglobulins, anti-DNA, anti-phospholipid antibodies 
and anti-Ro/La were reported. A more recently published report 
from the Mayo Clinic included also many patients with IBD. This 
retrospective review identified 8 patients with a TNF antagonist-
associated vasculitis. In these patients, the skin was involved in 63%, 
the peripheral nerve in 25%, and the kidney in 1 patient (13%) [72]. 
As already mentioned, TNF antagonist-associated vasculitis is rare. 
Because it can be fatal, healthcare professionals should nonetheless be 
aware of this entity and, in the case of suspect, try to make a diagnosis 
by histological examination and conduct extensive investigations for 
organ involvement.

Pathomechanism: Several hypotheses are discussed. The 
deposition of immunocomplexes consisting of the drug and its target 
could induce the local activation of the complement system. Another 
hypothesis is the occurrence of a cytokine imbalance in patients 
treated with TNF antagonists.

Treatment: The treatment consists in stopping the TNF 
antagonist. In a retrospective study the vasculitis improved in 63% of 
patients after stopping the TNF antagonist [73]. Patients not improving 
after stopping the offending drug have been successfully treated with 
high-dose corticosteroids and/or immunosuppressant drugs, such 

as cyclophosphamide, mycophenolate mofetil, hydroxychloroquine, 
methotrexate, azathioprine or rituximab [72,73].

Sarcoidosis: TNF plays a key role in the formation of granulomas, 
and TNF antagonists have been showed to be an efficient treatment in 
treatment-refractory sarcoidosis [74]. Despite these facts, sarcoidosis 
can also occur as a paradoxical side effect by TNF antagonists, mainly 
in patients with arthritis. In a call for observations of sarcoid-like 
granulomatosis following anti-TNF therapy along the members 
of the French “Club Rhumatismeset Inflammation” and were able 
to identify 10 patients with this side effect [75]. They calculated a 
frequency of at least 0.04%. The patients in this report suffered from 
pulmonary (cough, dyspnea) and cutaneous symptoms (cutaneous 
nodules, erythema nodosum, hypodermitis and scar inflammation). 
Three of the patients also had general symptoms such as weight 
loss, fatigue and fever. The review of the Australian Biologics clinic 
database showed an ever-higher frequency of new-onset sarcoidosis 
under TNF antagonists of 1.82%, though it has to be taken into 
account that in these patients, methotrexate was continued and its use 
could have a contributory role in these cases [76]. There are also case 
reports in patients with IBD showing the development of sarcoidosis 
in these patients [77], but it has to be pointed out that most cases were 
observed in patients using etanercept and that these observations are 
hence less applicable to IBD patients [78].

Pathomechanism: The development of granulomas in patients 
treated with TNF antagonists is paradoxical, and its etiology is unclear. 
It has been hypothesized that a modulation of the cytokine network 
by TNF antagonists may restore a Th1 response and restore IFN-γ, 
another key player in granuloma formation. Another hypothesis is 
that the increased susceptibility to infection under TNF antagonists 
triggers granuloma formation, as the development of sarcoidosis 
requires the exposure to a triggering antigen.

Diagnostics: Sarcoidosis must be considered when a patient 
under TNF antagonist treatment develops cough or dyspnea, when 
an infection, most importantly tuberculosis, has been ruled out. In 
the lab, hypercalcemia and an increased ACE activity can be found. 
In pulmonary sarcoidosis, the most frequent organ manifestation, the 
chest CT scan shows mediastinal and/or hilar adenopathies and lung 
infiltrates. In cutaneous sarcoidosis, skin biopsy leads to the diagnosis.

Treatment: Stopping of the TNF antagonists with or without 
administration of systemic corticosteroids may lead to clinical 
improvement in all of the patients [75].

De novo inflammatory bowel diseases: It seems always difficult to 
assess exacerbation of previously diagnosed IBD associated with anti-
TNF inhibition. However multiple registers based on rheumatological 
diseases help to identify this phenomenon. As probably each IBD 
specialized university center has seen one or two highly suggestive 
cases, a nice example of drug re-challenge with etanercept have been 
published. This manuscript reported a case with juvenile rheumatoid 
arthritis, who developed Crohn’s -like disease under treatment with 
etanercept, which resolved after TNF antagonists were stopped [79]. 
Distinguishing anti-TNF induced IBD from ongoing IBD in a given 
patient may be difficult. The patient’s history needs to be considered 
to distinguish anti-TNF induced IBD from ongoing IBD.

Epidemiology: These cases represent mostly Crohn’s or Crohn’s 
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like diseases or unspecified colitis. Patients with juvenile arthropathies 
are more likely to development of de novo IBD whereas the culprit 
drug is more frequently etanercept [80] an all-human soluble 
TNF-receptor that is fused to the Fc portion of IgG1 or infliximab/ 
adalimumab. In a study using the food and drug administration 
adverse events Reporting System [81], 158 cases were identified and 
the association was considered for 111 “possible” and 47 “ “probable” 
using the Navajo algorithm [82]. However, the natural history of 
rheumatological disease is also associated with gut inflammation 
(e.g. being subclinical in about 40-60% of patients with ankylosing 
spondylitis) as extra-articular manifestations of the disease, which 
end up to a definitive IBD diagnosis in about 10% of them [83].

Pathomechanism: Paradox inflammation induced by TNF 
inhibition, given that neutralization of TNF-α or absence of TNF-α-
exacerbated acute DSS-induced colitis in animal models.

Therapy: Ceasing the offending drug and treating the 
inflammatory bowel disease when possible with alternative options.

Hidradenitis suppurativa: Hidradenitis suppurativa (HS) 
is a painful chronic relapsing inflammatory disease of the skin 
characterized by inflammatory nodules and abscesses, which can lead 
to scares of areas bearing the apocrine glands. HS can be associated 
with IBD, mainly Crohn’s disease, and is treated with anti-TNF 
agents, such as adalimumab. Paradoxically, HS can also occur in 
patients treated with anti-TNF agents. After stopping the anti-TNF 
agents or switch to another biological HS resolves.

Epidemiology: A French retrospective multicenter study from 
May 2004 to July 2015 has reported 25 patients, who developed HS 
under treatment with anti-TNF agents for rheumatoid arthritis (7 
patients), Crohn’s disease (9 patients, chronic juvenile arthritis (1 
patient), ankylosing spondylitis (5 patients), SAPHO syndrome (1 
patient), psoriasis (1 patient) and psoriasis arthritis (1 patient).

Pathomechanism: The pathophysiology of HS induced by anti-
TNF agents has not been resolved.

Therapy: Stopping the anti-TNF agents or switching to other 
biological is required to resolve HS.

Rare autoimmune diseases: Rarely the development of interstitial 
lung disease (interstitial pneumonitis, pulmonary hemorrhage, 
and bronchiolitis obliterans organizing pneumonia), inflammatory 
myopathies and antiphospholipid syndrome after treatment with 
anti-TNF therapy has been described [71].

Conclusion
Paradoxical inflammation induced by TNF antagonists is a side 

effect more common than previously suspected. Their pathogenesis 
is widely unknown, but an imbalance of the pro-inflammatory and 
regulative cytokines, induced by a blockade of TNF, seems to play an 
important role. In particular type I IFNs and IL-17A producing Th17 
cells are essential for the development of paradoxical inflammation.

In the daily clinical practice, the most common encountered 
phenomenon is a rise in the titer of autoimmune antibodies, especially 
the ANA titer. In most cases elevated ANA titer is not associated 
with clinical symptoms. Less frequently the immunogenicity of the 
TNF antagonists leads to diseases as drug-induced lupus, psoriasis 

and vasculitis. Despite the fact that they are rare, their recognition 
is important as they can potentially be fatal and need appropriate 
treatment.

Depending on the clinical entity and severity there are different 
treatment options. Stopping the culprit agent is the causative 
therapy. The underlying disease requires efficient treatment. The 
TNF antagonist has to be substituted by another TNF antagonist, 
especially certolizumab, which is less immunogenic. However, the 
switch of a TNF antagonist to certolizumab (lacking the Fc regions) 
did not improve TNF induced psoriasis in IBD patients. This means, 
that the occurrence of paradoxical inflammation is a class effect of 
TNF antagonists [58]. In some circumstances it is possible to add an 
immunosuppressant drug and continue with the TNF antagonist, 
e.g. in arthritis. Likely, the TNF antagonist has to be replaced by an 
agent of a different class, e.g. the recently available integrin inhibitor 
vedolizumab. Up to now there are no immunological reactions to this 
drug, albeit its efficiency in patients developing anti-TNF-induced 
immunological reactions has not been evaluated yet. The IL 12/23 
antagonist Ustekinumab has been shown to be efficient in patients 
with treatment-refractory psoriasis and Crohn’s disease and is 
especially useful in patients with psoriasiform side effects.
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