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A Multianalyte Assay Panel With Cell-Bound Complement
Activation Products Predicts Transition of Probable Lupus
to American College of Rheumatology-Classified Lupus

Rosalind Ramsey-Goldman,' Roberta Vezza Alexander,” 2 John Conklin,? Cristina Arriens,” 2/ Sonali Narain,*
Elena M. Massarotti,” Daniel . Wallace,* ' Christopher E. Collins,” Amit Saxena,® Chaim Putterman,’
Kelley Brady,” Kenneth C. Kalunian,'® and Arthur Weinstein'’

Objective. To evaluate the usefulness of biomarkers to predict the evolution of patients suspected of systemic
lupus erythematosus (SLE), designated as probable SLE (pSLE), into classifiable SLE according to the American
College of Rheumatology (ACR) classification criteria.

Methods. Patients suspected of SLE were enrolled by lupus experts if they fulfilled three ACR criteria for SLE
and were followed for approximately 1-3 years to evaluate transition into ACR-classifiable SLE. Individual cell-bound
complement activation products (CB-CAPs), serum complement proteins (C3 and C4), and autoantibodies were
measured by flow cytometry, turbidimetry, and enzyme-linked immunosorbent assay, respectively. Blood levels of
hydroxychloroquine (HCQ) were measured by mass spectrometry. A multianalyte assay panel (MAP), which includes
CB-CAPs, was also evaluated. A MAP of greater than 0.8 reflected the optimal cutoff for transition to SLE. Time to
fulfillment of ACR criteria was evaluated by Kaplan-Meier analysis and Cox proportional hazards model.

Results. Of the 92 patients with pSLE enrolled, 74 had one or two follow-up visits 9-35 months after enroliment for
a total of 128 follow-up visits. Overall, 28 patients with pSLE (30.4%) transitioned to ACR-classifiable SLE, including
16 (57 %) in the first year and 12 (43%) afterwards. A MAP score of greater than 0.8 at enrollment predicted transition
to classifiable SLE during the follow-up period (hazard ratio = 2.72; P = 0.012), whereas individual biomarkers or
fulfillment of Systemic Lupus International Collaborating Clinics criteria did not. HCQ therapy was not associated with
the prevention of transition to SLE.

Conclusion. Approximately one-third of patients with pSLE transitioned within the study period. MAP of greater
than 0.8 predicted disease evolution into classifiable SLE.

INTRODUCTION

Numerous studies have shown the evolving nature of
systemic lupus erythematosus (SLE). Often, patients pres-
ent with nonspecific signs and symptoms, such as arthralgia,
arthritis, myalgia, rashes, fatigue, unexplained fever, and pos-
itive antinuclear antibodies (ANAs) (1-5). Some patients may
develop classifiable SLE within a few years; however, many

Supported by Exagen Inc.

Drs. Alexander, Conklin, and Mr. Brady are employees of Exagen Inc.
Dr. Weinstein is a consultant to Exagen Inc. All other authors have received
research support from Exagen Inc. No other disclosures relevant to this
article were reported.

'Rosalind Ramsey-Goldman, MD, DrPH: Feinberg School of Medicine,
Northwestern University, Chicago, lllinois; “Roberta Vezza Alexander,
PharmD, PhD, John Conklin, MS, Kelley Brady, BS: Exagen Inc, Vista, California;
3Cristina Arriens, MD: Oklahoma Medical Research Foundation, Oklahoma
City, Oklahoma; “Sonali Narain, MD, MPH: Hofstra Northwell School of
Medicine, Great Neck, New York; *Elena M. Massarotti, MD: Brigham and
Women's Hospital, Boston, Massachusetts; °Daniel J. Wallace, MD: Cedars
Sinai Medical Center, Los Angeles, California; “Christopher E. Collins, MD:

116

patients with undifferentiated connective tissue disease may
still not fulfill the classification criteria of a specific disease after
5 or 6 years (6,7).

Anti-double-stranded DNA (dsDNA) antibodies and low lev-
els of the complement protein C3 in serum have been identified
as potential biomarkers of “at high risk patients” (7); however,
clear predictors of transition to SLE are still lacking. The ability
to predict disease evolution is important, as appropriate early
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SIGNIFICANCE & INNOVATIONS

+ A total of 30.4% of patients with probable lupus
(three American College of Rheumatology [ACR]
criteria including positive antinuclear antibodies)
transitioned to ACR-classifiable systemic lupus er-
ythematosus (SLE) (four or more criteria) within 3
years.

+ Cell-bound complement activation products meas-

ured at baseline using a multianalyte assay panel

predicted transition from probable lupus to SLE.

Traditional serum biomarkers, including comple-

ment levels and anti-double-stranded DNA anti-

bodies, did not predict transition.

+ Clinical features, including fulfillment of Systemic
Lupus Collaborating Clinics classification criteria,
modified European League Against Rheumatism/
ACR classification criteria, lupus severity index, and
family history, did not predict transition.

intervention may prevent lupus flares and more serious organ
inflamsmation (1,8,9).

Lambers et al (10) reviewed studies of patients with lupus
symptoms not fulfilling any of the current classification criteria for
SLE and proposed a definition of incomplete lupus. In addition to
positive ANAs, they identified clinical and immunologic features
as risk factors for developing SLE. Interesting, a family history of
autoimmune disease was also included among the risk factors.

We have shown previously that complement activation, meas-
ured reliably by cell-bound complement activation products (CB-
CAPs)—in particular C4d bound to erythrocytes (EC4d) and to B
lymphocytes (BC4d)—can be detected in SLE with greater fre-
quency than the high titer of anti-dsDNA antibodies and low serum
complement proteins (11-13). Sensitivity and specificity of CB-
CAPs are further increased when these biomarkers are incorpo-
rated in a multianalyte assay panel (MAP) (11,12,14). The improved
performance characteristics of CB-CAPs and MAP compared
with traditional lupus biomarkers—such as complement proteins
(C3 and C4), anti-C1q, anti-dsDNA, anti-Smith antibodies—have
also been demonstrated in a cohort of patients suspected of SLE
but not fulfiling American College of Rheumatology (ACR) classifi-
cation criteria at enrollment (probable SLE [pSLE]) (14).

We also demonstrated that a MAP score of greater than 0.8
predicted disease evolution of pSLE to classifiable SLE over a
short period of time (up to 18 months), whereas other biomark-
ers were not predictive (14). These results suggest that a com-
bination of biomarkers, such as those that are part of the MAPR,
has greater ability to predict disease evolution and transition to
classifiable SLE than individual analytes. In addition, fulfilment of
Systemic Lupus Collaborating Clinics (SLICC) classification cri-
teria at enrollment was not predictive of transition to SLE in our
study (14), suggesting that certain biological pathways, not nec-
essarily only historical clinical features scored in the classification

criteria, drive disease evolution and new clinical manifestations
of SLE.

This study adds to our previous report by continuing to follow
the patients with pSLE described in Ramsey-Goldman et al (14) to
better determine whether more patients transitioned to classifiable
SLE and whether the MAP score retained its ability to predict this
transition. We also evaluated other clinical and laboratory features,
including family history, the lupus severity index (LSI) (15,16), and
a modification of the newly proposed European League Against
Rheumatism (EULAR)/ACR classification criteria (17), to deter-
mine the predictive value of these measures. In addition, we eval-
uated whether the use of hydroxychloroquine (HCQ) may have an
impact on disease progression in this patient population.

METHODS

Study populations. Adult patients were enrolled from
2015 to 2017 in compliance with the Helsinki Declaration. Central
or internal review boards at seven academic institutions approved
the study, and all subjects provided informed consent. Patients
were recruited from the lupus cohorts and faculty practices over-
seen by an experienced SLE investigator.

Patients with SLE fulfilled both the ACR (18) and the SLICC
(19) classification criteria for SLE at enrollment. Patients with pSLE
were enrolled if they fulfiled ANA and two additional ACR criteria
(18)—irrespective of whether they fulfilled the SLICC criteria (19)—
and if the investigator had a high suspicion of the diagnosis of
lupus. Inclusion and exclusion criteria of the patients with pSLE
have been described previously (14). In particular, renal disease
was an exclusion criterion in the pSLE group. As the study was ini-
tiated before the publication of the EULAR/ACR criteria (17), these
criteria were not collected. We calculated a modified score with-
out fever and delirium and scored the other manifestations on the
basis of the definition of the SLICC or ACR criterion that was more
similar to the definition of the EULAR/ACR criterion.

Patients with pSLE were followed prospectively. At every
study visit, the investigators determined whether patients met
additional ACR criteria and the approximate date that classifiable
SLE occurred, either at or before clinical evaluation. Medication
use was collected at every visit. Immunosuppressants are defined
as described previously (16) and include methotrexate, azathio-
prine, mycophenolate, belimumab, rituximab, oral ciclosporin,
cyclophosphamide, or intravenous immunoglobulins.

Disease activity was evaluated with the Safety of Estrogens
in Lupus Erythematosus National Assessment (SELENA) version
of the SLE Disease Activity Index (SLEDAI) (20). The LSI was
computed from the ACR classification criteria and subcriteria as
described previously (15,16) (see supplemental material).

Case report forms (CRFs) were reviewed and adjudicated
as described previously (14). CRFs of the follow-up visits of
the subjects with pSLE were adjudicated by KK (n = 54) and
AW (n = 74).
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Table 1. Demographic characteristics at enrollment of subjects with SLE and pSLE (all or only those who had at least one follow-up visit)

included in the study (14)

Race/Ethnicity (%)

Age [Mean + SD Female Time Since Diagnosis
Disease n (Range), Yr] Sex (%) [Mean £ SD (Range), Yr] White  Black  Asian Other
SLE 53 39 +14(19-72) 91 9.6 £9.4(0-33) 34 38 8 21
pSLE (total) 92 43 + 15 (19-78) 88 3.6 +4.9(0-29) 61 16 5 17
pSLE (with at least one 74 43 +15(19-78) 89 4.0+5.2(0-29) 62 16 5 16

follow-up visit)

PSLE, probable SLE; SLE, systemic lupus erythematosus.
Other races include individuals of Hispanic ethnicity.

Biomarker analysis. Specimens of venous blood in
EDTA-containing tubes and serum separator tubes were col-
lected at all visits and shipped overnight to Exagen Inc, for
diagnostic immunology testing. Autoantibodies and serum
complement proteins C3 and C4 were measured by enzyme-
linked immunosorbent assay and turbidimetry, respectively,
as described previously (14).

Individual CB-CAPs, EC4d and BC4d, were measured by
quantitative flow cytometry and expressed as net mean fluores-
cence intensity (MFI), as described (12,14,21).

The MAP with algorithm, which includes EC4d, BC4d,
ANA, anti-dsDNA, anti-Smith, and other lupus and nonlupus
autoantibodies, was determined as described in detail elsewhere
(12,21,22). These tests were performed using the reagents,
instruments, and algorithm identical to those used for the AVISE
Lupus commercial test manufactured by Exagen.

Blood levels of HCQ in patients who were prescribed this med-
ication were measured by mass spectrometry as described (23),
with the difference that volumes of reagents for the sample treat-
ment procedure were 10-fold higher than those reported in Qu et
al (23) to take into account the larger starting volume of blood (100
ul in the present study vs. 10 pl in the previous study). One HCQ
value was not measured.

Statistical analysis. Statistical comparisons were done by
paired or unpaired t test, Mann-Whitney test, Fisher’s exact test, or
McNemar's test, as appropriate (GraphPad Software and MedCalc
Software).

Follow-up data of the subjects with pSLE were analyzed
by Kaplan-Meier with log-rank test and Cox proportional haz-
ards model (R software, version 3.1-12) for time to fulfillment of
the fourth ACR criterion. Initial decision analysis (Analyse-it soft-
ware, Capterra) (14) with Youden Index showed that MAP greater
than 0.8 and EC4d greater than 20 MFI at enroliment reflected the
optimal cutoffs for transition to ACR-classifiable SLE at follow-up;
the same cutoffs were used for analysis of all follow-up visits.

RESULTS

Study populations. A total of 246 patients were included in
this study: 92 with pSLE, 53 with SLE, and the remainder with pri-
mary Sjogren syndrome and other rheumatic diseases (14).

The demographic characteristics at enrollment of the entire
study population are reported in Ramsey-Goldman et al (14),
and the comparison of patients with pSLE to patients with SLE
is shown in Table 1. Of the 92 patients with pSLE, 74 had one or
two follow-up visits 9 to 35 months after enrollment, for a total of
128 follow-up visits.

Disease activity in the patients with pSLE was mild at all vis-
its. SELENA-SLEDAI scores were available for 72, 71, and 63
patients at baseling, first, and second follow-up visits, respectively,
and average scores were 1.71, 1.20, and 1.40 at the baseline,
first, and second follow-up visits, respectively. This compares with
a SELENA-SLEDAI of 4.02 at the baseline visit of the 52 patients
with SLE in this study for whom SELENA-SLEDAI scores were
available (14).

Overall, 28 patients with pSLE (30.4% of the initial cohort)
transitioned to ACR-classifiable SLE during the study. Of these,
16 (57%) transitioned in the first year, and 12 (43%) transitioned
afterward. The 16 patients with pSLE who fulfilled ACR criteria
within 1 year (<865 days) accrued a total of 22 new ACR cri-
teria, with hematological criteria being the most common. The
12 patients with pSLE who fulfiled ACR criteria after the first
year (>365 days) accrued a total of 15 criteria, with hemato-
logical criteria again being the most common (Table 2). A total
of 17 patients with pSLE accrued hematological criteria during

Table 2. Clinical and laboratory features leading to the transition
of pSLE to SLE

New ACR Criteria New ACR
From Baseline to  Criteria From
12 Mo 13 to 26 Mo
Hematological 10 7
Ulcers 4 2
Pleuritis or pericarditis 2 0
Immunological 2 4
Arthritis 2 1
Discoid rash 1 0
Photosensitivity 1 2
Renal 0 1

ACR, American College of Rheumatology; pSLE, probable SLE; SLE,
systemic lupus erythematosus.

Sixteen individuals fulfilled ACR criteria within 1 year (<365 days) (22
new ACR criteria), and 12 fulfilled ACR criteria after the first year of
follow-up (>365 days) (15 new criteria). Of note, two subjects who
fulfilled ACR criteria within 1 year accrued additional criteria after this
time point (an immunological criterion and ulcers); these criteria are
included in the table (17 new criteria in total).
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Table 3. Use of HCQ and immunosuppressants at enrollment,
first follow-up visit, and second follow-up visit in the patients with
pSLE who fulfilled (n = 28) or did not fulfill (n = 46) ACR classification
criteria during the study

Patients With Patients With
pSLE Who pSLE Who Did
Transitioned Not Transition

During the Study During the Study

HCQ use at enrollment, 21(75) 31(67)
n (%)

HCQ use at first 21 (75) 33(72)
follow-up, n (%)

HCQ use at second 17 (61) 22 (48)
follow-up, n (%)

Immunosuppressant use 6(21) 10 (22)
at enrollment, n (%)

Immunosuppressant use 7(25) 15(33)
at first follow-up, n (%)

Immunosuppressant use 6(21) 8(17)
at second follow-up,
n (%)

ACR, American College of Rheumatology; HCQ, hydroxychloroquine;
PSLE, probable systemic lupus erythematosus.

the study, with 11 as the only criterion and six as one of the new
criteria; 15 accrued lymphopenia, one accrued leukopenia, and
one accrued both lymphopenia and leukopenia; none accrued
hemolytic anemia or thrombocytopenia. During the adjudica-
tion process, the adjudicator and investigators concluded that
the cytopenias were not drug related. In addition, a minority of
the 17 subjects who accrued lymphopenia and/or leukopenia
were on immunosuppressants (six at enrollment, five at the first
follow-up visit, and three at the second follow-up visit). Also, the
percentage of subjects on immunosuppressants remained sta-
ble during the study in the patients with pSLE who transitioned
to classifiable SLE (21%, 25%, and 21% at the enrollment, first
follow-up visit, and second follow-up visit, respectively; Table 3).
A few patients were on prednisone, and there were no differ-
ences between the two groups of patients with pSLE during
the study (data not shown). In addition, the use of HCQ and
immunosuppressants at all visits was similar in the patients with

pSLE who did and did not transition to SLE (Table 3). In par-
ticular, the use of HCQ at the enrollment visit was similar in the
patients with pSLE who transitioned and those who did not tran-
sition (P = 0.603) (Table 3).

We measured blood levels of HCQ to corroborate the finding
that the use of HCQ did not prevent fulfilment of additional ACR
criteria in our patient population. As reported in Table 3, 52 patients
overall (70%) were taking HCQ at enrollment. Of the 51 patients
for whom HCQ levels were measured, 36 (71%) had blood levels
greater than 500 ng/ml and, thus, were above the minimum ther-
apeutic level (24), whereas 15 (29%) had subtherapeutic blood
levels. Of the 36 individuals with HCQ blood levels greater than
500 ng/ml, 16 (44%) transitioned to classifiable SLE; of the 15 with
lower HCQ levels, 5 (33%) transitioned. This difference was not
statistically significant (P = 0.543).

One patient who had a negative MAP score at enrollment
and at both follow-up visits (-2.3, —1.9, and -2.1, respectively)
fulfilled the criterion of proteinuria during the study. Urine pro-
tein:creatinine ratio (UPCR) was 505 mg/g approximately 2 weeks
before the last study visit. As the investigator could not attribute
it to any comorbidity or medication, it was scored in the ACR
and SLICC criteria but not in the SELENA-SLEDAI. Proteinuria
improved spontaneously (UPCR = 328 mg/g at the study visit),
a biopsy was not performed, and the patient was not prescribed
immunosuppressant medications. Interestingly, in the 2 years after
the end of the study, this patient presented with mild proteinuria
at several visits; however, UPCR never exceeded 500 mg/g, and
the patient did not require a biopsy or antirheumatic medications
other than HCQ.

Because family history has been recently included in the defi-
nition of incomplete lupus as a risk factor for the development of
SLE (10), we evaluated the family history of the patients with pSLE
included in our study. We found no association of family history of
autoimmune rheumatic diseases (SLE, rheumatoid arthritis, pso-
riatic arthritis, or Sjogren syndrome; n = 30) or family history of
SLE only (n = 19) (Table 4) with the transition to classifiable SLE
(P=0.470 and P = 0.785, respectively).

Table 4. Family history of SLE and other rheumatic diseases of the patients with pSLE who fulfilled (n=28) or did not fulfill (n = 46) ACR

classification criteria during the study

Patients With pSLE Who Transitioned During the

Study (n = 28)

Patients With pSLE Who Did Not Transition During
the Study (n = 46)

Family history of rheumatic 13 (46) 17 (38)
diseases, n (%)
SLE only, n 5 Three with first-degree relatives with 10 Five with first-degree relatives with SLE
SLE
Two with second-degree relatives with Five with second-degree relatives with
SLE SLE
Rheumatoid arthritis 5 — 5 —
only, n
Psoriatic arthritis only, n 0 — 1 —
SLE and other rheumatic 3 One with first-degree relative with SLE 1 One with first-degree relative with SLE
diseases, n Two with second-degree relatives with —

SLE

ACR, American College of Rheumatology; pSLE, probable SLE; SLE, systemic lupus erythematosus.
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Table 5. HR of variables at enrollment in predicting fulfilment of
ACR classification criteria in the pSLE population

HR 95% Cl P Value
SLICC criteria 1.82 0.86-3.84 0.116
Low C3 and/or C4 1.02 0.24-4.29 0.984
Anti-dsDNA (IFA) 2.04 0.71-5.91 0.188
Positive CB-CAPs 1.36 0.61-3.01 0.454

(EC4d and/or BC4d)

EC4d > 20 MFI 2.07 0.86-4.94 0.103
MAP > 0.8 2.72 1.25-5.93 0.012

CB-CAP= cell-bound complement activation product; Cl, confidence
interval; dsDNA, double-stranded DNA; IFA, Immunofluorescence
assay; HR, hazard ratio; MAP, multianalyte assay panel; MFIl, mean
florescence intensity; SLICC, Systemic Lupus Collaborating Clinics.

We calculated the LSl in the subjects with pSLE to evaluate
whether a higher LSI at baseline was predictive of a transition to
SLE. As expected, the subjects with pSLE who had at least one
follow-up visit (n = 74) had a lower LSI at enroliment than the sub-
jects with SLE (n = 53) (average 5.09, 95% confidence interval [Cl]
4.89-5.28 vs. 6.49, 95% Cl 6.10-6.89, respectively; P < 0.0001).
The LSl at enrollment was similar in the subjects who transitioned
(n = 28) and those who did not (n = 46) (5.15, 95% CI 4.82-5.49
vs. 5.04, 95% Cl 4.79-5.29, respectively; P = 0.586). The LSI did
not increase significantly during the study in the 28 patients with
pPSLE who transitioned to SLE (average 5.34, 95% CI 4.96-5.73
at the last follow-up vs. 5.15, 95% CI 4.82-5.49 at enroliment;
P =0.169) and remained lower than the LSI of the patients with
SLE (P < 0.0001), consistent with the mild disease manifestations
accrued by most of the patients with pSLE who transitioned.

As reported previously with fewer transitioned patients (14),
fulfilment of SLICC criteria at enrollment did not predict (Table 5)
and was not associated with the fulfilment of ACR criteria during
the study (P = 0.085).

We also attempted to evaluate the association of the newly
described EULAR/ACR criteria with disease progression. As
described in the MetHops, we used a modified score that did
not include fever or delirium and scored manifestations accord-
ing to the definitions of ACR or SLICC criteria. As expected, the
vast majority of the patients with SLE (96%) had a modified EULAR/
ACR score of 10 or greater (n = 51; average 21.27, 95% Cl 19.32-
23.23, median 21). The two patients with SLE with a score of less
than 10 both had a score of 8 and fulfilled arthritis, hematological,
immunological, and ANA criteria. Of the 92 patients with pSLE,
half (n = 46) had a modified EULAR/ACR score of 10 or greater
(average 12.85, 95% Cl 12.25-13.44, median 12) and half had a
score of less than 10 (average 6.50, 95% Cl 5.81-7.19, median 6)
at enrollment. Of the 74 patients with pSLE who had at least one
follow-up visit, the modified score of 10 or greater at enrollment
was not associated with the fulfilment of ACR criteria during the
study (P = 0.341). In addition, the modified EULAR/ACR score at
enroliment was similar in the subjects who transitioned (n = 28)
and in those who did not (n = 46) (average 10.54, 95% CI 8.89-
12.18 vs. 9.46, 95% Cl 8.35-10.56, respectively; P = 0.255).

Biomarkers commonly measured in patients with SLE did
not predict transition to SLE (Table 5). Consistent with previous
analysis, only MAP greater than 0.8 had significantly high hazard
ratio for transition to SLE (Table 5). Figure 1 shows the Kaplan-Meier
survival curves of the two pSLE groups. Log-rank test showed a
statistically significant difference between the groups, and Cox
proportional hazards regression analysis resulted in hazard ratio
of 2.72 (95% Cl 1.25-5.93; P = 0.012). Anti-dsDNA and EC4d
greater than 20 MFI showed higher hazard ratios (2.04; P = 0.188
and 2.07; P = 0.103, respectively) than low complement proteins
(1.02; P = 0.984); however, MAP greater than 0.8 outperformed
all the other measured biomarkers (Table 5). Logistic regression
analysis confirmed that MAP greater than 0.8 at enrollment was
significantly associated with the fulfillment of ACR criteria during
the study (odds ratio [OR] = 0.59; P = 0.0314), whereas MAP
of 0.8 or less was significantly associated with remaining pSLE
during the study (OR = 3.11; P < 0.0001).

DISCUSSION

We continued to follow the patients with pSLE described in
Ramsey-Goldman et al (14) to further evaluate transition over time
to classifiable SLE based on ACR classification criteria. During
this extension study, eight more patients with pSLE transitioned to
classifiable SLE, making the total 28 in all. Slightly more than half
of the patients with pSLE transitioned in the first year (16 patients;
57%) and the reminder (12 patients; 43%) transitioned after that
time up to 35 months. This implies that longer follow-up should
not be neglected in this patient population.

Although disease activity was mild at enrollment and during
the study, more than one-third of patients with pSLE acquired one
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Figure 1. Kaplan-Meier survival estimates in the cohort of patients
with probable systemic lupus erythematosus (pSLE) who had at
least a follow-up visit during the study. Kaplan-Meier survival curves
showing the percentage (100-survival probability) of patients with
pSLE who fulfilled American College of Rheumatology classification
criteria during the study. Data for the 73 patients for whom a
multianalyte assay panel (MAP) score could be calculated are
plotted. The orange line represents the 17 patients with pSLE with
a MAP > 0.8 at enrollment, and the green line represents the 56
patients with pSLE with a MAP < 0.8 at enrollment.
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or more additional ACR criteria during the study. Hematological
criteria (lymphopenia and leukopenia) were most often the fourth
criterion fulfiled by the patients who transitioned to classifiable
SLE (Table 2). The use of immunosuppressants at enrollment was
not different between the patients with pSLE who acquired new
criteria and those who did not (Table 3). This finding, combined
with the adjudication of each visit, suggests that the cytopenias
were likely due to the disease rather than the use of medications.

Also, the use of HCQ at enrollment was similar in the two
subgroups of patients with pSLE (Table 3), suggesting that
prescription and use of HCQ did not prevent the occurrence
of new disease manifestations in this group of patients, even
when blood levels of HCQ were above the therapeutic levels
(>500 ng/ml). Numerous studies have demonstrated the bene-
ficial effects of HCQ in preventing flares, decreasing thrombo-
sis, improving lipid levels, treating joint and skin manifestations,
and overall decreasing organ damage, lowering cardiovascular
events, and improving survival in established SLE over time
(24). Our data show that patients suspected of SLE and fulfill-
ing three ACR classification criteria acquired new classification
criteria over a short period of time even when appropriately
treated with HCQ and with HCQ reaching blood levels that are
considered therapeutic; however, new disease manifestations
were not severe (Table 2).

The benign disease course in our pSLE cohort is substan-
tiated by the low SELENA-SLEDAI score at all visits and by the
LSI, which is calculated by weighting ACR criteria and subcriteria
(see supplemental material). Mucocutaneous involvement, arthri-
tis, and hematological criteria (excluding haemolytic anemia) have
a negative or very low positive score in the calculation of the LSI. In
our pSLE group that transitioned to SLE, the LSI remained similar
at the end of the study (P = 0.169) and remained lower than the
LSI of the SLE cohort (P < 0.0001). In addition, the LSI at enroll-
ment was similar in the subjects who transitioned and those who
did not (P = 0.586), suggesting that higher severity of disease in
pSLE did not predispose to the accrual of additional ACR criteria,
at least within approximately 1 to 3 years.

Only one patient developed renal disease; however, protein-
uria was not severe and did not require a biopsy or treatment with
immunosuppressants either during the study or after. Interestingly,
this patient had a negative MAP score throughout the study. Thus,
in this patient, fulfillment of a new important classification criterion
could not be predicted by the MAP score at enrollment. It remains
unclear whether this one episode of increased proteinuria reflects
lupus nephritis.

Although overall the patients with pSLE in our study did not
acquire severe disease manifestations, identification at an early
stage of patients more likely to have true incipient SLE can be
important for appropriate patient management.

In agreement with previous data (14), MAP greater than 0.8
predicted fulfilment of ACR criteria during the study, whereas bio-
markers commonly measured in SLE, such as anti-dsDNA and

complement proteins C3 and C4, did not. Also, EC4d greater
than 20 MFI did not reach statistical significance in this analysis
(Table 5), indicating that a panel provides more information than
individual biomarkers.

Confirming previous results (14), fulfilment of SLICC criteria
at enrollment was not associated with fulfillment of additional ACR
criteria during the study. A modification of the EULAR/ACR clas-
sification was also not associated with disease progression. The
inability to score fever in these criteria represents a limitation of
this analysis, as does the use of the ACR and SLICC definitions
for scoring. However, the observation that more patients with
pSLE had a modified EULAR/ACR score of 10 or more than ful-
filed SLICC criteria at enrollment (50% vs. 38%) (14) is consistent
with the high sensitivity of the new criteria. The modified EULAR/
ACR score was not associated with disease progression during
the study (P = 0.255). Likewise, a modified score of 10 or greater
at enrollment was not associated with transition, which is in line
with the results obtained with the SLICC criteria (P = 0.341 and
P = 0.085, respectively). These data strengthen our hypothesis
that certain biological pathways, rather than only historical clinical
features scored in the classification criteria, drive disease evolution
and new clinical manifestations of SLE.

We also evaluated whether family history of autoimmune dis-
eases or specifically SLE was associated with the transition to
classifiable SLE and did not find a significant association. Thus,
although family history is important and has been proposed as a
risk factor for the development of SLE in patients with incomplete
SLE (10), it did not associate with transition to classifiable SLE in
our cohort.

This study has several limitations, including the small sample
size and the loss to follow-up. Although 18 patients with pSLE were
lost to follow-up, there were no differences between the patients
who remained in the study and those who did not, as described in
Ramsey-Goldman et al (14). Although the relatively short follow-up
period is a limitation, more than one-third of patients fulfiled new
classification criteria during this time, and patients with MAP
greater than 0.8 at enrollment did so sooner than patients with a
lower score. Of note, individual biomarkers did not predict disease
progression. Another limitation is that we did not collect data on
the newly developed EULAR/ACR classification criteria because
they were published after we had collected baseline data on the
patients in the study. Therefore, we used an unvalidated modified
criteria based on the data we had collected with the ACR and
SLICC criteria. Finally, our results may not be generalizable to all
incomplete lupus. In fact, the patients with pSLE in our study were
very specifically selected as having three ACR criteria (ANA and
other two criteria) in addition to a high likelihood of having lupus, as
judged by a lupus expert. Thus, our results are important for this
subset of patients with incomplete lupus.

In conclusion, these data show that, over time, additional
patients transitioned from pSLE to SLE by ACR criteria compared
with our previous report. Thus, these data confirm our previous
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findings (14) and support the hypothesis that biological processes
that lead to complement activation and/or formation of autoanti-
bodies play a role in disease progression in patients suspected
of SLE and fulfiling three ACR classification criteria. Recognition
of these patients and institution of early appropriate manage-
ment may potentially slow disease progression (9,25).
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