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ONLINE SUPPLEMENT 1 

 2 

SUPPLEMENTARY PATIENTS, MATERIALS AND METHODS 3 

 4 

Patients 5 

Routine testing to determine anti-dsDNA Abs titers (Farr assay, Trinity Biotech®; cut-off 6 

value: 9.0 IU/mL), anti-ribonucleoprotein Abs (anti-RNP, anti-Sm, anti-SSA/Ro60, anti-7 

Ro52/TRIM21, anti-SSB [Luminex FIDIS™, Theradiag®]), as well as laboratory analyses 8 

(complement C3 levels (Optilite®, Binding Site©; cut-off value: 0.78g/L), complete blood 9 

counts, serum creatinine, proteinuria and hematuria) were run. Fever, defined as a body 10 

temperature above 38.5°C, weight loss defined as a loss of at least 5% of body weight, 11 

anorexia and lymphadenopathy were considered constitutional signs. Cytopenia was defined 12 

as leukopenia <3 G/L or thrombocytopenia <100 G/L. Leukopenia related to drugs or benign 13 

ethnic causes were not scored in the SLEDAI. 14 

Patients who fulfilled the following criteria were included in the “Lupus Low Disease Activity 15 

State (LLDAS) without remission” subgroup, adapted from Franklyn et al. [1, 2]: patients not 16 

in remission but with a SLEDAI-2K≤4, with no activity in major organ systems (renal, central 17 

nervous system, cardiopulmonary, vasculitis, fever) and no haemolytic anaemia or 18 

gastrointestinal activity, without new lupus disease activity compared with the previous 19 

assessment and with corticosteroids up to 7.5 mg/day of prednisone. Immunosupressant and 20 

hydroxychloroquine were allowed. 21 

 22 

Patient follow-up 23 

Patients in remission at day 0 were followed for one year. A lupus specialist performed 24 

physical medical examination at day 0, and at month 6 and 12. Between two outpatient visits 25 

(at month 3 and month 9), patients were contacted by phone and specific questions were 26 

asked to monitor lupus flares. The patients were also told to call their lupus doctor if they 27 

thought they were suffering from a lupus symptom or a lupus flare. If symptoms of lupus 28 

flares were suspected, patients were seen for a medical examination to confirm the flare. The 29 

time elapsed between day 0 and the lupus flare was recorded. Independent-committee (SMM, 30 

AM and ZA) blind of IFN- results validated all lupus flares. Four patients in remission at 31 

day 0 were previously excluded of this time-dependant analysis: three because of the increase 32 

of immunosuppressive drugs or corticosteroids regimen at baseline and one because of loss to 33 
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second wash, streptavidin-β-galactosidase (SBG) was added to bind the detector Ab, resulting 1 

in enzyme labeling of the captured cytokine. After washing, the beads were resuspended in a 2 

resorufin β-D-galactopyranoside (RGP) substrate solution and transferred immediately into 3 

the array of a Simoa disc (Quanterix SimoaTM Disc Kit) to be individually captured in the 4 

microwells. The β-galactosidase on captured cytokine hydrolyzed the RGP substrate into a 5 

fluorescent signal for IFN-α determination. At low cytokine concentration, the percentage of 6 

bead-containing wells in the array that have a positive signal is proportional to the amount of 7 

cytokine present in the sample (digital measurement). At higher concentration, when most of 8 

the bead-containing wells have one or more labeled-cytokine molecules, the total fluorescence 9 

signal is proportional to the amount of cytokine present in the sample (analog measurement). 10 

Cytokine concentrations in serum samples were interpolated from standard curves. The lower 11 

limit of detection was 5 fg/mL. The upper limit of quantification was 52,200 fg/mL (i.e., 12 

above that concentration, we did not further dilute the sample). Healthy control samples were 13 

run on every IFN- assay plate alongside age- and gender- matched SLE samples in order to 14 

limit batch effects. Inter-assay variability is presented in supplemental table 1.   15 

 16 

Statistical analysis 17 

Qualitative variables are expressed as number (%) and quantitative variables as the 18 

mean±standard deviation (SD) or median (range or quartiles alternatively), as appropriate. 19 

Differences in terms of IFN- between patient groups were tested with the Mann–Whitney U-20 

test or Student’s t-test for continuous data, and Fisher’s exact or χ2 test for categorical data. 21 

In a first step, IFN-α level were compared among groups defined by disease activity statuses. 22 

Next, characteristics of patients in remission were compared according to serum IFN-α 23 

positivity (defined by above cut-off) in bivariate and multivariate analysis. A logistic 24 

regression model was used, including serum IFN-α positivity as the dependent variable, with 25 

a backward selection of independent variables (p=0.10 for exit). Time to flare was then 26 

studied in patients in remission according to baseline disease characteristics by the mean of 27 

Kaplan-Meier method, and compared using Log-Rank tests. Crude and adjusted Hazard 28 

Ratios (HR) were calculated using proportional risk cox model with clinical and biological 29 

characteristics as the independent variables with a backward selection of variables (p=0.10 for 30 

exit). Since the variables pertaining to “disease duration <10 years” and “age <40 years” are 31 

not independent, the former was not included in the multivariable analysis. We did not 32 

introduce IFN- concentration as a qualitative independent variable within the Cox model, 33 
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because we failed to validate the log-linearity assumption of this variable despite the use of 1 

various transformations. To further analyse the diagnosis accuracy of the IFN- digital 2 

immunoassay, the Farr assay and complement C3 serum levels to predict SLE, we computed 3 

cumulative time-dependant ROC curves. “Cumulative” means that all events that occur before 4 

a considered time are considered to be “cases”, using the lupus flares as the gold standard for 5 

those analyses [6, 7]. Cumulative AUC were compared between biomarkers [7]. 6 

All tests were two-sided and p<0.05 defined significance.  7 

 8 

  9 
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RESULTS 1 

 2 

 3 

 4 

 5 

 6 

Supplemental figure 1. Frequencies of relapse according to serum IFN-α levels at 7 

baseline in SLE patients in remission. Serum IFN-α concentrations were assessed with the 8 

digital ELISA at baseline (day 0) and arbitrarily categorized into representative intervals. The 9 

number of patients included is given for each category (n). SLE patients in remission were 10 

followed for one year. Flares were defined using the SELENA flare index.[3, 4] Patients who 11 

had a flare in any organ system were recorded. The ratio of the patients experiencing a flare to 12 

the total number of patients in this range of IFN-α concentration is expressed as percentage 13 

(% of flares). 14 
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Supplemental table 1. Analysis of inter-measurement variability 1 

 2 

 

internal control  
inter-assay CV (%) 

high Low 

Value at release, pg/mL 2.070 - 2.420 0.030 - 0.035  

batch #A 
  

  
  
  

run #1 2.075 0.039 

run #2 2.077 0.036 

run #3 1.541 0.038 

batch CV (%) 16.3 3.3 9.8 

batch #B 
  

  
  

run #1 2.245 0.036 

run #2 1.827 0.035 

batch CV (%) 14.5 3.0 8.7 

batch #C 
  

  
  
  

run #1 2.268 0.038 

run #2 2.600 0.031 

run #3 2.741 0.040 

batch CV (%) 9.6 13.2 11.4 

intra-batch CV (%) 13.4  6.5 10.0 

inter-batch CV (%) 17.9 7.9 12.9 

The inter-assay variability was determined through the analysis of 8 different runs using 3 different batches 3 

and calculated with the coefficient of variation (CV). CV was expressed as a percentage and was defined 4 

as the ratio of the pooled standard deviation to the overall mean. Each assay was run with its own 5 

calibrators for the standard curve, and controls with a high and a low value concentration of the analyte. 6 

Inter-assay CV was calculated as the average of high and low control CV for each batch. Intra- and inter-7 

batch variability are shown. 8 

 9 

  10 
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Supplemental table 4. Risk of relapse according to combined SLE biomarkers at baseline in SLE patients in 

remission. 

 

Group #1 #2 #3 #4 #5 #6 #7 #8 

Positive IFN-α - - - - + + + + 

Low C3 - + - + - - + + 

Positive Farr test - - + + + - + - 

Patients number, n (%) 120 6 48 8 28 20 12 2 

Relapse, n (%) 6 (5) 0 (0) 2 (4) 1 (14) 4 (15) 5 (25) 5 (43) 1 (50) 

p value Ref. Ns ns ns ns 0.005 <0.0001 0.01 

Hazard Ratio 
[95% CI] 

Ref. 0 
[0] 

0.8 
[0.2-3.9] 

2.6  
[0.3-21.8] 

3.0 
[0.8-10.6] 

5.5 
[1.7-18.1] 

11.0  
[3.3-36.1] 

16.4  
[2.0-136.5] 

Serum IFN-α (positivity threshold of 136 fg/mL), anti-dsDNA Abs by Farr test (cut-off value: 9.0 IU/mL) and complement C3 levels (cut-off 

value: 0.78g/L) were assessed at Day 0. One single proportional risk Cox model was computed with the time to lupus flare as the dependent 

variable and biomarkers with an exclusive categorization as the only independent variable. These variables were categorized as follows: no 

biomarker (#1), isolated low C3 (#2), isolated positive Farr test (#3), combined positive Farr test and low C3 (#4), combined positive Farr test 

and elevated IFN-α (#5), isolated elevated IFN-α (#6), all three positive (#7) and combined elevated IFN-α and low C3 (#8). SLE patients in 

remission were followed for one year. Lupus flares were defined by SELENA-SLEDAI Flare Index. Patients who had a flare in any organ 

system were recorded. Risk of relapse (Hazard Ratio) was estimated by proportional risk cox model for combined biomarkers compared to 

group 1 as the reference. 

IFN-α = interferon-alpha. 
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