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Interferon blockade in lupus:
effects on antiviral immunity
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Targeting type | interferon immune responses is a potential strategy for the
treatment of systemic lupus erythematosus. Although a phase 2 clinical trial
of anifrolumab did not meet its primary end point, further studies are needed
to assess the effects of interferon blockade on flare rates of lupus nephritis.
However, the observed higher risk of herpes zoster associated with
anifrolumab use suggests that caution is warranted with this strategy.

Refers to Jayne, D. et al. Phase Il randomised trial of type | interferon inhibitor anifrolumab in patients with active lupus

nephritis. Ann. Rheum. Dis. 81, 496-506 (2022).

Lupus nephritis (LN) is a frequent complica-
tion of systemic lupus erythematosus (SLE),
and suppression of SLE activity therefore
represents an important therapeutic strat-
egy to prevent LN development and relapse,
irreversible kidney damage and progression
of chronic kidney disease (CKD). The patho-
genesis of SLE involves all components of the
adaptive immune system, and hence tradi-
tional treatment regimens involved the use of
nonselective immunosuppressants. The past
decade, however, has witnessed the introduc-
tion of highly specific biological drugs, such
as the inhibitor of B cell activating factor beli-
mumab (which is approved for SLE and LN)
and anifrolumab, an inhibitor of the type I
interferon-a receptor 1 (IFNaR1). Despite
robust evidence of the benefit of anifrolumab
for patients with SLE' a new trial of anifro-
lumab in patients with LN did not reach its
primary end point’. Although longer-term
data may still reveal benefits of anifrolumab
on renal outcomes, available data from these
trials suggest that anifrolumab increases the
risk of herpes zoster and influenza, suggesting
that blocking antiviral immunity may more
broadly increase the risk of viral infections in
these patients.

The US FDA approved anifrolumab for the
treatment of adults with moderate-to-severe
SLE receiving standard therapy on the basis of
findings from two phase 3 trials: TULIP-1 and
TULIP-2. Both of these trials demonstrated
therapeutic efficacy using clinical scores of
non-renal SLE disease activity"”. The phase 2

TULIP-LN trial has now assessed the effi-
cacy and safety of anifrolumab therapy in
adult patients with SLE and biopsy-proven
proliferative LN (biopsy class III or IV + /-
class V) and a proteinuria-to-creatinine ratio
of >1 mg/mg (REF’). The trial investigators
randomly assigned 147 patients with LN in
a 1:1:1 ratio to receive placebo, a basic regime
of monthly intravenous 300 mg anifrolumab
or an intensified regime with 900 mg anifro-
lumab for three months and 300 mg there-
after for 12 months. Standard-of-care therapy
included initial intravenous methylpredni-
solone pulses, oral glucocorticoids with a
mandatory taper regime over 6 months and
mycophenolate mofetil at a target dose of
2 g per day. The trial did not reach its pre-
specified primary end point of a relative
reduction in proteinuria from baseline to
week 52. However, a significantly higher
number of patients on the intensified regime
reached a complete response rate as defined
by a 24-h urine protein-to-creatinine ratio
of <0.7 mg/mg, estimated glomerular filtra-
tion rate > 60 ml/min/1.73 m? or no decrease
of 220% from baseline, an inactive urinary
sediment (<10 red blood cells per high power
field), no drug discontinuation and no use
of restricted medications (18 of 44 (41.0%) of
patients on the intensified anifrolumab reg-
imen versus 6 of 46 (13.3%) patients in the
placebo group; P=0.003). The significance of
this association was lost, however, when the
urinary sediment was omitted as a criterion
of complete response.

Numbers of adverse events or serious
adverse events were slightly higher among
patients receiving anifrolumab than in those
on placebo. In particular, rates of herpes zoster
(16.7% versus 8.2%) and influenza (8.3%
versus 2.0%) episodes were notably higher
among patients on anifrolumab. Episodes of
urinary tract infections (16.7 versus 10.2%),
nasopharyngitis (15.6 versus 18.4%), upper
respiratory tract infection (15.6 versus 16.3%),
diarrhoea (7.3 versus 20.4%), oral herpes
(6.3 versus 4.1%) and herpes simplex (5.2 versus
4.1%) were also noted.

The type ITFN system has a central patho-
genic role in SLE’, and inborn errors of immu-
nity that cause enhanced IFN signalling lead
to SLE-like systemic autoimmune disease. In
SLE, nucleic acid autoantigens or nucleic acids
that are attached to nucleoproteins activate
innate viral nucleic acid recognition receptors
and initiate a type I IFN-driven antiviral-like
immune response (FIC. 1). Hence, the symp-
toms of SLE resemble those of viral infections;
the majority of patients show an antiviral gene
expression signature in white blood cells and
tissues, including the kidney**. Intrarenal
IFN signalling can lead to the presence of
tubuloreticular inclusions as visualized on
transmission electron microscopy; in podo-
cytes this process is thought to drive podocyte
loss’. Thus, a scientific rationale suggests that
blocking type I IFN signalling might reduce
proteinuria and kidney damage in patients
with LN.

“ Blocking antiviral immunity
may more broadly increase the
risk of viral infections in these

patients ,,

Findings from TULIP-LN demonstrated
that administration of anifrolumab on top of
oral steroids and mycophenolate mofetil had
little effect on proteinuria — a finding that con-
trasts with the additive effects of belimumab
or voclosporin on top of similar background
therapies. Although the primary end point of
TULIP-LN — proteinuria at 52 weeks — is
certainly a relevant predictor of long-term out-
comes in patients with LN, it is important to
note that some drugs are more likely to affect
proteinuria than others. For example, voclo-
sporin has direct effects on podocytes at the
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Fig. 1| Pathomechanisms and therapeutic targets of SLE. Systemic lupus erythematosus (SLE)
is an autoimmune disease, the triggers of which include the activation of innate viral nucleic acid
recognition receptors by nucleic acid autoantigens or nucleic acids attached to nucleoproteins,
leading to activation of immature dendritic cells (DCs) and the release of type | interferons (IFNs).
The activation of antigen-presenting DCs by type | IFNs via IFNa receptors (IFNaR1 and IFNaR2)
promotes their capacity to effectively present antigens (including self antigens) to T and B cells.

The generation of T effector cells (T helper 1 (T;1), T2 and T,,17 cells, as well as regulatory T (T,

eg)

cells) results in the production of cytokines such as interleukin (IL)-12, IL-4, IL-6 and IL-23) and the
expression of cell surface molecules that support amplification of a self-directed immune response
as well as inflammation via (auto)-antigen-specific T cells. In addition, the production of B cell
activating factor (BAFF) by DCs induces the survival, proliferation and differentiation of B cells into
plasma cells that ultimately drives autoantibody production. Current therapies include anifrolumab,
which blocks IFNaR1 on non-immune and immune cells, including DCs; belimumab, which neutral-
izes BAFF to limit B cell growth and functions; or the calcineurin inhibitor voclosporin, which targets
the cytoskeleton of podocytes at the filtration barrier as well as T cell activation and proliferation.

filtration barrier and therefore reduces pro-
teinuria much faster than would be expected
on the basis of its immunosuppressive proper-
ties®. Although it is attractive to speculate that
a rapid and profound decline in proteinuria
helps to minimize irreversible kidney damage,
the long-term prognosis of LN also depends
on other factors, including the extent of sys-
temic SLE activity, number of LN flares, and
time to recurrent active LN. Through its inhi-
bition of type I interferon signalling, anifro-
lumab would be expected to favour superiority
over standard-of care for such end points;
however, a 52-week treatment period as used
in TULIP-LN is likely too short to assess the
effect of therapy on flare rate.

Type I interferon signalling is not only a
key pathway of SLE activity but is also a central
mechanism of antiviral immunity*. It therefore

comes as no surprise that all three TULIP tri-
als consistently indicated a drug-related risk
of herpes zoster — a condition that can cause
postherpetic neuralgia. Notably, herpes zoster
affected 8.2% of patients with LN treated with
placebo in the TULIP-LN trial as compared
to 1.1% in patients with non-renal SLE in
TULIP-2 and 2% in TULIP-1 (REFS'~). This sur-
prisingly high background incidence of herpes
zoster may be a consequence of several factors,
including CKD-related secondary immuno-
deficiency, the use of different background
therapies or the longer duration of SLE in par-
ticipants of TULIP-LN, which was on average
10 years longer than that of patients in TULIP-1
and TULIP-2 (REF’). Indeed, herpes zoster is
frequent in patients with SLE and the rates of
this complication increase with time'’. A pos-
sible explanation for this association may be an

enhanced state of acquired immunodeficiency
as indicated by the high prevalence of IgM
deficiency in patients with long-term SLE. In
all three trials, anifrolumab therapy further
increased herpes zoster rates: from 2% to 6% in
TULIP-1 (REFY), 1.1% to 7.2% in TULIP-2 (REF?)
and 8.2% to 16.7% in TULIP-LN’, mirroring
increased rate of influenza infections from
2% in patients on placebo to 8.3% in patients
on anifrolumab in TULIP-LN®. Data on
COVID-19 were not reported, but blocking
antiviral immunity may confer a particular risk
for more severe disease.

Thus, despite not reaching its primary
end point in TULIP-LN, anifrolumab may
still have beneficial effects on long-term
outcomes of LN that may only be evident
with longer-term studies. Not unexpectedly,
anifrolumab therapy implies a significant risk
of viral infections such as herpes zoster and
influenza, raising concerns about a higher risk
of more severe COVID-19 in patients on this
therapy; however, further studies are needed
to assess this possibility.
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