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ABSTRACT

There have been many advances in the diagnositharapeutic management of Systemic Lupus
Erythematosus (SLE) over the past decades. Foltpwiore than eleven centuries of therapeutic
uncertainty, the discovery of the therapeutic proge of glucocorticoids is without any doubt
one of the most significant advance in the fieldaafoimmune diseases. The many progresses
made by rapidly growing chemical industry of thethlélentury chemistry have allowed the
identification of valuable therapeutic compoundshsias antimalarials, cyclophosphamide,
azathioprine, cyclosporine and later mycophenatadéetil, which have all profoundly changed
the face of the disease. A very visible consequefdeis is the profound improvement in the
prognosis of the disease, with 10-year survivagaf more than 90% in most dedicated centers.
Following the development of biotherapies in rhetoith arthritis, the late 20 century has
slowly opened a new era for the treatment of ShE&t of targeted therapies. With the approval of
belimumab in 2011 and 74 targeted therapies incelirdevelopment, we may expect great
changes in the therapeutic management of SLE. Timodecules target inflammatory cytokines
or chemokines and their receptors, B cells or p&seils, intracellular signalling pathways, B/T
cells co-stimulation molecules, interferons, plasytaid dendritic cells, as well as various other
targets of interest. Current challenges are nowlglshifting from whether some new drugs will

be available to how to select the most adequatg @mudrug combination) at the patient-level.

KEYWORDS: Systemic Lupus Erythematosus; Treatment; Targéiecpies;
Immunosuppressant; Glucocorticoids



1. Introduction

There have been many advances in the diagnositharapeutic management of Systemic Lupus
Erythematosus (SLE) since the miraculous cure atler bishop of Liege, at St-Martin’s shrine
in the French city of Tours around the year 855 HFdllowing more than eleven centuries of
therapeutic uncertainty, the discovery of the thewic properties of glucocorticoids is without
any doubt one of the most significant advance enfigld of autoimmune diseases (Table 1). The
many progresses made by rapidly growing chemiahistry of the 19 century chemistry have
allowed the identification of valuable therapeutmompounds such as antimalarials,
cyclophosphamide, azathioprine, cyclosporine amer lanycophenolate mofetil, which have all
profoundly changed the face of the disease. A v&iple consequence of this is the profound
improvement in the prognosis of the disease, witliigal rates of more than 90% at ten years in
most dedicated centers. Following the developmébiatherapies in rheumatoid arthritis (RA),
the late 280 century has opened a new era for the treatmeBLEf that of targeted therapies [2].
With the approval of belimumab in 2011 and curientbre than 74 targeted therapies in clinical
development [2], we may expect great changes ithi@peutic management of SLE. With that,
remains the need to identify laboratory tools [8ttmay help us unfold the heterogeneity of the
disease and improve the selection of the bestbate option, at the patient level [4]. In this
review, we will analyze how currently availableatments have paved the way for future more
targeted treatments in SLE.

2. Back to the future

In 1818, Willan, the founder of modern dermatologigtes “I can mention no medicine [...] of
any service in the cure of it” [5]. In 1894, Paymports the efficacy of quinine extracts to cure
the disease. In 1951, Page reported the efficatlyeontimalarial mepacrine, showing a marked
improvement of cutaneous lesions in 17 out of li#epts. Following a first use in RA in 1948,
Hench was awarded the Nobel Prize for the therapese of glucocorticoids in inflammatory
diseases. The efficacy of cyclophosphamide, in 8Ia8 first reported in 1954 by Dubois [6].



Finally, the first series about the use of hydrdtgooquine in SLE was reported by Lewis in
1956 [7]. These developments paved the way for navgeted treatments.

2.1. Glucocorticoids

Glucocorticoids (GCs) have revolutionized the tneenit of inflammation in the 1950’s. They

suppress the production of pro-inflammatory cytesirand inhibit leukocyte recruitment by

decreasing endothelial cell permeability and adiresnolecule production. Nowadays, GCs
remain the mainstay of SLE treatment. The use of G& led to an improved survival among
high risk patients [8]. Up to 88% of SLE patiente &reated with GCs according to long-term
follow-up of SLE cohorts, 57% to 86% receiving donobus treatment [9]. Despite more than 60
years of experience, no consensual guidelines edorimulated regarding the optimal doses of
GC according to disease manifestations, based mentuiterature reports [9,10]. One of the
main challenges in treating SLE patients remaimsréduction of glucocorticoid dose as they
have been strongly linked to increase damage addrija To avoid side effects, the cumulative

GC-dose should be kept as low as possible. Incelirpractice tapering is possible in many, but

not, all SLE patients and based on the physic@mnisinsight and experience.

2.2. Antimalarials: hydroxychloroquine, chloroquine and mepacrine

Infusions of the bark of the Peruvian cinchona trage been used since long years for both their
antimalarial and anti-inflammatory properties. Tdaive agents, quinine and cinchonine were
isolated in the 1950’'s. Due to their many benefi@ffects, antimalarials, and especially
hydroxychloroquine, (HCQ) have become the mainsfagLE treatment. Chloroquine (CQ) is
mainly used in case of HCQ intolerance or faillH€Q and chloroquine have several effects on
the immune system, including the increase of lys@qH in antigen-presenting cells, and the
blocking of toll-like receptors (TLR) on plasmacitalendritic cells Antimalarials have shown

a very good efficacy against arthritis and spec#gkin lesions [12]. Their withdrawal is
associated with an increased risk of flare [13].eyhalso reduce organ damage [14,15].

Adherence to antimalarials is a critical pointlie tnanagement of SLE patients [16]. A very low



blood concentration of HCQ<200ng/ml is a good madégpoor adherence and may be useful to
discriminate between failure of HCQ and non-adhtepatients [17].

During the recent years, numerous advances have rhade regarding the optimization of the
use antimalarials, such as demonstrating the dleterole of smoking [18], validating the
blood concentration threshold (>750ng/mL) prospetyi [19], and better defining the strategy to
be used in case of side-effects [20]. In Cutanéaymis Erythematosus (CLE), in case of failure
of HCQ, a switch to CQ seems effective in more tb@fo of cases [20].Moreover HCQ has
shown several positive effects on thrombosis afmection risk, leading to an improved global

care of lupus patients as these are important saafseorbidity in SLE.

2.3. Methotrexate

Methotrexate is an antimetabolite agent, inhibitthg enzyme dihydrofolate reductase which
plays an important role in the synthesis of pumueleotides and thymidylate. By this way it
induces the apoptosis of inflammatory cells. Mettdte also reduces inflammatory cytokines.
Methotrexate was initially developed in the 195@saacancer therapy. Its first use in low
doses was reported in 1967 in SLE patients, thehanl970’s. First controlled clinical trial in
1999 showed that methotrexate 15 to 20 mg/weel6fononths was effective in controlling
cutaneous and articular activity of SLE and allovpeddnisone sparing [21]. In a retrospective
study of 43 CLE patients treated with methotrexdeto 25mg one per week 98% shown
improvement of cutaneous lesions particularly facdid and subacute CLE patients. Recent
European guidelines for CLE recommended the useathotrexate in second line of systemic
treatment after failure of antimalarials [22]. Mosvidence for efficacy on SLE-specific
manifestations has been reported for articular @aritdneous manifestations. Thus, methotrexate
is mainly use in case of articular symptoms to cedoint pain and swelling and sparing the dose
of glucocorticoids. There is significant teratogetyi associated with methotrexate use and

pregnancy is therefore contra-indicated.

2.4. Azathioprine



Azathioprine (AZA) is a derivative of 6-mercaptop# that acts as an antimetabolite agent by
affecting purine nucleotide synthesis and metaboli&ZA was first used in 1967 to treat SLE.
Quickly, it has been confirmed that AZA was useafulSLE to improve treatment using only
prednisone. The prednisone requirement of patieetsiving AZA was also decreased compared
to that of control subjects [23]. Furthermore ushgA to treat patients with neuropsychiatric
lupus and severe renal disease led to decreasgqiitdtiaations and increased survival rate
[24,25]. In daily practice, AZA is mostly used as additional immunosuppressive treatments as
well as a GC-sparing agent. In fact, most eviddocets current use stems from LN trials. In
addition, it has been shown that the exposure té Aldiring pregnancy is safe and lacks of
teratogenicity in patients with SLE [26] comparedadthers immunosuppressive drugs used in
SLE.

2.5. Cyclophosphamide

Cyclophosphamide (CYC) is an inactive pro-drug melized via the cytochrome-P450 leading
to the active metabolite phosphoramide mustard ted inactive metabolite acrolein. The
mustard metabolites act as an alkylating agentreact with purines, forming DNA adducts and
cross-links therefore inhibiting proliferative resgses of both T and B lymphocytes.

CYC has had a profound impact over the prognosithefdisease, especially in case of severe
manifestations such as lupus nephritis or CNS wemknt [27,28]. The efficacy of oral
cyclophosphamide was demonstrated in a randomisettatied trial (RCT) in 1978 [29] and
further confirmed for intravenous CYC in the suhssgt NIH trial [30]. Further studies have
demonstrated the beneficial effect of the combimigth dose intravenous GCs and CYC regimen
[31] in lupus nephritis. NIH regimen consists 0050000 mg/m2 CYC IV monthly for 6 months,
and then quarterly for at least 12 months. The mlajotation of the use of the NIH protocol in
lupus nephritis is its untoward side effects, whidelude infection, ovarian and bladder
toxicities, leukopenia and an increased risk ofigmaincy. In 2002, Houssiau reported the use of
the Euro-Lupus regimen [32], which consists of xedi dose of 500 mg CYC IV, every two
weeks for 3 months. This led to a major advancderced by the use of reduced-dose strategies.
Long term data are available [33]. There is sigalfit teratogenicity associated with

cyclophosphamide use and pregnancy is thereforeecoricated.



2.6. Mycophenolate mofetil

Mycophenolic acid (MPA) was first discovered in B%dnd first used clinically in the 1970s as
an immunosuppressant to prevent organ transplantegjection. From the late 1990s a prodrug,
mycophenolate mofetil (MMF), was developed and nrecently, enteric-coated mycophenolate
sodium (EC-MPS). MMF is an inactive prodrug thatnietabolized to MPA. As a potent,
selective, non-competitive, and reversible inhibitd inosine monophosphate dehydrogenase,
MPA inhibits de novo synthesis of guanosine nucleotides without beiregriporated into DNA.
Therefore MPA has cytostatic effects on T and Bgiiocytes and inhibits antibody formation. It
prevents the intercellular adhesion of lymphocyed monocytes to endothelial cells, and may
inhibit recruitment of leukocytes into sites oflarhmation.

In SLE, following preliminary reports in 2000-20@5d the large RCTs by Ginzler et al. in 2005
and by Appel et al. in 2009, the efficacy of MMF the induction treatment of lupus nephritis
was well-established. For the maintenance reginu&ia against CYC were obtained by
Contreras et al. in 2004 [34] and expanded aga&idst by Houssiau in 2010 [33] and Dooley et
al. in 2011 [35]. As with antimalarials, recent adees have shown the importance of assessing
the exposure to the active metabolites of MMF irESguch as by assessing the Area Under the
concentration/time Curve (AUC) of mycophenolic adtd main active metabolite (AUE 35
have been associated with decreased disease Yc[B@. There is significant teratogenicity

associated with MMF use and pregnancy is therefongra-indicated.

2.7. Calcineurin inhibitors: cyclosporine A and tacrolimus

Discovery of cyclosporine in 1971 began a new ararimunopharmacology. It was the first
immunosuppressive drug that allowed selective inonegulation of T cells without excessive
toxicity. Cyclosporine was isolated from the funguislypocladium inflatum and was first
investigated as an anti-fungal antibiotic. Boredadivered its immunosuppressive properties in
1976 and subsequently revolutionized the managepfemtgan transplantation, with a first use

in this indication in 1980. The immunosuppressiivity of cyclosporine depends on its



binding to cyclophylin, an intracellular protein,high leads to the inhibition of T-helper
lymphocytes with the suppression of the productibi.-2 (and its receptor) and 1FiX-

First report in SLE was made in 1981, showing deresting efficacy but significant side effects.
No patient was able to take the drug for longentbeven weeks. The BILAG multi-center RCT
demonstrated a GC-sparing effect of cyclosporinuA this effect was not superior to that of
AZA [37]. Cyclosporine A was shown to be as effeetas CYC in the CYCLOFA-LUNE trial
for sequential induction and maintenance in padiemith proliferative lupus nephritis with

preserved renal function [38].

Tacrolimus was discovered in 1987 and first appdovw® the FDA in 1994 for use in
transplantation. It is a macrolide immunosupprespanduced by the soil fungu&reptomyces
tsukubaensis. Tacrolimus binds to the FKBP-12 intracellular teio and forms a complex which
inhibits the calcineurin. It inhibits NkB involved in gene transcription blocking the protion

of pro-inflammatory cytokines.

Its first use in the context of SLE was reported @97, mostly as an additional treatment of lupus
nephritis, with interesting results but significastle-effects like hypertension. Tacrolimus has
been compared to mycophenolate mofetil [39]. Taenas was non-inferior to MMF, when
combined with prednisolone, for induction theragdyaative lupus nephritis. Nevertheless for
maintenance therapy for 5 years, there was a wémigher incidence of renal flares and renal
function decline with the tacrolimus regimen conguhrto the azathioprine regimen [39].
EULAR/ERA-EDTA recommendations for the managemeftadult and paediatric lupus
nephritis place tacrolimus as an alternative theraghe management of refractory renal disease
in lupus [40]. Recent Japanese and Chinese studige indicated a potential benefit of
tacrolimus as a substitute for or in addition to @Yr MMF [41,42]. It deserves further
investigation in view of their additional effect godocytes by reducing proteinuria and the

promising data from Asian patients.

2.8. Thalidomide & Lenalidomide

Thalidomide displays immunosuppressive and antiemygmic activity. It inhibits release of

TNF-o0 from monocytes, and modulates other cytokine acfitnalidomide has been used since



1982 to treat refractory case CLE. Its efficacyGQhE is clear [43] with an overall rate of
response of 90% but a rate of withdrawal relatealdwerse events of 24% including an important
increase in the risk of thrombosis [44] and periphaeuropathy. In SLE, thalidomide was first
investigated in a series of 3 patients in 1992 .[#5¢an also be used to treat severe cutaneous

manifestations of SLE with an efficacy of almos0%®but at the cost of side-effects [46].

Lenalidomide is a 4-amino-glutamyl analogue of itt@hide. The drug has immunomodulatory,
antiangiogenic and anti-inflammatory properties libiting the secretion of the pro-
inflammatory cytokines by monocytes. In a retrospecstudy 88% of patients were responders
without cases of new or worsening peripheral neatop[47]. Such as thalidomide, efficacy of
lenalidomide is only suspensive and dose shoulthpered to reach a minimum effective dose.
Lenalidomide seems to have no impact on ds-DNAbadyif titer or complement levels [48] and
a risk of renal flare has even been suggestedsimadl open label study [49]. There is significant
teratogenicity associated with thalidomide and lidoanide use and pregnancy is therefore

contra-indicated.

2.9. Rituximab

Since its initial approval for use in non-Hodgkilymphoma in 1997, rituximab has been used to
successfully treat RA and has also been part éfrgjetction treatments for kidney transplants.
Rituximab is a chimeric monoclonal Ab against thet@in CD20. CD20 is widely expressed on
B cells, from early pre-B cells to later in diffat&ation, but it is absent on terminally
differentiated plasma cells. The Fc portion of xitnab mediates antibody-dependent cellular
cytotoxicity and complement-dependent cytotoxiciipducing apoptosis of CDZ20cells.
Rituximab was first used in SLE in 2001 in singkse reports. In 2002, an open study with 6
SLE patients provided sufficient evidence for tlaéety and possible efficacy. Thus, the use of
rituximab has been investigated in several phas®&@T which did not meet their primary
endpoint (LUNAR, EXPLORER). However, extensive datam registries have confirmed the
interest for the drug, mostly in the context ofugmephritis or cytopenias [50-52]. Rituximab
may be useful in severe refractory acute or sulkaClE lesions but seems to have no effect on

refractory discoid CLE lesions [53].



2.10. Belimumab

Increased levels of B lymphocyte stimulator (BLyf&s associated with systemic autoimmunity
in animal models and significant elevations of Blip$atients with SLE was first demonstrated
in 2001 [54]. BLyS is an essential factor for Bicairvival and development. Belimumab is a
fully humanized mAb against BLyS also called B-@adtivation factor (BAFF) that belongs to
the TNF family. Administration of belimumab leadsdepletion of naive, activated and CDB)
cells, and a reduction in anti-dsDNA titers. Belmmb has been demonstrated to be effective in
reducing SLE disease activity on top of standan@ @nd delaying the time to lupus flares in
phase lll RCT (BLISS-52 & BLISS-76 [55,56]). It urrently the only approved biological
agent for the treatment of SLE. Results from atialtaprospective cohort study shown that

belimumab may have clinical benefits for acute smdlacute CLE patients [57].

3. To the future, and beyond

Our group has recently published a systematic wewd targeted therapies under clinical
development in SLE in 17 main online registrieslafical trials [2]. From a total of 1140 trials,
we were able to extract 74 distinct targeted thesfor SLE. Treatment strategies under current
clinical development for SLE target inflammatorytakines or chemokines and their receptors
(n=17), B cells or plasma cells (n=17), intracatusignalling pathways (n=10), T/B cells co-
stimulation molecules (n=8), interferons (n=7),gotecytoid dendritic cells (pDC) (n=3), as well
as various other targets (n=12) (Figure 1). Thalickte drugs have reached phase | (n=20), /Il
(n=5), Phase Il (n=36), phase Il/lll (n=2), phade (h=9) and phase IV (post-marketing
development, n=2). The corresponding trials werenmeted (n=28), recruiting (n=19),

prematurely terminated (n=16), active but not regcrg (n=8) and withdrawn (n=3).

3.1. Targeting B or plasma cells



In addition to rituximab, three other anti-CD20 ibatlies, with a similar mechanism of action,
are currently in the SLE pipeline: obinutuzumabc(uéing phase ), TRU-015 (terminated
phase 1) and ocrelizumab (completed phase Il [3#jjch was not statistically superior to
standard of care in LN. Epratuzumab targets theZ&figen on B cells, yielding a peripheral B
cell depletion. Its efficacy was assessed in treespHhll EMBODY trial [59], which did not reach
its primary endpoint. SM03, another anti-CD22, Haeen evaluated in a phase | study.
XmAb5871 targets CD19 (recruiting phase II). Milatmab (or hLL1) is an anti-CD74 Ab
(completed phase I/, results pending).

Besides belimumab, another anti-BAFF Ab, tabaluima® been assessed in SLE with two phase
3 trials (ILLUMINATE-1 & 2 [60,61]) but the currendlevelopment of this molecule has been
stopped because the primary endpoint was not rdaolene of those trials. Atacicept (TACI-Ig)
has undergone clinical evaluation in SLE with anieated phase 1l/11l study. RC-18 is a TACI-
Ab fusion protein injection (recruiting phase IBlisibimod is a fusion protein consisting of four
BAFF binding domains fused to Fc (terminated ph#¥eAMG 570 is a bispecific Ab-peptide
conjugate that targets BAFF and ICOS ligand (agpivase 1). Ixazomib, a proteasome inhibitor,

is currently being evaluated in a recruiting phlasteidy.

3.2. Targeting B/T cells co-stimulation molecules

Abatacept and RG2077 (two CTLA4-1g) have been assksespectively in phase II/lll and in
phase I/l trials (results pending), respectiveBapirolizumab, an anti-CD40L Ab and BI
655064, an anti-CD40 Ab are assessed in recrygirege Il trials. Dapirolizumab has been the
first biologic to show efficacy in a RCT for Sjogre syndrome [62] and results in SLE are
pending. MEDI-570, an anti-ICOS Ab and AMG 557, arti-ICOSL Ab have been assessed in
completed phase | trials. Theralizumab and Lulizonp&gol, two anti-CD28 Ab have been
evaluated (respectively recruiting phase Il anthieated phase II).

3.3. Targeting inflammatory cytokines/chemokines or thei receptors



Anti-TNF have been tested in SLE with conflictingsults: etanercept in lupus nephritis
(NCTO00447265) as well as infliximab in a phasetrihl. Most teams agree that those are mostly
contraindicated in SLE because they can lead tg-ohduced SLE and can worsen SLE.

Two IL-6 inhibitors, PF-04236921 and sirukumab (pbdeted phase 1) and two IL-6R
antibodies: MRA 003 US (completed phase 1) and kibbamab (active phase IlI) have been
tested in phase | or Il trials. The positive resuwf a phase Il of ustekinumab, an IL-12/23
inhibitor, have been presented at the ACR 2017 [6BRjble 2). Another strategy, the
administration of low doses IL-2 to SLE patientshiein expands the Treg population with
interesting modulatory effects, has been succdgstested in a completed phase Il trial [64]
(Table 2). Other options studied in SLE include: anti-IL-10 Ab (active phase Il), an anti-
TWEAK Ab (BIIB023, terminated phase IlI), anti-IL-2bs (NNC01140006, terminated phase |
and BOS 161721 recruiting phase I/ll study), an-@30 Ab (Brentuximab, terminated phase
II), an anti-MIF Ab (imalumab, terminated phase djnapticap pegol, which binds the human
chemokine CCL2 (completed phase 1), SAR 113244rRCXCR5 Ab (completed phase 1) and
PF-06835375, a chemokine inhibitor (completed phase

3.4. Targeting interferons

Significant advances in our understanding of théemdar basis of innate immunity have led to
identification of interferons (IFNs) and particdlarlFN-a, as a central mediator in the
pathogenesis of SLE. It is in 2003 that a broad-IfiNluced gene transcript signature was
identified in PBMC from SLE patients. DNA and RNAstaining Immune complexes are
phagocytosed by pDC throughyRlla and delivered into the endosomal compartnraggering
the activation of TLR-7 and TLR-9 which ultimatdBad to the production of IFN- Four anti-
IFN-o mAbs have reached clinical development (Figurer@)talizumab (completed phase II),
sifalimumab (completed phase II), AGS-009 (complgtbase ) and JNJ-55920839 (recruiting
phase I). Direct blocking of IFN-only may not be the best strategy in SLE as fFN-N-« and
IFN type Ill remain active. Another promising segy is to target directly IFN receptors rather
than IFNs (Figure 2). Anifrolumab is a monoclondd directed against the subunit 1 of the type |
IFN receptor (IFNARZ1) for which the results of aagle Il trial are pending (Table 2). IFiN-

kinoid (IFNK), a therapeutic vaccine composed oN4&2b coupled to a carrier protein that



induces polyclonal anti-IFN-neutralizing antibodies, is being assessed inctiveaphase |l trial
(Figure 2). The develoment of AMG 811, a human-#ftl-y Ab, has halted following an

unsuccessuful phase | study.

3.5. Targeting the intracellular signalling pathways

Therapeutic inhibitors of JAKs have appeared asrgally valuable drugs in SLE, with several
molecules under clinical development such as toiféigi (recruiting phase I/1l), baricitinib
(completed phase II), solcitinib (terminated phdy@nd filgotinib (recruiting phase 1) (Figure
2). In a recent phase Il trial, treatment with bidinib improved the signs and symptoms of active
disease in patients with systemic lupus erythemigtqSLE) who were receiving standard
background therapy [65] (Table 2). The use of Bamib 4 mg treatment resulted in a greater
proportion of patients achieving resolution of dtih, as defined by Systemic Lupus
Erythematosus Disease Activity Index-2000, tharhwiiacebo. An inhibitor of Tyrosine Kinase
2 (TYK2), BMS-986165, is reaching a recruiting phds Evobrutinib, a Bruton’s Tyrosine
Kinase Inhibitor (BTKi), is now assessed in a ré&ang phase Ilb study. Three treatments
targeting the sphingosine-1-phosphate pathwayngpkine 1-phosphate receptor type 1 agonists
have also been evaluated: cenerimod (completecegdhagsmiselimod (completed phase 1) and
KRP203 (completed phase lI).

3.6. Targeting pDCs

Strategies targeting the plasmacytoid dendriti¢scgdDC), the main producers of IFN-alpha,
include the use of BIIBO59 (recruiting phase Il)nmanoclonal Ab targeting the pDC-specific cell
surface receptor BDCA2, the use of anti-CD123 mtmad antibodies such as talacotuzumab

(withdrawn phase I) and venetoclax, a BCL-2 inlab{completed phase I) (Figure 2).

3.7. Other targets identified in SLE

There is also a parallel development of small mdeedrugs that inhibit or interfere with other

perturbations identified in SLE: laquinimod (conteld phase 1), paquinimod (completed phase



II, pending results), rigerimod (completed phask, liguratimod (recruiting phase Il trial),
edratide, a synthetic peptide (phase I, terminatdmserdomide binding cereblon (CRBN), a
peptide hydrolase and a component of E3 ubiquitiigase complex (recruiting phase 1) and
INV103 (ala-Cpnl10), a minimally modified version thie chaperonin 10 (completed phase I/11).
In a recent phase 3 trial, rigerimod combined wathndard therapy did not demonstrate a
statistically significant increase in the respons& over standard care alone, and the primary
endpoint of the trial was not met.

Other therapeutic options under development in 8idiide an anti-C5 Ab (NNC 0151-0000-
0000) (completed phase I), OMS721, an anti-MASPs#ecruiting phase Il trial), omalizumab,
an anti-lgg Ab (completed phase 1), RSLV-132, dyfiluman biologic Fc fusion protein of

human RNase and Fc domain of human IgG1 (Figufee2juiting phase ).

4. Conclusion

The therapeutic management and prognosis of SLEptudsundly evolved with changes in the
pharmacopeia. Among the most recent evolutionhiéntherapeutic management of SLE is the
increased recognition of the need to limit as maslpossible the exposure to GCs, including the
use of GC-free therapeutic regimens in some c&&sHowever, the favourable survival (>90%
at 10-years) in most dedicated centers does ndehitihe fact that several gaps in the care of
SLE patients remain, especially for lupus nephr@BlS involvement, and minorities. With more
than 74 drugs in the SLE pipeline of clinical deyghent [2], current challenges are shifting
from whether some new drugs will be available tavlho choose the most adequate drug (or drug
combination) at the patient-level. This further remses the need to better characterize the
heterogeneous spectrum of the disease. For tresdélrelopment of ultra-sensitive methods
allowing the measurement of biomarkers at the fdmtel is a major advance [3], although not
widely available. The need to investigate biomaskidrat would allow adequate prediction of
response-to-therapy remains high, but when solvdldallow a more rationale selection of the
optimal pharmacological agent within the broad piyeeof targeted therapies for SLE.
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Figure 1: Pathogenesis of SLE and targets of SLE@atments

Figure 2: pDC, IFN and downstream pathways targetig therapies



Table 1: Timeline of drug development in SLE

Year | Development

855 Miraculous cure of Eracle's (Bishop of Liege) luagtisSaint-Martin’s shrine in Tours,
France.

1230 Rolgndo_da Parma di_stinguishmti me tangere (Iegions on the face) frofrupula
(lesions in the lower limbs). No cure known at ttate.

1894 | Payne reports the efficacy of quinine extracts

1950 _Hench is was a}warded the Nobel Prize for the tleragpuse of glucocorticoids in
inflammatory disease

1951 | Page reports the efficacy of the antimalanpacrine

1953 | First report of chloroquine to treat SLE

1954 | Dubois reports the efficacy of cyclophosphammdSLE [6]

1956 | First series about the use of hydroxychlonogin SLE [7]

1967 | First use of methotrexate, azathioprine acilkanus in SLE

1981 | First use of cyclosporine in SLE

1992 | NIH trial assessing the efficacy of IV cyclogpbhamide in severe LN [30]

1997 | First use of tacrolimus in SLE

2000 | First reports of mycophenolate mofetil in SLE

2001 | First use of rituximab in SLE

2002 | Euro-lupus trial assessing the efficacy of tmse of IV cyclophosphamide in LN [32

2010 | Failure of the EXPLORER rituximab trial

2011 | Approval of belimumab by the FDA & EMA

2011 | ALMS trial assessing the efficacy of mycopHateomofetil in LN [35]

2012 | Failure of the LUNAR rituximab trial

2016 | Failure of the ILLUMINATE-1 & 2 tabalumab ti$3[60,61]

2017 | Failure of the EMBODY epratuzumab trial [59]

2018 | 74 targeted therapies under clinical developnmethe SLE pipeline [2]
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