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ABSTRACT
Objective To evaluate the clinical utility of the 
multianalyte assay panel (MAP), commercially known as 
AVISE Lupus test (Exagen Inc.), in patients suspected of 
SLE.
Methods A systematic review of medical records of 
ANA- positive patients with a positive (>0.1) or negative 
(<−0.1) MAP score was conducted when the MAP was 
ordered (T0), when the test results were reviewed (T1) 
and at a later time (T2, ≥8 months after T1). Confidence in 
the diagnosis of SLE and initiation of hydroxychloroquine 
(HCQ) were assessed.
Results A total of 161 patient records from 12 centres 
were reviewed at T0 and T1. T2 occurred for 90 patients. 
At T0, low, moderate and high confidence in SLE 
diagnosis was reported for 58%, 30% and 12% patients, 
respectively. Confidence in SLE diagnosis increased for the 
MAP positive, while MAP negative made SLE less likely. 
Odds of higher confidence in SLE diagnosis increased 
by 1.74- fold for every unit of increase of the MAP score 
(p<0.001). Using the MAP- negative/anti- double- stranded 
DNA- negative patients as reference, the HR of assigning 
an International Classification of Diseases, Tenth Revision 
lupus code was 7.02- fold, 11.2- fold and 14.8- fold 
higher in the low tier-2, high tier-2 and tier-1 positive, 
respectively (p<0.001). The HR of initiating HCQ therapy 
after T0 was 2.90- fold, 4.22- fold and 3.98- fold higher, 
respectively (p<0.001).
Conclusion The MAP helps increase the confidence in 
ruling- in and ruling- out SLE in patients suspected of the 
disease and informs on appropriate treatment decisions.

INTRODUCTION
The heterogeneity of the early signs and symp-
toms of SLE, which are often similar to those 
of other autoimmune and non- autoimmune 
diseases such as fibromyalgia,1–3 along with 
the low incidence and prevalence of the 
disease,4–6 makes the diagnosis challenging. 
Another challenge relates to the evolutive 
nature of the disease and the fact that many 
patients have only limited characteristics of 
lupus at presentation. These patients may be 

designated as incomplete, latent or probable 
lupus, and it may be difficult to predict who 
will go on to develop SLE and potentially 
organ damage.7 8 However, early diagnosis of 
SLE can lead to the institution of appropriate 
treatment (eg, hydroxychloroquine (HCQ)) 

Key messages

What is already known about this subject?
 ► The present study expands on previous data that 
demonstrated the clinical utility of a multianalyte as-
say panel (MAP, AVISE®) and shows that the results 
of the MAP test have three impacts on physician be-
havior, which are outlined below.

What does this study add?
 ► Physician confidence in systemic lupus erythemato-
sus (SLE) diagnosis increased with increasing test 
scores, and this was paralleled by a higher hazard 
of assigning a lupus ICD-10 code (M32) as the MAP 
score increased. A positive MAP was superior to 
anti- dsDNA antibodies in increasing the confidence 
in ruling- in SLE.

 ► The test also increased the confidence in ruling- out 
SLE, as only 3 MAP negative patients (5%) were 
assigned a lupus ICD-10 code during the study, in-
dicating a 95% probability of excluding the SLE di-
agnosis in MAP negative patients. In addition, more 
anti- dsDNA negative than MAP negative were at risk 
of M32 assignment, indicating that a negative MAP 
was superior to negative anti- dsDNA antibodies in 
excluding an SLE code.

 ► The test also informed appropriate treatment de-
cisions, as the hazard ratio of initiating hydroxy-
chloroquine (HCQ) therapy after T0 increased with 
increasing MAP score.

How might this impact on clinical practice?
 ► By systematically reviewing medical records of a 
large number of patients suspected of SLE this study 
builds on previous evidence that the results of the 
MAP test impact physician behavior by facilitating an 
SLE diagnosis in patients suspected of the disease 
and by guiding treatment decisions.
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to limit organ damage,9 lower flare rates and decrease 
healthcare utilisation costs.10

A plethora of biomarkers have been identified in SLE,11 
however only traditional autoantibodies, such as ANA and 
antibodies to double- stranded DNA (anti- dsDNA), Smith 
(anti- Sm) or ribosomal P protein are routinely measured 
in current clinical practice. ANA is detectable in most 
patients with SLE at presentation12 and ANA, anti- dsDNA 
and anti- Sm are part of SLE classification criteria.13–15 
However, these biomarkers have shortcomings. ANA is 
very sensitive but lacks specificity, while the other auto-
antibodies have high specificity but are negative in many 
patients with SLE. Also serum levels of the complement 
proteins C3 and C4 are normal in most patients with SLE 
or suspected of SLE.11 16

We have shown previously that complement activation, 
measured reliably by cell- bound complement activation 
products—especially C4d bound to erythrocytes (EC4d) 
and B lymphocytes (BC4d)—can be detected in SLE 
and in probable SLE with greater frequency than tradi-
tional biomarkers.16 17 The sensitivity of EC4d and BC4d 
is further improved when these biomarkers are part of 
a multianalyte assay panel (MAP)16 17 that combines 
EC4d and BC4d with eight lupus and non- lupus auto-
antibodies.18 The MAP is commercially known as AVISE 
Lupus and is available in North America through Exagen 
(Vista, California, USA), which has a clinical laboratory 
accredited by the College of American Pathologists and 
certified under the Clinical Laboratory Improvement 
Amendments. The MAP is also part of the AVISE CTD, 
which includes additional autoantibodies. These tests are 
currently approved by the Clinical Laboratory Evaluation 
Programme in the State of New York.18

Multiple studies have demonstrated the clinical validity 
and accuracy of the MAP in distinguishing SLE and prob-
able SLE from a variety of other rheumatic diseases and 
fibromyalgia.16 17 19 20 The clinical utility of MAP has been 
shown in a small, case- control review of medical records21 
and in a randomised prospective study that compared 
MAP with standard diagnosis laboratory testing (SDLT).22 
These data show that MAP has clinical utility in facili-
tating SLE diagnosis and treatment decisions. In partic-
ular, the randomised study demonstrated that knowledge 
of a negative test result increased the physician confi-
dence in ruling- out SLE, while knowledge of a positive 
test result makes the confidence higher, compared with 
knowledge of SDLT. In addition, a higher percentage 
of MAP- positive patients were prescribed prednisone or 
HCQ compared with MAP- negative patients if the rheu-
matologist knew the results of the test.22 Because of the 
low incidence and prevalence of SLE, a limitation of that 
study was the small number of patients with a positive test 
result.22 Therefore, the present study was designed to 
enrich the population of the MAP- positive patients and 
to generate additional data on the clinical utility of MAP. 
To this end, we carried out a systematic and longitudinal 
review of medical records of selected MAP- positive and 

MAP- negative patients for whom the test was ordered as 
part of their workup.

We hypothesised that the confidence in SLE as a likely 
or unlikely diagnosis would increase on review of the MAP 
results compared with prior to ordering the test. In addi-
tion, we hypothesised that initiation of HCQ therapy after 
review of the MAP result would be greater in the positive 
than negative patients. To gain a greater understanding 
of how positive test results change confidence in SLE 
diagnosis and treatment decisions, we performed reviews 
of medical records of patients in four groups: negative 
score, low positive tier-2 score, high positive tier-2 score 
and tier-1 positive.18

METHODS
Study population
A systematic and longitudinal review of medical records 
was conducted by 12 rheumatology practices in the USA.

Patients for review of medical records were selected by 
the research group at Exagen by mining the company’s 
database. Selection was based on the ordering rheuma-
tologist and the results of the MAP conducted between 
January 2018 and July 2020. The name MAP is used 
throughout this paper to refer to the AVISE Lupus or 
the AVISE CTD, as the MAP is included in both panels. 
The MAP score refers to the test algorithm, which can be 
negative (<−0.1), tier-2 positive (>0.1) or tier-1 positive. As 
previously described,18 anti- dsDNA antibodies measured 
by ELISA are not part of the algorithm to calculate the 
MAP score.

All selected patients were adult (age ≥18 on the day 
the test was performed). Selected patients were ANA 
positive by immunofluorescence (titre 1:80 or higher) 
because MAP’s intended use is for ANA- positive patients. 
Patients whose MAP score was indeterminate or equivocal 
were excluded. To decrease the risk of bias, sets of five 
possible eligible patients were selected for each site: in 
each set, two patients had a negative (<−0.1) and three 
had a positive (>0.1) score. Of the three positives, one 
was tier-1 positive; one had a tier-2 score >1 (high tier-
2), and one had a tier-2 score >0.1 and≤1 (low tier-2) to 
maintain a ratio of 2:1:1:1. Positive and negative patients 
were matched by ordering rheumatologist and sex of the 
patients.

The cut- off of 1 for the high and low tier-2 positive was 
selected based on the likelihood ratio positive (LR+) of 
the test. In particular, in a cohort of 879 patients with 
positive and negative MAP score (excluding indetermi-
nate and equivocal scores), comprising 462 patients with 
SLE and 417 patients with other rheumatic diseases, LR+ 
of high tier-2 (>1) and low tier-2 (>0.1 and ≤1) were 6.81 
and 2.05, respectively. Assuming a pre- test probability 
of approximately 30%, post- test probability was approx-
imately 75% for high tier-2 and 50% for low tier-2. We 
reasoned that these values of post- test probability made a 
cut- off of 1 adequate to differentiate the patient popula-
tions with high and low tier-2 score.
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Study design
Each investigator received a list of patients potentially 
eligible for the review; each list included one or more sets 
of five patients per set. Medical records were not reviewed 
if patients met exclusion criteria at the time of the blood 
draw for the MAP (online supplemental material).

Investigators reviewed the records at three time points: 
when the AVISE test was ordered (T0), when the results 
were reviewed (T1) and, if available, at a later time 
point (T2). T2 was defined as the latest visit and could 
be included if it occurred at least 8 months after T1. 
In- person and non- in- person visits were allowed.

Investigators indicated the confidence in SLE diag-
nosis pre- test (T0) and post- test (T1 and T2) on a 3- point 
Likert scale (low, moderate or high) at T0 and 5- point 
Likert scale (very low, low, moderate, high or very high) 
at T1 and T2. They also provided the International Clas-
sification of Diseases, Tenth Revision (ICD-10) codes, the 
1982/1997 American College of Rheumatology (ACR) 
classification criteria for SLE13 and the list of medications 
taken or prescribed. In addition, the investigators indi-
cated at T0 the main reason for ordering the MAP.

Statistical analysis
Statistical analysis (R software, V.4.0.3) consisted of Fish-
er’s exact test, Kaplan- Meier survival analysis with Cox 
proportional HR and ordered logistic regression, as 
appropriate. For the Cox proportional hazard model, we 
used the likelihood ratio test for overall model signifi-
cance with alpha <0.05. With the exception of fibromyalgia 
(ICD-10 code M79.7), ICD-10 codes were grouped based 
on the first three characters (one alpha and two numeric) 
for analysis, regardless of the additional numeric or alpha 
characters indicated by the investigators (eg, all ICD-10 
codes corresponding to SLE were grouped into the M32 
section).

RESULTS
Study population
A total of 161 patients (63 negative, 98 positive (33 low 
tier-2, 32 high tier-2, 33 tier-1)) from 12 sites were included 
in the study (figure 1). For all patients, records were 
reviewed at the T0 and T1 time points, corresponding to 
when the MAP was ordered and when the results were 
reviewed, respectively.

The demographic characteristics at the time of blood 
draw (T0) of the patients included in the study are 
reported in table 1. Race/ethnicity distribution was 
similar in the four MAP score groups (online supple-
mental table 1). At T0, a small number of patients (n=21, 
13%) fulfilled the 1982/1997 ACR classification criteria 
of SLE. Additional methodological details are in the 
online supplemental material.

Confidence in SLE diagnosis and ICD-10 codes
At each time point, the investigators estimated the confi-
dence in SLE diagnosis. At T0, physician confidence in 
SLE diagnosis was low for 93 (58%), moderate for 49 

(30%) and high for 19 (12%) patients. Confidence in 
SLE diagnosis changed significantly during the study. 
Ordered logistic regression analysis showed that the odds 
of higher confidence in SLE diagnosis increased by 1.74- 
fold for every unit of increase of the MAP score (p<0.001). 
At T1, confidence of SLE was very low for 49% and low for 
35% of patients with negative MAP, while confidence was 
high for 36% and very high for 45% with tier-1 positive 
MAP. Intermediate values were observed with low tier-2 
and high tier-2 MAP scores (figure 2A). At T2, the differ-
ences between groups were even more evident, with very 
low confidence in the SLE diagnosis for 74% with nega-
tive MAP and very high confidence for 83% with tier-1 
positive MAP. The differences in the other two groups 
were less striking, however the majority (62%) of the high 
tier-2 positive MAP continued to be in the moderate/
high/very high range and the majority (63%) of the low 

Figure 1 Flow chart of patients included or not in the study. 
Negative patients had a multianalyte assay panel (MAP) score 
<−0.1; low tier-2 had a score >0.1 and ≤1; high tier-2 had a 
score >1; for the tier-1 positives, the score was not calculated 
as they met the criteria of tier-1 positivity.

Table 1 Demographic characteristics at T0

Number of patients 161

Age (years)

  Average 51.7

  Median (IQR) 53 (39–63)

  Minimum 19

  Maximum 89

Female sex (n, %) 156 (97%)

Race/Ethnicity (n, %)

  White 114 (70.8%)

  Black 34 (21.1%)

  Asian 3 (1.9%)

  Hispanic 4 (2.5%)

  Native American 1 (0.6%)

  Other 5 (3.1%)

Values represent the number and percentage (%) in each 
category.

https://dx.doi.org/10.1136/lupus-2021-000528
https://dx.doi.org/10.1136/lupus-2021-000528
https://dx.doi.org/10.1136/lupus-2021-000528
https://dx.doi.org/10.1136/lupus-2021-000528
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tier-2 positive MAP in the very low/low/moderate range 
also at T2 (figure 2B).

The most common ICD-10 section at T0 was abnormal 
immunological findings in serum (R76, n=73, 45%).

The ICD-10 section for SLE (M32) was not reported 
at T0, while it was indicated 48 times (30%) at T1 and 
in three additional patients at T2. As ICD-10 codes may 
be used as proxy for diagnoses,4 we evaluated the associ-
ation of the MAP score with the assignment of a certain 
ICD-10 section during the study. Using the MAP- negative 
patients as reference, the hazard of assigning of the M32 
section was 7.2- fold higher in the low tier-2 MAP group 
(HR 7.2, 95% CI 1.9 to 26.6), 12.3- fold higher in the high 
tier-2 MAP group (HR 12.3, 95% CI 3.5 to 43.5) and 26.6- 
fold higher in the tier-1 MAP group (HR 26.6, 95% CI 8.0 
to 88.7) (p<0.001) (data not shown). Only 3 of 63 (5%) 
MAP- negative patients were assigned an M32 code during 
the study.

Anti- dsDNA antibodies have low sensitivity in SLE,14 16 
however are highly specific23 and are used as a standard- 
of- care marker to rule- in SLE.22 We compared the results 
of the MAP score versus anti- dsDNA antibodies measured 
by ELISA at Exagen’s laboratory (figure 3A and 3B). Of all 
the 127 patients who were anti- dsDNA negative, 22 (17%) 
were MAP positive. Positive MAP was superior to anti- 
dsDNA at increasing the confidence in SLE diagnosis. 
In fact, HRs for assigning M32 in anti- dsDNA- negative 
patients were 7.02, 11.2 and 14.8 for low tier-2, high tier-2 
and tier-1, respectively (p<0.001) (figure 3C). M32 was 
assigned to 22 of 65 MAP- positive patients (34%) who 
were anti- dsDNA negative. MAP negative was also supe-
rior to anti- dsDNA negative at excluding an SLE code, 
as more anti- dsDNA- negative than MAP- negative patients 
were at risk of M32 assignment (63% vs 52%) in the first 
56 days in the study (data not shown). When all the MAP- 
positive patients were combined in one group, the HR 

Figure 2 Confidence of SLE diagnosis at T1 (panel A) and T2 (panel B) for patients who had a negative, low tier-2, high tier-2 
or tier-1 multianalyte assay panel (MAP) score.

Figure 3 Survival analysis (M32). (Panels A and B) Kaplan- Meier time- to- event curves for assignment of the M32 International 
Classification of Diseases, Tenth Revision (ICD-10) section over time. Curves show the per cent probability of assignment of 
the M32 section after T0 for the four study groups (tier-1 (multianalyte assay panel (MAP)(Tier1+)), high tier-2 (MAP(High+)), 
low tier-2 (MAP(Low+)), MAP negative (MAP(−)), together with anti- double- stranded DNA positive (anti- dsDNA(+)) and negative 
(anti- dsDNA(−)) patients throughout the study. The x- axis reports the number of days since T0. Panels A and B report the same 
data analysis, with panel B allowing better visualisation of the initial portion of the survival curves. (Panel C) Cox proportional 
hazard model comparing the MAP score (Neg.: negative; Low: low tier-2; High: high tier-2, Tier 1: tier-1 positive) versus anti- 
dsDNA antibodies for assignment of the M32 section. In each quadrant, the numerators represent the number of subjects that 
were assigned an M32 section after T0 (events, n=51 in total) while the denominators represent all subjects in that quadrant. 
Concordance and p value of the likelihood ratio test are also reported. For data analysis, we used the date of the visit when the 
M32 section was recorded in the ICD-10 list.



Alexander RV, et al. Lupus Science & Medicine 2021;8:e000528. doi:10.1136/lupus-2021-000528 5

Biomarker studies

for assignment of the M32 section was 9.35- fold higher in 
MAP- positive/anti- dsDNA- negative compared with MAP- 
negative/dsDNA- negative patients (HR 9.35, 95% CI 2.79 
to 31.32, p<0.001) (online supplemental figure 1).

Interestingly, an M32 designation had a negative 
correlation with age (HR for age 0.93, 95% CI 0.90 to 
0.96, p<0.001), consistent with SLE being more likely in 
younger patients.3 9

Data on hazard of assignment of other ICD-10 sections 
were not significant and are reported in the online 
supplemental material.

Prescription of hydroxychloroquine
At each time point, the investigators indicated the medi-
cations that the patient was taking and those that were 
prescribed at that visit. As HCQ is often used in SLE, 
we evaluated the use of HCQ during the study. Of the 
161 patients, 35 were taking HCQ at T0. Thus, we eval-
uated the use of HCQ in the remaining 126 patients. 
Using the MAP negative as reference, HCQ therapy was 
initiated after T0 more frequently in the low tier-2 MAP 
(HR 2.4; 95% CI 1.3 to 4.4), high tier-2 MAP (HR 2.8; 
95% CI 1.6 to 5.1) and tier-1 MAP group (HR 3.1; 95% CI 
1.8 to 5.4) (p<0.001) (data not shown). Comparison of 
the four MAP groups with anti- dsDNA- positive and anti- 
dsDNA- negative patients was also performed. Kaplan- 
Meier curves are reported in figure 4A. Cox proportional 
HRs using MAP- negative/anti- dsDNA- negative patients 
as reference showed that HRs of initiating HCQ therapy 
in anti- dsDNA- negative patients were 2.90 (p=0.001) for 
low tier-2 MAP, 4.22 (p<0.001) for high tier-2 MAP and 

3.98 (p=0.002) for tier-1 MAP (figure 4B). In addition, 
MAP negative was superior to anti- dsDNA negative at 
avoiding initiation of HCQ prescription (58% vs 45%, 
data not shown). When all the MAP- positive patients were 
combined in one group, the hazard of HCQ therapy initi-
ation was 3.58- fold higher in MAP- positive/anti- dsDNA- 
negative compared with MAP- negative/dsDNA- negative 
patients (HR 3.58, 95% CI 1.80 to 7.12, p<0.001) (online 
supplemental figure 2).

Reason for ordering the MAP
The reasons for ordering the MAP are reported in table 2. 
In addition, the investigators indicated that they chose to 

Figure 4 Survival analysis (hydroxychloroquine (HCQ)). (Panel A) Kaplan- Meier time- to- event curves for use of HCQ over 
time. Curves show the per cent probability of using HCQ after T0 for the four study groups (tier-1 (multianalyte assay panel 
(MAP)(Tier1+)], high tier-2 (MAP(High+)), low tier-2 (MAP(Low+)), MAP negative (MAP(−)), together with anti- double- stranded 
DNA positive (anti- dsDNA(+)) and negative (anti- dsDNA(−)) patients throughout the study. TThe x- axis reports the number of 
days since T0 and is truncated at 56 days to allow better visualisation of the initial portion of the survival curves. (Panel B) Cox 
proportional hazard model comparing the MAP score (Neg.: negative; Low: low tier-2; High: high tier-2, Tier 1: tier-1 positive) 
versus anti- dsDNA antibodies for use of HCQ. In each quadrant, the numerators represent the number of subjects on HCQ 
after T0 (events, n=60 in total) while the denominators represent all subjects in that quadrant. Concordance and p value of 
the likelihood ratio test are also reported. For data analysis, we used the date of the visit when HCQ use was recorded in the 
medication list.

Table 2 Reason for ordering the MAP

Rule- in SLE
n (%)

Rule- out 
SLE
n (%)

Differential 
diagnosis
n (%)

Low confidence, 
n=93

5 (5.4) 51 (54.8) 37 (39.8)

Moderate 
confidence, n=49

18 (36.7) 14 (28.6) 17 (34.7)

High confidence, 
n=19

15 (78.9) 0 (0) 4 (21.1)

At T0, the investigators indicated what was the main reason for 
ordering the MAP and could choose between ruling- in SLE, ruling- out 
SLE or making a differential diagnosis of connective tissue diseases.
Values represent the number and percentage (%) in each category. Per 
cent values were calculated based on the total number of patients for 
whom confidence in SLE diagnosis was low, moderate or high (93, 49 
and 19, respectively).

https://dx.doi.org/10.1136/lupus-2021-000528
https://dx.doi.org/10.1136/lupus-2021-000528
https://dx.doi.org/10.1136/lupus-2021-000528
https://dx.doi.org/10.1136/lupus-2021-000528
https://dx.doi.org/10.1136/lupus-2021-000528
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order the out- of- network MAP instead of an in- network 
test mainly because of greater trust in the reliability of 
these results compared with those from other laborato-
ries (n=99, 61.5%).

DISCUSSION
Rheumatologists often rely on traditional biomarkers, 
such as autoantibodies and complement levels, to facil-
itate the differential diagnosis of SLE, even if these 
biomarkers have suboptimal diagnostic accuracy. The 
superior clinical validity and accuracy of novel diagnostic 
tests over traditional biomarkers is insufficient to satisfy 
the scrutiny from stakeholders in the healthcare system, 
including payors, clinicians and patients.24 Thus, new 
diagnostic technologies need to demonstrate their clin-
ical utility in improving patient outcome.

This study strengthens previous data that demonstrated 
the clinical utility of the MAP test.21 22 By reviewing 
medical records of a large number of patients suspected 
of SLE—with positive and negative MAP scores—at three 
time points over the course of approximately 1 year, this 
study demonstrates that the MAP test has a favourable 
impact on physician behaviour. In particular, a positive 
test increased the confidence in ruling- in SLE while a 
negative test increased the physician confidence that 
SLE was an unlikely diagnosis. Importantly, the MAP also 
informed appropriate treatment decisions.

Virtually all patients with SLE are ANA positive at 
presentation.23 Because the study aimed to evaluate physi-
cian behaviour in patients for whom the rheumatologist 
had a suspicion of SLE, we included in the study only 
ANA- positive patients as determined at Exagen labora-
tory. As SLE has low incidence and prevalence even in 
rheumatology practices,25 the majority of patients for 
whom the MAP is ordered obtain a negative score.18 
Thus, to evaluate physician behaviour based on both 
positive and negative test results, the patient selection was 
conducted to enrich the study for patients with positive 
results (n=98, 61%). The ability to rule- out SLE in symp-
tomatic patients is equally important, as misdiagnosis 
can cause stress in patients without autoimmune diseases 
and can lead to unnecessary rheumatology consultations, 
further testing and inappropriate treatment. Thus, the 
study also included 63 patients (39%) with a negative 
score (<−0.1). To decrease risk of bias, positive and nega-
tive patients were selected from the same practice and 12 
rheumatology practices throughout the USA participated 
in the study. Overall, the patient population included in 
the study was typical of patients suspected of SLE, with 
ANA, arthritis and cutaneous manifestations being the 
most common ACR classification criteria at study entry 
(online supplemental material).8 16 22 26

A positive MAP result (especially tier-1 and high 
tier-2) increased physician confidence, while a negative 
MAP result decreased the confidence in SLE diagnosis 
on review of the test results (T1) and, even more strik-
ingly, at a later time point (T2) (figure 2). These data 

indicate that the MAP supplemented the clinical evalu-
ation, aided the physicians to make a correct assessment 
of diagnosis early on (T1) and predicted clinical diag-
nosis over time (T2). Similar conclusions were reached 
when analysing the data according to the ICD-10 section 
of M32, which can be used as a surrogate for diagnosis 
of SLE.4 Compared with MAP negative, risk of assigning 
a lupus ICD-10 code over time was highest for the tier-1 
positive followed by high tier-2 and low tier-2. Only three 
(5%) MAP- negative patients were assigned an M32 code 
during the study, indicating a 95% probability that a nega-
tive MAP supported the physician clinical judgement that 
SLE was an unlikely diagnosis.

We could not compare the MAP with ANA because 
all patients selected for the study were ANA positive 
(see above). However, it is well established that ANA is 
extremely sensitive for SLE but has low specificity, being 
positive in many patients with conditions other than SLE.27 
Comparison of the MAP test with another standard- of- 
care biomarker of SLE, anti- dsDNA antibodies measured 
by ELISA, showed that the MAP test was superior to 
anti- dsDNA antibodies in increasing confidence in both 
ruling- in and in ruling- out SLE. In particular, M32 was 
assigned to 22 of 65 (34%) MAP- positive patients who 
were anti- dsDNA negative; these patients would have 
been diagnosed incorrectly as not having SLE if anti- 
dsDNA antibodies had been the only test performed. In 
addition, a negative MAP result was superior to negative 
anti- dsDNA antibodies in increasing the confidence that 
SLE was an unlikely diagnosis (figure 3).

Taken together with previous studies,21 22 these 
data demonstrate the superiority of the MAP score in 
increasing confidence that SLE is a more likely or less 
likely diagnosis compared with standard- of- care lupus 
biomarkers in isolation.

The MAP helped make a correct diagnosis—both early 
on and during the course of the study—and informed 
appropriate treatment decisions. Immunosuppressant 
use in this patient population was minimal (two, five and 
nine patients at T0, T1 and T2, respectively), which is 
expected given that these patients were early in the course 
of their disease. On the contrary, HCQ was heavily used in 
this patient population. HCQ treatment was initiated for 
35 patients on or before T0, that is, before the results of 
the MAP were reviewed, which is not surprising given that 
HCQ is used in various rheumatic diseases—and even 
when diagnosis is uncertain—to control inflammatory 
signs and symptoms with minimal toxicity.28–30 After T0, 
initiation of HCQ therapy was greater in the MAP positive 
than negative patients during the study (figure 4), indi-
cating that the test results informed treatment decisions. 
Although this study did not address patient outcome in 
the long term, it is well established that HCQ therapy 
has numerous beneficial effects and reduces flares and 
organ damage over time.9 31–33 In addition, it has been 
demonstrated that patient- reported outcome measures 
improve in the 2 years following diagnosis34 and with 
HCQ therapy,35 suggesting that early diagnosis and 
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appropriate treatment have a positive impact on physical 
and mental function and on overall quality of life. Taken 
together, our results suggest that the MAP, by facilitating 
early diagnosis and appropriate treatment decisions in 
patients suspected of SLE, may improve patient outcome 
and decrease healthcare costs.10 36

As expected, the test was ordered mainly to rule- in SLE 
if suspicion of SLE was high and to rule- out SLE if suspi-
cion was low (table 2). The MAP test is intended to be 
used in patients suspected of SLE, however 110 patients 
could not be included in the study because of a previous 
diagnosis of SLE (figure 1). Fifty per cent of these patients 
were from one site; for the other sites, percentages of 
patients with a previous SLE diagnosis varied from 0% to 
14%, indicating that most investigators used the test for 
the intended patient population in most cases. This study 
did not investigate why the MAP was ordered for patients 
already diagnosed with SLE; however, it is possible that 
the test was used to confirm the SLE diagnosis, to monitor 
biomarker levels or to evaluate positivity of various lupus 
and non- lupus autoantibodies, also consistent with the 
high level of trust in the test.

Limitations of this study include its retrospective nature 
and the potential risk of bias, although this was mitigated 
by including 12 rheumatology practices and by requiring 
that each rheumatologist reviewed records of patients 
with different MAP scores. However, we cannot exclude 
that the recalled pre- test confidence in SLE diagnosis was 
partially influenced by knowledge of the results of the 
test, as this was not a blinded study. However, this poten-
tial bias is irrelevant for the estimate of the confidence in 
SLE diagnosis on review of results (T1) and after approx-
imately 1 year of follow- up (T2) and, more importantly, 
for initiation of HCQ therapy.

In conclusion, this study demonstrates that the MAP 
test leads to increased confidence that SLE is a more 
likely or less likely diagnosis in patients suspected of the 
disease and, importantly, informs appropriate treatment 
decisions in this patient population.
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