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Abstract As our understanding of the pathogenesis of autoimmune diseases is growing, new therapies are being
developed to target disease-specific pathways. Since the introduction of etanercept in 1998, several biotechnological agents
have been developed, most of them indicated in the treatment of rheumatoid arthritis, but also psoriatic arthritis. Most
currently available molecules target TNF-alfa with different strategies (i.e., etanercept, infliximab, adalimumab, goli-
mumab, and certolizumab pegol), IL-6 (tocilizumab), CTLA-4 (abatacept), and B cells (rituximab, belimumab) as they are
key mediators in the cascade of inflammation. Further, small molecules have been recently developed to target intracellular
signaling, such as Janus Kinases for tofacitinib, the first FDA-approved small molecule for rheumatoid arthritis. Most novel
treatments are being developed for arthritis with specific differences between rheumatoid and psoriatic arthritis, as well as
for systemic lupus erythematosus, following the approval of belimumab. Finally, biologic therapies are effective also in
gout, mainly targeting interleukin-1 to block the inflammasome. This review article describes the new and upcoming
treatment options for rheumatoid arthritis, psoriatic arthritis, systemic lupus erythematosus, and gout to dissect what we
should be aware of when discussing these new and promising molecules.
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Introduction based on a growing armamentarium that includes mono-

clonal antibodies against cytokines or other mediators and

The similarities across autoimmune diseases outnumber
differences, particularly when treatment options are com-
pared. Indeed, the therapeutics of autoimmune diseases are
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now novel small molecules which act by targeting intra-
cellular mediators with high specificity [1]. Nevertheless, a
significant number of patients with paradigmatic inflam-
matory rheumatologic conditions, such as rheumatoid
arthritis (RA), psoriatic arthritis (PsA), systemic lupus
erythematosus (SLE), and gout arthritis, manifest an active
disease with an incomplete response to the treatment,
despite being treated with the currently available mole-
cules. Further, important concerns remain about safety
profiles of targeting pro-inflammatory mediators, while less
obvious targets may hold important beneficial implications
in the management of metabolic or inflammatory
comorbidities.

Indeed, chronic inflammation is the main common trait
of rheumatologic diseases, independent of the autoimmune
(as in RA and SLE), chronic inflammatory (PsA), or met-
abolic (gout) bases. We are particularly intrigued by new
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treatment options that will be critically discussed in the
present article. Furthermore, treatments may prove bene-
ficial in different conditions but will be discussed in a
disease-specific classification. This is indeed an ambitious
goal due to the large number of molecules, the rapidly
changing scenarios, the often partial reports at meetings
rather than full articles, and the industrial need for secrecy.

The clinical epidemiology of rheumatic diseases

Before discussing the new treatment options for rheumatic
diseases, their epidemiology, pathogenesis, and clinical
features should be briefly reviewed.

First, RA is an autoimmune systemic disease affecting
approximately 0.5-1 % of the general population, with a
striking predominance of women in their fourth—fifth dec-
ade of life. RA is a paradigmatic multifactorial disease,
where genetics, risk factors (especially smoking), and
autoimmunity contribute to the clinical manifestations of
the disease. RA is characterized by symmetrical articular
involvement, persistent synovitis, systemic inflammation,
and specific serum autoantibodies (namely rheumatoid
factor and antibodies against citrullinated peptides) [2]. RA
can lead to joint deformity, global disability, and low
quality of life, while significantly increasing the athero-
sclerosis risk, leading to cardiovascular events being the
main cause of death in these patients [3, 4]. In 2010, the
American College of Rheumatology (ACR) and European
League Against Rheumatism (EULAR) reported new
classification criteria for early rheumatoid arthritis [5],
which assess joint involvement, autoantibody status, and
acute-phase response and symptoms duration. The patho-
genesis of RA is based on chronic inflammation, that is
initiated when a T cell is activated by an endogenous
trigger, which, in turn, activates macrophages and fibro-
blasts to produce cytokines (particularly, but not limited to
TNF-alfa, IL-6, IL-17, IL-1, IL-23), and then angiogenesis
ensues and inflammatory cells concentrate in the inflam-
matory area, making inflammation permanent. Both B and
T lymphocytes are involved in RA pathogenesis, and
chronic inflammation ultimately leads to tissue remodeling
and joint damage [2].

Second, PsA is a chronic inflammatory, seronegative
oligoarthritis, which may also include an axial involve-
ment, with inflammatory back pain. It affects nearly 40 %
of patients with skin psoriasis, and it is more common in
people carrying the HLA-B27 allele [6], while equally
affecting men and women [7]. PsA is clinically charac-
terized by an asymmetrical oligoarthritis and, differently
from RA, dactylitis, enthesitis, and in some cases inflam-
mation of the sacroiliac joints [8]. The case identification is
based on the CASPAR classification criteria [9]. In PsA,
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the immune response is mediated by T and B lymphocytes
that are present both in the enthesis and in the skin. In the
last years, innate immunity has also developed a role in
PsA pathogenesis, and NK cells may be a trigger that
drives toward the immune-mediated disease [10-12].
Several cytokines are involved in PsA development: First,
PsA was thought to be only a Th1-mediated disease, but the
discovery of IL-17 and Th17 cells changed this view about
disease pathogenesis [13] and IL-23 is now considered as
important in enthesis inflammation, bone destruction, and
ultimately joint damage [14].

Third, SLE is a prototypical chronic, multiorgan, auto-
immune disease characterized by a wide range of clinical
manifestations: from skin rash to anemia and lymphopenia,
arthritis, nephritis, serositis, and central nervous system
involvement. It predominantly affects women between 15
and 50 years of age [15]. Serum autoantibodies can be
detected, particularly anti-double-stranded DNA (anti-
dsDNA), which titer, differently from other serum auto-
antibodies, mirror disease activity [16]. T cells also play a
role in SLE pathogenesis leading to B cell stimulation,
when an antigen-presenting cell (APC) is activated by a
trigger. Additionally, co-stimulatory molecules interact in
the APC-T cell stimulation process; these include CD40-
CD40 ligand and CD28-B7 which allow the T cell to
activate, or to suppress activation. T cells produce cyto-
kines (mainly TNF-alfa, IL-10, IFN-gamma) that stimulate
autoantibodies production by B cells [17], but TNF-alfa
may have a protective role toward SLE, based on contro-
versial evidence. Among other cytokines, interleukin 10
(IL-10) and interferon-alfa levels are elevated in patients
with SLE and correlate with disease activity [18]. B lym-
phocyte stimulator (BlyS) is a part of the TNF-ligand
family and promotes the activation and proliferation of B
cells, being present at high levels in the sera of patients
with active SLE, but also in other rheumatic conditions,
such as Sjogren’s syndrome and RA [19-23]. BLyS levels
also correlate with disease activity and anti-dsDNA levels
[24], these observations cumulatively led to the develop-
ment of belimumab, an anti-BLyS monoclonal antibody,
and its approval for SLE treatment.

Finally, gout is primarily a metabolic disease character-
ized by recurrent acute arthritis caused by urate crystals
deposition in the joints. The disease affects up to 4 % of the
population of the USA [25], more commonly men about
50 years of age and women exclusively after menopause.
Hyperuricemia is an asymptomatic chronic condition that
predisposes to gout, particularly with serum uric acid levels
higher than 7 mg/dL (380 mmol/l), but during acute arthritis
these may be significantly lower. The most commonly
involved joint is usually the first metatarsophalangeal
(MTP) joint. The definitive diagnosis is made with the
aspiration of the joint fluid and the microscopic analysis
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Table 1 Developing treatments for RA with monoclonal antibodies
targeting cytokines and cell markers

Table 3 Developing treatments for RA with monoclonal antibodies
targeting chemokines

Agent Target Stage Company Agent Target Stage Company
Atacicept APRIL/BLyS Phase 11 EMD-Serono ABNO12 CCL2 Terminated Novartis
Tabalumab BAFF Terminated  Eli Lilly CCX354-C CCR1 Phase 11 ChemoCentryx
Belimumab BLyS Phase 11 GSK CP-481,715 CCRI1 Phase 1 Pfizer
Ocrelizumab CD-20 Terminated  Roche MLN3897 CCR1 Terminated Millennium
Ofatumumab CD-20 Phase III GSK-Genmab MLN1202 CCR2 Terminated Millennium
Apilimod mesylate  IL-12 receptor  Phase Ila Synta AZD5672 CCRS Terminated Astra Zeneca
HuMax IL15 IL-15 Terminated Amgen Maraviroc CCRS Terminated ViiV
Ixekizumab IL-17A Phase III Eli-Lilly SCH351125 CCRS Terminated Schering-Plough
Secukinumab IL-17A Phase III Novartis MDX-1100 CXCL-10 Phase 11 Medarex/BMS
Brodalumab IL-17RA Phase III Amgen

Canakinumab IL-1B Phase 11 Novartis

Sirukumab IL-6 Phase TII Janssen-LLC include TNF-alfa, but also B cells, IL-6, IL-1, and CD80/
Sarilumab I-6Ra Phase TII Sanofi 86. Traditional disease modifying anti-rheumatic drugs
GSK315234A Oncostatin Phase II GSK (DMARD:s) and corticosteroids still remains crucial in the

Table 2 Developing treatments for RA with small molecules tar-
geting intracellular mechanisms

Agent Target Stage Company
Apremilast Phosphodiesterase  Phase 11 Celgene Baylor
BMS- p38 Phase 11 BMS

582949
Fostamatinib ~ Syk Phase III Astra Zeneca
GLPG0634 JAK1 Phase 11 Galapagos
PH-7978804  p38 Phase 11 Pfizer
SCIO-467 p38 Phase 11 Scios
VX-702 p38 Phase 11 Vertex
VX509 JAK3 Phase 11 Vertex
Baricitinib JAK1/2 Phase 111 Eli Lilly
Ruxolitinib JAK1/2 Phase 11 Incyte
Tofacitinib JAK1/3 > JAK2  FDA approved Pfizer

showing urate crystals [26]. Current treatments are directed
at solving the acute arthritis attack and to lower uric acid
levels with different approaches.

Current and upcoming treatments for RA

RA treatment options have dramatically changed since the
introduction of biologic agents over a decade ago. Cur-
rently, nine biologic agents are approved for RA treatment:
abatacept, adalimumab, anakinra, certolizumab pegol,
etanercept, golimumab, infliximab, rituximab, and toc-
ilizumab. Most recently, the US Food and Drugs admin-
istration approved also the first small molecule, tofacitinib,
for the treatment of RA. The main targets in RA treatment

management of RA [27]. Another important aspect is the
biologic agents expiring patents that will lead to biosimi-
lars, drugs similar to the originator biological molecule,
such as CTP13, to enter the market [28]. Novel treatment
targets for RA include IL-17, IL-12/23, IL-15, oncostatin,
and chemokines, while new molecules target both current
targets such as B cells, IL-6, IL-1, but also protein kinases
[29] (Tables 1, 2, 3).

Among molecular targets, the Th17 pathway in general
and IL-17 in particular are involved in RA-associated bone
destruction and joint damage [13]. IL-17 is the target of
secukinumab, ixekizumab, and brodalumab. Secukinumab
is a fully human IgG1 k anti-IL-17A monoclonal antibody,
effective in the induction and maintenance therapy of
moderate-to-severe plaque psoriasis (as will be discussed
below). On the other hand, secukinumab failed a random-
ized controlled trial in RA, leading to rates of American
College of Rheumatology 20 % (ACR20) response at week
16 not significantly different from placebo at monthly
doses of 25, 75, 150, or 300 mg. Nonetheless, the study
showed a clinically relevant decrease in the Disease
Activity Score (DAS28), C-reactive protein (CRP), and a
significant reduction in high-sensitivity CRP levels [30].
More recently, a 52-week study assessed secukinumab
longer-term safety and efficacy and the authors reported
that patients with active RA, who failed to respond to
DMARDs and other biologic agents, had an improvement
in RA symptoms after long-term treatment with secu-
kinumab 150 mg/month. The incidence of adverse events
(AE) was stable throughout the duration of the study [31].
Ixekizumab is a humanized anti-IL-17A IgG4 monoclonal
antibody, firstly evaluated on RA patients on a stable dose
of DMARDs. Ixekizumab has showed efficacy in all
treatment groups compared with placebo [32]. A sub-
sequent follow-up trial showed significant dose-related
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improvement in RA symptoms both in biological
DMARD-naive patients and in anti-TNF-alfa inadequate
responders [33]. Ixekizumab is now undergoing a Phase III
trial in RA, but, similar to secukinumab, its development is
more focused on psoriasis and psoriatic arthritis. Brodalu-
mab (AMG-827) is a fully human anti-IL-17RA IgG2
monoclonal antibody that binds to IL-17RA on circulating
leukocytes and inhibits II-17-mediated signaling. The
safety profile of brodalumab in RA was recently reported
with AE in 77 % of patients treated with brodalumab, and
3 serious AE [34]. In the same study, even though effec-
tiveness was not the endpoint, brodalumab did not show
any clinical improvement when compared with placebo. As
for secukinumab and ixekizumab, the development plan for
brodalumab is more focused on psoriasis and psoriatic
arthritis. Among other Thl7-related therapeutic targets,
apilimod mesylate is an IL-12/IL-23 inhibitor, which is
prepared as a daily oral drug. In an intermediate report of a
Phase II trial, it failed to induce a meaningful clinical
improvement in RA [35].

As studies and the efficacy of rituximab have shown, B
cells play also a central role in RA pathogenesis [36, 37]
and new molecules are being tested or have already
completed trials to assess their efficacy in RA. Ocre-
lizumab is a humanized anti-CD20 monoclonal antibody
[38] that underwent several trials to evaluate the efficacy
and safety in a broad spectrum of patients, with different
diseases. Higher AE rates have been shown in the highest
dosage in combination with methotrexate, but the lowest
dosage group did not show any significant benefit [39-43],
so the development of ocrelizumab was terminated in
2010. Ofatumumab is a humanized anti-CD-20 monoclo-
nal antibody that recognizes a unique membrane proximal
epitope, different from the epitope recognized by ritux-
imab and ocrelizumab. This may account for higher effi-
cacy compared with other CD-20 blocking molecules. In
the first clinical trials, iv and sc ofatumumab significantly
improved all clinical outcomes in RA without determining
immunogenicity at week 24 nor unexpected safety issues
[44—46]. Ofatumumab is currently undergoing a Phase III
trial. Belimumab, the anti-BLyS monoclonal antibody
recently approved for SLE treatment, has completed a
Phase II trial to evaluate efficacy, safety, and tolerability in
RA. The results showed efficacy and safety in RA patients
who previously failed DMARDs therapies [47]; indeed,
belimumab may hold promises for the future of RA
treatment. Atacicept is a human recombinant fusion pro-
tein that inhibits the B cell-stimulating factors: prolifera-
tion-inducing ligand (APRIL) and BLyS. Despite
promising results in preclinical and Phase I studies [48],
the results from two randomized, placebo-controlled, phase
II trials suggest that atacicept is not superior to placebo.
Nonetheless, atacicept showed a clear biological effect: It
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reduced Ig and rheumatoid factor but not anti-citrullinated
peptide antibodies levels in a dose-dependent manner [49,
50]. Comparable results were obtained with atacicept in
MTX inadequate responders. Tabalumab is a fully human
IgG4 monoclonal antibody neutralizing soluble and
membrane-bound BAFF. A Phase II trial showed that
tabalumab significantly reduces RA signs and symptoms
and also has a similar safety profile compared with placebo
[51-53], and the development of tabalumab in RA was
discontinued.

IL-6 is a key mediator of the inflammation in RA,
and tocilizumab, an humanized anti-IL-6 receptor, is the
only IL-6 blocking therapy currently approved for RA
[54]. Sarilumab is fully human anti-IL-6 receptor o
(Ro) monoclonal antibody which completed a Phase IIT
trial [55]. Early reports show that sarilumab is effective
in moderate-to-severe RA, with a safety profile similar
to the other IL-6 inhibitors. Sirukumab is a human anti-
soluble IL-6 monoclonal antibody for which a Phase II
trial showed improvement in signs and symptoms of
RA with a safety profile similar to other IL-6 inhibitors
[56].

IL-1 [57], IL-15 [58], and oncostatin [59] are additional
candidates as new targets for RA treatment. IL-1 is a
crucial molecule in the pathogenesis of RA [60]. Anakinra
is an IL-1 receptor antagonist, which, according to a
Cochrane review, is modestly effective and relatively safe,
although injection site reactions are significantly increased
compared with placebo [61]. As cardiovascular disease is
the major cause of death in RA [3], inhibiting IL-1, which
increases nitrooxidative stress, could help reducing RA
mortality. But due to the lack of solid evidence about its
efficacy and safety, anakinra was not included in the 2012
ACR recommendations [62], even though it appears to
improve the cardiovascular function and metabolic panel in
RA [63, 64]. Newer molecules are in development to target
IL1, including canakinumab, a fully human anti-IL-1beta
monoclonal antibody [65]. In a phase II dose-finding study
investigating efficacy and safety in patients with active RA,
despite ongoing therapy at stable doses of methotrexate
[66], canakinumab improved the therapeutic responses
among patients with active RA. HuMax-IL-15 is a human
IgGl anti-IL-15 monoclonal antibody, which, in vitro,
suppresses the proliferation and induces apoptosis of an IL-
15-dependent cell line [67]. In a Phase II trial, it was shown
to be safe and well tolerated [68]. Finally, GSK315234A is
a monoclonal anti-oncostatin-M (OSM) antibody, which
does not bind to IL-6 [69]. In a Phase II trial, GSK315234A
showed limited clinical efficacy, possibly due to low
binding affinity dose, but pharmacological and biologic
effects, but also a dose-dependent decrease in platelets,
which was not considered to be clinically relevant nor a
safety issue.
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Chemokines have been indicated in the last years as
potential treatment targets for different autoimmune dis-
eases [70], but data in RA have been disappointing
(Table 3), likely due to the redundancy between chemo-
kines and their receptors and in most cases led to the ter-
mination of development programs.

Most recently, small molecules have been developed
(Table 2) to target intracellular signaling. In general terms,
these differ from monoclonal antibodies because they are
administered orally and act intracellularly, usually on
specific kinase signaling, such as the four members of the
Janus Kinases (JAK) family [71]. Targeting one or more
JAK, small molecules regulate the downstream shared
functions of different intracellular structures such as sur-
face receptors, signaling proteins, and transcription of
nuclear proteins. Small molecules against the JAK/STAT
signaling pathway are the most advanced in the develop-
ment process [29] with tofacitinib, an inhibitor of JAK1/
JAK3, and to a lesser extent JAK2, which has been FDA-
approved to treat adults with moderately to severely active
RA who are inadequate responders of intolerant to meth-
otrexate. A recent systematic review and meta-analysis
confirmed that tofacitinib induces a significant improve-
ment of ACR 20/50/70 response criteria when compared
with placebo after 12 weeks, superior to adalimumab,
without additional safety concerns [72]. In the phase II, III,
and LTE trials of tofacitinib, tuberculosis (TB) was
reported in 12 cases (10 in endemic countries), and non-
disseminated herpes zoster, anemia, thrombocytopenia and
neutropenia, and hypercholesterolemia were also reported
with increased frequency. There may be a possible
increased cancer risk, because of the blockade of interfer-
ons and NK cells. Lymphomas or other lymphoprolifera-
tive disorders had similar rate compared with other
biologic agents and the general RA population [29]. Bari-
citinib is an oral JAK1/JAK2 inhibitor, currently under-
going Phase III trials in RA, following a Phase IIb trial that
showed statistically significant improvements in RA signs
and symptoms compared with placebo, and also a pro-
longed response rate during 12 additional weeks of blind
treatment. More importantly, the clinical improvements
were sustained throughout 52 weeks. The safety profile
showed no opportunistic infections, no tuberculosis reac-
tivation, or lymphomas, but one death attributed to pre-
sumed myocardial infarction was observed [73].
Ruxolitinib is a JAK1/JAK2 inhibitor currently in Phase II
for RA, originally developed for myeloproliferative disor-
ders [74]. VX-509 inhibits JAK3, and GLPGO0634 inhibits
JAKI1; both molecules are under investigation in Phase II
trials.

Additional small molecules that are being investigated
are directed against the fourth JAK (Syk) in the case of
fostamatinib, phosphodiesterase-4 (PDE4, Apremilast), and

MAPK p38 (VX-702, SCIO-467, BMS-582949, PH-
797804). Apremilast has been recently approved by the
FDA for the treatment of psoriatic disease [75-79], as will
be discussed below. It has shown potent anti-inflammatory
action in several animal models of inflammation [80], as
PDEA4 is one of the major phosphodiesterases expressed in
leukocytes. In vitro, apremilast inhibits the production of
inflammatory mediators such as TNF-alpha, IL-12, IL-2,
IFN-gamma, and IL-5. Whether apremilast may prove
beneficial in RA remains to be determined.

Finally, fibroblasts are the latest treatment target in RA,
based on their role in the synovial tissue, leading to bone
erosion and cartilage destruction mediated by the secretion
of RANKL [81]. Fibroblasts may be more specific targets,
potentially with less systemic AE, due to the lack on
immunosuppression. Novel therapies will likely target
fibroblast survival, as studies have shown that cyclin-
dependent kinases (CDK) control cellular proliferation and
that CDK levels, especially p21, are low in RA fibroblasts
[82]. Adenovirus-mediated p21 gene transferring is being
evaluated in early trials in mice and rats, and preliminary
data show that inflammatory cytokines in the synovial
tissue were inhibited [83]. Second, cadherin-11 might
become a potential target; it mediates adhesion between
lining layer fibroblasts. Its levels are elevated in RA tis-
sues, and as Kiener et al. [84] have shown, it promotes
cartilage invasion. Third, fibroblast activation protein
(FAP) is associated with RA [85]. FAP is an enzyme with
dipeptidylpeptidase 4 activity. In a trial in mice through
FAP inhibition increased cartilage invasion [86]. Fourth,
mesenchymal stem cells (MSC) and fibroblast-like syno-
viocytes (FLS) normally control immune responses, but in
RA this function is interrupted. Further investigations are
needed to assess if MSC are a valid therapeutic target in
RA [87].

Current and upcoming treatments for PsA

The treatment of psoriasis and PsA has changed dramati-
cally in the recent years, despite the largely incomplete
understanding of the disease pathogenesis and etiology
[88]. Indeed, the 2012 EULAR Psoriatic Arthritis Man-
agement Recommendations [89] support the use of bio-
logic agents if a traditional DMARD has failed or is not
well tolerated, or as first line in the presence of dactylitis,
enthesitis, or axial involvement. The main therapeutic
target in PsA is TNF-alpha: Anti-TNF-alpha inhibitors
(adalimumab, certolizumab pegol, etanercept, golimumab,
and infliximab) have demonstrated efficacy for both skin
and joint manifestations [90], but a subgroup of patients
continues to manifest a largely incomplete response, thus
justifying the need for new treatments.
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Table 4 Developing treatment for PsA

Agent Target Stage Company

CF101 Adenosine A3 Receptor Phase II/II1 Can-Fite Bio Pharma
Voclosporin Calcineurin Phase III Isotechnika

FP187 Fumaric Acid Phase II (Psoriasis) Forward-Pharma
Apilimod Mesylate 1L-12/23 - Synta Pharmaceuticals
Brodalumab IL-17 Phase III Amgen

Secukinumab IL-17 Phase 111 Novartis

Ixekizumab IL-17A Phase 111 Eli-Lilly

SCH 900222 1L-23 Phase II (Psoriasis) Merck

ASP0O15 K JAK Phase ITA (Psoriasis) Astellas Pharma
VX-509 JAK 3 - Vertex Pharmaceuticals
LY3009104 JAK1/2 Phase IIB (Psoriasis) Eli-Lilly

Tofacitinib JAK1/3 Phase 11 Pfizer

LEO22811 MOA proprietary Phase II (inflammatory conditions) LEO Pharma
VB-201 Oxidized Phospholipid Phase II (Psoriasis) VBL Therapeutics
BMS-582949 P38 MAPK Phase I/II (Psoriasis) Bristol-Myers Squibb
Apremilast PDE4 Phase 11 Celgene

Sotrastaurin Protein Kinase C Phase 11 Novartis

BT-061 Regulatory T cell Phase II (Psoriasis) Biotest

ACT-128800 S1P1 - Actelion

SRT2104 Sirtuin Activator Phase II (Psoriasis) GSK

New therapeutic targets in PsA include B cells, T cells,
IL-12/23, IL-17, PDE4, and JAK (Table 4). Even though
PsA is not a B cell-mediated disease, CD19 + cells are
present in the affected synovia. As such, rituximab has
been used to treat refractory PsA, but there are no Phase III
data to support its use [91]. Similarly, abatacept inhibits the
co-stimulation of T cells by binding to CTLA4, and addi-
tionally case reports suggest that abatacept induces clinical
improvement in PSA [92-95], along with one phase I RCT
[96]. Ustekinumab is a human monoclonal antibody that
binds the p40 subunit shared by IL-12 and IL-23. These
cytokines appear central to the disease effector mecha-
nisms [97, 98] and genetic susceptibility [99, 100]. It is
currently approved treating skin psoriasis, based on a sig-
nificant and rapid effectiveness, and data from the
PSUMMIT 1 and 2 studies are very encouraging also for
PsA [101]. More importantly, the Phase III trial dalimiteeta
showed that ustekinumab reduces joint radiological pro-
gression and improves the signs and symptoms of PsA also
in patients previously treated with TNFalpha inhibitors
[102, 103]. Downstream to IL-12 and IL-23, IL-17 is
family of pro-inflammatory cytokines of which IL-17A
appears most involved in psoriasis and PsA pathogenesis
[13, 104]. Secukinumab is a fully human anti-IL-17A
monoclonal antibody with significant effectiveness in
Phase II studies on psoriasis. In the case of PsA, secu-
kinumab did not achieve the primary endpoint in a phase II
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trial, but the rapid clinical, serological, and quality of life
improvements led to the ongoing Phase III trials in both
conditions [105]. The results of two Phase III trials on
psoriasis were recently published and showed that secu-
kinumab is effective in the treatment of psoriasis [106].
Ixekizumab is a humanized anti-IL-17A monoclonal anti-
body, for which there are no data in PsA, but Phase II trials
in psoriasis reported improved symptoms, and a Phase III
trial is ongoing. Brodalumab is a fully human anti-IL-
17RA monoclonal antibody, which demonstrated a good
response in PSA compared with placebo at two different
dosages (140 and 280 mg) subcutaneously every 2 weeks
[107].

Apremilast is an oral PDE4 inhibitor [79], which has
been recently approved by the FDA for PsA following a
phase III trial with significant improvements in the disease
clinical features and the related functional ability [76]. The
Psoriatic Arthritis Long-Term Assessment of Clinical
Efficacy (PALACE) program is studying the effect of
apremilast on sign and symptoms of PsA in 4 trials, and
preliminary results have confirmed the clinical efficacy and
safety of apremilast [76]. Of note, apremilast is being
investigated in ankylosing spondylitis, Behcet disease, and
RA.

JAK inhibitors may be promising that also in PsA [75], a
Phase III study of tofacitinib is ongoing for moderate-to-
severe plaque psoriasis.
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Current and upcoming treatments for SLE

Current SLE treatment options include mostly corticoste-
roids, hydroxychloroquine, and immunosuppressive drugs,
such as cyclophosphamide, azathioprine, and mycopheno-
late mofetil. Belimumab is the first and only biologic agent
approved for SLE, and it acts inhibiting the B lymphocyte
stimulator (BLyS). Belimumab increases complement
levels, while reducing anti-dsDNA antibody titers and
activated B cells [108]. Based on these data, old and new
biologic agents are being investigated to target B cells, co-
stimulatory molecules, and IL-6 (Table 5). Rituximab a
chimeric anti-CD-20 monoclonal antibody failed the pri-
mary endpoints in clinical trials [109]. Albeit off-label,
rituximab remains recommended by EULAR for refractory
SLE nephritis [110]. Ocrelizumab is a humanized anti-
CD20 monoclonal antibody, which was evaluated in two
phase III RCT, and achieved similar results to rituximab,
but was stopped due to the incidence of infectious AE
[111]. Epratuzumab is a humanized monoclonal antibody
that activates the CD22 regulatory pathway on B cells
[112]. Trials were terminated because of drug supply issues
although the drug was found effective in improving the
British Isles Lupus Assessment Group (BILAG) activity
scores and reducing the need for steroids. Atacicept is a
soluble fully human recombinant anti-APRIL fusion pro-
tein, which reduces B cells and Ig levels [113]. In a
76-week trial, patients with SLE were randomized to
receive atacicept 75 mg or 150 mg subcutaneously or
placebo twice weekly for 4 weeks, then weekly for
48 weeks. The enrollment in the atacicept 150 mg group
was terminated because of two deaths, while there were no
differences between atacicept 75 mg and placebo [114].
Abatacept [115], a fusion protein that inhibits the co-
stimulation of T cells by binding to CTLA4, was tested in a
phase IIb trial with patients with non-life-threatening
manifestations randomized to receive abatacept 10 mg/kg
or placebo plus prednisone 30 mg/day for 1 month. The
primary and secondary endpoints were not met, along with
adverse events occurring with similar frequency in both
treatment groups [116]. Tocilizumab is an anti-IL-6R
monoclonal antibody, which is highly effective in RA as
monotherapy. In an open-label phase I trial, patients ran-
domized to receive tocilizumab at different dosages had a
lower disease activity, but the highest dosage (8 mg/kg)
was associated with neutropenia [117]. Another IL-6
inhibitor, sirukumab, has been investigated to assess safety
profile and pharmacokinetic in healthy subjects [118].
Small molecules, such as JAK inhibitors, may have a role
in SLE, according to preclinical studies [119]. IL-12/1L-23
(ustekinumab) and IL-17 (secukinumab, brodalumab, ix-
ekizumab) may be promising targets also in SLE, since
increased levels of IL-17 have been observed in neutrophils

Table 5 Developing treatment for SLE

Agent Target Stage Company
Atacicept APRIL/BLyS  Phase [Ib EMD-Serono
Ocrelizumab ~ CD-20 Phase III'  Roche
Rituximab CD-20 - Roche
Epratuzumab  CD-22 Stopped UCB
Abatacept CD80/86 Phase IIb  Bristol-Myers Squibb
Sirukumab IL-6 Phase 11 Janssen-LLC
Tocilizumab IL-6 Phase 1 Roche

Table 6 Developing treatment for gout

Agent Target Stage Company
Anakinra IL-1 Receptor - Amgen
Canakinumab IL-1B Phase 11 Novartis
Rilonacept IL-1B Phase III Regeneron

Pharmaceuticals

from patients with SLE [104], but no data are now avail-
able. Peptide therapies may prove beneficial based on the
use of tolerogenic T cells epitopes, which modulate only
the cell that are involved in SLE pathogenesis, without
interfering with other cell types. Two peptides, P140 and
hCDR1, were tested in clinical trials and demonstrated a
good safety profile and tolerability [120] and are currently
being investigated.

Current and upcoming treatments for gout

Biotechnological therapies are being developed also for
gout, mainly because of better understanding of the disease
effector mechanisms. The current treatment is based on
lowering uric acid levels and reducing the pain and
inflammation during the acute arthritis attacks mostly by
colchicine, NSAIDs, and steroids [121]. Gout is now
considered as an adult autoinflammatory disease based on
the involvement of the inflammasome and IL-1, which
interacts with monosodium urate crystals. Anakinra,
canakinumab and rilonacept target IL-1beta and have been
developed mostly for pediatric forms of autoinflammation
(Table 6). One small pilot study with anakinra showed that
it might be effective in gout and it is well tolerated [122],
but evidences are lacking. On the other hand, canakinumab
has demonstrated promising results in acute gout arthritis
trials in patients refractory or in which NSAIDs or steroids
were contraindicated [123, 124]. It may hold promises in a
niche of patients with uncontrolled disease and recurrent
arthritis attacks. In one of the first clinical RCT, double-
blind trials, canakinumab was given at different dosages,
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and compared with triamcinolone acetonide, the results
showed that canakinumab 150 mg provides sustained pain
relief in acute gout arthritis and reduces the risk of attacks
recurrence [125, 126]. Rilonacept is a fusion protein
designed to bind IL-1 before it interacts with the cell sur-
face and initiates inflammation. A phase III trial showed
significant reductions in acute gout arthritis when it was
started associated with allopurinol [127]. The results of a
Phase IIT safety trial have recently been published and
show that rilonacept 160 mg sc weekly has a safe profile
[128]. An additional new anti-IL-1 beta inhibitor is being
investigated, but data are awaited [129].

Final thoughts on an exciting scenario

A large number of new therapies are being investigated in
different inflammatory rheumatologic diseases. In some
cases, molecules are being tested across indications, while
in some others new pathways are being addressed and
appear to be specific to each condition (as for IL-12/IL-23/
IL-17 in PsA, IL-1beta in gout). While safety issues remain
a concern, we are particularly eager to identify which
molecules will allow a sustainable and effective treatment
of these conditions with their growing social costs. Finally,
we are convinced that, as illustrated for the JAK inhibitors,
a better understanding of the disease pathogenesis is a
necessary step to develop new effective and safety
treatments.
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