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Introduction

In the past decades several studies have highlighted the 
role of pro-inflammatory cytokines in the pathogenesis of 
chronic inflammatory rheumatic diseases. As a result, a 
more concentrated effort has been made to develop drugs 
targeting the molecules directly involved in the inflammatory 
response (Table 1). 

The development of these drugs, called biologics, has 
revolutionized the therapeutic approach of the chronic 
inflammatory rheumatic diseases, particularly in patients 
resistant to standard treatment. Their use has indeed allowed 
for a better prognosis, also leading to clinical remission in 
some patients. 

The history of biological drugs began in 1975, when 
Köhler and Milstein developed the method for isolating 
monoclonal antibodies (mAbs) from hybridoma cells (1). 
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The first step in the production of antibodies against specific 
molecules was the cloning of murine genes of variable heavy 
(VH) and variable light (VL) chains. It was then possible to 
synthetize chimeric antibodies, containing the murine VH 
and VL chains fused with the constant region of human 
origin (2). More specifically, antibodies obtained by this 
technology show approximately one-third murine and two-
thirds human sequences. However, the efficacy of murine-
derived immunoglobulin preparations could be limited by 
the induction of anti-mouse immune responses, with con-
sequent impairment of the therapeutic efficacy. Hence, the 
antibodies of recent development are as human as possible. 
Another problem, which still remains unsolved, despite the 
numerous studies performed, pertains to pharmacodynamic 
and pharmacokinetic aspects of mAbs. This is probably 
due to their inter-individual variability and extension of the 
inflammatory mechanisms underlying the disease process. 
Generally, the half-life of these drugs increases with the 
degree of humanization, but many different mechanisms, 
such as the proteolytic degradation and the glycosylation, 
may also play an important role in their clearance (3).

To overcome these limitations, other biological con-
structs have been tuned, such as recombinant molecules or 
polyethylene glycol (PEG)-fused molecules. They do not 
require non-human amino acid sequences, which minimize 
the antigenic potential while PEGylation avoids potential 
Fc-mediated effects, enhances solubility and half-life in 
vivo, and may contribute to its preferential distribution to 
inflamed tissues (4-6).

Major advances in biotechnology alone do not explain 
the growing availability of biological agents; the improved 
understanding of the pathogenesis of chronic inflammato-
ry diseases has also played an important role, leading to 
identify several targets: the pro-inflammatory cytokines 
tumor necrosis factor (TNF), interleukin-1 (IL-1), and IL-6, 
CTLA-4 (which modulates T cell activation), and molecules 
involved in the activation, differentiation and maturation of 
B cells. The biological agents targeting the aforementioned 
molecules are now available for many rheumatic diseases, 
including rheumatoid arthritis (RA), psoriatic arthritis (PsA), 
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ankylosing spondylitis (AS), systemic lupus erythematosus 
(SLE), autoinflammatory diseases. In order to optimize their 
use in the clinical practice and because of their significant 
cost, the main rheumatological scientific societies have 
published and periodically updated specific guidelines/
recommendations. However, there are some diseases where 
trials have not been able to demonstrate a significant impro-
vement by using the current treatment: in these cases, only 
the clinical evidence and the experience of the phisician may 
drive the therapeutic decision.

We now review the main biological drugs making a clas-
sification based on the targeted mechanism of action.

TNF antagonists 

TNF is a cytokine implicated in many aspects of the 
inflammatory processes. It is released from several different 
immune and non-immune cells as a soluble molecule after 
being enzymatically cleaved from the cell surface. Both 
soluble (sTNF) and membrane TNF (mTNF) are biologically 
active when interact with either of two distinct receptors, 
TNF receptor 1 (TNFR1, p55) and TNFR2 (p75), expressed 
on a wide variety of cells (7). A lot of studies have demon-
strated the key role of TNF in the pathogenesis of chronic 
inflammatory diseases such as RA, PsA, AS, inflammatory 
bowel diseases, and uveitis (8). 

As a consequence, starting from the late 90’s five dif-
ferent drugs targeting TNF have been developed, which 
dramatically ameliorated the outcome of the patients: infli-
ximab, adalimumab, golimumab, certolizumab pegol, which 
are mAbs or fragments thereof, and etanercept, a genetically 
engineered fusion protein composed of a dimer of the extra-
cellular portions of human TNFR2 fused to the Fc portion 
of a human IgG1. Infliximab, adalimumab and golimumab 
are full-length, bivalent IgG1 mAbs, whereas certolizumab 
is a monovalent Fab1 antibody fragment covalently linked 
to PEG. Infliximab is a chimeric protein containing ∼25% 
mouse-derived amino acids comprising the VH and VL 
domains; certolizumab is a humanized protein containing 
amino acid sequences derived from a mouse anti-TNF mAb 
and inserted into human VH and VL domains; adalimumab 
and golimumab are fully human mAbs. Infliximab, ada-
limumab and golimumab are IgG1 antibodies, which are 

capable of complement fixation and Fc-receptor binding. 
Certolizumab is a Fab1 fragment of an IgG1 mAb and lacks 
effector functions because it has no Fc region (9). 

Here we report the main characteristics of these com-
pounds, focusing on their clinical profile.

Mechanisms of action

The mechanism of action of TNF antagonists is based on 
the neutralization of both sTNF and mTNF. The interruption 
of the signal pathways mediated by TNF has numerous con-
sequences, reflecting the pleiotropic effect of the cytokine: 
cell cycle arrest, apoptosis, inhibition of pro-inflammatory 
cytokine and chemokine release, but also of chondrocyte, 
osteoclast, and endothelial cell activation, reduction of leu-
kocyte accumulation and angiogenesis, increase of T reg 
cell number (10-20). TNF seems to be involved also in the 
modifications of lipid profile, since the treatment with anti-
TNF agents produce increase of the HDL levels as well as of 
the total cholesterol, which are associated with a significant 
improvement in RA activity (21, 22). 

Approved indications

Rheumatoid arthritis: RA was the first indication for 
the use of TNF antagonists. The main goals in the treatment 
of patients affected by RA are the control of the signs and 
symptoms, the prevention of joint damage progression 
and, the remission achievement (23). A large number of 
randomized controlled trials (RCT) has demonstrated the 
efficacy of all TNF antagonists in the treatment of RA 
(Table 2) (24-33). 

In patients with RA, anti-TNF drugs have been used ei-
ther in monotherapy or associated with methotrexate (MTX), 
internationally accepted as the first disease-modifying anti-
rheumatic drug (DMARD) choice in the management of 
RA. TNF antagonists were generally tested versus MTX: 
some studies evaluated their efficacy in patients with early 
RA and naïve to MTX therapy, while other studies enrolled 
patients with established disease, not adequately responding 
to MTX. From these studies a conviction emerged, that 
when MTX was added to biologics the response rates were 
much higher than for the biologics by themselves. Several 
rheumatological scientific societies in their guidelines/

Table 1. Main characteristics of the anti-TNF agents currently available.

Drug Structure Target Approved 
Indications

Route, Dose and Frequency  
of Administration

Infliximab
(Remicade)

Mouse/human chimeric IgG1 
mAb

Soluble and mem-
brane TNF

RA/AS/PsA Intravenous infusion, 3 to 5 mg/kg at 0, 
2, 6 weeks, then every 6-8 weeks 

Etanercept
(Enbrel)

Human sTNFR2-Fc  fusion 
protein

Soluble and mem-
brane TNF

RA/AS/PsA Subcutaneous injection, 25 mg twice a 
week or 50 mg once a week; 

Adalimumab
(Humira)

Human IgG1 mAb Soluble and mem-
brane TNF

RA/AS/PsA Subcutaneous injection, 40 mg every 2 
weeks

Golimumab
(Simponi)

Human  IgG1 mAb Soluble and mem-
brane TNF

RA/AS/PsA Subcutaneous injection, 50 mg every 4 
weeks

Certolizumab pegol
(Cimzia)

PEG-human IgG1 mAb 
fragment (Fab)

Soluble and mem-
brane TNF

RA Subcutaneous injection, 400 mg at 0, 2, 
4 weeks, then 200 mg every 2 weeks

Legend: TNF: tumor necrosis factor; mAb: monoclonal antibody; PEG: polyethylene glycol; RA: rheumatoid arthritis; AS: ankylosing 
spondylitis; PsA: psoriatic arthritis.
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recommendations identify RA patients deserving treatment 
with anti-TNF drugs also based on disease activity as asses-
sed by validated measures, such as the disease activity score 
28 (DAS28) (34). According to DAS28, the level of disease 
activity can be interpreted as remission (DAS28≤2.6), low 
(2.6<DAS28≤3.2), moderate (3.2<DAS28≤5.1), or high 
(DAS28>5.1) (34). For example, a committee of experts 
on behalf of the Italian Society for Rheumatology (Società 
Italiana di Reumatologia, SIR) recommend to use anti-TNF 
agents in RA patients with insufficient response to MTX, 
taken for at least 3 months in the highest tolerated dosage 
(up to 20 mg/week). In patients with contraindications or 
intolerance to MTX, the failure of another drug with struc-
tural efficacy must be proven. The failure of DMARDs is 
defined by a high disease activity (DAS28>5.1) or even a 
moderate disease activity (3.2<DAS28≤5.1) in the presence 
of unfavorable prognostic factors or after failing a combina-
tion or sequential administration of various DMARDs (35). 
According to SIR recommendations, anti-TNF agents may 
also be initiated in patients with evidence of joint damage 
progression regardless of disease activity (35). Patients not 
achieving EULAR response (using DAS28) after 12 weeks 
of biological treatment should be considered non-responders 
and a change in the treatment strategy is recommended 
(35).

Despite the efficacy of TNF antagonists, approximately 
one third of patients discontinue the treatment due to inef-
ficacy or intolerance (36). In these cases, the switching to 
another anti-TNF agent could represent a valid option be-

cause of significant differences in terms of molecular struc-
ture, pharmacokinetics, interactions with TNF, generation 
of antibodies, induction of apoptosis, and dosing regimen 
among the TNF antagonists (37, 38). The analysis of studies 
evaluating the efficacy of switching strategy demonstrates 
that a good disease control may be obtained with a second 
anti-TNF agent, especially in patients withdrawing the first 
drug for loss of response during time or adverse events. Con-
versely, patients stopping the first TNF antagonist because 
of lack of efficacy are more likely to respond to biologics 
recognizing targets other than TNF (39). Finally, no univo-
cal data are available concerning the duration of anti-TNF 
treatment, but it has been observed that the discontinuation 
of the therapy, often during a long-lasting remission period, 
is almost always followed, after a variable period, by disease 
reactivation (40). 

Spondyloarthritis: PsA and AS are the two entities 
with the most severe course of all SpAs, and several RCT 
testing TNF antagonists have been run in such patients de-
monstrating an impressive clinical efficacy, with no specific 
superiority in terms of efficacy of one of them over the others 
(Table 3) (41-49). 

Nowadays, four TNF antagonists (infliximab, etanercept, 
adalimumab, and golimumab) are licensed for treatment in 
patients with PsA and AS in case of a non-response to other 
therapies. As for RA, aims of therapy in SpA are the reduc-
tion of inflammation, inhibition of radiologic progression, 
preservation of joint function, and improvement of quality 
of life. Recommendations for the use of biological agents in 

Table 2. Main randomized controlled trials testing the efficacy of anti-TNF agents in RA patients.

Study Treatment Treatment 
Duration

Outcome

COMET, Emery (24) ETA + MTX vs MTX 52 weeks Remission (DAS28), radiographic progression 
(van der Heijde-modified Sharp score)

TEMPO, Klareskog (25) ETA + MTX vs ETA or 
MTX 

52 weeks ACR response, radiographic progression (van 
der Heijde-modified Sharp score)

ERA,  Genovese  (26) ETA vs MTX 12 months ACR response, radiographic progression (van 
der Heijde-modified Sharp score)

ATTRACT, Maini (27) IFX + MTX vs MTX 30 weeks ACR response

ASPIRE, St. Claire (28) IFX + MTX vs  MTX 54 weeks ACR response, radiographic progression (van 
der Heijde-modified Sharp score)

ARMADA, Weinblatt (29) ADA + MTX vs MTX 24 weeks ACR response

PREMIER, Breedveld (30) ADA + MTX vs ADA or 
MTX 

2 years ACR response, radiographic progression (mo-
dified Sharp score)

GO-AFTER, Smolen (31) GLM 50 mg ± DMAR-
Ds vs GLM 100 mg  or 
100 mg ± DMARDs vs 
DMARDs 

24 weeks ACR response HAQ-DI, DAS28 (also remis-
sion), FACIT-F 

GO-FORWARD, Keystone (32) GLM 100mg + vs MTX + 
placebo vs GLM 50 mg 
+ MTX vs GLM 100 mg 
+ MTX

52 weeks ACR response, DAS28, safety 

RAPID-1, Keystone (33) CZP 400 + MTX vs CZP 
200 + MTX vs MTX

52 weeks ACR response; radiographic progression (van 
der Heijde-modified Sharp score)

Legend: TNF: tumor necrosis factor; RA: rheumatoid arthritis; ETA: etanercept; MTX: methotrexate; ACR: American College of Rheuma-
tology; IFX: infliximab; ADA: adalimumab; GLM: golimumab; DMARDs: disease modifying anti-rheumatic drugs; HAQ-DI: Health Asses-
sment Questionnaire – Disability Index; DAS 28: disease activity score 28; FACIT-F: Functional Assessment of Chronic Illness Therapy 
- Fatigue; CZP: certolizumab pegol 
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PsA and AS have been suggested by several rheumatological 
scientific societies, including SIR (50). For clinical purposes, 
PsA is generally classified into two main types: one with a 
predominant peripheral joint involvement and the other with 
predominant axial manifestations, and these are associated 
with different therapeutic strategies. According to SIR 
recommendations, anti-TNF therapy should be considered 
in patients with active PsA predominantly characterized by 
peripheral synovitis that failed conventional treatment (non-
steroidal anti-inflammatory drugs -NSAIDs- and at least 1 
DMARD administered alone or in combination for at least 
3 months). As recommended for RA, PsA patients may also 
be considered for anti-TNF therapy in case of progression 
of joint damage documented by conventional X-rays, even 
though they have an acceptable clinical response. For pa-
tients with psoriatic spondylitis, instead, the failure of at 
least 2 NSAIDs taken over a 3-months period to maximal 
doses is sufficient to initiate treatment with anti-TNFs. 
For both subtypes of PsA, response to biological therapy 
should be assessed 3 months after treatment onset based on 
expert opinion, evaluation of clinical symptoms and signs, 
of acute phase reactants, and of imaging studies whenever 
appropriate (50). All available anti-TNFs can be used in 
monotherapy with similar clinical efficacy, but in case of 
failure, the switch to another anti-TNF may be an option (50, 
51). The considerations related to the axial form of PsA are 
very similar to those established for the treatment of AS by 

an expert group (52). NSAIDs are the first-line treatment in 
patients affected by AS, because DMARDs have not been 
shown to be effective in the control of axial manifestations. 
Several studies demonstrated the efficacy of anti-TNF drugs 
in reducing inflammation status and improving the quality 
of life of AS patients with no specific superiority in terms 
of efficacy of one of them over the others (Table 3). Inte-
restingly, all available anti-TNFs are effective in inducing 
a significant clinical improvement in a short time (about 2 
weeks) (53, 54). In patients with concomitant inflammatory 
bowel disease and/or uveitis, the monoclonal antibodies have 
shown to be more effective than the fusion protein (55, 56). 
An analysis of over 800 AS patients from the Danish regi-
stry documented a rapid and sustained decrease in disease 
activity after treatment with TNF antagonists, especially 
in men, with only few patients stopping treatment owing 
to adverse effects (57). Nearly one-third of AS patients in 
clinical practice switch biological treatment and the new 
anti-TNF, as in RA and PsA patients, may prove successful 
(43-46, 58).

Peculiar Use of TNF antagonists 

Considering the evidences of high expression of TNF at 
synovial membrane level, the use of intra-articular injections 
proved to give encouraging results in patients with RA or 
SpA with refractory monoarthritis. The synovitis, evalua-

Table 3. Main randomized controlled trials testing the efficacy of anti-TNF agents in AS and PsA patients.

Study Disease Treatment Treatment
duration

Outcome

Braun (41) AS IFX vs placebo 12 weeks BASDAI, BASFI, BASMI, SF-36

ASSERT, van der Heijde  (42) AS IFX vs placebo 24 weeks ASAS response, BASDAI, 
BASFI, BASMI, SF-36, CRP, 
SJC, MEI

Davis (43) AS ETA vs placebo  24 weeks  ASAS response, safety

van der Heijde (44) AS ADA vs placebo  24 weeks ASAS response, BASDAI, BA-
SFI, BASMI, CRP, SJC, TJC 

GO-RAISE, Inman (45) AS GLM 50 mg vs GLM 100 
mg vs placebo

24 weeks ASAS response, BASDAI, 
BASFI, BASMI, SF-36

IMPACT, Antoni (46) PsA IFX vs placebo 50 weeks ACR response, PASI, DAS28, 
HAQ, PsARC 

Mease (47) PsA ETA vs placebo 12 weeks ACR response, PsARC, PASI

Mease (48) PsA ADA vs placebo 24 weeks ACR response, radiographic 
progression (modified Sharp 
score), PsARC, PASI, HAQ, 
SF-36 

GO-REVEAL, Kavanaugh (49) PsA GLM 50 mg vs GLM 100 
mg vs placebo

24 weeks ACR response, PASI, SF-36, 
HAQ, NAPSI, MASES

Legend: TNF: tumor necrosis factor; AS: ankylosing spondylitis; IFX: infliximab; ASAS: Assessment in Ankylosing Spondylitis; CRP: C-
reactive protein; SJC: swollen joint count; MEI: Mander Enthesis Index; ETA: etanercept; ADA: adalimumab; TJC: tender joint count; GLM: 
golimumab; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional Index; BASMI: 
Bath Ankylosing Spondylitis Metrology Index; SF-36: Short-Form 36;  PsA: psoriatic arthritis; ACR: American College of Rheumatology; 
PASI: Psoriasis Area and Severity Index; PsARC: Psoriatic Arthritis Response Criteria; HAQ: Health Assessment Questionnaire; NAPSI: 
Nail Psoriasis Severity Index; MASES: Maastricht Ankylosing Spondylitis Enthesitis Score
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ted by using ultrasonography and scintigraphy, showed a 
significant improvement after long-lasting follow-up (59-
62). Moreover, TNF-antagonists could be useful in other 
inflammatory rheumatic diseases resistant to conventional 
therapies, such as Behcet’s disease (63, 64). 

Adverse events

TNF plays a crucial role in the defense against microbial 
agents. Therefore, when its effects are blocked, patients may 
be at higher risk of infections and indeed an increased risk 
of developing infections in the upper and lower airways and 
urinary tract has been registered (65). Most importantly, TNF 
inhibition may favour the reactivation of latent tuberculosis 
infection (LTBI) in previously exposed patients, and this is 
the reason why an appropriate screening should be carried 
out in all patients undergoing treatment with anti-TNFs 
(66). This consists of tuberculin skin test (TST), chest ra-
diography, medical history focused on risk factors for TB, 
and physical examination. Since TST lacks sensitivity and 
specificity, especially in immunocompromised people, novel 
screening tools, the IFN-γ release assays (IGRAs), have been 
introduced (67, 68). These tests are more specific than TST, 
but an optimal screening strategy at the moment should 
include both TST and an IGRA to maximise the possibility 
of identifying patients already infected by Mycobacterium 
tuberculosis (69). Patients with a positive screening for 
LTBI must be treated with antitubercular drugs for 9 months 
starting one month before biological treatment (70). Another 
major problem concerns HBV-positive patients, which may 
experience raised liver function tests, increase of viral load 
and fatal hepatic failure under anti-TNF treatment, therefo-
re HBV screening tests must be perfomed before starting 
biological treatment (71). On the contrary, in HCV-infected 
RA patients, several short-term observational studies have 
shown no clear worsening or reactivation of viral disease 
associated with anti-TNF therapy, and the prophylactic 
use of antiretroviral agents is not mandatory (72). Apart 
from the risk of infections, another source of concern was 
related to the possible occurrence of malignancies, since 
patients with autoimmune diseases have an increased risk 
of developing lymphomas when compared with the healthy 
population (73). Data analyzed so far do not indicate an 
increased risk of developing lymphomas in patients exposed 
to TNF inhibitors, but the clinical trials examined were not 
adequately powered to address this issue and few reports 
have been published (74, 75). Likewise, the occurrence of 
solid malignancies with anti-TNF is not increased in RCTs 
and in long-term observational studies, with the exception 
of an increased risk of non melanoma skin cancers (74). A 
decreased risk of cardiovascular events in patients treated 
with TNF blockers was observed (76), but in case of advan-
ced chronic heart failure (NYHA classes III and IV) their 
use is contraindicated since it was associated with increased 
morbidity and mortality (77, 78). 

The role of anti-TNF remains obscure in regards to the 
appearance of neurological disorders. The most commonly 
identified related alterations are central and peripheral 
demyelinating lesions, but short-term follow-up indicates 
relatively good outcomes, sometimes after biologic disconti-
nuation or after glucocorticoids or intravenous immunoglo-

bulin treatment (79). A paradoxical adverse event secondary 
to the use of anti-TNFs is the exacerbation of preexisting 
psoriatic lesions and new-onset psoriasis: in the majority 
of cases the local treatment of psoriatic lesions allowed to 
continue anti-TNF therapy, although in more severe cases 
switching to another anti-TNF agent or withdrawal of the 
biologic treatment is necessary (80, 81). 

The use of anti-TNF agents has been also associated 
with laboratory abnormalities: haematological dyscrasias 
such as aplastic anaemia, pancytopenia and neutropenia 
have been very rarely described, while it is more frequent 
the occurrence of non-organ specific auto-antibodies 
such as antinuclear (ANA), anti-phospholipid (aPL) and 
anti-double-stranded DNA antibodies (anti-dsDNA) (82). 
However, related clinical autoimmune syndromes are rare 
and mostly reversible after anti-TNF treatment withdrawal. 
Furthermore, anti-TNFs, including full human ones, are 
by themselves immunogenic, leading to the induction of 
anti-drug antibodies that can be associated with therapeutic 
failure and side effects (83).

Anti-IL-1 agents 
 
The superfamily of IL-1, constituted by pro-inflammatory 

cytokines, receptors and antagonist molecules, is involved in 
the regulation of the innate immunity. Several evidences de-
monstrated a modification of the balance of these molecules 
during the course of many autoinflammatory and autoimmune 
diseases. IL-1α and IL-1β, synthesized by mononuclear cells, 
are the major cytokines of the group. Two receptors mediate 
the action of IL-1, IL-1 receptor type I (IL-1RI) and IL-1RII, 
and also an antagonist of these receptors has been identified 
(IL-1Ra). To date, different strategies to block the action of 
IL-1 have been developed. Anakinra is a recombinant non-
glicosylated form of the IL-1Ra (Table 1). This drug was 
approved in 2001 for the treatment of patients affected by RA 
and later for other diseases. It is administrated subcutaneously 
at a dose of 100 mg daily, but an intravenous administration 
could be performed, especially in case of acute onset of the 
disease. The half-life of anakinra is short, about 6 hours, re-
quiring daily administration (84). More recently, other drugs 
targeting IL-1 were developed and tested. Canakinumab, a 
mAb against IL-1β currently investigated in phase III stu-
dies, has been approved for the treatment of systemic onset 
juvenile idiopathic arthritis and cryopyrin-associated periodic 
syndrome (85). Rilonacept (also known as IL-1 Trap) is a 
recombinant fusion protein consisting of the extra-cellular 
ligand-binding domains of human IL-1RI and IL-1R acces-
sory protein, fused to the Fc portion of human IgG1. It acts 
as a soluble decoy receptor, trapping both IL-1α and IL-1β 
with high affinity. Rilonacept was approved for the treatment 
of CAPS, familial cold auto-inflammatory syndrome, and 
Muckle-Wells syndrome (86).

Mechanism of action

IL-1α mainly acts in an autocrine fashion and partially 
by exerting a paracrine function, which result in local inflam-
mation. Conversely, IL-1β is released into the circulation 
and stimulates systemic inflammation. The two receptors 
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mediating their action, IL-1RI and IL-1RII, are expressed on 
the macrophages and B lymphocyte surfaces as a membrane 
receptor and also released in a soluble form. The binding 
of IL-1 to its receptor initiates the recruitment of several 
kinases with development of the pro-inflammatory cascade 
(87). The main functions of IL-1 are the activation of im-
mune cells, particularly neutrophils, the stimulation of the 
secretion of colony stimulating factors, and the promotion 
of the differentiation of T helper (Th) lymphocytes in Th17. 
In addition, IL-1 activates endothelial cells, synovial fibro-
blasts, and osteoclasts, and stimulates the chondrocytes to 
produce matrix degrading enzyme. Finally, IL-1 acts on the 
endocrine system, especially on the hypothalamic-pituitary 
axis, promoting the release of ACTH, GH, ADH, somatosta-
tin, and affects glucose metabolism (84, 87). The IL1-Ra is a 
glycosilated protein of 22kD that antagonizes the activation 
of the IL-1R. Its expression is inducible in many cells, while 
it is constitutively expressed in keratinocytes and intestinal 
epithelial cells. IL-1Ra binds with high affinity to IL-1R, 
preventing the transmission of signals (88). Experimental 
data demonstrated that IL-1Ra knockout mice develop an 
inflammatory erosive arthritis with clinical and histological 
features similar to those in RA. In addition, in these mice 
the levels of Th17 were increased (86).

Approved indications

Rheumatoid arthritis: Anakinra, alone or in combina-
tion with MTX, resulted effective in the reduction of disease 
activity and damage and in the improvement of the quality 
of life (89). After 16 weeks of treatment with anakinra, a 
significant improvement in signs, symptoms and laboratory 
parameters, as well as a slowing of radiographic progression, 
was registered in RA patients (89). Despite the absence of 
clinical trials directly comparing anakinra with respect to 
TNF antagonists, the experience clearly demonstrates a 
superiority of the TNF blocking strategy in RA.

Adverse events

Anakinra is characterized by a good safety profile: the 
reactions at the injection site are the most common adverse 
effects, probably related to daily administration. Further-
more, the use of anakinra results in an increase in bacterial 
and viral infections, especially of the upper airways, and 
in a reduction of circulating neutrophils, even if rarely in a 
severe neutropenia (less than 500 mm3) has been described. 
In these cases the number of neutrophils increased shortly 
after discontinuation of the drug (84, 90). No data are avai-
lable regarding the development of malignancies during the 
treatment (84, 90). 

Anti-IL-6 agent 

IL-6 is a pleiotropic cytokine that plays a key role in the 
inflammatory processes by inducing the activation of several 
cells involved in immune response. It acts by means of inte-
raction with its receptor (IL-6R), composed of two chains. 
The first chain, formed by a domain containing the binding 
site for IL-6, could exist in soluble form or associated with 

the second chain. This is a glycoprotein of 130 kD, located 
on the membrane of different cell types (91). The binding of 
the glycoprotein complex IL-6/IL-6R leads to enrollment of 
JAK kinases, with the activation of transcription factors, such 
as STAT3 and SHP2, and the modulation of the gene expres-
sion in pro-inflammatory sense. Tocilizumab is a humanized 
mAb of IgG1 class against IL-6R, that prevents the formation 
of the IL-6/IL-6R complex. Tocilizumab is administrated 
intravenously at a dose of 4 or 8 mg/kg every 4 weeks. The 
half-life of the drug is concentration-dependent: about 11 
days in case of 4 mg dosage, 13 days in case of 8 mg dosage. 
Tocilizumab can be used in monotherapy or in combination 
with MTX and it is metabolized by the reticulo-endothelial 
system as an endogenous immunoglobulin (92).

Mechanism of action

IL-6, produced by monocytes and macrophages as a 
consequence of Toll-like receptors (TLRs) stimulation, acts 
directly on immune cells by promoting the differentiation of 
B cells, the proliferation of T cells (especially the differen-
tiation of T CD4+ in Th17 and T CD8+ in cytotoxic cells), 
the suppression of T reg, and the activation of macrophages. 
Furthermore, IL-6 acts on the hepatocytes with an increase 
of the acute phase proteins production leading to the recruit-
ment of leukocytes in the joints, proliferation of synoviocytes 
and release of metalloproteinases (93). The IL-6 effects on 
osteoblasts, endothelial and mesangial cells, fibroblasts and 
keratinocytes determine the cartilage and subchondral bone 
degradation and loss of systemic bone. Moreover, an increase 
of the collagen synthesis was reported, contributing to skin 
changes that occur in psoriasis and systemic sclerosis (91, 
94). High concentrations of IL-6 have been demonstrated in 
serum and synovial fluid of patients affected by RA. In the 
synovial fluid the IL-6/IL-6R complex induces the forma-
tion of osteoma-like cells and in bone marrow induces the 
activation of the RANK/RANKL complex. Moreover, IL-6 
increases the production of VEGF that results in an increase 
of angiogenesis and of the synovial permeability.

Approved indications

The use of tocilizumab was approved in RA patients 
with moderate/severe disease activity, both as first-line the-
rapy after failure of DMARDs, or after the failure of TNF 
inhibitors (93). In Table 4 the main clinical trials in which 
tocilizumab was used in RA patients are reported (92-95). 
The response to treatment with tocilizumab is comparable 
to that of other biologics in terms of ACR response (92-95). 
Particularly, in the SAMURAI study, tocilizumab has proven 
effective in reducing joint damage (92). 

Adverse events

Tocilizumab is characterized by a good safety profile. 
Infections are the most common AEs, although serious 
outcomes are rare. Upper respiratory tract infections and 
pharyngitis are the most commonly reported, while the 
serious events are represented by pneumoniae, urinary 
tract infections, cellulites, herpes zoster. Cases of TB have 
been observed, so patients should be screened for latent 
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TB before treatment (92, 93, 95). A decrease in neutrophil 
counts (<1.000/mm3) can also occur. In the majority of 
cases, neutropenia is transient, without the need of drug 
discontinuation. Moreover, no clear relationship between 
decreases in neutrophils and occurrence of serious infections 
was found (92, 93, 95-98). 

A modification in lipid profile, as increase in the concen-
tration of total cholesterol, LDL, HDL and triglycerides, was 
observed during treatment. Hence, the lipid profile should 
be evaluated after 1-2 months of therapy starting and then 
every 6 months. However, these changes seem to respond 
well to statins. No data are available regarding long-term 
effects on cardiovascular function. Moreover, tocilizumab 
determine an increased risk for elevating liver enzyme levels. 
Infusion-related events are generally mild and transient. 
Among these, hypertension, headache and skin reactions 
are the most commonly reported within the first 24 hours 
of infusion (92, 93, 95-98). Bowel perforation, followed 
by peritonitis has been reported. Due to the increase risk 
of perforation, tocilizumab must be administered with cau-
tion in patients with a history of ulcer or diverticulitis (99). 
Moreover, IL-6 may also assist wound healing indirectly by 
modulation of growth factors or their receptors. This evi-
dence could explain the delay of wound healing in patients 
treated by tocilizumab (100).

  

Co-stimulation signal blockade

The activation of naïve T lymphocytes and the diffe-
rentiation into effector T cells require at least 2 signals. 
The first one is mediated by the TCR, while the second is 
a co-stimulatory signal necessary for the full activation. 
The most important co-stimulatory molecules are a pair of 
related proteins, CD80 and CD86, expressed by dendritic 
cells, macrophages, and B cells. The complex CD80/86 
is recognized by specific receptors localized on the sur-
face of T lymphocytes. The first receptor is CD28 and its 
activation drives the signals leading to the expression of 
pro-inflammatory genes (101). The CTLA-4 is the second 
receptor that binds CD80/86. It is structurally homologous 
to CD28 but its main function is to inhibit the activation 
of T cells counteracting signals from the TCR and CD28. 

CTLA-4 is constitutively expressed in CD4+CD25+ cells 
and is inducible in activated T cells. CTLA-4 binds CD80/86 
with a higher affinity compared with CD28, with consequent 
inhibition of the immune response, and in particular the in-
hibition of IL-2 production and progression of the cell cycle. 
Secondly, CTLA-4 promotes the suppressive action of T reg 
and is involved in the maintenance of T tolerance (101-103). 
Abatacept, a drug able to block T cell co-stimulation, is a 
dimeric fusion protein consisting of the extracellular domain 
of CTLA-4 fused with the modified Fc portion of a human 
IgG1. Abatacept is administered intravenously at a dose of 
10 mg/kg at 0, 2, and 4 weeks and then monthly. At the dose 
of 10 mg/kg half-life is 13 days, ranging from 8 to 25 days. 
Pharmacokinetic analysis revealed a trend toward higher 
clearance of the drug with increasing body weight. 

Mechanism of action 

At the beginning, the block of the T cells activation was 
experimented to act directly on CD28. Unfortunately, the 
administration of an antibody against CD28 in healthy vo-
lunteers evoked a cytokine storm associated with multiorgan 
failure (104). Thus, efforts have been focused on enhancing 
the inhibitory action of CTLA-4. 

Abatacept is a selective modulator of the CD80/86-CD28 
co-stimulatory signal, essential for activation of T cells. 
It blocks specific binding of the CD80/CD86 receptor in 
antigen presenting cells to CD28 on T cells, inhibiting the 
transmission of a second signal of the immune response, 
and producing a negative signal on T cell activation (101-
103).

Approved indications

Rheumatoid arthritis: The use of abatacept for the 
treatment of RA is approved for patients with moderate/
severe disease activity that do not respond to treatment 
with conventional DMARDs or anti-TNF. Abatacept can 
be administered in combination with DMARDs. In Table 5 
the RCT evaluating the efficacy of abatacept in RA patients 
are reported (105-108). 

Clinical data show a significant efficacy of abatacept in 
reducing joint inflammation and progression of structural 

Table 4. Main randomized controlled trials testing the efficacy of tocilizumab in RA patients.

Study Treatment Treatment 
duration

Outcomes

SAMURAI, Nishimoto (92) TCZ vs DMARDs 52 weeks Radiographic progression, (modified 
Sharp score), ACR response, DAS, HAQ

AMBITION, Jones (95) TCZ vs MTX 24 weeks ACR response, HAQ, DAS28

OPTION, Smolen (93) TCZ 4 mg + MTX vs TCZ 8 mg 
plus MTX vs  MTX

24 weeks ACR response, DAS28, HAQ, SF-36, 
FACIT-F

SATORI, Nishimoto (96) TCZ vs MTX 24 weeks ACR response, DAS28, HAQ, VEGF levels

CHARISMA, Maini (97) TCZ 2 mg/4 mg/8 mg ± MTX 
vs MTX 

20 weeks ACR response, DAS28, CRP/ESR levels

Legend: RA: rheumatoid arthritis; TCZ: tocilizumab; DMARDs: disease modifying anti-rheumatic drugs; ACR: American College of 
Rheumatology; DAS: disease activity score; HAQ: Health Assessment Questionnaire; MTX: methotrexate; SF-36: Short Form 36; 
FACIT-F: Functional Assessment of Chronic Illness Therapy-Fatigue; VEGF: vascular endothelial growth factor; CRP: C-reactive protein; 
ESR: erythrocyte sedimentation rate. 
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damage (105). Some patients respond to the drug in 2-4 
weeks, but most of them require 12-16 weeks (109). The as-
sociation of abatacept and MTX determine an improvement 
of signs and symptoms, physical function and quality of life 
after one year of treatment with a health maintenance for 
over 2 years. In addition, radiographic progression shows a 
further reduction after 2 years of follow-up (110).

Adverse events

Abatacept is generally well tolerated. The increased risk 
of serious infections in patients treated with the drug was 
similar if compared with those treated with other biologi-
cal agents. However, in patients with chronic obstructive 
pulmonary diseases an increased risk of developing severe 
infections of the lower airways in conjunction with seasonal 
exacerbations has been documented. All patients partici-
pating in the trials were screened for LTBI and positive 
patients were treated with abatacept after receiving specific 
treatment. Moreover, patients should be screened for viral 
hepatitis before starting the treatment (111). An epidemiolo-
gical overview has not shown an increased risk of developing 
malignancies in the patients treated with abatacept (112). 
The drug exhibits low levels of immunogenicity and the 
anti-drug antibody response has been reported in less than 
3% of patients. However, no appearance of new autoimmune 
diseases was registered (112).

B-cell-depleting therapy

B cell alterations have been described in several autoim-
mune diseases, including RA and SLE (113). B cells behave 
as antigen presenting cells, stimulating the activation and 
proliferation of T cells. In addition, the synovium of patients 
with RA contains a large number of plasma cells producing 
rheumatoid factor (RF) (114). In turn, RF provides a self-per-
petuating stimulus for B cells, while the immune complexes 
RF-Fc receptors induce the synthesis of pro-inflammatory 
molecules by macrophages, such as TNF (115). 

In SLE, the defective tolerance causes the accumula-
tion of a large number of autoreactive B cells producing 

autoantibodies. In addition, SLE patients exhibit alterations 
in the B cells homeostasis that result in a lack of naïve B 
cells and expansion of peripheral blood plasmablasts (116, 
117). The maturation of B cells occurs through different 
stages characterized by a broad spectrum of surface mar-
kers. Therefore, there are several potential candidates on 
which it is possible to act in order to block the function 
of B cells. The easiest method to obtain a reduction in the 
number of B cells is to use mAbs directed against surface 
markers such as CD19, CD20, and CD22. These mAbs bind 
to the antigens and eliminate the target cells by triggering 
apoptosis, complement-dependent cytotoxicity (CDC) and 
antibody-dependent cell-mediated cytotoxicity (ADCC). 
Moreover, to reduce the number of B cells, mAbs may also 
target cytokines involved in their maturation. Among these, 
the most studied are B lymphocyte stimulator (BLyS) and 
A Proliferation-Inducing Ligand (APRIL). Rituximab is a 
chimeric mouse/human mAb that targets CD20, a molecule 
expressed by more than 95% of the B cells. In fact, the CD20 
is found on the surface of immature forms, but not on stem 
cells and pre-B or plasma cells (116, 117).

Mechanism of action

Rituximab, blocking the CD20, leads to the removal of 
intermediate stages of B cells. The treatment outcome is a 
transient but complete depletion of B cells in the blood and 
a partial depletion of B cells in the bone marrow and syno-
vial tissue. The aim in depleting B cells is to diminish their 
differentiation into plasma cells and therefore decrease the 
production of autoantibodies. In 1997, the US Food and Drug 
Administration (FDA) approved rituximab for the treatment 
of low grade non-Hodgkin’s B cell lymphomas. About ten 
years later it was approved for the treatment of RA. In RA 
patients rituximab is administered as two 1 g intravenous 
doses (given with 100 mg methylprednisolone or equivalent) 
separated by an interval of 2 weeks. 

Approved Indications

Rheumatoid Arthritis: The use of rituximab has been 
approved in combination with MTX for the treatment of 

Table 5. Main randomized controlled trials testing the efficacy of abatacept in RA patients.

Study Treatment Treatment 
duration

Outcomes

ATTAIN, Genovese (105) Abatacept vs placebo 6 months ACR response, HAQ

ATTEST, Schiff (106) Abatacept + MTX vs IFX + MTX 
vs MTX

6 months ACR response, EULAR response, 
HAQ, DAS28, safety

AIM, Kremer (107) Abatacept + MTX vs MTX 1 year ACR response, DAS28, 
HAQ, SF-36,  radiographic progression 
(Genant-modified Sharp score)

ASSURE, Weinblatt (108) Abatacept + DMARDs 
(including other biologics) vs 
DMARDs

1 year Safety 

Legend: RA: rheumatoid arthritis; ACR: American College of Rheumatology; HAQ: Health Assessment Questionnaire; IFX: infliximab; 
SF-36: Short Form-36; DMARDs: disease modifying anti-rheumatic drugs
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patients affected by moderate/severe RA, resistant or into-
lerant to at least one TNF antagonist (118). In Table 6 the 
main studies evaluating the efficacy of rituximab in RA 
patients are reported (118-121). Several trials, performed 
on patients who had not responded to TNF antagonists, 
demonstrated a better clinical response in patients treated 
with rituximab compared with patients treated with another 
TNF inhibitor (120).

It has been shown that the use of rituximab in com-
bination with MTX is more effective than monotherapy 
in reducing the inflammatory activity and increasing the 
functionality and quality of life. The duration of response 
to a single cycle of rituximab is approximately 6 months. 
A better response has been demonstrated in patients with 
positivity for RF and anticitrullinated protein antibodies 
(ACPA) (118). These patients seem to benefit from a second 
cycle of rituximab treatment (122).

Adverse events

An increased incidence of bacterial infections in patients 
treated with rituximab has been registered, as in the case 
of other biological agents. Available data do not suggest 
the need for TB screening before starting treatment, while 
the drug is contraindicated in patients with HBV infection, 
because cases of fatal viral reactivation have been reported 
in the literature (123, 124). A few cases of progressive multi-
focal leukoencephalopathy (PML) have been reported in RA 
patients treated with rituximab, but the possible explanation 
remains unknown (111). The most common adverse event is 
represented by infusion reactions, especially during the first 
infusion, which may be minimized pretreating the patients 
with intravenous glucocorticoids, along with acetaminophen 
and diphenhydramine. Moreover, cases of psoriasis and va-
sculitis have been described, as with other biological agents 
(125), while there is no evidence to support an increased 
risk of malignancies. 

Off-label use

Since 2000, rituximab was used to treat SLE patients 
refractory to conventional treatment producing convincing 
results in many case series and in uncontrolled trials (126, 
127). SLE is a chronic inflammatory disorder with a mul-
tifactorial etiology, in which genetic and environmental 
factors interact in the disease susceptibility (128). The 
disease is characterized by the production of a wide range 
of autoantibodies (129-134). SLE mainly affects women in 
their reproductive age and every organ and/or system can be 
involved in the pathological process. Moreover, SLE shows 
heterogenic clinical manifestations (135-141). Several  cli-
nical manifestations could be associated with the presence 
of antiphospholipid antibodies (142-150). 

Lu et al. evaluated the efficacy and the safety of rituxi-
mab in a cohort of 50 SLE patients resistant to conventional 
treatment (126). After a 6-months follow-up, a complete 
remission was achieved by 89% of patients. In those patients 
who responded to treatment, further analysis showed that 
clinical improvement appeared to occur across all organ 
systems of the BILAG disease activity index (126). The 
Systemic Lupus Erythematosus Disease Activity Index 2000 
(SLEDAI-2K) and the European Consensus Lupus Activity 
Measurement (ECLAM) showed a significant decrease after 
6 months in a cohort of 23 patients. In the same study, the 
safety profile of rituximab was evaluated compared with a 
group of RA patients treated with rituximab because refrac-
tory to anti-TNF treatment. While the efficacy was similar 
in both groups, the safety profile was different, since the 
infusion-related reactions were significantly more frequent 
in RA respect to SLE patients (151). These results were in 
contrast with the findings from the EXPLORER study, a 
randomized, double-blind, placebo-controlled, phase II/III 
trial, demonstrating the absence of significant difference 
between patients who received rituximab and those receiving 
placebo (152, 153).

Table 6. Main randomized controlled trials testing the efficacy of rituximab in RA patients.

Study Treatment Treatment 
duration

Outcomes

IMAGE, Tak (119) RTX 2 x 500 mg + MTX vs RTX 2 x 1000 
mg + MTX vs MTX

52 weeks ACR response, EULAR response, 
DAS28, HAQ, radiographic pro-
gression (Genant-modified Sharp)

SERENE, Emery (118) RTX 2 x 500 mg + MTX vs RTX 2 x 1000 
mg + MTX vs MTX

48 weeks ACR response, EULAR response, 
DAS28, HAQ, FACIT-F, SF-36, 
safety

MIRROR, Rubbert-Roth (120) 3 regimens comprising 2 courses of RTX: 2 
x 500 and 2 x 500 mg; 2 x 500 and 2 x 1000 
mg (dose escalation); and 2 x 1000 and 2 x 
1000 mg

48 weeks ACR response, DAS28, 
EULAR response, SF-36, 
FACIT-F, HAQ, safety

SUNRISE, Mease  (121) After receiving 1 course of open-label RTX  
(2 x 1000 mg), patients were randomized 
to receive an additional course of  RTX or 
placebo

48 weeks ACR response, DAS28, HAQ, 
CRP/ESR levels, EULAR respon-
se, safety

Legend: RA: rheumatoid arthritis; RTX: rituximab; MTX: methotrexate; ACR: American College of Rheumatology; EULAR: European 
League Against Rheumatism; DAS: disease activity score; HAQ: Health Assessment Questionnaire; FACIT-F: Functional Assessment of 
Chronic Illness Therapy-Fatigue; SF-36: Short-Form 36; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.
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New drugs targeting B cells

Belimumab: It is a mAb constituted of a human recombi-
nant IgG. It acts by binding BLyS protein and preventing the 
interaction with the B cell activating factor (BAFF) receptor. 
In this way, the activation, differentiation and long-term sur-
vival of mature B cells, the secretion of autoantibodies and 
the activation of the T cells are inhibited (154). The role of 
BLyS in the pathogenesis of some autoimmune diseases has 
been suggested by several evidences. High levels of BLyS 
and circulating heterotrimers formed by BLyS/APRIL have 
been reported in patients affected by RA, SLE, and SS (154-
156). In addition, BLyS and APRIL polymorphisms have 
been implicated in susceptibility to SLE development (157). 
Belimumab seems to act more effectively on newly activated 
B cells rather than memory B cells or plasma cells (154). 

The pharmacokinetic profile is similar to that of the 
intravenous Ig and other recombinant human mAbs. The 
drug is given as an intravenous infusion at a dose of 10 mg/
kg every 2 weeks for the first 3 doses, then every 4 weeks. 
Belimumab is generally well tolerated. The most frequent 
adverse events reported in phase II and III clinical trials 
on SLE patients were headache, upper respiratory tract 
infections, lower urinary tract infections, diarrhea, nausea, 
hypotension and fatigue (158-160). The use of belimumab 
in the treatment of SLE has been approved by the FDA in 
2011. Two International Studies (BLISS) were conducted 
to evaluate the efficacy and safety of belimumab in patients 
with SLE (159, 160). The two studies differed primarily 
in the geographic regions in which they were conducted. 
The first (BLISS-76) was conducted in Europe and North 
America, the second (BLISS-52) in Eastern Europe, Latin 
America, Asia, and Pacific. Both have enrolled more than 
800 patients and applied the SLE Responder Index (SRI) as 
the primary efficacy endpoint at 52 weeks (159). BLISS-76 
was carried out up to 76 weeks. Patients who had active 
lupus nephritis or severe active involvement of the central 
nervous system were excluded from the study. At week 
24, patients achieved a good therapeutic response and im-
provements in physician’s global assessment score (159). 
Regarding the effects on serological features, the treatment 
with belimumab was able to bring back to normal the levels 
of C3 and C4 complement fractions, reduce hypergamma-
globulinemia and anti-dsDNA antibody concentrations 
(159, 160). The results from the phase III BLISS-52 have 
shown that a significant number of patients receiving beli-
mumab 1 mg/kg or 10 mg/kg achieved a reduction greater 
than 4 points in the SELENA-SLEDAI score at 52 weeks 
compared with patients receiving placebo. The BLISS-52 
is the first successful study on the efficacy of a biological 
agent in SLE (160).

Atacicept: This is a recombinant fusion protein compri-
sing the extracellular domain of the TACI (Transmembrane 
Activator and CAML Interactor) receptor joined to a human 
IgG1 Fc domain. It functions mainly by blocking the in-
teraction between BLyS/APRIL with their receptor TACI 
expressed on mature B cells, plasma cells and activated T 
cells (161). It has been ascertained that the long-lived B 

cell progenitors cannot survive when deprived of signals 
from BLyS. Conversely, the pool of memory cells does not 
undergo any reduction and, as a consequence, the humoral 
response to pathogens is not altered (117). Atacicept also 
inhibits the survival of long-lived plasmacells directly invol-
ved in the pathogenesis of RA, SLE and SS (161, 162). In 
SLE, a study has shown a dose-dependent reductions in B 
cells and immunoglobulin levels, without any changes in T 
cells, natural killer cells or monocytes following treatment 
with atacicept (161). 

Epratuzumab: This is a humanized mAb formed by an 
IgG1 directed against CD22. CD22 is a lectin-like member 
of the Ig superfamily solely expressed by mature B cells. 
Its function is to modulate the B cell receptor and signal 
transduction through CD19, and participates in mediating 
signals for survival (163). Although the precise role of CD22 
has not yet clarified, recent studies suggest that blocking its 
action with the use of a mAb could lead to a reduction of 
peripheral B cells and inhibition of the B proliferation in 
SLE patients, negatively modulating B cell migration and 
the expression of adhesion molecules (164).

 

Anti-IFN

Type I IFN seems to play a central role in the pathoge-
nesis of SLE and is therefore a potential therapeutic target. 
The alterations involve primarily IFNα, maybe due to the 
presence of specific genetic polymorphisms that affect 
the production of type I IFN, its activities and serum con-
centrations (165). The immune complexes found in blood 
of patients with SLE contain anti-dsDNA antibodies and 
nucleic acids and it has been shown that these immune com-
plexes are able to stimulate the action of IFN. In the blood 
and tissues of patients with SLE numerous IFN-producing 
cells, and an increase of IFN mRNA and of the IFN itself, 
were also found (166).

Sifalimumab: This is a fully human IgG1κ mAb that 
binds to IFNα with high affinity and prevents IFNα signaling 
through its receptor. The phase I study on patients with (SLE) 
demonstrated a good safety profile that supports further 
clinical development (167). 

Conclusions

The biological drugs have revolutionized the management 
of the patients affected by chronic inflammatory rheumatic 
diseases, allowing a better prognosis and the achievement 
of clinical remission in a significant percentage of patients. 
These drugs target different molecules directly involved in 
the pathogenesis of several diseases, such as RA, PsA, AS 
and SLE. In Table 7 we reported the approved indications 
of the available biological drugs according to the European 
Medicine Agency (www.ema.europa.eu). New biological 
drugs are now under investigation.



e423Biological drugs and rheumatic diseases

References

1. Köhler G, Milstein C. Continuous cultures of fused cells 
secreting antibody of predefined specificity. Nature 1975; 
256:495-7

2. Boulianne GL, Hozumi N, Shulman MJ. Production of 
functional chimaeric mouse/human antibody. Nature 1984; 
312:643-6

3. Ternant D, Paintaud G. Pharmacokinetics and concentration-
effect relationships of therapeutic monoclonal antibodies and 
fu¬sion proteins. Expert Opin Biol Ther 2005; 5:37-47

4. Garrison L, McDonnell ND. Etanercept: therapeutic use in 
patients with rheumatoid arthritis. Ann Rheum Dis 1999; 58, 
Suppl 1: 165-169

5. Nesbitt A, Fossati G, Bergin M, et al. Mechanism of action 
of certolizumab pegol (CDP870): in vitro comparison with 
other anti–tumor necrosis factor α agents. Inflamm Bowel 
Dis 2007;13:1323-32

6. Nesbitt A, Fossati G, Brown D, et al. Effect of structure of 
conventional anti-TNFs and certolizumab pegol on mode 
of action in rheumatoid arthritis. Ann Rheum Dis 2007; 66, 
Suppl 2: 296

7. Chan FK-M, Chun HJ, Zheng L, et al. A domain in TNF 
receptors that mediates ligand-independent receptor assembly 
and signaling. Science 2000; 288:2351-4

8. Marra CA, Bansback N, Anis AH, et al. Introduction to 
economic modeling for clinical rheumatologists: application 
to biologic agents in rheumatoid arthritis. Clin Rheumatol 
2011; 30:9-18

9. Tracey D, Klareskog L, Sasso EH, et al. Tumor necrosis factor 
antagonist mechanisms of action: a comprehensive review. 
Pharmacol Ther 2008; 117:244-79

10. Valesini G, Iannuccelli C, Marocchi E, et al. Biological and 
clinical effects of anti TNFα treatment. Autoimmun Rev 
2007; 7:35-41

11. Caporali R, Bobbio Pallavicini F, Filippini M, et al. Treat-
ment of rheumatoid arthritis with anti-TNF-alpha agents: A 
reappraisal. Autoimmun Rev 2008; 8:274-80 

12. Brennan FM, McInnes IB. Evidence that cytokines play a role 
in rheumatoid arthritis. J Clin Invest 2008; 118:3537-45

13. Papadakis KA, Targan SR. Role of cytokines in the pathoge-

nesis of inflammatory bowel disease. Annu Rev Med 2000; 
51:289-98 

14. Charles P, Elliott MJ, Davis D, et al. Regulation of cytokines, 
cytokine inhibitors, and acute-phase proteins following anti-
TNF-alpha therapy in rheumatoid arthritis. J Immunol 1999; 
163:1521-8

15. Ulfgren AK, Andersson U, Engstrom M, et al. Systemic 
anti-tumor necrosis factor alpha therapy in rheumatoid ar-
thritis down-regulates synovial tumor necrosis factor alpha 
synthesis. Arthritis Rheum 2000; 43:2391-6 

16. Pittoni V, Bombardieri M, Spinelli FR, et al. Anti-tumour 
necrosis factor (TNF) alpha treatment of rheumatoid arthritis 
(infliximab, selectively down regulates the production of 
interleukin (IL) 18 but not of IL12 and IL13. Ann Rheum 
Dis 2002; 61:723-5 

17. Catrina AI, Lampa J, Ernestam S, et al. Anti-tumour necro-
sis factor, (TNF) alpha therapy, etanercept. down-regulates 
serum matrix metalloproteinase, (MMP)3 and MMP-1 in 
rheumatoid arthritis. Rheumatol, Oxford 2002; 41:484-9 

18. Klimiuk PA, Sierakowski S, Domyslawska I, et al. Reduction 
of soluble adhesion molecules (sICAM-1, sVCAM-1, and 
sE-selectin) and vascular endothelial growth factor levels 
in serum of rheumatoid arthritis patients following multiple 
intravenous infusions of infliximab. Arch Immunol Ther Exp, 
(Warsz) 2004; 52:36-42

19. Bugatti S, Caporali R, Manzo A, et al. Involvement of sub-
chondral bone marrow in rheumatoid arthritis: lymphoid ne-
ogenesis and in situ relationship to subchondral bone marrow 
osteoclast recruitment. Arthritis Rheum 2005; 52:3448-59

20. Ehrenstein MR, Evans JG, Singh A, et al. Compromised fun-
ction of regulatory T cells in rheumatoid arthritis and reversal 
by anti-TNFalpha therapy. J Exp Med 2004; 200:277-85 

21. Seriolo B, Paolino S, Sulli A, et al. Bone Metabolism changes 
during anti-TNFα therapy in patients with active rheumatoid 
arthritis. Ann N Y Acad Sci 2006; 1069:420-7

22. Seriolo B, Paolino S, Sulli A, et al. Effects of anti-TNFα 
treatment on lipid profile in patients with active rheumatoid 
arthritis. Ann NY Acad Sci 2006; 1069:414-9

23. Scirè CA, Montecucco C, Codullo V, et al. Ultrasonographic 
evaluation of joint involvement in early rheumatoid arthritis 
in clinical remission: power Doppler signal predict short-term 
cc. Rheumatology (Oxford) 2009; 48:1092-7

24. Emery P, Breedveld FC, Hall S, et al. Comparison of metho-
trexate monotherapy with a combination of methotrexate and 
etanercept in active, early, moderate to severe rheumatoid 
arthritis, (COMET): a randomised, double-blind, parallel 
treatment trial. Lancet 2008; 82:372:5

25. Klareskog L, van der Heijde D, de Jager JP, et al. Therapeutic 
effect of the combination of etanercept and methotrexate 
compared with each treatment. Lancet 2004; 363:675-81

26. Genovese MC, Bathon JM, Martin RW, et al. Etanercept 
versus methotrexate in patients with rheumatoid arthritis. 
Arthritis Rheum 2002; 6:1443-50

27. Maini R, St Clair EW, Lipsky, et al. Infliximab (chimeric 
anti-tumor necrosis factor α monoclonal antibody) versus 
placebo in rheumatoid arthritis patients receiving concomitant 
methotrexate: a randomized phase III trial. Lancet 1999; 
354:1932-9

28. St Clair EW, van der Heijde DM, Smolen JS, et al. Com-
bination of infliximab and methotrexate therapy for early 
rheumatoid arthritis: a randomized, controlled trial. Arthritis 
Rheum 2004; 50:3432-43

29. Weinblatt ME, Keystone EC, Furst DE, et al. Adalimumab, 

Table 7. Approved indications of the available biologic drugs 
according to European Medicine  Agency  (AIFA).

Drug Approved indications

RA PsA AS SLE

Abatacept x

Adalimumab x x x

Belimumab x

Certolizumab x

Etanercept x x x

Golimumab x x x

Infliximab x x x

Rituximab x

Tocilizumab x

Legend: RA: rheumatoid arthritis, PsA: psoriatic arthritis, 
AS: ankylosing spondylitis, SLE: systemic lupus erythematosus. 



e424                                                   F. Conti et al.

a fully human anti-tumor necrosis factor alpha monoclonal 
antibody, for the treatment of rheumatoid arthritis in patients 
taking concomitant methotrexate: the ARMADA trial. Ar-
thritis Rheum 2003; 48:35-45

30. Breedveld FC, Weisman MH, Kavanaugh AF, et al. The 
PREMIER study: A multicenter, randomized, double-blind 
clinical trial of combination therapy with adalimumab plus 
methotrexate versus methotrexate alone or adalimumab alone 
in patients with early, aggressive rheumatoid arthritis who had 
not had previous methotrexate treatment. Arthritis Rheum 
2006; 1:26-37

31. Smolen JS, Kay J, Doyle MK, et al. Golimumab in patients 
with active rheumatoid arthritis after treatment with tumour 
necrosis factor alpha inhibitors (GO-AFTER study): a multi-
centre, randomised, double-blind, placebo-controlled, phase 
III trial. Lancet 2009; 374:210-21

32. Keystone E, Genovese MC, Klareskog L, et al. Golimumab in 
patients with active rheumatoid arthritis despite methotrexate 
therapy: 52-week results of the GO-FORWARD study. Ann 
Rheum Dis 2010; 69:1129-35

33. Keystone E, van der Heijde D, Mason D, et al. Certolizumab 
pegol plus methotrexate is significantly more effective than 
placebo plus methotrexate in active rheumatoid arthritis. 
Arthritis Rheum 2008; 58:3319-29 

34. Van Gestel AM, Haagsma CJ, van Riel PL. Validation of 
rheumatoid arthritis improvement criteria that include sim-
plified joint counts. Arthritis Rheum 1998; 41:1845-50

35. Caporali R, Conti F, Alivernini S, et al. Recommendations 
for the use of biologic therapy in rheumatoid arthritis: update 
from the Italian Society for Rheumatology I. Efficacy. Clin 
Exp Rheumatol 2011; 29:7-14

36. Bobbio Pallavicini F, Caporali R, Alpini C, et al. High IgA 
rheumatoid factor levels are associated with poor clinical 
response to tumour necrosis factor alpha inhibitors in rheu-
matoid arthritis. Ann Rheum Dis 2006; 66:302-307

37. Scrivo R, Conti F, Spinelli FR, et al. Switching between 
TNFalpha antagonists in rheumatoid arthritis: personal 
experience and review of the literature. Reumatismo 2009; 
61:107-117

38. Conti F, Scrivo R, Spinelli FR, et al. Outcome in patients 
with rheumatoid arthritis switching TNF-alpha antagonists: 
a single center, observational study over an 8-year period. 
Clin Exp Rheumatol 2009; 27:540-1

39. Keystone EC. Switching tumor necrosis factor inhibitors: an 
opinion. Nat Clin Pract Rheumatol 2006; 2:576-7

40. Chimenti MS, Graceffa D, Perricone R. Anti-TNFα di-
scontinuation in rheumatoid and psoriatic arthritis: is it 
possible after disease remission? Autoimmun Rev 2011; 
10:636-40

41. Braun J, Brandt J, Listing J, et al. Treatment of active ankylo-
sing spondylitis with infliximab: a randomised controlled 
multicentre trial. Lancet 2002; 359:1187-93

42. van der Heijde D, Dijkmans B, Geusens P et al. Efficacy and 
safety of infliximab in patients with ankylosing spondylitis: 
results of a randomized, placebo-controlled trial (ASSERT). 
Arthritis Rheum 2005; 52:582-591

43. Davis JC Jr, van der Heijde D, Braun J, et al. Recombinant 
human tumor necrosis factor receptor (etanercept) for trea-
ting ankylosing spondylitis: a randomized controlled trial. 
Arthritis Rheum 2003; 48:3230-6

44. van der Heijde D, Kivitz A, Schiff MH, et al. Efficacy and 
safety of adalimumab in patients with ankylosing spondylitis: 
results of a multicenter, randomized, double-blind, placebo-
controlled trial. Arthritis Rheum 2006; 54:2136-46

45. Inman RD, Davis JC Jr, van der Heijde D, et al. Efficacy and 
safety of golimumab in patients with ankylosing spondylitis: 
results of a randomized, double-blind, placebo-controlled, 
phase III trial. Arthritis Rheum 2008; 58:3402-12

46. Antoni CE, Kavanaugh A, Kirkham B, et al. Sustained bene-
fits of infliximab therapy for dermatologic and articular ma-
nifestations of psoriatic arthritis: results from the infliximab 
multinational psoriatic arthritis controlled trial (IMPACT). 
Arthritis Rheum 2005; 52:1227-36

47. Mease PJ, Goffe BS, Metz J, et al. Etanercept in the treatment 
of psoriatic arthritis and psoriasis: a randomised trial. Lancet 
2000; 356:385-90

48. Mease PJ, Gladmann DD, Ritchlin CT, et al. Adalimumab for 
the treatment of patients with moderately to severely active 
psoriatic arthritis: results of a double-blind, randomized, 
placebo-controlled trial. Arthritis Rheum 2005; 52:3279-89

49. Kavanaugh A, McInnes I, Mease P, et al. Golimumab, a new 
human tumor necrosis factor alpha antibody, administered 
every four weeks as a subcutaneous injection in psoriatic 
arthritis: twenty-four-week efficacy and safety results of a 
randomized, placebo-controlled study. Arthritis Rheum 2009; 
60:976-86

50. Salvarani C, Pipitone N, Marchesoni A, et al. Italian Society 
for Rheumatology. Recommendations for the use of biologic 
therapy in the treatment of psoriatic arthritis: update from the 
Italian Society for Rheumatology. Clin Exp Rheumatol 2011; 
29:S28-41

51. Conti F, Ceccarelli F, Marocchi E et al. Switching tumor 
necrosis factor α antagonists in patients with ankylosing 
spondylitis and psoriatic arthritis: an observational study 
over 5-year period. Ann Rheum Dis 2007; 66:1393-7

52. Braun J, Rudwaleit M, Kary S, et al. Clinical manifestations 
and responsiveness to adalimumab are similar in patients 
with ankylosing spondylitis with and without concomitant 
psoriasis. Rheumatology (Oxford) 2010; 49:1578-89

53. Braun J, van den Berg R, Baraliakos X et al. 2010 update of 
the ASAS/EULAR recommendations for the management of 
ankylosing spondylitis. Ann Rheum Dis 2011; 70:896-904

54. Braun J, Baraliakos X, Listing J, et al. Differences in the inci-
dence of flares or new onset of inflammatory bowel diseases 
in patients with ankylosing spondylitis exposed to therapy 
with anti-tumor necrosis factor alpha agents. Arthritis Rheum 
2007; 57:639-47

55. Scrivo R, Spadaro A, Spinelli FR, et al. Uveitis following the 
use of tumor necrosis factor alpha inhibitors: comment on 
the article by Lim et al. Arthitis Rheum 2008; 58:1555-6

56. van der Heijde D, Schiff MH, Sieper J, et al. ATLAS Stu-
dy Group. Adalimumab effectiveness for the treatment of 
ankylosing spondylitis is maintained for up to 2 years: long-
term results from the ATLAS trial. Ann Rheum Dis 2009; 
68:922-9

57. Glintborg B, Ostergaard M, Krogh NS, et al. Predictors of 
treatment response and drug continuation in 842 patients with 
ankylosing spondylitis treated with anti-tumour necrosis fac-
tor: results from 8 years’ surveillance in the Danish nationwi-
de DANBIO registry. Ann Rheum Dis 2010; 69:2002-8

58. Glintborg B, Ostergaard M, Krogh NS, et al. Clinical respon-
se, drug survival and predictors thereof in 432 ankylosing 
spondylitis patients after switching tumour necrosis factor 
α inhibitor therapy: results from the Danish nationwide 
DANBIO registry. Ann Rheum Dis 2013; 72:1149-55

59. Conti F, Priori R, Chimenti MS, et al. Successful treatment 
with intraarticular infliximab for resistant knee monarthritis 
in a patient with spondylarthropathy: a role for scintigraphy 



e425Biological drugs and rheumatic diseases

with 99mTc-infliximab. Arthritis Rheum 2005; 52:1224-6
60. Chianelli M, D’Alessandria C, Conti F, et al. New radiophar-

maceuticals for imaging rheumatoid arthritis. Q J Nucl Med 
Mol Imaging 2006; 50:217-25

61. Conti F, Ceccarelli F, Priori R, et al. Intra-articular infliximab 
in patients with rheumatoid arthritis and psoriatic arthritis 
with monoarthritis resistant to local glucocorticoids. Clinical 
efficacy extended to patients on systemic anti-tumor necrosis 
factor α. Ann Rheum Dis 2008; 67:1787-90 

62. Conti F, Malviya G, Ceccarelli F, et al. Role of scintigraphy 
with 99mTc-infliximab in predicting the response of intra-
articular infliximab treatment in patients with refractory 
monoarthritis. Eur J Nucl Med Mol Imaging 2012; 39:1339-
47 

63. Todoerti M, Pipitone N, Matucci-Cerinic M, et al. Recom-
mendations for the use of biologic therapy from the Italian 
Society for Rheumatology: off-label use. Clin Exp Rheumatol 
2011; Suppl 66:S42-62

64. Accorinti M, Pirraglia MP, Paroli MP, et al. Infliximab treat-
ment for ocular and extraocular manifestations of Behcet’s 
disease. Jpn J Ophthalmol 2007; 51:191-6

65. Bachmann F, Nast A, Sterry W, et al. Safety and efficacy of 
the tumor necrosis factor antagonists. Semin Cutan Med Surg 
2010; 1:35-47

66. Gardam MA, Keystone EC, Menzies R, et al. Anti-tumor 
necrosis factor agents and tuberculosis risk: mechanism of 
action and clinical management. Lancet Infect Dis 2003; 
3:148-55

67. Targeted tuberculin testing and treatment of latent tuber-
culosis infection. This official statement of the American 
Thoracic Society was adopted by the ATS Board of Direc-
tors, July 1999. This is a Joint Statement of the American 
Thoracic Society (ATS) and the Centers for Disease Control 
and Prevention (CDC). This statement was endorsed by 
the Council of the Infectious Diseases Society of America. 
(IDSA), September 1999, and the sections of this state-ment. 
Am J Respir Crit Care Med 2000; 161:S221–S247

68. Pai M, Menzies D. The new IGRA and the old TST. Making 
good use of disagreement. Am J Respir Crit Care Med 2007; 
175:529-31

69. Scrivo R, Sauzullo I, Mengoni F, et al. Serial interferon-γ 
release assays for screening and monitoring of tuberculosis 
infection during treatment with biologic agents. Clin Rheu-
matol 2012; 31:1567-75

70. Favalli EG, Caporali R, Sinigaglia L, et al. Italian Society 
for Rheumatology. Recommendations for the use of biolo-
gic therapy in rheumatoid arthritis: update from the Italian 
Society for Rheumatology II. Safety. Clin Exp Rheumatol 
2011; 29, 66:15-27

71. Roux CH, Brocq O, Breuil V, et al. Safety of anti-TNF-alpha 
therapy in rheumatoid arthritis and spondylarthropathies with 
concurrent B or C chronic hepatitis. Rheumatology (Oxford) 
2006; 45:1294-7

72. Ferri C, Ferraccioli G, Ferrari D, et al. Safety of anti-tumor 
necrosis factor-α therapy in patients with rheumatoid arthritis 
and chronic hepatitis C virus infection. J Rheumatol 2008; 
35:1944-9

73. Askling J, Raaschou P, van Vollenhoven R, et al. Anti TNF 
therapy and cancer risk: relation to duration of follow up, 
cumulative treatment, and therapeutic response. Ann Rheum 
Dis 2008; 67, Suppl 2:52

74. Asking J, Fored CM, Brandt L, et al. Risks of solid cancers 
in patients with rheumatoid arthritis and after treatment with 
tumour necrosis factor antagonists. Ann Rheum Dis 2005; 

64:1421-6
75. De Angelis F, Di Rocco A, Minotti C, et al. Atypical pre-

sentation of anaplastic large T-cell lymphoma mimicking an 
articular relapse of rheumatoid arthritis in a patient treated 
with etanercept. A case report and literature review. Leuk 
Res 2012; 36:e199-201

76. Dixon WG, Watson KD, Lunt M et al. Reduction in the in-
cidence of myocardial infarction in patients with rheumatoid 
arthritis who respond to anti-tumor necrosis factor alpha 
therapy: results from the British Society for Rheumatol 
Biologics Register. Arthritis Rheum 2007; 56:2905-12

77. Westlake S, Colebatch AN, Baird J et al. Tumor necrosis 
factor antagonists and the risk of cardiovascular disease in 
patients with rheumatoid arthritis: a systematic literature 
review. Rheumatol, Oxford 2011; 50:518-531

78. Chung ES, Paker M, Lo KH, et al. Randomized, double-blind, 
placebo-controlled, pilot trial of infliximab, a chimeric mo-
noclonal antibody to tumor necrosis factor-alpha, in patients 
with moderate-to-severe heart failure: results of the anti-TNF 
Therapy Against Congestive Heart Failure (ATTACH) trial. 
Circulation 2003; 107:3133-3140

79. Bosch X, Saiz A, Ramos-Casalas M and the BIOGEAS Study 
Group. Monoclonal antibody therapy-associated neurological 
disorders. Nat Rev Neurol 2011; 7:165-72

80. Harrison MJ, Dixon WG, Watson KD, et al. Rats of new-
onset psoriasis in patients with rheumatoid arthritis receiving 
anti-tumor necrosis factor α therapy: results from the British 
Society for Rheumatology Biologics Register. Ann Rheum 
Dis 2009; 68:209-15

81. Sfikakis PP, Iliopoulos A, Elezoglou A, et al. Psoriasis in-
duced by anti-tumor necrosis factor therapy: a paradoxical 
adverse reaction. Arthritis Rheum 2005; 52:2513-8

82. Alessandri C, Scrivo R, Spinelli FR, et al. Autoantibody 
production in anti-TNFα treated patients. Ann N Y Acad 
Sci 2007; 1110:319-29

83. Bendtzen K. Is there a need for immunopharmacologic 
guidance of anti–tumor necrosis factor therapies? Arthritis 
Rheum 2011; 63:867-70

84. Granowitz EV, Porat R, Mier JW et al. Pharmacokinetics, 
safety, and immnomodulatory effects of human recombinant 
interleukine-1 receptor antagonist in healthy humans. Cyto-
kines 1992; 4:353-60

85. Church LD, McDermott MF. Canakinumab, a fully-human 
mAb against IL-1 beta for the potential treatment of inflam-
matory disorders. Curr Opin Mol Ther 2009;11:81-89

86. Bresnihan B. The safety and efficacy of interleukin-1 receptor 
antagonist in the treatment of rheumatoid arthritis. Semin 
Arthritis Rheum 2001; 30, 2:17-20

87. Moltó A, Olivé A. Anti IL-1 molecules: new comers and new 
indications. Joint Bone Spine 2010; 77:102-7

88. Dinarello Ca, Simon A, van der Meer JWM. Treating in-
flammation by blocking interleukine-1 in a broad spectrum 
of diseases. Nature Rev 2012; 11:633-52

89. Fleishmann RM, Schechtman J, Bennett R, et al. Anakinra, 
a recombinant human interleukin-1 receptor antagonist (r-
metHulL-1ra), in patients with rheumatoid arthritis: A large, 
international, multicenter, placebo-controlled trial. Arthritis 
Rheum 2003; 48:927-34

90. Rubbert-Roth A. Assessing the safety of biologic agents in 
patients with rheumatoid arthritis. Rheumatology (Oxford) 
2012; 51:38-47

91. Hibi M, Murakami M, Saito M, et al. Molecular cloning and 
expression of an IL-6 signal transducer, gp130. Cell 1990; 
63:1149-57



e426                                                   F. Conti et al.

92. Nishimoto N, Hashimoto J, Miyasaka N, et al. Study of active 
controlled monotherapy used for rheumatoid arthritis, an IL-6 
inhibitor (SAMURAI): evidence of clinical and radiographic 
benefit from an x ray reader-blinded randomized controlled 
trial of tocilizumab. Ann Rheum Dis 2007; 66:1162-7

93. Smolen JS, Beaulieu A, Rubbert-Roth A, et al. Effect of 
interleukin-6 receptor inhibition with tocilizumab in patients 
with rheumatoid arthritis (OPTION study.: a double-blind, 
placebo-controlled, randomised trial. Lancet 2008; 371:987-
97

94. Grossman RM, Krueger J, Yourish D, et al. Interleukin-6 
is expressed in high levels in psoriatic skin and stimulates 
proliferation of cultured human keratinocytes. Proc Natl Acad 
Sci U S A 1989; 86:6367-71

95. Jones G, Sebba A, Gu J et al. Comparison of tocilizumab 
monotherapy versus methotrexate monotherapy in patients 
with moderate to severe rheumatoid arthritis: the AMBITION 
study. Ann Rheum Dis 2010; 69:88-96

96. Nishimoto N, Miyasaka N, Yamamoto K, et al. Study of 
active controlled tocilizumab monotherapy for rheumatoid 
arthritis patients with an inadequate response to metotrexate 
(SATORI): significant reduction in disease activity and serum 
vascular endothelial growth factor by IL-6 receptor inhibition 
therapy. Mod Rheumatol 2009; 19:12-19

97. Maini RN, Taylor PC, Kishimoto J, et al. Double-blind 
randomized controlled clinical trial of the interleukin-6 
receptor antagonist, Tocilizumab, in European patients with 
rheumatoid arthritis who had an incomplete response to 
methotrexate. Arthritis Rheum 2006; 6:2817-29

98. Navarro-Millán I, Singh JA, Curtis JR, et al. Systematic re-
view of tocilizumab for rheumatoid arthritis: a new biologic 
agent targeting the interleukin-6 receptor. Clin Ther 2012; 
34:788-802

99. Curtis J, Lanas A, Werther W, et al. Factors associated with 
upper and lower gastrointestinal perforation in a cohort of 
patients with rheumatoid arthritis. Arthritis Rheum 2009; 
60:602

100. Gallucci RM, Simeonova PP, Matheson JM, et al. Impaired 
cutaneous wound healing in interleukin-6-deficient and im-
munosuppressed mice. FASEB J 2000; 14:2525-31

101. Östör AJK. Abatacept: a T-cell co- stimulation modulator for 
the treatment of rheumatoid arthritis. Clin Rheumatol 2008; 
28:27:1343-53

102. Razmara M, Hilliard B, Ziarani AK, et al. CTLA4Ig converts 
naïve CD4+CD25- T cells into CD4+CD25+ regulatory T 
cells. International Immunol 2007; 20:471-83

103. Axmann R, Herman S, Zaiss M, et al. CTLA4 directly inhibits 
osteoclast formation. Ann Rheum Dis 2008; 67:1603-9

104. Suntharalingam G, Perry MR, Ward S, et al. Cytokine storm 
in a phase 1 trial of the anti-CD28 monoclonal antibody 
TGN1412. N Engl J Med 2006; 355:1018-28

105. Genovese MC, Becker JC, Schiff M, et al. Abatacept for 
rheumatoid arthritis refractory to tumor necrosis factor alpha 
inhibition. N Engl J Med 2005; 353:1114-23

106. Schiff M, Keiserman M, Codding C, et al. Efficacy and safety 
of abatacept or infliximab vs placebo in ATTEST: a phase III, 
multi-centre, randomized, double-blind, placebo-controlled 
study in patients with rheumatoid arthritis and an inadequate 
response to methotrexate. Ann Rheum Dis 2008; 67:1096-
1103

107. Kremer JM, Genant HK, Moreland LW, et al. Effects of 
abatacept in patients with methotrexate-resistant active rheu-
matoid arthritis: a randomized trial. Ann Intern Med 2006; 
144:865-76

108. Weinblatt M, Combe B, Covucci A, et al. Safety of the 
selective constimulation modulator abatacept in rheumatoid 
arthritis patients receiving background biologic and non-
biologic disease-modifying antirheumatic drugs: a one-year 
randomized, placebo-controlled study. Arthritis Rheum 2006; 
54:2807-16

109. Kremer JM, Westhovens R, Le Bars M, et al. Time to tre-
atment response with abatacept in patients with rheumatoid 
arthritis and an inadequate response methotrexate. Arthritis 
Rheum 2008; 58:308-17 

110. Schiff M, Reed DM, Kelly S, et al. Likelihood of maintain 
or increasing American college of rheumatology responses 
in biologic-naïve patients treated with abatacept plus metho-
trexate: insights from the AIM trial. Arthritis Rheum 2008; 
58:546

111. Furst DE, Keystone EC, Braun J, et al. Update consensus 
statement on biological agents for the treatment of rheumatic 
diseases 2011. Ann Rheum Dis 2012; 71, Suppl 2:2-45 

112. Khraishi M. Comparative overview of safety of the biologics 
in rheumatoid arthritis. J Rheumatol 2009; 82:25-32

113. Dörner T, Kinnman N, Tak PP. Targeting B cells in immune-
mediated inflammatory disease: a comprehensive review 
of mechanism of action and identification of biomarkers. 
Pharmacol Ther 2010; 125:464-75

114. Van Zeben D, Hazes JM, Zwinderman AH, et al. Clinical 
significance of rheumatoid factors in early rheumatoid ar-
thritis results of a follow up study. Ann Rheum Dis 1992; 
51:1029-35

115. Choy EH, Panayi GS. Cytokine pathways and joint inflamma-
tion in rheumatoid arthritis. N Engl J Med 2001; 344:907-16

116. Anolik JH, Barnard J, Cappione A, et al. Rituximab improves 
peripheral B cell abnormalities in human systemic lupus 
erythematosus. Arthritis Rheum 2004; 50:3580-90

117. Odendahl M, Jacobi A, Hansen A, et al. Disturbed peripheral 
B lymphocyte homeostasis in systemic lupus erythematosus. 
J Immunol 2000; 165:5970-79

118. Emery P, Deodhar A, Rigby WF, et al. Efficacy and safety of 
different doses and retreatment of rituximab: a randomized, 
placebo-controlled trial in patients who are biological naïve 
with active rheumatoid arthritis and an inadequate response 
to methotrexate. [Study Evaluating Rituximab’s Efficacy in 
MTX iNadequate rEsponders (SERENE)]. Ann Rheum Dis 
2010; 69:1629-35

119. Tak PP, Rigby WF, Rubbert-Roth A, et al. Inhibition of joint 
damage and improved clinical outcomes with rituximab plus 
methotrexate in early active rheumatoid arthritis: the IMAGE 
trial. Ann Rheum Dis 2011; 70:39-46

120. Rubbert-Roth A, Tak PP, Zerbini C, et al. Efficacy and safety 
of various repeat treatment dosing regimens of rituximab in 
patients with active rheumatoid arthritis: results of a phase 
III randomized study, MIRROR Rheumatol Oxford 2010; 
49:1683-93

121. Mease PJ, Cohen S, Gaylis NB, et al. Efficacy and safety of 
retreatment in patients with rheumatoid arthritis with previous 
inadequate response to tumor necrosis factor inhibitors: re-
sults from the SUNRISE trial. J Rheumatol 2010; 5:917-27

122. Vital EM, Dass S, Rawstro AC, et al. Management of non 
response to rituximab in rheumatoid arthritis: predictors and 
outcome of re-treatment. Arthritis Rheum 2010;62:1273-9

123. Bunch MH, Smolen JS, Betteridge N, et al. Updated con-
sensus statement on the use of rituximab in patients with 
rheumatoid arthritis. Ann Rheum Dis 2011; 70:909-20

124. Finckh A, Ciurea A, Brulhart L, et al. Which subgroup of 
patients with rheumatoid arthritis benefits from switching 



e427Biological drugs and rheumatic diseases

to rituximab versus alternative anti-tumor necrosis factor 
(TNF. agents after previous failure of an anti-TNF agent? 
Ann Rheum Dis 2010; 69:387-93

125. Dass S, Vital EM, Emery P. Development of psoriasis after 
B cell depletion with rituximab. Arthritis Rheum 2007; 
56:2715-8

126. Lu TY, Ng KP, Cambridge G, et al. A retrospective seven-year 
analysis of the use of B cell depletion therapy in systemic 
lupus erythematosus at University College London Hospital: 
the first fifty patients. Arthritis Rheum 2009; 61:482-7

127. Ramos-Casals M, Soto MJ, Cuadraro MJ, et al. Rituximab 
in systemic lupus erythematosus: a systematic review of off-
label use in 188 cases. Lupus 2009; 18:767-76

128. Priori R, Medda E, Conti F, et al. Familial autoimmunity as a 
risk factor for systemic lupus erythematosus and vice versa: 
a case-control study. Lupus 2003; 12:735-740

129. Alessandri C, Bombardieri M, Di Prospero L, et al. Anti-
lysobisphosphatidic acid antibodies in patients with antipho-
spholipid syndrome and systemic lupus erythematosus. Clin 
Exp Immunol 2005; 140:173-180

130. Margutti P, Sorice M, Conti F, et al. Screening of an endothelial 
cDNA library identifies the C-terminal region of Nedd5 as a 
novel autoantigen in systemic lupus erythematosus with psy-
chiatric manifestations. Arthritis Res Ther 2005; 7:R896-903

131. Valesini G, Alessandri C, Celestino D, et al. Anti-endothelial 
antibodies and neuropsychiatric systemic lupus erythemato-
sus. Ann N Y Acad Sci 2006; 1069:118-28

132. Alessandri C, Conti F, Valesini G. Role of anti-glial fibrillary 
acidic protein antibodies in the pathogenesis of neuropsy-
chiatric systemic lupus erythematosus should be clarified: 
comment on the article by Trysberg et al. Arthritis Rheum 
2004; 50:1698-9

133. Alessandri C, Barbati C, Vacirca D, et al. T lymphocytes from 
patients with systemic lupus erythematosus are resistant to 
induction of autophagy. FASEB J. 2012 Jul 26

134. Colasanti T, Maselli A, Conti F, et al. Autoantibodies to 
estrogen receptor α interfere with T lymphocyte homeostasis 
and are associated with disease activity in systemic lupus 
erythematosus. Arthritis Rheum 2012; 64:778-87

135. Valesini G, Conti F. The Persistent Challenge of lupus ne-
phritis. Clin Rev Allergy Immunol 2011; 40:135-7

136. Conti F, Ceccarelli F, Perricone C, et al. Flare, persistently 
active disease, and serologically active clinically quiescent 
disease in systemic lupus erythematosus: a 2-year follow-up 
study. PLoS One 2012; 7:e4593

137. Govoni M, Bombardieri S, Bortoluzzi A, et al. Factors and 
comorbidities associated with first neuropsychiatric event in 
systemic lupus erythematosus: does a risk profile exist? A 
large multicentre retrospective cross-sectional study on 959 
Italian patients. Rheumatology Oxford 2012; 51:157-68

138. Morelli S, Bernardo ML, Viganego F, et al. Left-sided heart 
valve abnormalities and risk of ischemic cerebrovascular 
accidents in patients with systemic lupus erythematosus. 
Lupus 2003;12:805-812

139. Conti F, Priori R, Alessandri C, et al. Safety profile and cau-
ses of withdrawal due to adverse events in Systemic Lupus 
Erythematosus patients treated long-term with Cyclosporine 
A. Lupus 2000; 9:676-680

140. Ossandon A, Bompane D, Alessandri C, et al. Leishmania in 
SLE mimicking an exacerbation. Clin Exp Rheumatol 2006; 
24:186-190

141. Iannuccelli C, Spinelli FR, Guzzo MP, et al. Fatigue and 
widespread pain in Systemic Lupus Erythematosus and 
Sjogren’s Syndrome: symptoms of the inflammatory disease 

or associated Fibromyalgia? Clin Exp Rheumatol 2012; 30, 
Suppl 74:117-121

142. Sorice M, Pittoni V, Circella A, et al. Anti-prothrombin but 
not “pure” anticardiolipin antibodies are associated with the 
clinical features of the Antiphospholipid Antibodies Syndro-
me. Thromb Haemost 1998; 80:713-715

143. Caronti B, Calderaro C, Alessandri C, et al. Serum anti-β2-
glycoprotein I antibodies from patients with antiphospholipid 
antibodies syndrome bind central nervous system. J Autoim-
mun 1998; 11:425-429

144. Caronti B, Calderaro C, Alessandri C, et al. Beta2-glyco-
protein I, β2-GPI. mRNA is expressed by several cell types 
involved in antiphospholipid syndrome-related tissue damage. 
Clin Exp Immunol 1999; 115:214-9

145. Praticò D, Ferro D, Iuliano L, et al. Ongoing prothrombotic 
state in patients with antiphospholipid antibodies: a role for 
increased lipid peroxidation. Blood 1999; 93:3401-7

146. Ferro D, Pignatelli P, Loffredo L, et al. Soluble CD154 pla-
sma levels in patients with systemic lupus erythematosus: 
modulation by antiphospholipid antibodies. Arthritis Rheum 
2004; 50:1693-4

147. Priori R, Conti F, Pittoni V, et al. Is there a role for anti-
phospholipid-binding protein antibodies in the pathogenesis 
of thrombosis in Behçet’s disease? Thromb Haemost 2000; 
83:173-174

148. Conti F, Sorice M, Circella A, et al. Beta-2-glycoprotein I 
expression on monocytes is increased in anti-phospholipid 
antibody syndrome and correlates with tissue factor expres-
sion. Clin Exp Immunol 2003; 132:509-16

149. Alessandri C, Sorice M, Bombardieri M, et al. Antiphos-
pholipid reactivity against cardiolipin metabolites occurring 
during endothelial cell apoptosis. Arthritis Res Ther 2006; 
8:180

150. Conti F, Alessandri C, Perricone C, et al. Neurocognitive 
dysfunction in systemic lupus erythematosus: association 
with antiphospholipid antibodies, disease activity and chronic 
damage. PLoS ONE 2012; 7:e33824

151. Conti F, Ceccarelli F, Perricone C, et al. Rituximab infusion-
related adverse event rates are lower in patients with systemic 
lupus erythematosus than in those with rheumatoid arthritis.  
Reumatology (Oxford) 2011; 50:1148-52

152. Merrill JT, Neuwelt CM, Wallace DJ, et al. Efficacy and safety 
of rituximab in moderately-to-severely active systemic lupus 
erythematosus: the randomized, double-blind, phase II/III 
systemic lupus erythematosus evaluation of rituximab trial. 
Arthritis Rheum 2010; 62:222-33

153. Conti F, Perricone C, Ceccarelli F, et al. Rituximab treatment 
of systemic lupus arythematosus in controlled trials and in 
clinical practice: two sides of the same coin. Autoimmun Rev 
2010; 9:716-20

154. Boyce EG, Fusco BE. Belimumab: review of use in systemic 
lupus erythematosus. Clin Therapeutics 2012; 5:1006-22

155. Youinou P, Devauchelle V, Huntin P, et al. A conspicuous role 
for B cells in Sjögren’s syndrome. Clin Rev Allergy Immunol 
2007; 32:231-7

156. Dörner T, Radbruch A, Burmester GR. B-cell-directed the-
rapies for autoimmune disease. Nat Rev Rheumatol 2009; 
5:433-41

157. Kawasaki A, Tsuchiya N, Fukazawa T, et al. Analysis on the 
association of human BLYS, BAFF, TNFSF13B. polymor-
phisms with systemic lupus erythematosus and rheumatoid 
arthritis. Genes Immun 2002; 3:424-29

158. Wallace DJ, Stohl W, Furie RA, et al. A phase II, randomized, 
double-blind, placebo-controlled, dose-ranging study of beli-



e428                                                   F. Conti et al.

mumab in patients with active systemic lupus erythematosus. 
Arthritis Rheum 2009; 61:1168-78

159. Furie R, Petri M, Zamani O, et al. BLISS-76 Study Group. 
A phase III, randomized, placebo-controlled study of beli-
mumab, a monoclonal antibody that inhibits B lymphocyte 
stimulator, in patients with systemic lupus erythematosus. 
Arthritis Rheum 2011; 63:3918-30

160. Navarra SV, Guzmán RM, Gallacher AE, et al. BLISS-52 
Study Group. Efficacy and safety of belimumab in patients 
with active systemic lupus erythematosus: a randomised, 
placebo-controlled, phase 3 trial. Lancet 2011; 377:721-31

161. Pena-Rossi C, Nasonov E, Stanislav M, et al. An exploratory 
dose-escalating study investigating the safety, tolerability, 
pharmacokinetics and pharmacodynamics of intravenous 
atacicept in patients with systemic lupus erythematosus. 
Lupus 2009; 18:547-55

162. Hansen A, Lipsky PE, Dorner T. B cells in Sjogren syndro-
me: indication for disturbed selection and differentiation in 
ectopic lymphoid tissue. Arthritis Res Ter 2007; 218

163. Tedder TF, Poe JC, Haan KM. CD22: a multifunctional 

receptor that regulates B lymphocyte survival and signal 
transduction. Adv Immnol 2005; 88:1-50

164. Jacobi AM, Goldenberg DM, Hiepe F, et al. Differential ef-
fects of epratuzumab on peripheral blood B cells of patients 
with systemic lupus erythematosus versus normal controls. 
Ann Rheum Dis 2008; 67:450-57

165. Crow YJ. Type I interferonopathies: a novel set of inborn 
errors of immunity. Ann N Y Acad Sci 2011; 1238:91-98

166. Lichtman EI, Helfgott SM. Emerging therapies for systemic 
lupus erythematosus – focus on targeting interferon alpha. 
Clin Immunol 2012; 143:210-21

167. Merrill JT, Wallace DJ, Petri M, et al. Safety profile and cli-
nical activity of sifalimumab, a fully human anti-interferon 
α monoclonal antibody in systemic lupus erythematosus: a 
phase I, multicentre, double-blind randomized study. Ann 
Rheum Dis 2011; 70:1905-13


