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At a glance 

NavigAID SLE is a patient 
stratification array that 
separates and defines 
subtypes in Systemic 
Lupus Erythematosus 
(SLE), overcoming issues 
of heterogeneity in 
disease classification and 
enabling new approaches 
to successful drug 
development.

Fundamental to the ImmunoINSIGHTS NavigAID 
approach is the SeroTagTM process, a proprietary 
biomarker discovery engine that helps in 
understanding the molecular basis of complex 
autoimmune diseases. Using this diagnostic 
‘magnifying glass’ Oncimmune has developed 
NavigAID SLE, a well-defined antigen panel that 
delineates disease subtypes and increases the 
probability of successful SLE therapy. 

SLE is an autoimmune disease with a wide range 
of clinical manifestations. It affects approximately 
5 million people worldwide (1) and its prevalence 
varies in different geographies (2). SLE accounts 
for around 70% of all cases of lupus, other forms 
being cutaneous lupus, drug-induced lupus and 
neonatal lupus (3). In around 50% of people living 
with SLE, a major organ or tissue, such as heart, 
lungs, kidneys or brain, will be affected.

Recent clinical developments in SLE, and the 
associated lupus nephritis, have focused on 
inhibiting the activation of autoreactive B-cells 
or pathways leading to autoimmunity and 
inflammation. Currently, Benlysta® (Belumimab, 
GSK) is the only targeted therapy to have received 
regulatory approval, although Rituxan® (Roche) is 
also used as an off-label treatment (4) 
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Development of SLE treatments lags far behind 
those for rheumatoid arthritis (RA) and other 
autoimmune diseases. A primary issue in SLE 
drug development is defining the right patient 
population for a trial. However, there are many 
factors which hamper SLE drug development (5). 
These include:

•	 Pathogenesis of SLE is multi-factorial and 
includes genetic, environmental, and hormonal 
factors; 

•	 SLE is an extremely complex disease that 
affects multiple organs and is described by 
highly variable clinical profiles;

•	 There are differences in disease prevalence, 
activity and clinical manifestations among 
different ethnic groups; 

•	 The remitting and relapsing nature of the 
disease means that those treated with placebos 
can show significant response rates (6);

•	 In clinical trials it is a challenge to apply 
composite responder indices to the variable 
clinical presentations.

For people living with SLE, the various symptoms 
and laboratory abnormalities can occur in different 
combinations at different times. As a result, studies 
of SLE may use several, potentially conflicting, 
definitions of the disease (7). Solving the problem 
of SLE patient heterogeneity is therefore pivotal for 
the clinical development of effective and curative 
therapies. 

Significant progress has been made in 
understanding molecular disease mechanisms, 
however, there remains an unmet need for 
novel diagnostic biomarkers and assays that 
enable precise disease characterisation, patient 
stratification and response prediction. 

The ImmunoINSIGHTS NavigAID SLE array 
meets this need exactly and is set to become an 
indispensable part of any SLE clinical development 
programme.



4NavigAIDTM SLE

SLE is an autoimmune disease affecting 
approximately 5 million people worldwide with 
a wide range of clinical manifestations. Standard 
treatment options tend to rely on non-specific 
immunosuppression and there is a significant 
medical need for new, more focused therapies. 
However, the US Food & Drug Administration (FDA) 
has given approval to only one new treatment for 
SLE in 50 years: Benlysta®, which was approved in 
2011 for use in both adults and children with SLE.

As understanding of SLE continues to improve, 
more targeted approaches to drug treatment 
are emerging. Current developments focus on 
key modulators of chronic inflammatory and 
immunological processes with various therapies 
in clinical trials. B-cells play a central role in 
SLE pathogenesis through a combination of 
antibody-independent and antibody-mediated 
actions, including presentation of autoantigens 
to T-cells. This autoimmune reaction can induce 
tissue damage and the release of type I interferon 
(IFNI) by dendritic cells (Figure 1) (8, 9), which can 
influence the development and progression of SLE.

Recent clinical developments in SLE have focused 
on inhibiting the activation of autoreactive B-cells 
by targeting cytokines and B-cell-specific surface 
receptors involved in B-cell differentiation and 
maturation, thereby reducing autoantibody 
production. Drugs representing different 
therapeutic strategies have now reached the 
later stages of clinical trials and include: cytokine 
infusions, antibodies against cytokines, and small 
molecule kinase and phosphatase inhibitors (10). 

SLE pathogenesis and therapeutic targets 
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Figure 1: Overview of the multi-targeted approaches for the treatment of SLE (9, 10)
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The need for biomarkers in the clinical 
development of SLE therapeutics 

With the exception of Benlysta®, approval for 
novel SLE medicines lags behind that for other 
autoimmune diseases such as rheumatoid arthritis 
(RA). An analysis, performed in 2018, of pipeline 
products that failed to gain approval indicated that 
these therapies demonstrated efficacy and safety 
in earlier-phase trials, but this was not replicated 
in larger late-phase trials (5).

It is likely that several challenges are impeding 
drug development for SLE (11) and one of the 
most critical and pressing priorities is to enrol 
homogeneous patient groups in clinical trials (12). 
These patient groups are difficult to enrol because:

•	 The pathogenesis of SLE is multi-factorial, 
including genetic, environmental, and hormonal 
factors, and the exact cause of SLE remains 
unclear; 

•	 SLE is a complex disease that affects multiple 
organs and is described by extremely 
variable clinical profiles. This variability in 
disease presentation suggests that SLE is a 
heterogeneous group of diseases (and thus a 
syndrome) which can be divided into smaller 
more homogeneous subtypes, each having 
different baseline biomarker patterns and 
disease characteristics; 

•	 As a result of its variable clinical presentation, 
misclassification of SLE remains an issue, in 
particular when applying the Systemic Lupus 
International Collaborating Clinics (SLICC) 
classification criteria (13, 14);

•	 Differences among ethnic groups can be found 
in: disease prevalence, disease activity, clinical 
manifestations, autoantibody serology and 
efficacy of treatments (15); 

•	 Due to the remitting and relapsing nature of the 
disease and the high standard of care, treated 
placebo groups show significant response 
rates. These compromise the outcome of 
clinical trials (11);

•	 The variable clinical presentation creates 
a challenge in uniformly applying complex 
composite responder indices in large clinical 
trials. Furthermore, different disease activity 
indices – i.e. the Systemic Lupus Erythematosus 
Disease Activity Index (SLEDAI) and the British 
Isles Lupus Assessment Group (BILAG) - may 
yield different drug and placebo response 
rates (11).

The heterogeneity of SLE patients represents an 
enormous challenge for the clinical development 
of effective and curative therapies. The ability 
to define true SLE patients, and to dissect SLE 
into different subtypes with specific patterns of 
biomarkers and organ involvement, is especially 
important for evaluating therapeutic efficacy in 
clinical trials (11, 16)

Ideally, when recruiting for clinical trials, patients 
should be characterised not only by standard 
anti-nuclear antibody (ANA) testing, but by 
high autoantibody levels to characteristic SLE-
specific antigens. Not only can the application 
of biomarkers and autoantibodies support the 
enrolment of homogeneous patient groups they 
can also be used to monitor how well patients have 
been recruited at different study sites.

Although significant progress has been made in 
understanding molecular disease mechanisms, 
there is still an unmet need for novel diagnostic 
biomarkers and assays for precise disease 
characterisation, patient stratification and response 
prediction (17). 
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NavigAID SLE 

The ImmunoINSIGHTS SLE 
stratification panel
NavigAID SLE is based on analysis from a robust 
database of more than 1,000 SLE patients (>1,300 
serum samples) and provides answers to the 
following questions: 

1.	 Can we ensure enrolment of an appropriate 
SLE patient population? 

YES. According to the literature, up to 20% 
of SLE patients are misdiagnosed (Narain, 
Richards et al. 2004). Additionally, and in order 
to characterise cross-reactivity, we also include 
diagnostic antigens from other autoimmune 
diseases. 

2.	 Can we identify patients with high disease 
activity and/or an SLE specific type I Interferon 
inducible signature? 

YES. Patients with high disease activity are 
characterised by an extended repertoire of 
autoantibodies (Villarreal, Drenkard et al. 1997). 
Such patients are further distinguished by 
activation of the interferon-I pathway and a 
characteristic pattern of autoantibodies, which 
target IFN-inducible genes. The levels of anti-
dsDNA and anti-C1q antibodies are associated 
with lupus nephritis and increases in their titre, 
which precede flare-ups of disease activity.

Studies also note that patients with SLE and 
those with Sjogren’s syndrome demonstrated 
an excess of autoantibodies against interferons 
and the interferon‐responsive chemokine 
interferon‐inducible protein 10 (IP‐10) (18).’

Cytokine dysregulation is characteristic of SLE 
and offers the potential for identifying patient 
subsets before the onset of clinical disease 
and during established disease (19). With the 
advent of increasing numbers of therapeutic 
anti-cytokine antibodies, defining the role of 
endogenous anti-cytokine autoantibodies may 
help in identifying suitable patient subsets 
more likely to respond.

3.	 Can we diagnose/predict SLE associated organ 
damage? 

YES. Certain autoantibodies seem to be 
associated with specific organs. For example, 
high titres of anti-dsDNA antibodies are 
associated with lupus nephritis, whereas anti-
U1-RNP autoantibodies are associated with 
Raynaud’s phenomenon and a lower chance 
of nephritis. 

4.	 Is it possible to stratify SLE into different 
subtypes? 

YES. The ImmunoINSIGHTS NavigAID SLE 
combines selected known and proprietary 
biomarkers, enabling the characterization of 
distinct SLE subtypes.



8NavigAIDTM SLE

1. Diagnostic Marker 2. SLE Disease Activity 3. SLE-Associated Organ  
     Damage

RA:
CCP,

RA-33

SSc:
Scl70,
CENPB

MCTD:
U1-RNP

PM/DM:
Jo-1,

SRP-54

SjS:
Ro/La

SLE:
dsDNA

Sm,
Ribosome

Disease activity:
dsDNA, Complement

Interferon signature:
Ro52, SSB, SP100, MX1, RPLP0, 

Histone, hRNP

Cytokines and interferon antigens:
type I IFN, IFN-α, IFN-λ1, IFNκ,

IFN-β1, IFN-α2
IL-6, IL-12p70, IL-4, IL-5

Raynaud: U1-RNP
Arthritis: RA-33

NPSLE: Ribosome, AQP4
Dermatitis: Ro/La

Myositis: SRP-54, Jo-1
Vasculitis: ANCA

APL: b2-glycoprotein

4. SLE Stratification in Subgroups

Known and Oncimmune proprietary antigens
Exploration of clinical response & patient stratification

Figure 2: ImmunoINSIGHTS NavigAID SLE
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Technical aspects of the 
NavigAID SLE 
SeroTag®, a technology developed by Oncimmune, 
utilises the bead-based Luminex® technology 
platform for autoantibody measurements. Luminex 
is an FDA-approved technology that offers a number 
of advantages over single analyte technologies: 

•	 Scalability with regard to multiplexing 

•	 Low sample requirement (max. 50 μL) 

•	 No platform change required for CDx 
development 

NavigAID SLE array comprises a total of 96 
autoantigens and includes 4 controls in order to 
provide answers to the four questions detailed 
above; 47 of these antigens are known antigens 
that are used as in vitro diagnostics (IVDs) and are 
included in Table 1, and 40 are novel, proprietary 
Oncimmune antigens. 

The Luminex platform provides quantitative 
autoantibody data, enabling comparison of 
autoantibody levels in patients, along with the 
analysis of a reduction in autoantibody levels 
during treatment.

Autoantibody-based SLE 
patient stratification 
The remitting/flaring nature of SLE is associated 
with statistically problematic high placebo 
response rates. Consequently, demonstrating 
superior efficacy over a placebo, and predicting 
response to treatment, is crucial for efficient 
clinical development and regulatory approval. 

This challenge underscores the need for 
technologies and biomarkers that allow definition 
of more homogeneous subtypes of SLE patients 
that are more likely to respond to new treatments. 

NavigAID SLE has been specifically developed 
to address the critical challenges in the clinical 
development of novel drugs for SLE via the simple 
measurement of serum biomarkers. 

As such, it enables specific differential diagnosis, 
state-of-the-art disease activity assessment and 
IFN-1 signature comparison, together with a disease 
stratification approach that will benefit any new 
SLE treatment. Furthermore, it has the potential to 
provide the basis for companion diagnostics (CDx).
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Further insight to NavigAID 
SLE 
Ensuring enrolment of an appropriate SLE 
patient population 

According to the literature, up to 20% of SLE 
patients are misdiagnosed (20). SLE is regarded 
as an autoantibody-mediated disease, and positive 
autoantibody tests have become a requirement 
for recruiting patients into clinical trials. However, 
the ANA test is not specific for SLE because anti-
nuclear autoantibodies occur in other rheumatic 
diseases, infectious diseases and up to 20% of 
the general population (21, 22). Thus, despite 
high sensitivity for SLE, the ANA assay lacks 
specificity and is associated with a risk of over- 
or misdiagnosing SLE (20, 23). 

In contrast to ANA, anti-dsDNA tests are more 
specific for SLE, but less sensitive (30–70%) and 
correlate with disease activity in lupus, specifically 
nephritis (24). Thus, to ensure that there is a 
consistent inclusion of SLE patients into clinical 
trials, a positive ANA test should be re-evaluated 
by subsequently analysing different nuclear antigen 
targets. 

In order to characterise patients who are not 
exhibiting unambiguous SLE but who have 
overlapping features with other rheumatic/
autoimmune disorders, we also include diagnostic 
antigens across this spectrum. For example, the 
anti-cyclic citrullinated peptide (CCP) antibody is 
an established marker in the diagnosis of RA but 
is also infrequently found in SLE where it serves 
as a useful marker of erosive arthritis (25). 

To define a homogenous group of 
specific SLE therapy responders, 
antibody reactivity towards 
diagnostic SLE and autoimmune 
antigens needs to be analysed. 

Identifying patients with high disease activity 
and/or an SLE specific type I interferon (IFN) 
inducible signature

DNA-containing immune complexes can activate 
dendritic cells to produce type I IFN (Figure 1). In 
conjunction with the activation of gene expression 
profiles for pro inflammatory cytokines, IFN-α 
also enhances the expression of a subset of 
autoantibody targets such as Ro52 or ribosomal 
P proteins (Table 1). 

Specific clinical features, including lupus nephritis 
and more severe disease, are associated with the 
high expression of IFN-induced genes and specific 
autoantibody patterns, including autoantibodies 
against Ro, U1-RNP, Sm and dsDNA, found to be 
associated with a high type I IFN score (26). The 
type I IFN signature in blood has been used as 
a pharmacodynamic marker during the clinical 
development of anti-IFN-alpha therapies. As such, 
an SLE-specific PCR-based type I IFN signature is 
often used in clinical trials. 

Oncimmune provides a serum-based 
approach to characterise a clinically 
meaningful group of SLE patients 
with autoantibodies against type-I-
Interferon pathway proteins and high 
disease activity. 
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Diagnosis/prediction of SLE associated organ 
damage 

The autoantibody profile helps to predict SLE 
subsets with typical organ manifestations. High 
titres of anti-dsDNA antibodies are associated with 
lupus nephritis, whereas anti-U1-RNP autoantibodies 
are associated with Raynaud’s phenomenon and a 
reduced probability of nephritis. Combined anti-
Ro/La antibodies are associated with secondary 
Sjögren’s syndrome (SjS) and photosensitivity 
but are absent in lupus nephritis. Moreover, anti-
ribosomal P antibodies are clearly associated with 
CNS lupus (Table 1; (24)). 

NavigAID SLE analyses markers 
with the potential to predict and 
define patients with specific organ 
involvement and allows for a specific 
analysis of such patient groups. 
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Stratification of SLE into different subtypes 

In SLE, B-cells produce autoantibodies associated 
with distinct clinical subtypes (Table 1). A typical 
feature of SLE is the accumulation of autoantibody 
reactivities and intra- and inter-epitope spreading 
over time. Furthermore, the co-occurrence of 
autoantibodies in SLE patients has rarely been 
analysed. 

Previous studies indicate that subspecies of 
autoantibodies to Ro/SSA and La/SSB are present 
in 25–50% of SLE patients and levels of these 
autoantibodies are associated with the MHC class 
II gene locus (HLA-DRB1*03:01) (Harley, Sestak et 
al. 1989; Morris, Fernando et al. 2014). Thus, based 
on the HLA haplotype and associated autoantibody 
pattern, SLE can already be dissected into two 
subsets of Ro/La and Sm/RNP-positive subtypes 
(27). 

Oncimmune has developed a set of known and 
proprietary markers to stratify SLE into additional 
subtypes to help provide a more detailed picture 
of this multifaceted disease. 

Oncimmune analysed over 1,300 SLE samples 
with different disease states and ethnicities 
and a comprehensive portfolio of SLE-specific 
autoantibody signatures were discovered. Based on 
a set of 64 autoantigens, we have analysed “linked 
sets” of autoantibody reactivities and used these 
linked reactivities to identify SLE patients with a 
homogeneous autoantibody profile. 

Figure 3 shows a contingency heatmap of 
SLE patients in which the number of positive 
autoantibodies per SLE patient is colour 
coded, green (low) to red (high), with up to 64 
autoantibodies per patient. This enables the 
identification of distinct patient subtypes/clusters 
sharing the following characteristics: 

Patient Subgroup C1 
This is a highly reactive patient group, with positive 
autoantibody reactivity towards a large number 
of autoantigens. Patients in this cluster share 
the presence of a high number of more than 10 
markers. However, this cluster segregates into 
two further subtypes with reactivity towards 
partially unique markers. Reactivity towards an 
expanded set of autoantibodies correlates with 
high disease activity and upregulated expression 
of IFN-responsive genes (28). 

Interestingly, a previous study for SLE patients 
treated with Rituximab demonstrated that patients 
with an expanded baseline repertoire of anti-
nuclear autoantibodies had a shorter clinical 
response to B-cell depletion therapy (29). 

Patient Subgroup C2 
This subgroup is characterised by a similar 
number of reactive autoantigens (>15 markers), 
but individual patients share only a smaller fraction 
of markers with each other. Hence, this subgroup 
is highly reactive, but more heterogeneous. 

Patient Subgroup C3 
The third patient subgroup typically includes 
patients with reactivity against a small number 
of autoantibodies (5–10 markers) and a low degree 
of shared reactivities. 

Patient Subgroup C4 
The fourth subgroup includes a small number of 
patients who can be defined as outliers in terms 
of autoantibody reactivity. This group of patients 
can be characterised by very low reactivity and 
a low degree of similarity to other patients. In 
the context of clinical studies, these patients 
need further characterisation as they might be 
misclassified as SLE. 
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Figure 3: Patient clustering based on shared autoantibody reactivity

 



14NavigAIDTM SLE

Conclusion 

NavigAID SLE measures autoantibody markers 
linked to the SLE disease pathology and 
clinical manifestations. Based on linked sets of 
autoantibody markers it is now possible to define 
at least four disease subtypes in SLE patients. 
These patient groups are characterised by the 
co-appearance of autoantibody markers and the 
total number of shared autoantibody markers. 

For the first time, this approach allows us to 
define more homogeneous patient groups and to 
overcome the serological and clinical heterogeneity 
of SLE. Oncimmune has specifically developed 
this array to prospectively address the critical 
challenges in the clinical development of novel 
drugs for SLE with the simple measurement of 
serum biomarkers. 

NavigAID SLE can contribute to the definition of 
a homogeneous group of potential SLE therapy 
responders. This screening tool therefore has 
the ability to help address the unmet need for 
specific biomarkers that allow for precise disease 
diagnosis, patient stratification and response 
prediction, and should become part of any SLE 
clinical development programme. 
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Appendices 

Table 1: Autoantibody markers used in different clinical settings of SLE

Left side of table: antigens used for diagnosis of SLE, and differential diagnosis of other rheumatic diseases: Red: main 
diagnostic AAB; dark grey: frequently associated with disease; light grey: associated with disease, but not routinely 
measured. Antigens associated with organ damage: colours: frequently associated with disease, grey: controversial results 
or occasional observations.



16NavigAIDTM SLE

Table 2: List of abbreviations

p-ANCA Perinuclear anti-neutrophil cytoplasmic antibodies

ANA Anti-nuclear autoantibodies 

BICLA BILAG-based composite lupus assessment

BILAG British Isles Lupus Assessment Group

c-ANCA Cytoplasmic anti-neutrophil cytoplasmic antibodies

CCP Cyclic citrullinated peptide

CDx Companion diagnostics

DM/PM Dermatomyositis/Polymyositis

dsDNA Double stranded DNA

ENA Extracted nuclear antigens

M2 Antigen Anti-mitochondrial antibodies M2 complex

MCTD Mixed connective tissue disease

NMO Neuromyelitis optica

NPSLE Neuropsychiatric systemic lupus erythematosus

pAPS primary anti-phospholipid syndrome

PBC Primary biliary cirrhosis

RA Rheumatoid arthritis

SjS Sjögren’s syndrome

SLE Systemic lupus erythematosus

SLEDAI Systemic lupus erythematosus disease activity index

SLICC Systemic lupus international collaborating clinics

SSc Systemic sclerosis
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