
The Journal of Clinical Investigation   C O M M E N T A R Y

9 5 8 jci.org   Volume 129   Number 3   March 2019

A promising approach to targeting type 1 IFN  
in systemic lupus erythematosus
Yashaar Chaichian,1 Daniel J. Wallace,2 and Michael H. Weisman2

1Division of Immunology and Rheumatology, Stanford University, Palo Alto, California, USA. 2Division of Rheumatology, Cedars-Sinai Medical Center, David Geffen School of Medicine,  

UCLA, Los Angeles, California, USA.

SLE treatment — unmet need 
and limitations of previous 
clinical trials
Disease remission remains an elusive goal 
for many patients with systemic lupus ery-
thematosus (SLE) (1), even as mortality 
rates for SLE have significantly improved 
over time (2). Furthermore, even among 
those who do respond adequately to the cur-
rent standard-of-care management, these 
medications are nonspecific in their immu-
nosuppressive approach and their toxicity 
profile is often unacceptable for a chronic 
illness such as SLE. Health-related quality of 
life measures remain low among many SLE 
patients (3). There is still a large unmet need 
for optimization of lupus management.

The advent of biologic therapies has 
dramatically changed the landscape for 
managing several other autoimmune-driv-
en diseases, notably rheumatoid arthritis, 
psoriasis, multiple sclerosis, and inflam-
matory bowel disease, over the past 20 
years. Unfortunately, the same cannot be 
said about SLE, as nearly all novel therapies 
that target specific pathways of immune 
dysregulation in lupus have met with fail-
ure. Amidst this backdrop exist signs of 
hope. Phase II study results of baricitinib, 
an oral selective and reversible JAK1 and 
JAK2 inhibitor (4), and ustekinumab, an 
anti–IL-12/23 mAb (5), have been promis-
ing. Post hoc analysis from a phase II study 
(6) of the anti–IL-6 mAB PF-04236921 

revealed efficacy and safety, and trends 
toward treatment response were observed 
in a recent phase IIb trial (7) and long-term 
extension study (8) of atacicept, a dual 
inhibitor of a proliferation-inducing ligand 
(APRIL), and B cell activating factor of the 
TNF family (BAFF). Nevertheless, belim-
umab (anti-BAFF mAb) remains the only 
FDA-approved therapy for SLE in the past 
60 years (9), and many clinicians regard the 
impact of this drug as modest at best.

Multiple reasons have been cited for the 
lack of successful clinical trials in SLE (10). 
Disease heterogeneity can make it difficult 
to identify the specific patient phenotype for 
enrollment in a trial. Appropriate criticism 
has been levied against the general approach 
toward background medications in lupus 
clinical trials, as it is difficult to achieve pri-
mary end points and demonstrate a clini-
cally meaningful response compared with 
standard of care when the target groups are 
on multiple immunosuppressive drugs plus 
glucocorticoids. The use of rescue thera-
pies for disease flares can also impede the 
ability to detect a beneficial effect of study 
drug. Another concern has been the lack of a 
consistent outcome measure that is clinical-
ly meaningful, easy to employ, and derived 
from clinical trial data, as opposed to either 
expert opinion (SLE Disease Activity Index 
[SLEDAI]) or observational cohorts (British 
Isles Lupus Assessment Group [BILAG]) (11). 
The recruitment challenges for SLE trials 
are readily acknowledged; however, some 
studies have been too small and thus make 
it more difficult to detect a statistically sig-
nificant difference between treatment and 
placebo arms. Even when there have been 
positive results in the overall study popula-
tion for a specific treatment, the results have 
often been underpowered to assess whether 
one subgroup of patients may benefit more 
than another. Finally, parallel phase III trials 
of the same study drug present a challenge, 
as they do not allow lessons learned from the 
failure of one trial to be applied to the other.
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Despite advances in understanding systemic lupus erythematosus (SLE) 
pathogenesis, most clinical trials of new targeted therapies have been 
met with disappointment. The type I IFN pathway is believed to play an 
important role in SLE, and the proposed involvement of this pathway 
helps explain the frustration behind the failure at targeting either IFN-α or 
the type 1 IFN receptor itself. In this issue of the JCI, Furie et al. report on 
an intriguing phase 1b study that demonstrates an approach for inhibiting 
this pathway in the skin using an mAB (BIIB059) that targets the blood 
DC antigen 2 (BDCA-2) receptor on plasmacytoid DCs (pDCs). BIIB059 
decreased IFN expression and improved cutaneous lupus disease activity, 
with a favorable safety profile. Whether or not this strategy will be 
effective in managing SLE in other organs remains unanswered. However, 
these results suggest that closing the door on targeting the type 1 IFN 
pathway in SLE may be premature and highlight the emerging question 
of whether an organ-specific approach toward lupus trials and treatment 
should be the wave of the future.
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Given the perceived biologic com-
plexities of the role type 1 IFN plays in 
lupus pathogenesis, the disappointment 
that has followed contemporaneous clin-
ical trials targeting this pathway has been 
understandable. mAbs directed against 
IFN-α were initially studied; however, 
rontalizumab failed to meet its prima-
ry and secondary end points (16), and 
sifalimumab had underwhelming effica-
cy despite meeting its primary and some 
secondary end points (14). Furthermore, 
the specificity toward IFN-α meant that 
other type 1 IFNs were not blocked and 
were free to bind the type 1 IFN receptor 
(IFNAR) and mediate cell signaling. As 
a fully human, IgG1κ mAb that binds to 
IFNAR, anifrolumab has the advantage 
of inhibiting signaling by all type I IFNs. 
Phase II results in patients with moder-
ate-to-severe lupus were quite promising 
(15), with a clinically significant response 
in subjects with high baseline IFN gene 
expression, which makes biologic sense, 
and a low rate of adverse events (AEs) 
overall. Unfortunately, the recent phase 
III TULIP 1 study of anifrolumab failed 
to meet the primary end point (17). 
Furthermore, the clinically important 
patient-reported outcomes (PRO), which 
may reflect how patients actually feel 
when taking the drug, did not signifi-
cantly improve in any of these studies 
(D.J. Wallace, personal communication). 
Based on the results from these trials, it 
appears that further investigation into 
targeting IFN-α or IFNAR directly will 
not go forward.

A new target and an  
organ-specific approach in  
IFN-directed therapy?
In contrast to the above referenced stud-
ies, a unique means of inhibiting the 
production of type 1 IFN at the level of 
the plasmacytoid DCs (pDCs) (Figure 1) 
was undertaken by Furie et al. (18) and 
reported in this issue. We know that pDCs 
are the primary cell source of the type 
1 IFN signal in SLE. Blood DC antigen 
2 (BDCA-2) is a pDC-specific receptor 
that blocks type 1 IFN production when 
bound. Blomberg et al. (19) previously 
reported that SLE patients not only have 
decreased numbers of BDCA-2–express-
ing pDCs, but that IFN-α production 
could be mitigated using an anti–BDCA-

B cell activity; counteracting this partic-
ular dysregulation in SLE may have pro-
found therapeutic implications.

Type 1 IFN is one innate immune path-
way that is aberrant in many lupus patients. 
Activation of TLR7 and TLR9 is thought 
to be central to induction of a type 1 IFN 
response, although TLR7/9 inhibition stud-
ies have been unsuccessful. Downstream 
effects of increased type 1 IFN expression 
are variable and include an increase in 
neutrophil extracellular traps (NETs) from 
activated neutrophils, B cell hyperreactivi-
ty via increased BAFF production, and loss 
of Treg function (12). Mouse models of SLE 
have shown that IFN is pathogenic; exoge-
nous IFN-α leads to worsening disease (13). 
Results from prior SLE clinical trials direct-
ly targeting the type 1 IFN pathway have 
been decidedly mixed, but nevertheless, 
these studies implicate a pathogenic role of 
this pathway in humans (14, 15).

Type 1 IFN in SLE: 
immunopathogenesis, deferred 
clinical breakthroughs
While these explanations are all valid, 
the exact reasons why SLE clinical trials 
to date have been underwhelming may 
also derive from the complexity of lupus 
immunopathogenesis, which could even 
evolve over time in a single patient, and 
the need to identify suitable organ-spe-
cific therapeutic targets. For a number of 
years, the focus of development of new 
targeted therapies in SLE was directed 
primarily toward perturbation or ablation 
of T cells and B cells. However, we know 
that innate immunity also plays a critical 
role in SLE pathogenesis, with defects in 
antigen-presenting cells, TLRs, and cyto-
kine pathways all having been implicated 
in disease (12). The intricate interplay of 
the immune system means that defects in 
innate immunity directly affect T cell and 

Figure 1. Sites of action of drugs that inhibit type 1 IFN. In this issue, Furie et al. demonstrate that 
BIIB059 is an mAb that works upstream of other type 1 IFN–interfering drugs. BIIB059 binds the 
BDCA-2 receptor on pDCs, leading to inhibition of type 1 IFN production. Sifalimumab and rontali-
zumab act as mAbs against IFN-α, blocking all and most IFN-α subtypes, respectively. Anifrolumab 
is an mAb against IFNAR, preventing interaction with tyrosine kinase 2 (TYK2) and JAK1 and thus 
inhibiting the ability of IFN-α and all other type 1 IFNs to mediate downstream effects. IRF9, IFN 
regulatory factor 9; ISRE, IFN-stimulated response element; GAS, IFN-γ–activated sequence.
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of action. As both medications interfere 
with the type 1 IFN pathway, additional 
data on response rates in a larger cohort 
of patients receiving BIIB059 plus an anti-
malarial will be instructive.

Given the potential importance of IFN 
in SLE pathogenesis, it is reasonable to 
assume that the skin may not be the only 
site of disease activity that would respond 
to BIIB059. As the complexity of SLE 
pathogenesis is well known, what works in 
one target organ may not in other affected 
organs. The observation that some patients 
with cutaneous lupus have minimal or 
absent signs of systemic disease activity 
opens up the possibility that an organ-spe-
cific treatment approach unique to the skin 
may be preferential. Nevertheless, it is 
worth pondering the following: which sites 
of noncutaneous SLE organ involvement 
will most benefit from BIIB059? Will the 
use of other validated measures to assess 
global disease activity be able to demon-
strate a clinically and statistically signifi-
cant treatment effect with this study drug? 
Or will we need to focus on organ-specific 
measures of disease activity in assessing 
the efficacy of BIIB059 at other disease 
sites? Once we identify which organ or 
organs will respond best to this treatment 
approach, how does this advance our 
knowledge of potential immune mecha-
nisms in SLE?

It is important to remember that SLE is 
a chronic illness with ups and downs over a 
long period of time. Ultimately, additional 
studies determining the organ specificity 
(or lack thereof) of targeting the type 1 IFN 
pathway at the level of the pDC via BIIB059 
will provide, not only answers as to the pre-
cise role of this treatment approach in SLE, 
but it is hoped, additional insights into dis-
ease immunopathogenesis as well. For a 
disease with such a large unmet need, this 
would be welcome news indeed.
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cutaneous involvement. Moreover, single 
doses of BIIB059 had favorable pharma-
cokinetic and pharmacodynamic profiles. 
Importantly, BIIB059, as administered 
in this study, was generally safe and well 
tolerated. Most AEs observed were mild to 
moderate in severity.

Conclusions and future 
directions
The exciting results from Furie et al. sug-
gest that the decision to continue investi-
gating the potential benefits of targeting 
a novel vantage point within the import-
ant type 1 IFN pathway was astute. These 
findings also raise a number of intriguing 
questions to consider. This was a small 
study administering BIIB059 in a limited 
fashion with a short follow-up interval, 
all of which are appropriate, considering 
this was a phase I trial. As the number of 
patients with extracutaneous lupus disease 
involvement was quite low, it is not possi-
ble to extrapolate the impact of BIIB059 
on patients with these sites of disease 
involvement. It is hoped that the planned 
phase II study with a longer duration of 
treatment will provide necessary addi-
tional information regarding the efficacy 
of this agent in a larger, more phenotypi-
cally diverse cohort of SLE patients. Addi-
tional safety data will be essential, as prior 
IFN-targeted therapies demonstrated a 
herpes zoster signal. In the Furie et al. tri-
al, one BIIB059-treated patient developed 
a herpes zoster infection that was felt to be 
related to the study drug, but was not con-
sidered serious in severity.

Furie and colleagues have clearly 
demonstrated proof of biological activ-
ity of BIIB059 in SLE patients, given the 
reductions in IFN expression in both 
whole blood and lesional skin. Howev-
er, due to the small sample size, firm 
conclusions cannot be drawn regarding 
whether responsiveness to this drug dif-
fers between SLE patients with low versus 
high baseline levels of IFN gene expres-
sion. One would hypothesize that patients 
with higher IFN levels would be more 
responsive; demonstrating this personal-
ized medicine approach could potential-
ly allow the selection of a suitable SLE 
patient population in advance. Only 2 out 
of 8 SLE patients that received BIIB059 
were on antimalarial therapy, which inhib-
its TLR7/9 as its principal mechanism 

2/4 mAb. Subsequently, Wu et al. (20) 
demonstrated that decreased expression 
of BDCA-2 on activated pDCs in SLE is 
driven by TLR7 or TLR9 agonists.

These and similar mechanistic studies 
cited in the paper help inform the ratio-
nale for the development of a humanized 
BDCA-2–binding mAb (BIIB059). Furie et 
al. conducted a multicenter, randomized, 
double-blind, placebo-controlled phase 
1b study (18) assessing the safety, toler-
ability, pharmacokinetic, and pharma-
codynamic effects of BIIB059 in healthy 
volunteers and patients with SLE with 
active cutaneous disease. The authors 
also evaluated the biological activity and 
clinical response among these cutane-
ous lupus patients. As such, this was an 
organ-specific study essentially limited to 
SLE patients with active skin involvement. 
The study was divided into three parts: sin-
gle ascending doses of BIIB059 in healthy 
volunteers (part 1), a single dose (20 mg/
kg i.v.) among SLE patients (part 2), and 
multiple ascending doses in both healthy 
volunteers and SLE patients (part 3). The 
report in this issue focuses on the findings 
of parts 1 and 2. Patients with SLE (n = 12) 
met 1997 American College of Rheuma-
tology (ACR) criteria and were required 
to have active skin disease, though no 
specific baseline cut-off regarding cuta-
neous disease activity measure (Cutane-
ous Lupus Erythematosus Disease Area 
and Severity Index Activity [CLASI-A] 
score) was required. Similarly, there was 
no requirement in terms of baseline SLE-
DAI-2K activity, a systemic disease activ-
ity measure. After a 3-day treatment and 
outpatient observation period, patients 
in parts 1 and 2 were followed up for 16 
weeks, with a further 12-week follow-up 
for part 2 to monitor AEs.

Furie and colleagues confirmed that 
BIIB059 resulted in BDCA-2 internaliza-
tion on pDCs, a necessary step for facili-
tating inhibition of type 1 IFN. Administra-
tion of BIIB059 also reduced expression 
of IFN response genes in whole blood 
and reduced expression of IFN response 
proteins within affected skin sample biop-
sies. The effect on the IFN signature in the 
skin correlated with reductions in cutane-
ous disease, as measured by the CLASI-A 
score. Together, these results provide 
strong evidence of the biological activi-
ty of BIIB059 in SLE patients with active 
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