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ABSTRACT

Systemic lupus erythematosus (SLE) is
a chronic autoimmune disease with a
wide range of clinical manifestations
and a relapsing-remitting course.

New data regarding pathogenic path-
ways, biomarkers and clinical manifes-
tations of SLE are emerging, and new
drugs and therapeutic protocols have
been proposed to improve the control
of disease activity. Furthermore, new
insights into comorbidities and repro-
ductive health in SLE patients are con-
stantly emerging.

This annual review aims to summarise
the most relevant data on SLE that was
published in 2022.

Introduction

This review aims to describe the most
relevant novelties regarding system-
ic lupus erythematosus (SLE) that
emerged in 2022, in line with the previ-
ous annual One Year in Review of this
series (1).

We performed a Medline search of
English language articles published
from the Ist January to 1st December
2022 using the following key words:
“systemic lupus erythematosus” AND
“pathogenesis”, “biomarkers”, “clini-
cal manifestations”, “comorbidities”,
“remission”, “low disease activity”,
“patients-reported outcomes”, “preci-
sion medicine”, “COVID19”, “infec-
tions”, “therapy”, “pregnancy” and re-
lated terms.

The most relevant original articles re-
garding adult SLE were selected for
inclusion in this review, while case re-
ports and review articles were excluded.

Pathogenesis

SLE expression is the result of both
innate and adaptative immune system
complex interactions, and genetic,
epigenetic, and environmental factors
contribute to it. During 2022 particular

emphasis was given to the role of in-
nate immunity in SLE, in the wake of
recent acquisitions on type I interferon
(IFN I) pathway.

Iwamoto et al. (2) explored the associ-
ation between IFN I activity and lupus
nephritis (LN) correlating serum IFN
activity with the expression of IFN-
induced genes and proteins in renal
tissue cells. They found a higher prolif-
erative LN prevalence in patients with
high serum IFN, and in renal biopsies
IFN-signature expression was mostly
increased in the glomerular areas of
active LN kidneys, suggesting a pos-
sible bloodstream source of IFN in the
pathogenesis of LN.

Instead, Siddiqi et al. (3) provided new
evidence on the association of IFN sig-
nature with disease activity. A cluster
of infrequently investigated IFN-regu-
lated genes (IRGs) (type II IRGs) with
potential significance for SLE patho-
genesis was analysed, and an associa-
tion between this subset and disease ac-
tivity was found, paving the way for the
inclusion of other IRGs genes in future
assessments of IFN signatures in SLE.
The analysis of the Illuminate trials
data showed an association between
anti-RNP antibodies and IFN gene
signatures (IGS), suggesting that anti-
RNP immune complexes may drive the
IGS without complement fixation (4).
As for novel evidence on genetic fac-
tors in SLE pathogenesis, seven single
nucleotide polymorphisms from IL-1f3,
IL-10, and TNF-a genes were found to
affect the risk of SLE and some of them
seem to be connected to the SLE phe-
notype (5). Moreover, a link between
specific genotypes and the serum con-
centrations of TNF-a., IL-1§, and IL-10
was found.

New evidence on the overlap between
genetics and epigenetics has been pro-
vided by Zhao et al. (6). The authors
described an alteration of the 3D ge-
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nome organisation in the CD4* T cells
of patients with SLE and its association
with disease activity; interaction loops
within chromosomes associated with
SLE disease activity was analysed,
revealing the potential relationship
between transcription factors, histone
modifications, genetic variation and
differentially expressed genes in SLE.

Noteworthy insights came from another
work (7) in which effects of immuno-
suppressant (IS) exposure on genetic
expression in SLE has been analysed.
This study explored a selection of dis-
ease-relevant gene “modules” a tool
increasingly used in genetic studies
— in a large cohort of SLE patients. A
marked impact of medication exposure,
in particular glucocorticoids (GCs), on
gene module expression was found,
highlighting the need to take this varia-
ble into account in blood transcriptional
profiling studies, to better interpret the
results and avoid misleading data.

Take home messages

e Interferon signatures in SLE are
complex and type II IFN-related
genes appear to be preferentially
upregulated in SLE patients with
higher disease activity (3).

* Disease-specific medications, in
particular glucocorticoids, have a
significant effect on genetic expres-
sion in SLE patients, and therapy
data from SLE cohorts should be
taken into account in the study de-
sign of gene expression in SLE (7).

Biomarkers

Last year, several studies on this topic
were published with new interesting
findings.

In a study of 232 SLE patients, high
levels of sialic acid binding Ig-like
lectin 1 (SIGLEC1), an IFN-1 surro-
gate marker had highly (92.2%) nega-
tive diagnostic value, but less sensitive
positive predictive value (72.8%), sug-
gesting that it may help to exclude SLE
in suspected cases (8).

Other biomarkers such as SIRT1 (sir-
tuin-1) and soluble ST2 correlated with
disease activity (9, 10). Also, interleu-
kin-6 was higher in the plasma of pa-
tients with active SLE in comparison
with quiescent cases (11). The levels
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of a number of other biomarkers cor-
related with renal involvement, for
instance, urinary IL-16 (u-IL-16) was
higher in patients with active lupus ne-
phritis and may be useful in differenti-
ating patients with proliferative lupus
nephritis from those with less severe
LN subtypes and urinal SLE (11).
Serum uromodulin was lower in pa-
tients with renal activity and may be
predictive of the risk of a renal flare
(12). Similarly, beta 2-microglobulin
correlated with BUN, serum creatinine
and 24-h urinary protein.

Finally, galactin-3 binding protein was
higher in proliferative and membra-
nous SLE nephritis, but not in patients
with mesangial form and correlated
with activity in renal biopsies (13).
Chemokine ligand 21 (CCL21) and
interferon gamma-induced protein 10
(IP10) correlated with lung involve-
ment and had high sensitivity (83.7%)
and specificity (94.1%) in detecting
pulmonary disease (14).

In addition to their diagnostic and pre-
dictive value in detecting organ in-
volvement and disease activity, some
biomarkers may be used in monitoring
response to therapy. In a post-hoc anal-
ysis, it was seen that low regulatory T
cells and skin rash may indicate good re-
sponse to low-dose IL-2 treatment (15).

Take home messages

e CCL21 and IP10 may detect pulmo-
nary involvement with high sensi-
tivity and specificity (14).

* [FN-I pathway activation is detect-
able in almost all newly diagnosed
SLE patients and a negative test for
SIGLEC1 could help to exclude
SLE in suspected cases (8).

e JL-33 and soluble ST2 levels are
increased in SLE, and soluble ST2
may represents a surrogate marker
of disease activity and complica-
tions of nephritis (10).

Clinical aspects and outcomes

SLE can affect various organs and tis-
sues, and the clinical manifestations of
lupus can range from mild to severe
and may vary greatly from individual
to individual. In 2019, for the first time,
fever was included among the items of
the EULAR/ACR classification criteria

for SLE, due to its higher prevalence
in lupus compared to mimicking con-
ditions. In this regard, a retrospective
study investigated the possible associa-
tion of fever with other clinical disease
manifestations (16), and the authors
identified a specific disease phenotype
characterised by fever, haematological
involvement, serositis and more severe
organ damage. In addition, the work
provided new insights into the role of
genetic background in the pathogenesis
of SLE-related fever since an associa-
tion between fever and the rs13361189
of the immunity-related GTPase M
(IRGM) gene, codifying for a key au-
tophagy protein, was found.

Within the framework of rare manifes-
tations, a recent paper drew attention
to six rare clinical conditions of SLE
focusing on their frequency and clini-
cal aspects (17). In most of the cases,
it was confirmed that the selected dis-
ease manifestations were uncommon in
SLE, except for gastrointestinal mani-
festations that were more frequent than
expected, with a prevalence ranging
from 0.5% to 10.7%. The rarest pul-
monary manifestations identified were
interstitial lung disease, lupus pneumo-
nia and shrinking lung syndrome, re-
ported in 4%, 3% and 1.5% of patients.
Myocarditis and pulmonary hyperten-
sion have also been rarely described in
SLE patients with a variable prevalence
ranging from 04-16% and 1-14%,
respectively. Ocular manifestations in
SLE included some rare manifestations
and lupus retinopathy, described in
1.2-28.8% of the cases. Finally, aseptic
meningitis and chorea were confirmed
to be rare manifestations, described in
less than 1% of cases.

Renal involvement is one of the most
severe and potentially life-threatening
manifestations of SLE, and in 2022
several papers focused on LN and its
evolution over time, with a particular
emphasis on the development of long-
term damage. A single-centre study in-
cluding 37 patients at their first episode
of biopsy-proven class III, IV, and/or
V LN, estimated glomerular filtration
rate trajectories in LN over 5 years fol-
lowing renal biopsy; 11 patients (30%)
accrued progressive renal damage de-
spite standard-of-care therapy and the
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achievement of complete proteinuric
response at one year (defined as <0.5
g/24 hours) (18). Comorbidities, his-
topathologic features, and treatment
strategies did not significantly differ
between patients with progressive re-
nal damage and those without. In an-
other study on 71 patients with biopsy-
proven LN (19), the course of proteinu-
ria, serum level of C3 and C4 and anti-
dsDNA antibodies titre were found to
be significantly associated with renal
relapse within 10 years of follow-up,
and decreased renal function at onset
and the first year after diagnosis was
predictive of impaired renal function
during follow-up. From a histopatho-
logical point of view, it is well known
that historically the LN classification
based on renal biopsy has been used to
distinguish various patterns of renal in-
volvement. Meaningful research in this
field has found new phenotypic forms
of LN, thus surpassing the traditional
classes included in the International
Society of Nephrology/Renal Pathol-
ogy Society (ISN/RPS) classification
system. A study assessed the histopa-
thology data obtained from 314 renal
biopsies from the Belimumab Interna-
tional Study in LN trial (20). Class III
was characterised by segmental endo-
capillary hypercellularity, class IVG by
global hypercellularity, wire loops, hy-
aline thrombi and double contours and
class IVS cases displayed intermediate
characteristics. By cluster analysis, two
main groups were distinguished and la-
belled as membranoproliferative-like
(global endocapillary hypercellularity,
wire loops, double contours and hya-
line thrombi) and vasculitis-like (seg-
mental endocapillary hypercellularity,
crescents and fibrinoid necrosis). Clus-
ter analysis revealed a new segregation
of LN lesions that are potentially eligi-
ble for targeted and diversified immu-
nosuppressive therapy (20).

The histological predictors of long-term
outcome of LN were analysed in 61 re-
peated kidney biopsies 49 months after
the first biopsy (21). Presentation with
nephritic syndrome and serum creati-
nine >=1.6 mg/dL at first biopsy predict-
ed an increase in the chronicity index
instead of induction treatment with any
immunosuppressive therapy and cyclo-
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phosphamide tended to protect from
an increase in the chronicity index. At
the second kidney biopsy two differ-
ent models — the first including activity
index >3 and chronicity index >4 and
the second model including moderate/
severe cellular/fibrocellular crescents
and interstitial fibrosis — predicted esti-
mated a decrease in the glomerular fil-
tration rate at multivariate analysis.

In the context of the patient’s perspec-
tive, a new model grouped patients into
two categories based on their symptom
experiences, the Type 1 and 2 SLE
model (22). Type 1 SLE included signs
and symptoms classically attributed to
inflammation such as arthritis, rash,
serositis, nephritis, central nervous
system lupus and certain laboratory
findings. Type 2 SLE included fatigue,
widespread pain, mood disturbance,
and cognitive dysfunction. The authors
observed that Type 2 SLE symptoms
occurred almost invariably during the
course of the disease and could have
two distinct patterns: intermittent and
in synchrony with Type 1 inflamma-
tory symptoms, or persistent Type 2
symptoms despite remission of Type
1 symptoms. A second study identified
clusters of SLE patients by analysing
data collected from 1.376 patients with
SLE via a cross-sectional survey (23).
Latent-class cluster analysis identified
four different groups, i.e. very mild,
mild, moderate, and severe, based on
the burden of symptoms across or-
gans or areas of the body. The very
mild cluster was characterised by skin
involvement and the mild cluster by
joint and skin involvement. The moder-
ate and severe clusters exhibited more
complex manifestations, cardiovas-
cular involvement was more common
in the moderate cluster, while renal/
mental factor involvement was higher
in the severe cluster. Patient-reported
impact including health status, fatigue,
work productivity impairment, anxiety/
depression, and emotional impact in-
creased with increasing cluster severity.
Interestingly, the proportion of physi-
cians and patients satisfied with treat-
ment decreased with increasing cluster
severity which indicated the highest
level of unmet need in the severe clus-
ter of patients (23). In addition, a cross-

sectional observational study (24) dem-
onstrated that patients with active dis-
ease were significantly more anxious
and depressed compared to patients
in low disease activity (LDA) state or
remission. Symptoms of anxiety and
depression had a significant negative
impact on quality of life and percep-
tion of disease activity, regardless of
other factors. Lastly, a study carried out
by Costenbader et al. (25) has further
contributed to this understanding. The
authors investigated the association of
SLE flares with patient-reported out-
comes (PROs) and healthcare resource
utilisation using real-world data. The
analysis showed a significant and con-
sistent association of flaring with a
range of PROs in SLE patients. Flaring
was also associated with worse FACIT
fatigue scores, health status, greater im-
pairment of work productivity and ulti-
mately with healthcare resources.

Take home messages

* Definitions of lupus nephritis treat-
ment response based on proteinuria
may fail to identify a proportion of
patients who continue to accrue renal
damage despite apparent response to
standard-of-care therapy (18).

* The long-term outcome of lupus ne-
phritis is variable and depends on
several factors, including baseline
serum creatinine and initial immu-
nosuppressive therapy. The role of
repeated kidney biopsy seems to
provide useful information on the
long-term prognosis of lupus nephri-
tis (21).

» Careful evaluation of the character-
istics of SLE, depicted by different
models or clusters able to encom-
pass clinical features and symptom
burden in different organs, is essen-
tial to address the unmet needs of
lupus patients (22, 23).

Comorbidities and organ damage
The complexity of SLE refers not only
to the multi-organ involvement linked
with the disease itself, but also to the
multifaceted connections that disease
activity could have with pre-existing or
incident comorbidities.

Frailty is defined as a loss of physiolog-
ic reserve arising from the accumulation
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of health deficits over-time. A recently
developed SLE-specific frailty index
(SLICC-FI) was externally validated
in the Dalhousie Lupus Clinic Registry
(26). The authors confirmed that patients
with established SLE judged as frail at
baseline had a significantly higher mor-
tality risk during follow-up compared
with those who were not frail. Similarly,
SLICC-FI changes predicted changes
in damage over time. The complexity
of SLE is also revealed in polyphar-
macy assessment. Polypharmacy was
investigated taking advantage from the
Manitoba Drug Program Information
Network in 206 patients from a tertiary
care rheumatology clinic from Canada
(27). Polypharmacy was common, since
72% of patients filled =5 medications,
and 35% filled =10 medications, with
higher percentages than those reported
for equivalent age groups in the State
under evaluation. Polypharmacy was
associated with Charlson Comorbid-
ity Index (CCI) score and GC use, and
these studies suggest possible ways of
homogenising reporting of comorbidi-
ties burden in SLE.

A large-scale retrospective study from
China evaluated the overall cancer risk
in patients with different autoimmune
diseases. The standardised incidence
ratio (SIR) for cancer development
was lower for SLE (2.58) with respect
to the other diseases, but SLE patients
had significantly increased SIRs for
developing haematologic malignan-
cies and solid tumours of the urinary
bladder (28). A huge population-based
study using health-record databases on
19 autoimmune and 12 cardiovascular
(CV) diseases in the UK stated that pa-
tients with autoimmune diseases have
approximately a 1.4-3.6 times higher
risk of developing incident CV diseases
with respect to people without an auto-
immune disorder; this order of magni-
tude resembles the risk caused by dia-
betes, indicating a pattern that affects
autoimmune disorders as a group of
diseases, rather than individually (29).
Similarly, autoimmune patients share a
significantly increased risk of hospital
admissions for and mortality from CV
causes. Focusing specifically on SLE,
this disease had one of the highest over-
all CV risks among all the autoimmune
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diseases evaluated (HR 2.82). These
risks were not completely explained by
traditional CV risk factors. As stated by
the recently released EULAR recom-
mendations (30) for CV risk manage-
ment in rheumatic and musculoskel-
etal diseases, CV risk assessment and
management count as a priority in the
evaluation of autoimmune syndromes.
Moreover, given that hydroxychloro-
quine (HCQ) should be administered to
all SLE patients unless contraindicated,
a cross-sectional study from the Span-
ish Society of Rheumatology Lupus
Register (RELESSER), with over 3,500
patients, confirmed the cardioprotective
role of antimalarials (AM) with respect
to the risk of chronic heart failure (31).
One of the most important concepts
related to comorbidities in SLE refers
to organ damage. The independent
impact that specific definitions of re-
mission or LDA could have on dam-
age accrual has been explored in a
large multinational disease inception
cohort, the Systemic Lupus Interna-
tional Collaborating Clinics (SLICC)
cohort (32). In this study, the authors
analysed the outcomes related to 1,652
patients, applying the most stringent
definition per visit. Each definition
was associated with less damage ac-
crual, even adjusting for confound-
ers, suggesting that remission should
be encouraged, but LDA could be
good alternative target. Moreover, the
time spent in remission or LDA state
was associated with better outcomes.
These data were confirmed in another
study performed exploiting the Asia
Pacifc Lupus Collaboration (APLC)
cohort (33). Never attaining LDA, a
time-adjusted mean SLEDAI-2K>4,
or ever experiencing high disease ac-
tivity status (SLEDAI-2K =10) were
associated with damage accrual, as
well as with increased mortality rates.
The trajectories of damage items of
the SDI in African American or White
ethnicities in a large prospective SLE
cohort (2,436 patients) were analysed
by Kallas et al., who confirmed that
African Americans accrued more
damage and at a faster rate compared
to White patients (34). For most or-
gans, the difference persisted after
adjustment for socioeconomic status.

Take home messages

* Comorbidities are key parts of the
complexity of SLE disease, but het-
erogeneity in reporting still limits
the full comparability across studies.
The assessment of frailty could help
to uniformly characterise the overall
damage and mortality risks (26).

¢ Cardiovascular (CV) risk is in-
creased in SLE patients with respect
to general population, and CV risk
assessment should be prioritised in
the management of autoimmune dis-
eases (29).

e Damage accrual could be prevented,
or at least decelerated, by ensuring
adequate disease control in SLE,
and this could refer not only to re-
mission achievement, but even to
LDA maintenance status (32).

Treatment: new targets

New discoveries on the pathogenesis
of SLE have enabled the development
of potential new molecules and tech-
nologies studied both in animal models
and through phase 1 trials.

In vitro and pre-clinical studies

An important role in autoantibody for-
mation is played by the major histo-
compatibility complex (MHC) class II.
Kawato et al. (35) studied the efficacy
of ASP1617, a Cathepsin S (CatS) in-
hibitor molecule, on both human and
murine B cells. This new drug reduced
the expression of MHC II on the surface
of both human and mouse B cells, and
orally administered ASP1617 resulted
in suppression of anti-dsDNA IgG an-
tibodies, prevented progression of lu-
pus-like glomerulonephritis and signifi-
cantly reduced proteinuria levels, while
mycophenolate moefetil (MMF) did not
suppress anti-dsDNA IgG levels.

During the past year, several studies
aimed to find new molecules capable of
targeting LN. The effects of SB431542,
a selective inhibitor of the TGF[ type
I receptor were tested in mouse mod-
els (36), and an improvement in pro-
teinuria, renal function, and histologi-
cal findings was recorded. In addition,
downregulation of genes involved in B-
cell activation, proliferation, differenti-
ation and receptor signalling processes
was observed as well as a reduction in
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serum levels of IgG anti-dsDNA anti-
bodies and in splenic or renal levels of
CD20.

In another interesting study, the effect
of HSPBS, small heat shock protein
(HSP) involved in reducing inflamma-
tion and tissue damage, was described
(37). The study was conducted in a
mouse model, and HSPBS5 resulted to
increase splenic levels of T and Bregs
and to reduce inflammation and renal
damage, with comparable effect and in
some cases superior to those of methyl-
prednisolone.

Targeting miR-21 may be a potential
therapeutic strategy for patients with
SLE, since promising results of antago-
mir-21, an inhibitor of miR-21, were
recently described. This drug signifi-
cantly reduced expansion of follicular
helper T cells that support B cell devel-
opment, germinal centre formation and
antibody production with improving in
skin lesions and nephritis in MRL/Ipr
mice (38).

Phase 1 trials

Two sequential, randomised, phase 1
studies (39) verified the safety and tol-
erability of NKTR-358, a polyethylene
glycol-interleukin-2 conjugate compo-
sition that aims to induce regulatory T
cells (Tregs). NKTR-358 was found to
be well tolerated and achieved the goal
of markedly increasing the number of
CD25 Tregs without altering other T
cells.

Among the various new possible thera-
pies studied for the treatment of SLE,
the possible use of mesenchymal stro-
mal/stem cells (MSCs) has aroused
a great deal of interest. In a recent
study (40) adult patients with biopsy-
confirmed LN who were refractory to
standard treatment were treated with
administration of adipose-derived al-
IoMSCs (AD-MSCs). No major ad-
verse events (AEs) were observed, and
a significant reduction in urinary pro-
tein levels in the first month post-inter-
vention was found, although the levels
remained below baseline until the third
month. A similar trend was also found
in SLEDALI, with a reduction until the
6™ month post-therapy and an increas-
ing at 12® month, indicating that mul-
tiple administrations over time may be
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needed to maintain adequate remission
over time.

The possibility of using drugs already
licensed for other diseases for their
possible beneficial properties in SLE
has been the subject of several stud-
ies. Among them, the possible use of
dapaglifiozin, an SGLT2 inhibitor,
was studied in a single-arm open-label
phase I/II trial (41) that showed an ac-
ceptable safety profile in SLE patients,
but no effects in terms of reduction of
disease activity or proteinuria in cases
of LN patients.

Take home messages

* ASP1617, a Cathepsin S inhibitor
molecule, has shown encouraging
results as a potential new therapeu-
tic agent for SLE (35).

* Promising results for lupus nephritis
treatment are coming from the de-
velopment of new molecules such
as SB431542 (36) or HSPBS (37).

Treatment: clinical trials

and drug discovery

Development of safe and effective
treatments for patients with SLE still
represents a challenge. High placebo
responses have been observed in stud-
ies, and safety concerns still emerge in
the management of SLE patients, since
many of them have unacceptable toxic-
ity from current treatment options (42).
In the last year, important evidence
emerged on the long-term safety profile
of drugs already used in the manage-
ment of SLE patients.

Particularly, the integration of data
from several randomised controlled tri-
als (RCTs) has allowed to further ex-
plore the safety of belimumab.
Wallace et al. performed a pooled post-
hoc analysis of 52-week safety data
from one phase 2 and five phase 3 be-
limumab trials in adult patients with
SLE (43), including 4170 patients.
The overall incidence of AEs was
similar in the placebo and belimumab
groups, except for a slightly higher
proportion of post-infusion/injection
systemic reactions in the belimumab
group (10.2% vs. 8.1%). A similar pro-
portion of patients experienced AEs
and serious adverse events (SAEs)
considered related to the study drug.

This large integrated analysis makes
belimumab one of the most highly
studied drugs for safety in the treat-
ment of SLE. Moreover, supporting the
good benefit/risk profile of belimumab,
no new safety signals were identified in
the open-label extension of BLISS-LN
Study in patients with LN (44).
Interestingly, van Vollenhoven et al.
(45) have reported the final efficacy
and safety results through 2 years from
the open-label extension of a phase 2
study evaluating ustekinumab in SLE.
Clinically meaningful improvements
in global and organ-specific SLE activ-
ity measures were observed. Through
week 120, 86% of all patients treated
with ustekinumab had at least one AE,
most frequently infections; 17 patients
treated with ustekinumab had a SAE.
No deaths, malignancies, opportun-
istic infections, or tuberculosis cases
occurred.

Undoubtedly, this last year has been
characterised by growing evidence on
the role of anifrolumab in the treatment
of active SLE.

The post-hoc analysis of pooled data
from the two Phase 3 RCTs (TU-
LIP-1/2) of intravenous anifrolumab
supported the consistent efficacy of
anifrolumab across different subgroups
of patients with SLE. In particular,
subgroups with larger treatment differ-
ences included: IFNGS-high patients
(18.2%), patients with abnormal base-
line serological markers (23.1%) and
Asian patients (29.2%) (46).
Moreover, data from the extension
study in patients with SLE who com-
pleted the TULIP trial confirmed the
safety profile of anifrolumab (47), and
the incidence rates of AEs and SAEs
were all comparable between the ani-
frolumab and placebo groups.

Data on efficacy of anifrolumab in
LN appear to be less encouraging. In
the Phase 2 TULIP-LN trial, patients
were randomised to receive monthly
intravenous anifrolumab basic regi-
men (300mg), intensified regimen
(900 mgx3, 300mg thereafter) or pla-
cebo, alongside standard therapy. The
primary endpoint was not met how-
ever, numerically more patients treated
with anifrolumab intensified regimen
versus placebo attained complete renal
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response (CRR) and sustained gluco-
corticoid reductions (48).

These recent data underline that the
treatment of LN remains challenging.
Furie et al. published the results of
the RCT on the use of obinutuzumab
(NOBILITY) (49), a humanised type
IT anti-CD20 antibody, versus placebo
for the treatment of proliferative LN in
combination with standard therapies.
Achievement of CRR was greater with
obinutuzumab at week 52 (35% vs.
23%) and at week 104 (41% vs. 23%).
The treatment effect of obinutuzumab
appeared to be greatest among patients
with high levels of proteinuria at base-
line and those with class IV LN.
obinutuzumab resulted in rapid and
potent depletion of peripheral CD19+
B cells without an increase in the in-
cidence of SAEs, infections or death
compared with placebo.

Cutaneous lupus (CLE) represents a
very impactful disease manifestation
from the patient’s perspective and suc-
cessful treatments for cutaneous lesions
are still lacking.

Activation of the IFN pathway seems
to be a key driver of cutaneous lupus
disease activity. Therefore, apart from
the growing evidence on the efficacy
of anifrolumab on skin manifestations,
new molecules targeting the IFN path-
ways have been studied.

Treatment with litifilimab, a monoclo-
nal antibody targeting blood dendritic
cell antigen 2 (BDCA2) on plasma-
cytoid dendritic cells, has been stud-
ied for cutaneous and systemic lupus,
showing to reduce the expression of
IFN-I response biomarkers in blood
and skin. In a Phase 2 trial treatment
with litifilimab resulted superior with
respect to the measurement of cutane-
ous activity (CLASI-A) (50).
Subsequently, litifilimab was also stud-
ied in patients with SLE with negative
results in terms of efficacy and safety
(51).

Werth et al. (42) have recently pub-
lished the results of a phase 2, proof-
of-concept RCT on the use of lanra-
plenib, a spleen tyrosine kinase (SYK)
inhibitor, and filgotinib, a preferential
JAK1 inhibitor, in patients with active
cutaneous lupus. The primary endpoint
was not met. However, filgotinib treat-
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ment resulted in a trend suggesting
improvement in skin manifestations of
CLE compared to placebo in subgroups
of patients with more severe manifes-
tations. Therefore, these results col-
lectively suggest that JAK1 inhibition
in CLE warrants further investigation
while SYK inhibition does not.
Encouraging results appear to come
from the study of deucravacitinib, a ty-
rosine kinase 2 inhibitor, in a phase 2
RCT of patients with active SLE. Deu-
cravacitinib treatment elicited higher
response rates for SRI-4 at W32 and the
safety profile was acceptable (52).
Another new molecule that is being
evaluated for the treatment of SLE is
iberdomide, a cereblon modulator pro-
moting degradation of the transcription
factors Ikaros and Aiolos, which affect
leukocyte development and autoim-
munity. In a phase 2 trial (53) iber-
domide at a dose of 0.45 mg yielded
a higher percentage of patients with
an SRI-4 response than did placebo.
Iberdomide-associated AEs included
urinary tract and upper respiratory tract
infections and neutropenia.

Finally, in the LUPIL-2, a multicentre
RCT phase 2 trial, the potential benefit
of low-dose interleukin-2 (IL-2) ther-
apy in active SLE has been evaluated
(54), however, the primary end point
was not met.

Take home messages

e In the last year, pooled post-hoc
analysis and long-term data from
randomised control trials have con-
firmed the benefit/risk profile of beli-
mumab (43,44) and the growing role
of anifrolumab (46-48) in the treat-
ment of moderate-to-severe SLE.

e Cutaneous manifestations emerge
as an important unmet need in the
management of the disease and data
from phase 2 trials particularly tar-
geting the IFN and JAK pathways in
patients with cutaneous and systemic
lupus have been published with con-
flicting results (42, 50, 51).

Treatment: real world evidence

In a recent paper (55), the use of medi-
cations and the treatment persistence
were described showing that triple ther-
apy with AM, GCs e IS was the most

frequent pattern in a large cohort. Anal-
ysis of time-to-discontinuation revealed
a very large variability and patients
with active disease had lower discon-
tinuation of GC, higher discontinuation
of IS and were more likely to receive
more medications. Overall, these data
underlined that SLE management is
still complex and variable.

Drug discontinuation

The question regarding the effects of
therapy withdrawal in SLE patients
who achieved prolonged disease quies-
cence is becoming increasingly impor-
tant, since more patients are achieving
prolonged clinical remission and sev-
eral papers have focused on this topic
The Glucocorticoids Use in newly di-
agnosed SLE Patients (GULP) study
provided evidence on 127 SLE patients
who started prednisone (PDN) =5 mg/
day and concomitant AM or IS within
12 months of SLE classification (56).
The probability of tapering PDN doses
<5 mg/day was lower in patients with
renal involvement and low C3 serum
levels, while high European Consen-
sus Lupus Activity Measurement (EC-
LAM) scores were associated with a
greater probability of increasing GC
dose, independently of daily intake.
The impact of GC discontinuation in
SLE patients with prior severe organ
was explored by Nakai et al. (57) in a
retrospective analysis of 73 patients
who underwent GC tapering; no sig-
nificant differences were noted in flare
rate at 52 weeks after GC discontinua-
tion with respect to those without prior
severe organ involvement. Hypocom-
plementaemia, elevated anti-dsSDNA
antibody titres, positive anti-Smith/
anti-ribonucleoprotein antibody, and
use of any IS at GC discontinuation re-
sulted negatively associated with flare-
free remission.

Papachristos et al. (58) analysed the
flares rate in patients who withdrew
AM after at least 1 year of remission
in comparison with a control group of
patients who continued AM therapy
and achieved clinical remission for at
least 1 year. This study showed that
disease flares occurred in a significant
higher percentage of the AM with-
drawal group. Interestingly, in the AM
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withdrawal group, patients who tapered
therapy had significantly fewer flares
with respect to those who ceased it
abruptly. These data suggest that AM
have a role in preventing disease flares
even in patients who have achieved pro-
longed disease quiescence, and in cases
of cessation a slow taper is warranted.
It is still unclear if and when to discon-
tinue IS therapy in patients with LN in
remission; rate and predictive factors
for flare after IS withdrawal in a cohort
of LN patients treated with IS have
recently been described (59). 22.8%
of flares was recorded in patients who
discontinued IS.

HCQ maintenance therapy, age at IS
discontinuation and remission lasting
more than 3 years before IS discon-
tinuation resulted protective against
disease flares.

Belimumab

During the last year, several real-life ev-
idence regarding the GC-sparing effect
of belimumab has been also described.
In a retrospective study (60) the mean
daily oral GC dose over the 3—6 months
prior versus 6 months post first beli-
mumab prescription was compared
in 204 patients from the Rheumatol-
ogy Informatics System for Effective-
ness (RISE) Registry. In patients with
extended follow-up, GC doses were
also assessed 12 and 24 months after
belimumab initiation. Only a modest
change in mean daily GC dose after be-
limumab initiation was observed; how-
ever, some data such as disease severity
were not taken into account, thus limit-
ing the strength of the results.

Another retrospective observational
study investigated the efficacy of beli-
mumab as maintenance therapy in SLE
patients with SLEDAI<10; 103 SLE
patients on HCQ and/or MMF alone
were compared with 100 SLE patients
on HCQ and/or MMF plus belimumab.
At 52 weeks of follow-up, daily GC
dose and relapse rate were significantly
lower in the belimumab group and low-
er GC doses at baseline were associated
with GC dose-tapering and discontinu-
ation (61).

Others
In relapsing or refractory SLE patients
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who had received at least one course
of rituximab (RTX) induction, a mul-
ticentre prospective cohort study was
conducted to compare the efficacy and
safety of RTX vs. traditional IS as main-
tenance therapy (62). Of 67 patients
who had a clinical response at 6 months,
50.7% received RTX maintenance ther-
apy, while the other 49.3% IS mainte-
nance therapy. After a median follow-
up of 24 months, 3 patients in the RTX
group and 10 in the IS group developed
a flare; patients in the RTX group also
had a higher relapse-free survival rate.
HCQ use, RTX maintenance therapy,
and haematological system involve-
ment were independent predictors for
sustained remission. Therefore, long-
term RTX maintenance therapy seems
to have high efficacy and acceptable
safety in these groups of patients.
Another real-world cohort study was
conducted to compare the effectiveness
and safety of sirolimus (an inhibitor of
the mechanistic target of rapamycin)
with respect to tacrolimus in clinically
active SLE (63). Data on 104 patients
(52 in sirolimus group and 52 in tac-
rolimus group) were collected, and a
comparison between the two group was
performed every 3 months until the
year-1 follow-up. The results indicated
that sirolimus had similar effectiveness
with respect to tacrolimus but had bet-
ter effects on serological improvement
and GC tapering. Although more AEs
were observed in the sirolimus group
(17 vs. 3), none was severe or led to
discontinuation of sirolimus.

Take home messages

* Most SLE patients receive a combi-
nation treatment, and the association
of antimalarials (AM), glucocorti-
coids (GC) and immunosuppressants
(IS) appears to be the most frequent
pattern (55).

* GC discontinuation seems to be pos-
sible with today’s drugs (56, 57).

* AM therapy prevents disease flare
even in patients who have achieved
prolonged disease remission (58).

Precision medicine

Precision medicine consists of a tailored
approach to each patient based on genet-
ic and epigenetic profiles, and the topic

has aroused great interest also in SLE.
Several studies aimed at identifying
markers able to predict response to
specific drug were recently published.
Beltrdn-Ramirez et al. analysed mac-
rophage migration inhibition factor
(MIF) and P-glycoprotein (P-gp) se-
rum levels in SLE and healthy controls
(64) showing that MIF and P-gp could
be related to steroid resistance in SLE
patients. Another study (65) identified
single nucleotide polymorphism and
copy number variation for genes encod-
ing five Fc gamma receptor (FcyRs)
to evaluate RTX response in SLE
and rheumatoid arthritis. The results
showed that FcyRIlla was the major
low affinity FcyR associated with RTX
response.

To identify baseline immunophenotypes
that may predict the response to AM
therapy, Patel ez al. (66) performed mass
cytometry imaging of immune cell types
and inflammation markers in treatment-
naive skin biopsy samples from 48 pa-
tients with CLE (CLE). HCQ respond-
ers had increased CD4* T cells respect
to the quinacrine (QC) responder group,
while non-responder group had lower
Treg cells compared to QC responders
and increased central memory T cells
compared to HCQ responders.
Garantziotis et al. (67) used a RNA-
sequencing dataset to stratify lupus pa-
tients according to underlying molecu-
lar aberrancies and predict personalised
therapeutic strategies. They identified 5
lupus endotypes corresponding to dif-
ferent clinical phenotypes: G1 “Haemo-
stasis” group, G2 “Autophagy” group,
G3 “Metabolism” group, G4 “Neutro-
phil” group, and G5 “B cell” group.
An interesting study presented Epione
application (68), a web-toolkit which
makes it possible to identify the most
reliable gene variants and single nu-
cleotide polymorphisms (SNPs) associ-
ated with SLE susceptibility, using pa-
tients’ genomic data. The Epione data-
base may help physicians in early-stage
diagnosis of SLE.

Lastly, Toro-Dominguez et al. (69)
developed a scoring system able to
evaluate the personalised Molecular
dysregulated PROfiles of SLE patients
(MyPROSLE) which enables the iden-
tification of the molecular fingerprints
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involved in SLE activity in individual
patients. Almost 6100 lupus and 750
healthy samples were analysed to as-
sess the association between dysregu-
lation scores, clinical manifestations,
outcome, flare and remission events;
the study found that dysregulation of
some gene-modules was significantly
associated with specific clinical mani-
festations, the occurrence of relapses or
long-term remission and drug response.

Take home messages

* In a precision medicine perspective,
SLE treatment would be based on the
genetic profiles of individual patients
related to pathogenesis and response
therapy (64-66).

* Fingerprints are important tools that
allow stratifying patients into groups
with similar biological disease pro-
files (69).

e Computer programmes could be use-
ful in supporting clinicians to stratify
patients with similar genetic char-
acteristics and similar pathogenetic
pathways (68).

COVID-19 and other infections
Infections are still a major cause of
morbidity and mortality in SLE, espe-
cially in the early stages of the disease.
Wang et al. found major infections in
14% of the Chinese inception cohort of
494 newly diagnosed hospitalised SLE
patients, with most events occurring in
the first 4 months of the disease (70).
They then developed a prediction mod-
el to identify patients with newly diag-
nosed SLE at risk of major infections.
Interestingly, this model maintained
its validity after adjustment for GC ex-
posure and IS therapy, suggesting that
disease activity outweighs the impact of
treatment on early infection risk.
According to data from the Spanish
national registry, infections were the
cause of death in 25% of hospitalised
SLE patients, a significantly higher rate
than what was observed in the general
Spanish population (8%), especially at
a younger age (71). The greatest differ-
ences were found in relation to respira-
tory tract infections, sepsis and viral
infections, emphasising the need for
measures to mitigate the impact of in-
fections in these patients.
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In a cohort of SLE patients prospec-
tively followed in an Australian tertiary
centre, Ko et al. identified higher SDI
scores, higher disease activity and the
use of cyclophosphamide as predictors
of a first severe infection (defined as re-
quiring hospitalisation), with a history
of previous serious infection conferring
the highest risk for repeated episodes
(72). Conversely, being in LDA and
length of time in LDA were associated
with lower risk of severe infection.
The pathways involved in the host im-
mune response against infections may
be dysregulated in autoimmune dis-
eases. From a genetic point of view,
while some alleles at risk for SLE were
also found to be at risk for severe forms
of COVID-19, the Janus-kinase locus
TYK?2 showed opposite effects in the
two conditions (73). At this level, SLE
risk alleles mitigate the outcome fol-
lowing SARS-CoV-2 infection.

In addition to demographic factors and
comorbidities already reported in the
general population, the use of GCs, as
well as untreated or active SLE and
therapy with RTX, MMF and cyclo-
phosphamide, have been associated
with more severe COVID-19 outcomes
according to data on over 1600 cases in
SLE patients from the COVID-19 Glob-
al Rheumatology Alliance registry (74).
Moreover, in the United States, Black
and Hispanic people with SLE experi-
enced poorer COVID-19 outcomes with
respect to White individuals (75).
Kwan et al. reported a prevalence of
Herpes Zoster (HZ) infection of 30.5%
in a Canadian cohort of 422 patients
with SLE, based on a patient-reported
questionnaire constructed to capture
HZ features (76): a significant associa-
tion between HZ events and lympho-
penia, as well as with GC dosing was
found. Furthermore, this study con-
firmed HZ infection as a late complica-
tion in the course of SLE, with a mean
disease duration at the time of the first
HZ infection of 12.5years.

The IFN pathway plays a key role in
both SLE and viral infections. Recently,
consistent with previous studies, Mathi-
an et al. found a prevalence of 11.7% of
neutralising and non-neutralising anti-
IFNa autoantibodies in a monocentric
French cohort of 609 SLE patients (77):

if on the one hand the presence of neu-
tralising autoantibodies seemed to be
associated with reduced SLE disease
activity, on the other hand it seemed to
increase the viral infection risk in these
patients. Indeed, SLE patients with
neutralising anti-IFNa autoantibodies
more often had a history of severe or
critical COVID-19 pneumonia, cuta-
neous HZ and serious viral infections.
Thus, monitoring anti-IFNo antibod-
ies could help identify SLE patients at
major risk of developing severe viral
infections. In another paper (78), high
titre of anti-IFNa was found to be pro-
tective against disease flare but seems
to predispose to COVID-19, and IFNa
production induced by SARS-Cov-2
may contribute to lupus flare bypassing
the protective role of anti-IFNa.

With regards to AM therapy, an asso-
ciation between HCQ and QT prolon-
gation in COVID-19 patients has been
reported. Unlike COVID-19 patients,
SLE patients under HCQ treatment do
not seem to be susceptible to HCQ-
induced long QT syndrome, suggest-
ing that this difference could be due to
the combined effect of arrhythmogenic
effect of SARS-CoV-2 infection and
HCQ in COVID-19 patients (79).

In another work Chen et al. demon-
strated that the ectoenzyme CD38
regulates mitochondrial fitness in SLE
CD8* T cells through the inhibition of
mitophagy and reduces their function
and response to viral infection, sug-
gesting CD38 inhibition as an option
to improve infection rates and outcome
in SLE (80). In fact, they showed that
administration of the CD38 inhibitor
MK-0159 reverses mitochondrial de-
fects and restores CD8* T cells function
against infections in mice.

While data from the literature are some-
times conflicting on the actual impact
of certain immunosuppressive drugs on
infectious risk, there is consensus on the
role of steroid therapy. While it is well
known that daily doses of prednisolone
>7.5 mg are a risk factor for infection,
according to a prospective cohort study
on 509 patients from the Japanese SLE
registry, even lower doses of predniso-
lone would increase the infectious risk
(81). In particular, the incidence of in-
fection was significantly higher in the
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group taking 5-7.5 mg of prednisolone
with respect to the 0-2.5 mg group, un-
derlining the need to reduce the use of
systemic steroids in these patients as
much as possible.

Identification of infections, particu-
larly in the early stages, often remains
challenging for physicians as they can
mimic disease manifestations. Signifi-
cantly higher values of serum C-reac-
tive protein (CRP), neutrophil-to-lym-
phocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) were observed
in infected SLE patients compared to
the mixed group (both infection and
disease activity) and to the group with
isolated disease activity (82). Using
these three parameters, the authors
developed a clinical algorithm that
showed good sensitivity and specificity
for the diagnosis of infection.

Take home messages

* Infections in SLE and are linked not
only to immunosuppressive therapy
but also to disease activity, especial-
ly early in the course of the disease
(70,71).

» Early identification and treatment of
infections, as well as the identifica-
tion of individuals at higher risk, are
essential, also in light of the new
therapeutic strategies emerging in in-
terferon-driven diseases such as SLE
am.

¢ To minimise the infectious risk, it
is particularly important to obtain
good control over disease activity,
reducing the daily dosage of GCs as
much as possible (81).

Reproductive health

SLE usually occurs in women of child-
bearing age, affecting fertility, family
planning, and pregnancy course.
Ovarian reserve is an important bio-
marker of reproductive potential, and
anti-Miillerian hormone (AMH), ovari-
an volume, and total antral follicle count
were found to be lower in SLE patients
compared with healthy controls (83).
Moreover, these alterations were corre-
lated with age, disease activity and dam-
age accrual, confirming the negative im-
pact of the disease on ovarian reserve.
Ghrelin was also described as a poten-
tial biomarker for ovarian reserve in
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SLE, and levels of this hormone were
significantly lower in obese SLE pa-
tients than non-obese SLE patients and
obese controls (84). In addition, ghrelin
levels positively correlated with AMH,
suggesting that it may play a part in en-
ergy homeostasis and ovarian damage
in SLE patients.

Data on microchimerism in SLE pa-
tients and its relationship with preg-
nancy were recently published (85).
Microchimerism was detected more of-
ten in non-pregnant SLE patients than
control subjects, and pregnant patients
were found to have a significantly
higher median number of foetal chi-
meric cells in the granulocyte fraction
just after delivery. Another interesting
finding was that microchimerism reap-
peared years after the last pregnancy,
more often and at higher levels in SLE-
patients, suggesting that these chimeric
cells may originate from non-circulat-
ing foetal chimeric stem cells.

Pregnancy outcome and treatment

In a Greek cohort of 82 pregnancies in
SLE patients (86), 53.7% were compli-
cated with at least one adverse preg-
nancy outcome (APO), and antiphos-
pholipid antibody (aPL) positivity, per-
sistent disease activity and GC intake
during pregnancy were risk factors for
APO. On the other hand, LDA at preg-
nancy onset was found to be protective
against foetal complications.
Pathogenic changes in the placenta dur-
ing pregnancy can play a role in ma-
ternal and foetal morbidity, and differ-
ent expression of genes involved in the
regulation of angiogenesis, cellular re-
sponse to growth factor stimulus, hepa-
rin-binding, HIF-1, and IL-17 signalling
pathway in SLE patients versus healthy
controls were described (87).

Maternal GC exposure increases the risk
of preterm delivery, but the association
between GCs and preterm premature
rupture of membranes (pPROM), a di-
rect cause of preterm delivery, has rare-
ly been investigated. In a recent study
(88), it was found that the average GC
dose in cases of pPPROM in SLE patients
was significantly higher than in those
without pPROM. In addition, GC-treat-
ed amnion mesenchymal cells showed
increased permeability and overexpres-

sion of ITGAS, a primary molecule that
triggers pPROM through fibrotic re-
modelling and prevents resealing of the
rupture site in foetal amnion.
Congenital heart block (CHB) is a rare
autoimmune-mediated disease due to
the transplacental passage of maternal
autoantibodies anti-Ro/SSA and anti-
La/SS-B, which injure the previously
normal foetal heart. A recent study from
the French Neonatal Lupus Syndrome
registry (89) investigated short- and
long-term outcomes of 215 mothers of
offspring with CHB. One-quarter of the
patients had an autoimmune disease di-
agnosis at the time of the foetal CHB
diagnosis, mainly SLE and Sjégren syn-
drome, while about half of those with-
out an initial diagnosis developed an
autoimmune disease during follow-up,
mostly without severe manifestations.
With regards to treatment during preg-
nancy, it is still a matter of debate
whether low-dose acetylsalicylic acid
(LDASA) should be prescribed to all
patients with SLE during pregnancy. A
multicentre study (90) has investigated
the impact of LDASA on pregnancy
outcomes in patients with SLE with
no history of renal involvement and or
aPL. The incidence of APO was similar
in pregnancy exposed and not exposed
to LDASA. Notably, pre-eclampsia was
more infrequent in patients taking LDA-
SA (2.4% vs. 8.3%) but the difference
did not reach statistical significance.
Another study (91) explored the ef-
fects of HCQ alone and in combination
with LDASA (HCQASP) in pregnant
women with SLE. The HCQASP group
had a significantly higher proportion
of full-term pregnancies, higher birth
weight and Apgar scores, and a signifi-
cantly lower proportion of hyperten-
sion, prematurity, and pregnancy loss
than the HCQ group.

Patients’ point of view

Reproductive concerns are common in
women of childbearing age with sys-
temic autoimmune diseases, and several
studies have recently dealt with these
concerns and the patients’ point of view.
In a Chinese monocentric cross-section-
al study (92), validated questionnaires
were used to investigate reproductive
concerns in SLE patients. The results

1005



One year in review 20223: SLE / D. Zucchi et al.

of “Reproductive Concerns After Can-
cer” questionnaire, which assess 6 areas
of concern, indicated that women with
SLE were more concerned about child’s
health and personal health than about
becoming pregnant, fertility potential,
partner disclose and acceptance. In ad-
dition, living in a rural context, having
no experience of pregnancy, fearing
unexpected pregnancy, having sexual
distress and depression were associated
with more serious fertility concerns.

In a recent European work (93), pa-
tients’ unmet needs regarding pregnan-
cy and family planning were analysed
using the narrative-based medicine ap-
proach. The replies were collected from
patients with rare and complex connec-
tive tissue diseases (CTDs), including
44 SLE patients. Fragmentation of care
among different centres, lack of edu-
cation and awareness of CTDs among
non-expert healthcare professionals
and lack of appropriate information
and psychological support were found
to be the unmet needs.

Take home messages

¢ Anti-Miillerian hormone (83) and
ghrelin (84) seem to predict repro-
ductive potential in SLE.

» Pathogenic changes in the placentas
are described in SLE patients (87),
and GCs appear to induce the expres-
sion of ITGA8 on amnion mesenchy-
mal cells, triggering pre-term prema-
ture rupture of membranes (88).

* Low-dose acetylsalicylic acid treat-
ment during pregnancy was not
found to be protective against ob-
stetric complications in SLE patients
without aPL or history of renal in-
volvement (90).

Conclusion

Over the past year, new and interesting
papers on SLE have been published and
the most relevant data on pathogenesis,
clinical and laboratory aspects, comor-
bidities, infections, precision medicine
and treatment novelties have been
summarised in this review. All these
data have improved the understand-
ing of SLE, although further studies
and research are needed to improve the
knowledge we have on this complex
disease.
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