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Abstract

Lupus erythematosus comprises a spectrum of autoimmune diseases that may affect various organs (systemic lupus ery-
thematosus [SLE]) or the skin only (cutaneous lupus erythematosus [CLE]). Typical combinations of clinical, histological
and serological findings define clinical subtypes of CLE, yet there is high interindividual variation. Skin lesions arise in the
course of triggers such as ultraviolet (UV) light exposure, smoking or drugs; keratinocytes, cytotoxic T cells and plasma-
cytoid dendritic cells (pDCs) establish a self-perpetuating interplay between the innate and adaptive immune system that is
pivotal for the pathogenesis of CLE. Therefore, treatment relies on avoidance of triggers and UV protection, topical therapies
(glucocorticosteroids, calcineurin inhibitors) and rather unspecific immunosuppressive or immunomodulatory drugs. Yet,
the advent of licensed targeted therapies for SLE might also open new perspectives in the management of CLE. The hetero-
geneity of CLE might be attributable to individual variables and we speculate that the prevailing inflammatory signature
defined by either T cells, B cells, pDCs, a strong lesional type I interferon (IFN) response, or combinations of the above
might be suitable to predict therapeutic response to targeted treatment. Therefore, pretherapeutic histological assessment
of the inflammatory infiltrate could stratify patients with refractory CLE for T-cell-directed therapies (e.g. dapirolizumab
pegol), B-cell-directed therapies (e.g. belimumab), pDC-directed therapies (e.g. litifilimab) or IFN-directed therapies (e.g.
anifrolumab). Moreover, Janus kinase (JAK) and spleen tyrosine kinase (SYK) inhibitors might broaden the therapeutic
armamentarium in the near future. A close interdisciplinary exchange with rheumatologists and nephrologists is mandatory
for optimal treatment of lupus patients to define the best therapeutic strategy.

1 Introduction
Key Points

Lupus erythematosus comprises a spectrum of autoimmune

diseases that may affect various organs (systemic lupus Cutaneous lupus erythematosus comprises a variety
erythematosus [SLE]) or the skin only (cutaneous lupus of clinical manifestations and displays interindividual
erythematosus [CLE]). The latter has traditionally been heterogeneity.

grouped from a clinical perspective with regard to the onset Keratinocytes, cytotoxic T lymphocytes and plasmacy-
and course of symptoms, into acute, subacute, intermittent toid dendritic cells establish a self-perpetuating interplay
and chronic CLE (Table 1) [1]. Typical combinations of between the innate and adaptive immune system in
clinical, histological and serological findings define these lesional skin, which is orchestrated by type I interferons

subtypes (Fig. 1), yet there is high interindividual variation. (IFNs).

Disease manifestations with more acute onset (malar rash, ) ) .
Lesional cutaneous B cells are emerging disease modula-

tors with potential functions in fine-tuning autoreactive T
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exanthematic CLE, and bullous LE) segregate from chronic
cutaneous manifestations (e.g. discoid CLE), with a declin-
ing tendency for systemic disease and detectable circulating
antibodies. Excluding organ involvement is important in all
newly diagnosed CLE patients [2] and skin symptoms are
a commonly expected finding in SLE patients. Unspecific
skin findings and vasculopathic reactions such as livedo
racemosa, Raynaud phenomenon, and urticarial vasculitis
may accompany any type of CLE but are more frequently
seen in patients with SLE [3]. Alopecia is also a common
finding and discoid scarring lesions must be separated
from unspecific diffuse non-scarring alopecia [4]. Overlap
between CLE and other cutaneous inflammatory diseases is
possible. For example, an overlap between CLE and lichen
planus (‘lichenoid CLE) harboring clinical and histological
features of both diseases with or without serologic markers
is mentioned repeatedly in the literature, which may cause
diagnostic confusion [5]. Progression from CLE to SLE
may occur but the reported numbers vary greatly in the lit-
erature between 5 and 25%, which largely depends on the
patient characteristics and clinical risk factors in the study

populations [6]. Furthermore, different clinical subtypes of
CLE are accompanied with varying risk for development of
systemic disease. In a Swedish association study for exam-
ple, progression from initially isolated skin disease to sys-
temic disease occurred in up to 18% of patients, most com-
monly in patients with subacute CLE [7]. In summary, risk
for development of systemic disease is highest in patients
presenting with acute CLE (ACLE), and lowest in chronic
discoid LE (CDLE) [1]. Noteworthy, sociocultural factors
(ethnicity, sex, social income, education level) are increas-
ingly recognized to have a major impact on the severity of
disease, which is comparable with other chronic inflamma-
tory dermatoses such as psoriasis and hidradenitis suppura-
tiva [8]. The overall incidence of SLE and CLE is compara-
ble and female patients far outnumber males in both groups.

With emerging understanding of the pathophysiology of
CLE and the underlying interplay between the innate and
adaptive immune systems, the advent and licensing of tar-
geted therapies for the treatment of SLE raises questions
about a potential use of these drugs in patients suffering
from disease limited to the skin [9]. This review provides an

Table 1 Overview of clinical subtypes of CLE and typical cutaneous findings. Unspecific skin reactions may accompany SLE and, less often,
CLE of all types [1, 5]

Clinical subtypes

Cutaneous findings

Acute CLE

Subacute CLE

Intermittent CLE
Chronic CLE

Overlap syndrome

Unspecific skin
findings in CLE

Localized (Malar rash)
Exanthematic/disseminated
Bullous

Annular
Papulosquamous
Rowell’s syndrome
Neonatal

LE tumidus/tumid LE
Chronic discoid LE (includ-

ing hypertrophic variants)
LE profundus (including

lupus panniculitis)
Chilblain LE
Mucocutaneous LE
Melanotic LE

CLE-Lichen planus overlap
syndrome (‘lichenoid
discoid LE”)

Erythematous rash extending in the midface, sparing the nasolabial folds

Maculopapular rash, at times circinated

Detachment of rapidly evolving lesions

Further symptoms include fatigue and pain rather than pruritus

Polycyclic plaques in sun-exposed localizations

Hyperkeratotic plaques potentially imitating psoriasis vulgaris

Target-like erythematous plaques imitating erythema exsudativum multiforme

Polycyclic papulosquamous lesions in neonates driven by transplacental transfer of maternal
antibodies

Papules and plaques in sun-exposed localizations with minimal epidermal involvement
Hyperkeratotic, scarring plaques, alopecia in scalp lesions

Retracted atrophic lesions mainly over proximal extremities

Tender erythematous humps in acral localization
Erosions and plaques predilected to the hard palate
Hyperpigmented plaques in dark-skinned individuals

Erythematous/violaceous plaques and papules with scaling, overlapping histological features
of CLE and lichen planus, with or without serological markers

Purpura

Raynaud phenomenon, periungual telangiectasia
Vasculopathy, thrombophlebitis

Urticarial vasculitis

Neutrophilic urticarial dermatosis

Livedo racemosa

Oral ulcers

Diffuse alopecia

CLE cutaneous lupus erythematosus, LE lupus erythematosus, SLE systemic lupus erythematosus
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Fig.1 Overview of cutaneous lupus erythematosus subtypes and
schematic illustration of pathogenic mechanisms in CLE. (a) Clini-
cal classification of CLE based on chronicity of lesions. The most
common subgroups represent ACLE, SCLE, ICLE, and CCLE, of
which CDLE is the most common form. (b) Concept of inflammatory
signature-oriented, therapy-directed histological evaluation. Patho-
physiologically, CLE is understood to be an IFN-driven autoimmune
skin disease characterized by cytotoxic lesional inflammation with
activation of primarily TLR-independent innate immune pathways as
depicted. With a corresponding genetic background, trigger factors
lead to cell stress and subsequently apoptosis. Due to several defec-
tive mechanisms (reduced phagocytosis, DNAse/TREX1 defects,
IFN hyperactivation), necroptosis occurs, leading to an inflamma-
tory response with release of DAMPs (e.g. endogenous nucleic acids,
HMGBI1), autoantigens such as Ro52, and cytokines such as CXCL
chemokines, ILs, and IFNs. DCs sense potential autoantigens and
present them to lymphocytes in nearby lymph nodes. This leads to
lymphocytic differentiation with subsequent cytotoxic effector func-
tions against keratinocytes, as well as production of autoantibodies.
Recruited pDCs are stimulated to express type I and type III IFN after
recognition of released nucleic acids, thus amplifying lesional inflam-
mation. Histologically, different inflammatory signatures can be
assessed in the lesional tissue of CLE patients, e.g. a B-cell- or pDC-
rich infiltrate or a strong IFN signature. Targeted therapeutic options

are directed against different inflammatory cytokines and their recep-
tors or intracellular targets. T lymphocytes: (A) S1P receptor 1 antag-
onists (amiselimod); (B) CD40L antagonists (dapirolizumab pegol,
frexalimab). B lymphocytes: (C) BAFF receptor antagonists such
as the monoclonal antibody belimumab; (D) CD20 antibodies, e.g.
rituximab; (E) fusion proteins that bind to BAFF and TACI (telitaci-
cept); (F) the cereblon E3 ligation modulator iberdomide. pDCs: (G)
BDCAZ2 inhibition (litifilimab); (H) anti-LILRA4 antibody daxdili-
mab. IFN-associated pathways: (I) IFNARI inhibition (anifrolumab);
(K) JAK inhibition (e.g. filgotinib, tofacitinib, delgocitinib), TYK2
inhibition (deucravacitinib). Other intracellular pathways: (L) SYK
inhibition (lanraplenib). CLE cutaneous lupus erythematosus, ACLE
acute CLE, SCLE subacute CLE, ICLE intermittent CLE, CCLE
chronic CLE, CDLE chronic discoid LE, IFN interferon, TLR toll-like
receptor, DAMPs danger-associated molecular patterns, /Ls interleu-
kins, pDCs plasmacytoid dendritic cells, SIP spingosine-1-phosphate,
BAFF B-cell-activating factor, TACI transmembrane activator and
CAML interactor, BDCA2 blood dendritic cell antigen 2, LILRA4
leukocyte immunoglobulin-like receptor subfamily A member 4,
IFNARI interferon-a/f} receptor o chain, JAK Janus kinase, TYK
tyrosine kinase, SYK spleen tyrosine kinase, HMGBI high mobility
group box 1, DCs dendritic cells, CD40L CDA40 ligand, pDCs plas-
macytoid dendritic cells
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update on the most recent pathophysiological findings with
a focus on immunology in CLE. We also address diagnostic
and therapeutic challenges due to the complexity of the dis-
ease and speculate on future therapeutic directions.

2 Pathogenesis

The pathogenesis of CLE is complex and has been widely
studied [10]. Briefly summarized, in all clinical subtypes
of CLE, a self-amplifying inflammatory loop is established
between cells of both the innate and adaptive immune sys-
tem (Fig. 1) [11]. Recruitment of these cells occurs in
the course of keratinocytic cell death due to environmen-
tal triggers such as ultraviolet (UV) radiation and drugs.
Several studies suggest smoking is a risk factor [12, 13].
Release of cytosolic and nuclear debris into the extracellu-
lar space typically leads to activation of danger-associated
receptors, which then sparks the recruitment of specific
inflammatory cells. Central key to the pathogenesis of LE
is overexpression of interferons (IFNs), which leads to an
inflammatory loop mimicking an antiviral response [14].
Yet, only susceptible individuals develop disease mani-
festations, largely depending on genetics, epigenetics and
other variables such as hormones, skin, and gut micro-
biome [15]. Thus far, it is not clear why given patients
develop a specific clinical phenotype.

Over the last years, there has been emerging evidence
that apart from autoreactive T cells and plasmacytoid
dendritic cells (pDCs), B cells could also play a major
role in the orchestration of the inflammatory response.
In this review we focus on immunology while omitting
environmental pathogenetic aspects such as (passive)
smoking and UV exposure, as these aspects have been
extensively reviewed elsewhere [1, 16]. Of note, new onset
and exacerbation of autoimmune disease, including CLE,
was described in the context of coronavirus disease 2019
(COVID-19) infection and vaccination, which is still of
importance in light of the ongoing pandemic [17]. His-
topathology is also out of the scope of this article and
detailed information can be found in another review by
our group [18].

2.1 Genetics and Epigenetics

Only a small portion of lupus patients harbor a genetic
variant of CLE. Namely, a monogenetic mutation in the
TREX]I gene, which encodes an enzyme responsible for
cytosolic degradation of deoxyribonucleic acid (DNA)
[19], may be detected in these patients. Because of DNase
deficiency, high levels of cytosolic DNA accumulate and
are sensed by specific receptors, which ultimately activates
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the type I IFN system. Typical symptoms include recurrent
swelling and pernio-like nodules in acral areas. This dis-
ease manifestation is known as familial chilblain LE. Over
the last years, a growing list of gene mutations capable of
triggering lupus-like skin lesions was identified [19]. In
particular, gene mutations in SAMHDI and complement
factor C2 raise the individual risk to develop CLE lesions
[20]. The vast majority of CLE patients bear no specific
genetic mutations; however, there is an abundance of asso-
ciated gene polymorphisms associated with a higher risk
of CLE. The involved genes encode for proteins involved
in cell death cascades (apoptosis, ubiquitination), clear-
ance of cell debris (e.g. immune complexes), cellular
adhesion and activation or regulation of the immune sys-
tem (innate immune system activation, B-cell/T-cell func-
tion) [20].

2.2 Pathophysiology and Inmunology

As non-inflammatory cells, keratinocytes contribute to
lesional inflammation in CLE. An initial trigger, such as UV
radiation, smoking or drugs causes keratinocyte apoptosis.
UV radiation leads to an upregulation of autoantigens, such
as Ro52, in keratinocytes, inducing and activating the proin-
flammatory pathways [15, 21]. Apoptotic keratinocytes pre-
sent antigens, which can be recognized by autoantibodies in
autoantibody-positive patients [22]. Autoantibodies against
ribonucleoproteins could also have an independent patho-
physiological role, as they trigger the development of lupus
lesions in mice [23]. Interestingly, UV radiation or other
damaging triggers initially lead to keratinocytic cell death
and chemokine production in the whole epidermal layer
[24], however, later in established CLE lesions, keratino-
cytic apoptosis and proinflammatory chemokine production
is limited to the dermoepidermal junction, resulting in inter-
face dermatitis [25]. Even keratinocytes from uninvolved
(non-lesional) skin of CLE patients are more sensitive to
UV radiation-induced cytotoxicity compared with keratino-
cytes from healthy donors, which leads to the assumption
of disease predisposition [26, 27]. Following the initial
keratinocyte damage, secondary necroptosis of keratinocytes
further sparks lesional release of nucleic acids and danger-
associated molecular patterns (DAMPs). The latter include
high mobility group box 1 protein (HMGB1), a proinflam-
matory cytokine, which can also function as autoantibody in
CLE [28]. UV radiation also leads to DNA damage, generat-
ing immune-stimulatory DNA motifs, such as 8-hydroxy-
guanosine [29]. Phagocytic clearance of apoptotic cells and
nucleic acids can be impaired in CLE [27]. Nucleic acids
are recognized via pattern recognition receptors (PRRs),
including MDAS, RIG-I and cGAS-STING, expressed by
keratinocytes leading to production of IFN-regulated genes
[29]. The response in keratinocytes is toll-like receptor
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(TLR)-independent [1]. Keratinocytes produce IFNk and
IFNA (type I and type III IFNs), which, by autocrine secre-
tion, further induce the keratinocytic production of IFN-
regulated proinflammatory cytokines, including interleu-
kin (IL)-6, and chemokines, including CXCL9, CXCL10
and CXCL11, which are CXCR3 ligands [29-31]. The IFN
response is, among others, mediated via Janus kinase (JAK)-
signal transducer and activator of transcription (STAT) sign-
aling [30]. The aforementioned chemokines interact with
(autoreactive) cytotoxic T cells via CXCR3-binding, also
promoting keratinocyte cell death by recruitment of cyto-
toxic T cells [32, 33]. Nucleic acid motifs also activate the
inflammasome via melanoma 2 (AIM2) [34]. Interestingly,
IFN-k is upregulated and basal phospho-STAT (pSTAT)
activity is higher even in healthy-appearing skin of CLE
patients compared with skin of patients with other chronic
inflammatory skin disease (psoriasis) [30]. As outlined, the
inflammatory interplay is complex and numerous inflam-
matory cells contribute to CLE pathology. Therefore, in the
following sections, we outline recent findings considering
specific types of cells in the orchestration of inflammation
in SLE and CLE.

2.2.1 Dendritic Cells

After initial keratinocyte cell death, antigen-presenting cells
(APCs) sense accumulating nucleic acids, among them den-
dritic cells (DCs) and pDCs. pDCs are recruited to the skin
lesions via CXCL-chemokine interaction with CXCR3 [24].
PDC:s sense nucleic acids mostly via TLRs, especially TLR7
and TLRO [35]. Uptake of nucleic acids and immunecom-
plexes may be achieved by endocytosis via TLR9 and cluster
of differentiation (CD) 32, at least in SLE [36]. Upon PRR
activation, pDCs produce large amounts of type I and type
IIT IFNS, cytokines and ILs, further orchestrating the autoim-
mune circle [37, 38]. The presence of type I IFN is necessary
for pDC maturation and migration [39].

PDC infiltrates are observed in a great proportion of skin
biopsies and can form clusters in CLE skin lesions [38, 40];
however, not all skin lesions harbor a pDC infiltrate [41].
Recently, single-cell ribonucleic acid (RNA) and spatial
RNA sequencing has shown that even healthy-appearing
skin of CLE patients contains a type I IFN-rich environ-
ment and that CD16+ DCs undergo IFN priming in the skin,
leading to proinflammatory subtypes [42]. Because of their
central role in CLE pathophysiology, pDCs are an attractive
therapeutic target. One potential targeted pDC therapy is the
blood DC antigen 2 (BDCAZ2) receptor, which is exclusively
expressed on pDCs [43]. BDCAZ2 suppresses IFN induction
[44].

2.2.2 Tcells

Lesional inflammatory infiltrates mainly consist of T cells,

B cells, DCs, natural killer (NK) cells, and, infrequently,
neutrophils [25, 45]. CXCR3-expressing T cells are
recruited into skin lesions via CXCL10. Physiologically,
T cells recognize antigens presented by APCs via T-cell
receptor (TCR)/major histocompatibility complex (MHC)
interaction. Upon TCR engagement, downstream signaling
pathways are activated, leading to various T-cell functions.
T cells have a lower threshold of activation in lupus patients
[46]. Due to defective CD3 chains, the spleen tyrosine kinase
(SYK) and Fc receptor y-chain (FcRy) association results
in higher phosphorylation of signaling molecules and an
enhanced calcium influx, leading to enhanced TCR down-
stream signaling [47]. Additionally, transcription factors
lead to differential expression of numerous genes, including
the CD40 ligand (CD40L) [48], a co-stimulatory molecule
engaged in B-cell interaction, promoting B-cell functions
such as proliferation, differentiation, antibody production,
and class switching [46]. Increased CD40L does not only
have an impact on B cells interacting with T cells but also
on APCs. It leads to increased expression of co-stimulatory
receptors on APCs, further intensifying the TCR signal [49].
Several different pathways have been described as defective
(such as cyclic adenosine monophosphate-dependent phos-
phorylation, protein kinase C) or increased (such as phos-
phatidylinositol-3 kinase (PI3K) [46]. Apart from altered
pathway signaling, lupus T cells display differential DNA
methylation of several genes, leading to differential gene
expression [46]. Furthermore, SLE patients show an IL-2
deficiency [50]. IL-2 is important for T-cell polarization, and
decreased IL-2 expression enhances inflammatory T-helper
17 (Th17) cell formation [51].

Upon activation, cytotoxic T cells target keratinocytes of
the basal epidermal layer, histologically resulting in inter-
face dermatitis [52]. However, this applies for CLE subtypes
with superficial involvement and plays a minor part in der-
mal or subcutaneous CLE subtypes such as LE profundus.
Cytotoxic markers such as granzyme B expressed by CD8+
T cells are present in CLE skin lesions and are likely to be
induced by IFN [53, 54]. Interestingly, granzyme B expres-
sion is higher in scarring lesions of CDLE compared with
non-scarring lesions of subacute CLE, suggesting a patho-
physiologic role in scarring lesions in CLE [54].

Initiation of cutaneous inflammation is likely to be trig-
gered by Th2 cells, but fully established lesions shift to a
Th1-dominated inflammation [52, 55]). Th1 cells stimulate
type I IFN production of cytotoxic T cells and macrophages
[52, 56]; not only cytotoxic T cells are responsible for
keratinocytic apoptosis. Lesional CD4+ T cells can directly
induce keratinocytic apoptosis via FAS/FAS ligand (FAS-L)
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interaction [57]. T-helper cells produce IL-21, inducing the
expression of granzyme B in pDCs, promoting NK cells to
attack keratinocytes [58, 59]. On the other hand, type I IFNs
negatively regulate granzyme B production by pDCs [58].
Th cells can react to nucleosomes released from dying cells
and induce (anti-DNA-)antibody production of B cells in
SLE [60-62]. Th clones in lupus produce IL-2, IFNy, and
IL-4 [63], and CD4+ T cells overexpress perforin, which is
epigenetically regulated via DNA methylation [64].

The number of CD4+, CD8+ regulatory, and y8-T cells
is significantly reduced in CLE compared with other inflam-
matory skin diseases or healthy individuals, and impairment
of regulatory immunosuppressive function contributes to
the autoimmune circle [46, 65, 66]. Furthermore, emerging
evidence points out that composition of the inflammatory
infiltrate differs among CLE subtypes. CD4+ T cells and
FOXP3+ T cells are significantly reduced in skin lesions of
patients with subacute CLE compared with CDLE, as is the
CD4/CDS ratio [67].

2.2.3 B Cells and Plasma cells

B cells harbor a central role in LE pathogenesis by the pro-
duction of autoantibodies against nuclear components and
their complex interplay with T cells [18, 68—70]. The capac-
ity of B cells to produce antibodies is enhanced by differ-
ent IFNs, however, prolonged type I IFN exposure drives
autoantibody production [71]. A new mouse model estab-
lished the role of IL-21 and TLR7/9 in the context of B-cell
recruitment to inflammation sites in CLE lesions and local-
ized antibody production [72]. IL-17 recruits immune cells
and augments antibody production of B cells in SLE [73].
SLE patients frequently present with antinuclear antibodies
(ANAs) but only a minority of CLE patients display detect-
able autoantibody levels in the serum [74]. Similarly to SLE,
autoantibodies against ribonucleoproteins (anti-Ro antibod-
ies) and La are frequently found in SCLE but fewer in CDLE
[75]. Different studies reported a specificity of autoantibody
presence and CLE subtype [76]. The presence of antibodies
are in accordance with the HLA-DR3 phenotype in SLE
[74], and the presence of different antibodies (e.g. Ro or
LA) are associated with disease severity in SLE [77]. IL-17
recruits immune cells and augments antibody production
of B cells in SLE [73]. Besides autoantibody production,
B-cell migration, receptor engagement, antigen presentation,
cytokine responsiveness and production, survival, differen-
tiation and class-switching are IFN-dependent [71].
Recently, the understanding of the pathophysiological
role of B cells in LE has shifted, since strong B-cell sig-
natures and lesional B-cell infiltrates have been described
in patients with autoantibody-negative CLE [41, 78].
Beside antibody production, B cells can contribute to the
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autoimmune reaction by different mechanisms. For example,
emerging evidence points towards an antigen-presenting,
T-cell activating function of B cells [41]. Lesional B-cell
infiltration varies among LE subtypes [41, 79]. B cells can
form clusters and arrange in lymphoid-like structures in the
skin, called tertiary lymphoid organs/structures (TLO). In
different subtypes of CLE, the formation of dense B-cell
clusters or TLOs has been described, e.g. in LE profundus
or CDLE [41, 80]. TLOs are highly organized structures
containing T and B cells, contributing to autoimmunity [81],
and have been described in detail in lupus nephritis [82, 83].
B cells can harvest a regulatory function, as is described for
SLE [84], and can interact with keratinocytes via B-cell-
activating factor (BAFF/Blys) and its receptor in both SLE
and CLE, whereby BAFF is expressed by lesional keratino-
cytes and the associated receptors (BAFF-receptor [BAFF-
r], transmembrane activator and CAML interactor [TACI],
B-cell maturation antigen [BCMA]) by B cells [41, 85-87].
BAFF is a membrane-bound or soluble factor necessary for
B-cell maturation [88]. BAFF expression in keratinocytes
can be induced by immunostimulatory DNA motifs, high-
lighting its significance in CLE [86]. B cells produce high
levels of cytokines such as IL-6, which in turn is important
for B-cell survival [18, 89].

During the maturation process, B cells exhibit immu-
noglobulin class switching and somatic hypermutation to
differentiate into antibody-secreting plasma cells; those
processes can occur either in germinal centers or extrafol-
licular locations, and both have been described in SLE [90].
Somatic hypermutation and isotype switching are depend-
ent on CD40 and IL-21 [18]. Plasma cell differentiation
is supported by Th cells [90]. After activation of naive B
cells, plasma cells are generated and persistently produce
antibodies while receiving survival signals, mediated by the
BAFF axis and IL-6, originating from adjacent cells [81].
Plasma cells can reside and accumulate at the site of inflam-
mation [91]. Even in the absence of antigens, plasma cells
can produce antibodies, as they receive survival signals via
BAFF or IL-6 [18]. Similar to naive B cells, plasma cells are
responsive to IFN [92]. Different plasma cell subsets have
been described to secrete autoantibodies against different
structures in SLE [93, 94].

2.2.4 Natural Killer Cells

In SLE, peripheral NK cell levels show an inverse corre-
lation with disease activity [76]. Lupus NK cells secrete
higher IFN levels compared with healthy controls, and cyto-
toxic functions are impaired [95, 96]. NK cells are enriched
at lesional inflammation and are able to proliferate in CLE
skin lesions [97]. The definitive role of NK cells remains
unclear regarding CLE pathophysiology.
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2.2.5 Neutrophil Granulocytes

Neutrophil granulocytes are early responders in the course of
tissue damage. Neutrophils produce antimicrobial peptides
(AMPs; e.g. LL-37) and reactive oxygen species (ROS) [98],
and establish neutrophil extracellular traps (NETS), which
are nets consisting of chromatin, histones and other intra-
cellular content [99, 100]. The process of NET formation,
‘NETosis’, can be a source of immunogenic materials, and
along with release of AMPs, has been linked to autoimmun-
ity. A recent study showed a high molecular heterogeneity in
pathogenic neutrophil subsets in SLE (so-called low-density
granulocytes [LGS]) with, among others, differences in NET
formation and response to type I IFNs, displaying a high
number of IFN-induced genes [101]. LGS have been asso-
ciated with increased vascular inflammation and arterial
dysfunction in SLE [102]. Not only are neutrophils prone
to NETosis, but also impaired degradation of NETs due to
enzymatic blockade or antibody formation can promote SLE
activity [103].

Upon NET formation and by release of other immune
cells, complexes formed by double-stranded DNA (dsDNA)
and LL-37 are taken up by pDCs via endocytosis and are
recognized via TLRO, leading to activation and type I IFN
production in SLE [104]. LL-37/dsDNA complexes can
serve as autoantigens [98]. Higher levels of LL-37 and
other AMPs have also been observed in CLE skin lesions,
as well as skin lesions from SLE patients compared with
healthy controls [105, 106]. Furthermore, NETs are present
in several CLE subtypes (panniculitis, ACLE, DLE) [107];
however, it has yet to be elucidated if, and to what extent,
those subsets of neutrophils and AMPs play a pathophysi-
ologic role in CLE.

2.2.6 Macrophages

Monocytes and macrophages hold different biological func-
tions, such as phagocytosis or cytokine production [108].
Monocytes exert antigen-presenting properties in SLE [109].
Contrary results have been published on whether differing
monocyte and macrophage numbers in lupus patients ver-
sus healthy controls are found. Several studies describe an
impairment in uptake of apoptotic material and prolonged
phagocytosis, leading to accumulation of potential autoan-
tigens and further immune stimulation lupus [110, 111].
One study reported an impaired phagocytosis capacity of
macrophages from SLE patients only in the presence of
patients’ serum [111]. Macrophages from SLE patients have
an impaired adhesion capacity [110]. Furthermore, mac-
rophages can be classified into M1 macrophages, which har-
bor inflammatory and destructive properties and are induced
by IFN, while M2 macrophages, which harbor regulatory
properties, are involved in tissue repair and are induced by

IL-4 or IL-13 [112]. In SLE, polarization tends towards M1
macrophages, as M1 genes (e.g. STATI and SOCS3) were
among differentially expressed genes in monocytes from
SLE patients [113, 114]. In a mouse model, adoptive M2
macrophage transfer led to decreased SLE severity [115].
One study found FAS-L-expressing macrophages
enriched around hair follicles in CLE patients, potentially
being responsible for lupus-associated scarring alopecia via
a direct FAS/FAS-L interaction with keratinocytes of hair
follicles [57]. More detail about the potential functions of
macrophages in SLE is outlined elsewhere [116]. Of note,
a recent study suggested a pathophysiologic, inflammatory
role for the microRNA (miRNA) miR-4512 in monocytes
and macrophages in SLE via the TLR4-CXCL2 axis [117].

3 Treatment and Future Directions

Based on the aforementioned pathophysiology of CLE, treat-
ment mainly relies on the avoidance of typical triggers and
dampening of the effects of key immunologic reactions. We
briefly recapitulate commonly used substances and reflect
on developments that are more recent.

3.1 Conventional Treatments

A variety of immunosuppressive and immunomodulatory
drugs are in use for CLE (see Table 2 for an overview).
There is a striking lack of licensed drugs both in Europe and
the United States (US). Being a chronic-relapsing inflamma-
tory skin disease, long-term remissions are rare in CLE and
many patients require continued treatment. In a longitudinal
cohort study, factors associated with a lower chance of long-
term remission were smoking and discoid CLE [118].

3.1.1 Topical Treatment

Optimal broad-spectrum sunscreen is mandatory for all
patients. Topical corticosteroids (TCS), especially more
potent agents such as fluocinonide, are the first-line
options for circumscribed CLE [119]. Intralesional appli-
cation with triamcinolone suspension may also be suit-
able in specific localizations such as the scalp. However,
use is limited by typical adverse effects (skin atrophy)
and lack of efficiency in widespread disease. Topical cal-
cineurin inhibitors (TCI; pimecrolimus, tacrolimus) may
be used (off-label) for sustaining remissions, especially
in facial lesions, but they often fail to control flares of
the disease. The response varies among clinical subtypes.
Some authors argue for off-label use of topical retinoids
(tazarotene, tretinoin) in hypertrophic lesions [119]. Topi-
cal treatment is also a mainstay as adjunct to systemic
treatments [120].
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Table2 Overview of conventional systemic therapeutic approaches and their value in national guidelines [119, 123, 124, 126, 182]

Mode of action Drug Mode of action and appli-  Setting FDA approval EMA approval Recommendation for CLE
cation
Glucocorticoids Prednisolone Immunosuppressive; oral/ SLE/CLE Yes Yes First-line (GER, UK) for
Dexamethasone intravenous flares
Antimalarials HCQ Immunomodulatory: SLE/CLE Yes Yes First-line (GER, UK)
Chloroquine suppression of TLRs, - Yes (SLE) First-line (GER), second/
enhancement of Tregs; third-line (UK)
oral
Mepacrine Immunomodulatory; oral ~ CLE - - First-line as an alternative to
HCQ or as an adjunctive
(GER, UK)
Antibiotics Dapsone Immunomodulatory; oral ~CLE - - Second-line (GER, UK)
Clofazimine Immunomodulatory; oral CLE - - Third-line (UK)
dMARDs Methotrexate Immunosuppressive/ SLE/CLE - - Second-line (GER, UK)
immunomodulatory;
oral/subcutaneous
Azathioprine Immunosuppressive; oral ~ SLE - Yes (SLE) Not recommended (GER,
UK)
Ciclosporin Immunosuppressive; oral ~ SLE - - Not recommended (GER,
UK)
Cyclophosphamide ~ Immunosuppressive; oral/ SLE - Yes (severe Not recommended (GER,
intravenous SLE with UK)
nephritis)
Mycophenolate Immunosuppressive; oral ~ SLE/CLE - - Second-line (UK), third-line
mofetil/mycophe- (GER)
nolic acid
Lenalidomide Immunomodulatory; oral ~ CLE - - Third-line (UK), selected
cases (GER)
Thalidomide Immunomodulatory; oral CLE - - Third-line (UK), selected
cases (GER)
Retinoids Acitretin Modulation of keratino- CLE - - Second-line (GER, UK) for

cytic differentiation; oral

hypertrophic types of CLE

dMARD:s disease-modifying antirheumatic drugs, TLR toll-like receptor, Tregs regulatory T cells, SLE systemic lupus erythematosus, CLE cuta-
neous lupus erythematosus, FDA US Food and Drug Administration, EMA European Medicines Agency, GER Germany, UK United Kingdom,

HCQ hydroxychloroquine

3.1.2 Systemic Treatment

In widespread CLE or circumscribed CLE irresponsive to
topical treatment, a variety of systemic agents are in use,
mostly with a low level of evidence. Recommended first-
line treatments for active or widespread lesions are systemic
glucocorticosteroids (e.g. prednisolone, dexamethasone) that
typically exert a broad immunosuppressive effect, and anti-
malarials with an immunomodulatory effect. Both groups
of drugs have been available for decades and are licensed
for this indication. Among the antimalarials, hydroxychlo-
roquine (HCQ) is generally favored above chloroquine (CQ)
due to a more favorable adverse effect profile. Mepacrine
may be used if HCQ and CQ are not well tolerated or if mon-
otherapy fails to achieve disease control. The exact mode of
action of antimalarials in CLE is still not exactly defined, yet
dampening of TLRs and inhibition of the production of type
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I IFNs have been described [1]. A recent study found vari-
ability in the therapeutic response to antimalarials defined by
alternating immune profiles of responders and non-respond-
ers [121]. Predictive biomarkers for therapeutic response are
missing. To prevent osteoporosis in the course of sun protec-
tion and glucocorticosteroid use, vitamin D supplementation
should be incorporated in the treatment plan [122]. Second-
and third-line treatments according to the German [119,
123] and British [124] national guidelines are summarized
in Table 2. Drugs most commonly used include methotrexate
(MTX), dapsone, and mycophenolate mofetil (MMF) [125],
whereas immunosuppressive agents in use for SLE [126],
such as azathioprine (AZA), are not recommended for the
management of CLE. In a recent retrospective analysis of
CLE patients irresponsive to antimalarials, MTX and MMF
showed similar therapeutic efficiency in different clinical
subgroups [127]. Dermatologic peculiarities include the
use of acitretin for hypertrophic CLE lesions and the use of
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thalidomide and lenalidomide for severe or refractory cases.
Acitretin was found to be an effective treatment option in a
recent prospective, open-label, uncontrolled study with an
acceptable safety profile [128]. The use of lenalidomide is
supported by retrospective observational studies [129] and
case series [130]; however, strict contraceptive measures
must be taken into account, and neurotoxicity limits its use.
All of the aforementioned immunosuppressive or immu-
nomodulatory drugs have various effects on the pathophysi-
ology of CLE but none of them act in a targeted manner. The
current state of CLE treatment is concisely summarized in
previous works that deserve mentioning [131, 132].

3.2 T-Cell-Directed Treatments

As stated previously, the inflammatory reaction in CLE
may be skewed towards a prevailing of different inflamma-
tory cell types. We discuss targeted treatments based on our
aforementioned approach, with a focus on T cells, B cells,
pDCs, or IFN preponderance. A more general review about
recent developments in targeted therapy of autoimmune skin
diseases has been reported elsewhere [133]. We therefore
omitted some targeted approaches using cytokine blockade
that is well-established in psoriasis (e.g. IL-12/23 blockade,
ustekinumab) [134].

Various drugs are in development either to reduce the
effects of cytotoxic T cells or to promote the anti-inflam-
matory properties of regulatory T cells (Table 3). Amise-
limod (MT-1303) is a functional antagonist of sphingosine
1-phosphate (S1P) receptor 1 that showed good toler-
ability in a multicenter, open-label, phase Ib clinical trial
for SLE patients [135]. S1P is involved in the egress of T
cells from secondary lymphoid organs to sites of inflam-
mation. A reduction of skin symptoms was described in
patients finishing the 24-week trial period according to
the Systemic Lupus Erythematosus Disease Activity Index
2000 (SLEDAI-2K), without mentioning further details.
Another potential target is the CD40 ligand; antagonistic
drugs may interfere with antigen presentation to T cells.
Use of dapirolizumab pegol was assessed in a randomized,
placebo-controlled, phase II study in patients with moder-
ate to severe active SLE. Improvements in various clinical
measures, including in the Cutaneous Lupus Erythematosus
Disease Area and Severity Index (CLASI), compared with
placebo, were observed although the primary objective was
not met [136]. Another CD40 ligand antagonist is frexalimab
(SAR441344). Recruiting clinical trials in the indications of
SLE and primary Sjogren’s syndrome are currently ongoing,
however no results are available yet. Another T-cell-directed
approach is the selective expansion of regulatory T cells, and
an agent of interest is efavaleukin alfa (AMG 592). Results
from a phase Ib study in 35 subjects with SLE are available

and demonstrated a favorable safety profile [137]. Clinical
efficacy will be investigated in phase II studies.

3.3 B-Cell-Directed Treatments

Modulation of B-cell activity has been within the scope of
therapeutic research in SLE and CLE for a while. Similar
to antimalarials, the individual therapeutic response is hard
to predict, which may be attributable to the variety of func-
tions of B cells in fine tuning the inflammatory response as
outlined earlier. However, a B-cell-directed therapy was the
first to achieve US FDA and European Medicines Agency
(EMA) approval for SLE in decades, which highlights the
potential of B-cell modulation.

3.3.1 B-Cell-Activating Factor Receptor Inhibition

BAFF is a cytokine crucial for the development, sur-
vival and differentiation of B cells, and is also known as a
B-lymphocyte stimulator (BLyS). A closely related protein
with similar functions is A PRoliferation-Inducing Ligand
(APRIL), also known as CD256. Both proteins may bind to
three receptors, i.e. BAFF-r, BCMA, and TACI. Monoclonal
antibodies and fusion proteins capable of interfering with
the ligand—receptor interaction are potential candidates for
the treatment of CLE. Notably, belimumab, a monoclonal
antibody binding to BAFF, was licensed for the treatment of
refractory SLE in 2011 [138], although the pivotal study did
not precisely assess clinical outcome regarding skin lesions.
A first case series regarding successful use of belimumab
in five patients with CLE was published 2017 [139], fol-
lowed by case reports [140] and a monocentric case series
with seven patients [141]. In 2020, a multicenter, retrospec-
tive, observational trial was published that included 16
CLE patients [142]. After 6 months of treatment, half of the
patients showed at least a 50% reduction in CLASI scores.
Finally, in 2021, a prospective, observational study with
five patients with CLE was published and showed favora-
ble results [143]. Currently, the efficacy of belimumab for
therapy-resistant skin manifestations in LE patients is being
investigated in a phase III, multicenter, randomized, dou-
ble-blind, placebo-controlled, 24-week trial (BELI-SKIN,
EUDRA-CT: 2017-003051-35) and the results are eagerly
anticipated. Another monoclonal antibody binding to BAFF
(tabalumab) did not meet key clinical endpoints in a phase
III study in SLE and there is limited information on the effi-
cacy on cutaneous lesions [144]. Fusion proteins binding to
BAFF and TACI represent a similar mode of action. Ataci-
cept showed the capacity to reduce flares in patients with
SLE in a phase IIb clinical trial, but data on CLE are limited
[145]. Telitacicept is currently under investigation for SLE
and received fast-track designation status by the FDA in light
of positive results. The Chinese National Medical Products

A\ Adis



D. Niebel et al.

530

(8u103u0) 7ZZ16SSOLON
1 oseyq (parerdwoo)

snoaueindqns

(reLLIIA

YCyLI8EOLON ‘I °seud - - 4710 “Apoquue VY I T-0UY ‘PELL-NZH) qewiipxeq
(Bunmuioar) 6167$€S0LON
11 9seyd ‘(parerdwod) Snoau
86SLY8COLON -1I °seud - = AIS/ATD  -eIndqns fuonIquyul 7voHdad (6s0d119) qeuynIy sardexoy) payoenp-pd
(payeurwu
-191) 98%9.1TOLIN ‘1 3seUd - - CEN [BI0 “IOJQIYUI SWOSBI)01] qraiozex|
(pareurnu SNOUQA
-131) $6S701Z0LDN :II oseyd - - IS -enul L10)IqIyul QWOosed)old qruozajiog  sa1deray) pajodIIp-[[9d-eWse[]
(parerd [eJ0 £10)
-wod) €8 191€0.LON 11 9seud - - IS -e[npour dseSI[ ¢ UO[qa1e) (02T-DD) 9pruopIaqy
610¢
(Sunmuioar) Joquaydeg :snuydou sndng SNOUQA
96C€96¥0.LON -1II @seud —  loj uoneusisop yInoryyearq 1S -enul :Apoqnue-(ogd-nuy qewnzmnuiqo
(pareduwoo) 696.L€100LON
II/IT 9seyd ‘(pa3erduwiod) SNOUAA
[6¥9€000LON -II/1 °seyd - - g1s  -enur Apoqnue-ogd-nuy qewnxmry
(Bunmidar) z1z506¥0LON
A1 9seyq ¢(Suninioar) 0202 snoaueINIqns (U1}
€0CLYTSOLON -1 °seyd - [udy sniels yoen 1se ‘qIS 1S -oxd uorsny) uonqyur [HV.L, 1deoroenpeg,
(8uroSuo) G¢-150£00 SNOAUEBINOQNS/SNOUA
-L10€ -LO®Ipny 1T 9seyd 110 A :7TS [10T YT :HIS HIS/ATO  -enut ‘uoniquyui SATg/44vd qewnwijeg sordesoy) pajoaIIp-[[e0-g
(parerd SNOJUBINIQNS UL}
-Wod) ZZH1SHEOLON 1 9seud - - q41S -o1d uotsny of uromw - (¢6S DINY) BJ[E UD[nO[eAR)H
(Sunmiroar) SNOJUBINOQNS/SNOUIABTIUT
0%786€0SO.LON “II °seyd - - CEN “istuoSelue puest-OydD (rPETPPEVS) qeuiiexary
(Sunmuioar)
L99Y6CY0LON ‘111 °seud
‘{(uoneyAul Aq JuNINIOAT) snoudAenul
TTEILEVOLIN -TIT oseud - - a8 “istuoSeue puest-OraD [03ad qeumzrjornde
[e10 ‘)stuo3ejue
(payerd [euonouny | 103dooar
-Wod) €49/0£Z0.LON 1 9seud - - CON apeydsoyd-1 sursoSurydg (E0ET-LIN) powtjastuy sarderoty) peyoartp-[[2o-1,
uon
Ioynuapi/juowdoeAap Jo aseyq reaoxdde yINg reaoxdde v Sumeg  -eoridde pue uonoe Jo SpojN 3niq UOT}O’ JO 9POJA

20T ToquiaroN payepdn

ise] ([¢gT] ‘Te 10 uuewaSorIg WO PIYIPOW) SJSqNS SUMYOIAI/[[0 AJojewueyul jueurwiop 9y} uo Surpuadop [njesn jsowr 2q prnod jey) soyoeoidde Adeioyy pejoSie) Jo malAIoAQ € 3|qel

A\ Adis



531

Cutaneous Lupus Erythematosus: An Update

aseuny

QuIS01A) ud9[ds Y LS ‘oseurny auIsoik) YA ‘Oseury snuef Yy ‘[[99 onupuop projkoewse[d Hgd ‘ureyd 0 10)dooar ¢/0-uoIejaiul JY VAL ‘v Joquew y Awejqns 103dooar oyIf-urinqojounuuwr
9Ko0NN3] £VYTIT ‘T UASNUE [[90 ONLIPUSP POO[q IV ‘T0I0BIANUI TINVD PUB J0JBAIOR QURIqUIDWISURT) [V 10)oe) SUneANOR-[[99-g 4,V ‘Jorenuns NLooydwA[-g §47g ‘Joquinu [eriy,
[eorur]) TeuoneN JON ‘AoueSy souripoy ueadoing ypyyg ‘UOnENSIUIUPY Sni(] pue pood S V4 ‘UD[NS[IoUI 77 ‘snsojewoyikio sndn] snosueind 77) ‘snsojewrayif1o sndnj oruoisks 77§

(so3uaqreyd
JUUNINIOAI O} NP pajeurtl
-191) GS68S6E0LIN ‘11 seUd - - 10 Tedordo) fuonqyur S v[-ued SLusich-Ele|
(paerd reordoy
-wod) 0SOL6STOLON 11 oseud - - 4710 ‘uonIqIUI S PUB £V (€ccTend) ceed
(payord
-Wod) LSt/ T6TOLON 1 9seud - - 4710 [eordoy ‘uonIqryur Y XS Y9C9r9TASD
(Sunmnioax
19£10U) LOFOZISOLON
pue L/9L19S0LON
11 oseyd ‘(Sunmioar)
€0LS8YOLON ‘11 °seud - - 4710 [BI0 ‘UONIQIYUI THA L qlunioeaednLg
(pajerd
-wod) ZZTHETE0LIN 11 9seud - - 4710 [BI0 ‘UONIQIUE [ XS quuoyderue]
(Sunmioar)
YCE8BTEOLION “II °seyd - - 4710 [RI0 “UOnIqIUE ¢/T[ V[ quunIoejoy,
(pavord
-Wod) ZTTHETE0LIN 11 oseud - - 4710 [BI0 ‘UOnIqQIUI [ V[ Qunos[Ly
(payordwoo) SNOQUEBINOQNS/SNOU sorderoy)
TI69YFTOLON “IIT @seUd  ¢T0T A1eniqad :q1S 120T AInf :q1S 271S  -SAwnul lUOBIqIUI [YVNAI qewnjoyruy  pajoaxp-Kemyed uordprau]
uorn
Ioynuapi/juawdoraAap Jo aseyq reaoxdde vINg reaoxdde v Sumeg  -eorpdde pue uonoe Jo Spojy Sniq UOT}O. JO SPOJA

(ponunuoo) g 3jqey

A\ Adis



532

D. Niebel et al.

Administration (NMPA) granted telitacicept conditional
marketing approval for the treatment of adult patients with
active, autoantibody-positive SLE [146]. Thus far, there is
no detailed information regarding the effects of cutaneous
manifestations.

3.3.2 B-Cell-Depleting Therapies

CD20-based depletion of B cells was a milestone in the ther-
apy of hematologic malignancies and numerous autoimmune
diseases. To date, rituximab, a first-in-class CD20 mono-
clonal antibody, failed to achieve licensing in SLE [147].
In a prospective study with 82 SLE patients, 32 had severe
mucocutaneous involvement before or after treatment. Only
patients with ACLE showed a favorable response to rituxi-
mab, while chronic CLE patients failed to show improve-
ment [148]. In a single-center, retrospective cohort study
in Great Britain, 38 of 50 (76%) CLE patients receiving
rituximab improved regarding mucocutaneous symptoms,
with somewhat lower numbers for patients with subacute
CLE and chronic CLE [149]. Notably, some authors describe
ongoing complete remissions following only two infusions
of rituximab in CLE [150]. Other B-cell-depleting agents
are under clinical investigation for SLE, including obinutu-
zumab [151], obexelimab [152], and ocrelizumab [153], and
might show alternating efficacy on mucocutaneous lesions
in LE patients when compared with rituximab. Thus far,
there are very limited clinical data on CLE with these agents.

3.3.3 Inhibition of Differentiation of B Cells to Plasma Cells

Iberdomide, a cereblon E3 ligase modulator that promotes
degradation of transcription factors involved in autoimmun-
ity, is under investigation for SLE. The results of a multi-
center, phase II study including 288 patients were recently
published. The outcome after 24 weeks was favorable in the
iberdomide group when compared with placebo [154]. The
reduction of CLASI was analyzed as a secondary endpoint.
Sixty-four patients had a CLASI-A score of at least 10 at
baseline, and the differences between the iberdomide and
placebo groups with respect to a CLASI reduction of 50%
ranged between 5.3% and 24.0% in different dosing groups.
In light of this therapeutic range, patient selection seems to
be crucial, which should be determined in further studies.

3.3.4 Plasma-Cell-Directed Therapies

In order to reduce circulating autoantibodies, one therapeutic
strategy is the reduction of plasma-cell activity. Use of dara-
tumumab to deplete long-lived plasma cells was described
to be successful in SLE, as published in a small case series
[155]. Proteasome inhibitors are in use for myeloma therapy
and are under investigation for certain autoimmune diseases;
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however, clinical trials investigating the use of bortezomib
and ixazomib for SLE were terminated. At this point, the use
of these agents in CLE appears unlikely in the near future,
although in certain combinatorial settings, proteasome
inhibitors might be of use for severe cases of SLE [156].

3.4 Plasmacytoid Dendritic Cell-Directed
Treatments

pDCs are major stakeholders of the innate immune system
and are actively involved in the early inflammatory response.
Their role in CLE is well-established as they are producers
of large amounts of lesional type I IFNs, which then ampli-
fies inflammatory loops. BDCA2 is an important surface
antigen exclusively expressed on the cell membrane of pDCs
and was identified as a therapeutic target [157]. A human-
ized monoclonal antibody binding to BDCA?2 (litifilimab)
is under clinical investigation for CLE with or without sys-
temic disease. The results of a phase II trial with dosing
between 50 and 450 mg subcutaneously biweekly over the
course of 16 weeks are available [158]. One hundred and
thirty-two patients were enrolled in the trial, with the dif-
ference from baseline CLASI in the treatment arms ranging
between 24.3 and 33.4%, which was statistically significant
compared with the placebo arm. Tolerability was acceptable
and the authors concluded that larger and longer trials are
needed to determine the effects of litifilimab in CLE [158].

Another mode of pDC inhibition is the use of a mono-
clonal antibody directed at leukocyte immunoglobulin-like
receptor subfamily A member 4 (LILRA4) [daxdilimab].
An open-label extension study (phase II) is ongoing and the
estimated enrollment is 156 patients with SLE. The primary
outcome measure is safety, however no results are available
as yet. It will be very interesting to follow this therapeutic
approach and to determine which CLE patients could benefit
the most.

3.5 Interferon-I-Directed Therapies

When considering the major role of type 1 IFNs in CLE, it is
self-evident to evaluate therapeutic interventions regarding
these cytokines. Disappointing results of therapeutic trials
with monoclonal antibodies directed at IFNs led to shifting
the focus on the corresponding receptor (IFNAR1), which
turned out to be more effective. Indeed, only recently, an
IFN-targeted treatment was licensed for SLE, which might
point towards therapeutic potential for (subgroups) of CLE
patients. Downstream signaling of IFNAR1 mainly relies
on JAK1-3 and tyrosine kinase 2 (TYK2), which is another
promising approach for both topical and systemic treatment
modalities.
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3.5.1 Interferon Receptor Inhibition

The concept of IFNAR inhibition was found to be well toler-
ated and effective across multiple clinical endpoints in a phase
IIb trial including 305 patients with moderate to severe SLE
[159], which led to the initiation of further development of the
drug. In a placebo-controlled, phase III study (TULIP-2), 362
patients with active SLE were randomized to receive 300 mg
of intravenous anifrolumab or placebo every 4 weeks over a
course of 48 weeks [160]. The primary outcome measure of
the British Isles Lupus Assessment Group (BILAG)-based
Composite Lupus Assessment (BICLA) reduction was statis-
tically higher in the verum group. Interestingly, in this trial,
skin symptoms were assessed as a secondary endpoint defined
by improvement of CLASI by at least 50% (CLASI50). Of the
patients with a baseline CLASI of >10, within the anifrol-
umab group twice as many patients reached CLASI50 com-
pared with the placebo group. A post hoc analysis of the twin
phase III studies TULIP-1 and TULIP-2 established com-
parable findings for cutaneous disease manifestation [161].
Adverse effects most commonly observed included upper
respiratory infections, zoster, and influenza, which might be
attributable to interference with the antiviral cellular immune
response. A recently published placebo-controlled, phase III
extension trial underlined the favorable safety profile of ani-
frolumab, even in light of the ongoing COVID-19 pandemic
[162]. A pooled safety analysis of the phase II and III trials
also underlined the good tolerability [163]. The possibility
of reducing the daily dose of glucocorticoids might even be
favorable considering the risk of infection in subjects with
LE. In light of these interesting results in SLE patients, first
reports regarding the use of anifrolumab in CLE patients are
available. Only recently, successful use in a case series of
three patients was published by an American group [164].
Interestingly, the patients reported were pretreated heavily
with second- and third-line treatments, even belimumab.
Similarly, another case report described a reduction in CLASI
from 17 to 7 within 8 weeks of treatment initiation in an SLE
patient with predominant skin involvement [165]. After all,
IFNARI inhibition might be a breakthrough innovation for
the therapy of certain CLE patients, however more data are
necessary for treatment allocation considering the high cost
of the drug at this point in time.

3.5.2 Janus Kinase-Signal Transducer and Activator
of Transcription (JAK-STAT) Pathway

Given their substantial role in signal transduction of vari-
ous proinflammatory cytokines, including IFN signaling,
a multitude of JAK inhibitors, SYK inhibitors, and TYK?2
inhibitors are under clinical development for different

inflammatory skin diseases, including CLE. As they are
small molecules, administration may be oral or even topical,
potentially limiting adverse effects, which are dose-depend-
ent. Treatment approaches include selective inhibition of
singular JAKs (potentially more appropriate for systemic
treatment) or more broad inhibition of various JAKs (poten-
tially more appropriate for topical treatment), depending on
the specificity of the drugs.

In vitro data support the role of JAK1 and SYK in the
pathophysiology of CLE [166, 167]. Use of orally available
filgotinib (a JAKI inhibitor) or lanraplenib (an SYK inhibi-
tor) was assessed in a phase IIb study in 47 subjects with
moderate to severe CLE [168]. The drugs were generally well
tolerated, however the primary endpoint of CLASI50 at week
12 was not met. Efficacy was somewhat higher in the filgo-
tinib group compared with the lanraplenib group. In 2022,
French authors reported an impressive clinical response in a
heavily pretreated patient with an absolute CLASI of 58 upon
therapeutic challenge with oral upadacitinib 15 mg, a selective
JAKI inhibitor [169]. HCQ was continued during therapy and
the patient showed a reduction in CLASI50 within 3 months.
Similar reports are available for oral administration of barici-
tinib, a JAK1 and JAK2 inhibitor, following the encouraging
results of a phase IIb trial for SLE [170, 171]. The results
from two randomized phase III studies in subjects with SLE
were recently posted and showed somewhat disencouraging
results [172]. Tofacitinib, a JAK1 and JAK3 inhibitor, is cur-
rently under clinical investigation in an actively recruiting,
open-label, phase II study for young subjects with CLE and
SLE. A case series reported improvement of at least 50% skin
involvement in two of three heavily pretreated CLE patients
receiving tofacitinib 5 mg twice daily [173]. However, it is
noteworthy that JAK inhibitors might be associated with an
increased risk of major cardiovascular events. Furthermore,
thromboembolic events as a safety signal were observed for
tofacitinib in a surveillance study in patients with rheumatoid
arthritis [174]. SLE and CLE patients are at increased risk
for these events, therefore further study is needed to evaluate
safety in this cohort of patients.

Selective TYK2 inhibition might be less prone to off-
target adverse effects, including disruption of hematopoiesis
and cardiovascular adverse effects. Results from a phase IIb
trial of deucravacitinib, an allosteric selective TYK2 inhibi-
tor, in subjects with active SLE are encouraging [175]. Three
hundred and sixty-three patients were randomized to receive
either placebo or 3 mg/6 mg deucravacitinib twice daily, or
12 mg once daily, and while the adverse effects were com-
parable between the groups, a statistically significant larger
number of patients achieved CLASIS50 reduction in the 3 mg
group at week 48 compared with placebo. In light of these
results, larger studies are planned to evaluate the potential
therapeutic use in SLE and CLE patients.
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Even though the aforementioned clinical trial with sys-
temic SYK inhibition did not reach its primary endpoint,
topical SYK inhibition might be of value as overexpression of
SYK is frequently found in cutaneous LE lesions. A phase Ib
study established a favorable safety profile for GSK2646264,
however clinical efficacy did not statistically differ from pla-
cebo [176]. Another candidate that was in clinical develop-
ment was R932333, a dual JAK3 and SYK inhibitor. A phase
IIb study enrolled 54 patients to receive 6% verum twice
daily versus placebo (vehicle). There were no serious adverse
events but efficacy was not superior compared with placebo.
The topical pan-JAK inhibitor delgocitinib is already avail-
able in Japan. A case report of successful treatment of facial
lesions of subacute CLE with delgocitinib 0.5% ointment was
recently published [177]. In light of the advent of licensing
of topical ruxolitinib for atopic dermatitis and vitiligo in the
US, first reports about use in CLE patients are now available
[178]. More study is needed regarding this topical approach,
yet potent topical JAK inhibitors might expand the therapeutic
armamentarium for CLE patients, especially for specific sites
such as the face and the scalp.

Apart from our focused approach in this review, even
more drugs are under investigation for CLE or SLE. For fur-
ther reading, we refer to other reviews dealing with emerg-
ing therapies in CLE or other connective tissue diseases
[179-181].

4 Summary and Outlook

CLE is a complex disease with many facets, which might be
reflected partly by a varying dominance of specific immune
cell subsets and cytokine profiles. Still, a given clinical or
histological pattern fails to reliably predict cytokine or gene
expression. A better comprehension of molecular pathways
and individual disease-perpetuating factors will render the
way forward to personalized treatment options. The advent
of targeted treatment options licensed for SLE might also pave
the way to more precise therapeutic interventions in CLE.
Entering an era of precision medicine in CLE will be of ben-
efit for both patients and treating physicians, and upcoming
data of active clinical trials and real-world data will help to
further delineate the underlying multidimensional interrela-
tions. A close interdisciplinary exchange with rheumatologists
and nephrologists is mandatory for optimal treatment of lupus
patients to define the best therapeutic strategy.
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