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Purpose: Anti-neutrophilic cytoplasmic antibody (ANCA)-associated vasculitis (AAV) overlap with systemic sclerosis (SSc) is
uncommon. We aimed to determine the incidence of AAV and define clinical outcomes relevant to asymptomatic screening positive for
ANCA in SSc after 2 years of follow-up.

Patients and Methods: The study was a cohort study of 185 Thai adult SSc patients testing for ANCA and having a 2-year follow-
up at the Scleroderma Clinic, Khon Kaen University, Thailand. The incidence of AAV and outcomes of those who tested positive for
ANCA were evaluated.

Results: A total of 185 SSc patients were tested for ANCA, of whom 21.6% were positive for either cytoplasmic ANCA, perinuclear
ANCA (p-ANCA), anti-myeloperoxidase (anti-MPO), or anti-proteinase3 antibody. Only one 52-year-old female patient with dcSSc,
negative for initial ANCA test, developed AAV (microscopic polyangiitis) 7 months after the first ANCA test for an incidence of AAV
of 0.27 per 100-person-years (95% CI 0.01-1.5). She was positive for p-ANCA and anti-MPO. Eight of those who had an initial test
were positive for ANCA and underwent a repeated test. Only two cases persisted as positive for ANCA (1 anti-MPO and 1 anti-PR3)
and had no clinicals suspicious of vasculitis. Four cases that had ANCA turned to a negative result.

Conclusion: AAV is a rare complication in SSc, so ANCA may not have any role as a screening test for AAV as it cannot predict the
development of AAV in SSc. We suggest testing for ANCA only in SSc patients with clinicals suspicious of AAV.
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Introduction

Anti-neutrophil cytoplasmic antibodies (ANCA) are autoantibodies directed against the enzymes found within the
primary granules of neutrophils and lysosomes in monocytes. These antibodies are involved in the pathogenesis of
ANCA-associated vasculitis (AAV)." In a retrospective study in Mexico between March 2003 and March 2018, Martin-
Nares et al® reported the prevalence of overlap between AAV and systemic autoimmune disease was 11.3%. The
predominant AAV type was renal-limited vasculitis (39%), followed by granulomatosis with polyangiitis (GPA)
(29%), microscopic polyangiitis (MPA) (25%), and eosinophilic granulomatosis with polyangiitis (EGPA) (7%). The
main clinical manifestations were renal (79%), otorhinolaryngologic (43%), and pulmonary and peripheral neuropathy
(32%). The overlap between AAV and systemic sclerosis (SSc) was 14%.

Previous studies estimated the prevalence of ANCA in SSc patients between 0% and 18%, but only a few cases
develop clinical overlap syndrome with AAV.>® ANCA was reported to be associated with an increased prevalence of
interstitial lung disease and pulmonary embolism in SSc, especially in anti-proteinase 3 (anti-PR3) positive patients. It
was also associated with an increased risk of mortality.” These findings suggest that ANCA should be tested at baseline in
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SSc patients as it is associated with a worse prognosis, so those patients need close monitoring and follow-up for adverse
outcomes. Many researchers recommend routine testing for ANCA of patients with SSc with a suspected renal crisis or
evidence of glomerular disease by urinalysis. If positive, a renal biopsy should be considered. Such an approach will help
to define the underlying pathophysiologic process and guide subsequent therapy. Some researchers suggest that a positive
ANCA in a patient with SSc warrants close observation for renal disease in anticipation of acute renal failure.®’

The prevalence of asymptomatic positive for ANCA in SSc is around 22%.'° Notwithstanding, the clinical relevance
and outcomes of patients that are asymptomatic positive for ANCA are uncertain. We thus aimed to evaluate the
incidence of AAV and the clinical outcomes after 2 years of follow-up in SSc patients who were asymptomatic positive
for ANCA after screening. If any clinical relevance or its related outcomes are demonstrated, ANCA testing could be
a predictor of AAV in SSc patients. On the other hand, if no clinical relevance is detected in those who are asymptomatic
positive for ANCA, the antibody could be nonspecific in SSc, and it need not be screened in patients with no clinicals
suspicious of SSc overlap AAV.

Materials and Methods

A historical cohort was conducted in 185 adults Thai SSc who were followed up for 2 years from the date of ANCA
testing at the Scleroderma Clinic, Khon Kaen University, Khon Kaen, Thailand. We included patients > 18 years of age,
diagnosed as SSc, and all of them participated in a previous cross-sectional study on the “Prevalence and clinical
association of the presence of anti-neutrophilic cytoplasmic antibody in systemic sclerosis”.'

The data included SSc clinical features, clinical features of vasculitis, routine laboratory tests for SSc, related
laboratory tests for AAV, medical treatment, and outcomes. Data collection started 2 years and later from the date of
initial ANCA testing. In case of loss to follow-up, patient health status was requested by mail and/or retrieved from the
Civil Registration Office. If the patient had clinicals for AAV, the Birmingham vasculitis activity score version 3 was

applied to evaluate the severity of AAV.

Operational Definition

Diagnosis of SSc is based on the 2013 ACR/EULAR Classification Criteria for Systemic Sclerosis'' and classified into
limited cutaneous SSc (IcSSc) and diffuse cutaneous SSc (dcSSc), according to LeRoy et al.'* Onset of SSc is defined as
the time of the first non-Raynaud SSc symptom, as reported by the patient. Disease duration is calculated as the interval
between disease onset and the time of the last data collection.

Diagnosis of AAV is based on the 2022 AAV EULAR classification criteria.'> "> The definition of ANCA-positive is
confirmed by either indirect immunofluorescence (IIF) or enzyme-linked immunosorbent assay (ELISA). Anti-myelo-
peroxidase (anti-MPO) and anti-PR3 were tested using the EUROIMMUN AG (Liibeck, Germany) using the Euroline
immunoblot immunoglobulin G (IgG) technique. ANCA was tested using EUROIMMUN AG (Liibeck, Germany) using
indirect immunofluorescence testing and classified into two patterns: perinuclear-ANCA (p-ANCA) and cytoplasmic-
ANCA (c-ANCA). Antibodies with borderline and weakly positive signal intensities with a titer < 1:10 were considered
negative in the current study.

AAV presents as GPA, MPA, EGPA, and renal-limited vasculitis (RLV). GPA is diagnosed by tissue biopsy
compatible with necrotizing granulomatous inflammation (usually involving the upper and lower respiratory tract) and
necrotizing vasculitis (affecting predominantly small-to-medium vessels).'® MPA is diagnosed by tissue biopsy compa-
tible with necrotizing vasculitis, with few or no immune deposits, predominantly affecting small vessels (ie, capillaries,
venules, or arterioles). Necrotizing arteritis involving small and medium arteries may be present, while granulomatous
inflammation is absent.'® EGPA is diagnosed by tissue biopsy compatible with eosinophil-rich and necrotizing granu-
lomatous inflammation often involving the respiratory tract, and necrotizing vasculitis, predominantly affecting small-to-
medium vessels and associated with asthma and eosinophilia.'® RLV is diagnosed with isolated renal-limited vasculitis
with pauci-immune necrotizing glomerulonephritis alone with no evidence of systemic vasculitis.'”

Functional classification is defined according to the New York Heart Association (NYHA).'"® The skin score is
evaluated using the modified Rodnan Skin Score (mRSS). Pulmonary fibrosis is fulfilled when interstitial fibrosis is
detected by high-resolution computed tomography (HRCT). Pulmonary arterial hypertension (PAH) is diagnosed by
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mean pulmonary arterial pressure > 20 mmHg with pulmonary artery wedge pressure < 15 mmHg and pulmonary
vascular resistance of > 3 wood units, confirmed by right heart catheterization.'” Scleroderma renal crisis is diagnosed
by 1) a new onset of blood pressure >150/85 mmHg obtained at least twice over a 24-h period; 2) a documented decrease
in renal function as defined by a decrement of at least 30% in the calculated glomerular filtration rate (¢GFR); and, 3) any
of the following (microangiopathic hemolytic anemia on the blood smear, retinopathy typical of acute hypertensive crisis,
new onset of urinary RBCs (excluding other causes), flash pulmonary oedema, oliguria, or anuria).”’ Esophageal
involvement is defined when there is the presence of any esophageal symptoms of SSc (ie, esophageal dysphagia,
heartburn, or reflux symptoms). Stomach involvement includes symptoms of dyspepsia, early satiety, constipation,

diarrhea, and malabsorption.”' Anemia is defined when hemoglobin in males is <13 g/dl and in females is <12 g/dl.**

Eosinophilia is the total eosinophil count more than 500 cell/mm? **

Statistical Analysis
Demographic data are categorized and summarized using descriptive statistics. Categorical data were presented as
proportions or percentages. Continuous data were presented as means with standard deviations (SD) or medians with
interquartile ranges (IQR) as appropriate. The incidence of AAV was investigated with its 95% confidence interval (95%
CI). Clinical outcomes included the presence of AAV, mortality rate, and causes of death of patients testing asymptomatic
positive for ANCA. All statistics are analyzed using STATA version 16.0 (Stata Corp. College Station, TX, USA).
The authors designed the study, while it was reviewed and approved by the Khon Kaen University Ethics Committee
for Human Research based on the Declaration of Helsinki and the ICH Good Clinical Practice Guidelines (HE631305).
The need for informed consent was waived by the Human Research Ethics Committee of Khon Kaen University.

Results

Patient Characteristics

A total of 185 cases with asymptomatic for AAV were included and screened for ANCA. At least one serological test
positive for ANCA (p-ANCA, c-ANCA, anti-MPO, or anti-PR3) at the initial screening was recorded in 40 cases
(21.6%). The demographic data and clinical characteristics of the patients screened for ANCA are presented in Table 1.
Most cases were female (64.9%) and dcSSc (71.7%). The mean age on the study date was 59.9 years. Forty-five of the
patients were lost to follow-up, of whom eight received treatment for SSc and were followed up at a local hospital; 37
cases died (25 due to SSc-related death and 2 for unknown causes). None had suspected AAV after health status was
requested by mail and/or retrieved from the Civil Registration Office.

Incidence of AAV

Two years after initial ANCA testing with 360.8 person-years, AAV was revealed in only 1 case for an incidence of 0.27 per
100 person-years (95% CI 0.01-1.5). The patient was female with dcSSc. The duration of the disease while having a diagnosis

Table | Demographic Data and Clinical Characteristics of Patients Screened for

ANCA

Factor Value

N =185
Age at onset (years); mean + SD 50.9 +10.5
Age on study date (years); mean * SD 59.9 = 10.1
Sex: female (%) 120 (64.9)
BMI (kg/m?); mean * SD 210 +38
Diffuse cutaneous systemic sclerosis (%) 132 (71.7)

(Continued)
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Table | (Continued).

Factor Value
N =185
Disease duration (years); mean * SD 9.0+ 56
mRSS; median (IQR) 2 (0-4)
Autoantibodies
Anti-topoisomerase-| antibody positive (%) 137 (76.1)
Anti-CENPA antibody positive (%) 17 (9.8)
Anti-CENPB antibody positive (%) 21 (12.1)
ANCA-IIF method
c-ANCA positive (%) 6 (3.2)
p-ANCA positive (%) 16 (8.7)
ANCA-ELISA method
Anti-MPO antibody positive (%) 10 (5.6)
Anti-PR3 antibody positive (%) 15 (8.2)
Positive both P-ANCA and Anti-MPO antibody (%) 2 (1.1)
Positive both C-ANCA and Anti-PR3 antibody (%) 2 (1.1)
ANCA positive either method (%) 40 (21.6)
Clinical manifestation at 2 years after initial ANCA test N =138
Raynaud’s phenomenon (%) 56 (40.6)
Digital ulcer (%) 18 (13.0)
Salt and pepper skin (%) 48 (35.0)
Hand deformity (%) 51 (37.0)
Dysphagia (%) 27 (19.6)
Dyspepsia (%) 20 (14.5)
Constipation (%) 12 (8.7)
Pulmonary fibrosis (%) 106 (77.4)
Pulmonary hypertension (%) 26 (19.0)
Scleroderma renal crisis (%) 4 (2.9)
Hemoglobin (g/dl); mean + SD 119+ 1.6
Eosinophilia (%) 32 (23.2)
ESR (mm/h); mean = SD 41.6 £ 23.1
Creatinine (mg/dl); mean + SD 09 +06

Abbreviations: SD, standard deviation; BMI, body mass index; mRSS, modified Rodnan skin score;
ANCA, anti-neutrophilic cytoplasmic antibody; IIF, indirect immunofluorescence; ELISA, Enzyme-Linked
Immunosorbent Assay; ESR, Erythrocyte sedimentation rate.
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Initial screening for ANCA
N =185

I
At least 1 test positive for ANCA

N =40
[ [ 1

c-ANCA positive p-ANCA positive anti-MPO positive anti-PR3 positive
n=6 n=16 n=10 n=15
V—l—| ’—;‘ V—;I [ I ! 1 1
No Anti-MPO ANCA No ANCA No p-ANCA and No Anti-MPO | | Anti-PR3 ANCA
repeated positive negative repeated negative repeated anti-MPO repeated positive positive negative
test n=1 n=2 test n=1 test positive test n=1 n=1 n=1
n=3 n=15 n=9 n=1 n=12
I T —
Death Death Death Death
n=2 n=6 n=3 n=4
Unspecified L Cardiac L:]\glvement Unspecified organ Pulmonary fibrosis*
organ = involvement* [ n=1
involvement* | | Pulmonary fibrosis* n=1
n=1 n=1 | | Cardiac involvement*
|| Pneumonia** n=1
Cardiac | | Unspecified organ n=1
involvement* involvement* n =1 [ | Renal crisis
n=1 n=1
Pneumonia** L Natural death
| _ n=1 !
n=2 L Pneumonia**
=1
Septic shock** n
n=1

Figure | Two-year follow-up of patients with an initial positive for ANCA and their outcomes.
Notes: *SSc-related death, **Non-SSc related death.

of AAV was 8 years. Her serology was positive for anti-topoisomerase-I and anti-Ku antibodies. ANCA was negative at the
initial test. Seven months after the initial ANCA test, she was diagnosed with MPO-AAV. Her clinical presentations of AAV
were new onset of hypertension, proteinuria with urine sediment, rising serum creatinine level, and positive for p-ANCA and
anti-MPO antibodies. A kidney biopsy revealed cellular crescents with pauci-immune depositions. She was treated with
intravenous methylprednisolone 1000 mg continuously for 3 days with intravenous cyclophosphamide monthly for 6 months
as the induction regimen. Her renal function turned to normal, free of urine sediment. Thereafter, mycophenolate mofetil was
given as a maintenance regimen until the last follow-up, and to this writing, she has had no clinical relapse of AAV.

Two Years Follow-Up of Patients with Initial Positive for ANCA and the Outcomes
Among the 40 cases of those with an initial screening test positive for ANCA, they had no AAV clinicals at the 2-year
follow-up. Eight of the forty had repeated the ANCA test, but the majority did not repeat the test as they had no clinical
symptoms suggestive of AAV. Only one case that had had an initial test positive for anti-MPO was persistently positive
for anti-MPO. In addition, the one case that had initially tested positive for anti-PR3 continued to be positive for anti-PR3
at the 2-year follow-up. Both of these cases had no clinicals suspicious of vasculitis. Finally, four positive ANCA cases
turned to negative tests (Figure 1).

At the 2-year follow-up, there was no statistically significant difference in the clinical characteristics of patients with
persistent ANCA-positive vs ANCA-absent vis-a-vis NYHA functional class, internal organ involvement, skin thickness
progression evaluation by mRSS, or laboratory tests (viz. blood count, renal function, liver function, or urinalysis)
(Supplementary Table 1).

Discussion

Vasculopathy is a crucial aspect of SSc pathogenesis.***> Some features of vasculopathy are similar to systemic
vasculitis or AAV, such as digital gangrene and skin ulcers. Based on the clinical manifestations, it is a challenge in
clinical practice to differentiate between vasculopathy and coexisting SSc-vasculitis (SSc overlap systemic vasculitis).
A vessel’s pathology can be used to confirm a diagnosis and differentiate vasculopathy from systemic vasculitis as vessel
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inflammation is not the principal pathology in SSc as it is in systemic vasculitis.?® There is a limitation to doing biopsy in
some cases, especially those patients with digital gangrene. Serology, particularly ANCA, can play a role in evaluating
coexisting systemic vasculitis in SSc.

ANCA is a well-known autoantibody associated with AAV. The ANCA test is classified into c-ANCA and p-ANCA
—using the IIF method, which has less specificity but high sensitivity. Thus, it is always used as a screening test (ie, anti-
MPO and anti-PR3 by ELISA). A c-ANCA-positive is associated with GPA, but the diagnosis needs to be confirmed by
testing for anti-PR3 using ELISA (which is more specific than the IIF method). A p-ANCA positive is associated with
MPA and EGPA, but the diagnosis needs to be confirmed by testing for anti-MPO using ELISA.

A positive test for ANCA, using the IIF method, was reported in a meta-analysis. c-ANCA had a pooled sensitivity of
75.2% and a pooled specificity of 98.4%. By comparison, when using the anti-PR3 antibody, the p-ANCA had a pooled
sensitivity of 46.3% and a pooled specificity of 91.4%. Thus, the pooled sensitivity depended on the immunoassay
method used and ranged between 79.8% and 86.6%, while the pooled specificity ranged between 96.8% and 98.3%. As
for the anti-MPO antibody, irrespective of method, the pooled sensitivity was 58.1%, and the pooled specificity was
95.6%.%” Of which c-ANCA is associated with GPA, while p-ANCA with MPA and EGPA.?*>° The ELISA-based makes
use of purified specific antigens. Immunoassay-detecting antibodies against PR3 and MPO usually have higher specifi-
cities and positive predictive values than IIF patterns like p-ANCA and c-ANCA.?’ Anti-PR3 with c-ANCA are
commonly detected in GPA, while anti-MPO and p-ANCA in MPA.

In SSc, the prevalence of ANCA-positive using either method was approximately around 12-22%.'*-!
However, SSc overlap AAV is quite rare. In a large cohort study of 2200 SSc, the SSc overlap with AAV was
1.6%.%* Moxey et al’ reported the significance of ANCA in SSc in an SSc cohort in Australia in 2019. Most cases
were 1cSSc, and 8.9% of the 1303 patients were ANCA positive: anti-PR3 being more common than anti-MPO
(13.8% and 11.2%, respectively). Anti-topoisomerase I was more commonly found in ANCA-positive patients
than in ANCA-negative ones. Most of these patients did not have any clinical features of AAV.” Only one patient
in our study developed AAV and was negative for ANCA at the initial test. Our finding supports the low
prevalence of SSc overlap AAV despite the high prevalence of ANCA-positive. Despite SSc overlap AAV

being a rare disease,*>*?

these conditions ultimately lead to morbidity and mortality with organ dysfunction
and failure.'** Renal and pulmonary involvement are the most common manifestations of SSc overlap
AAV.*?233:35 Our patient, who developed AAV, also presented with proteinuria and urine sediment, which are
not classical SSc features. The pathological findings suggested renal involvement in AAV, and the diagnosis was
SSc overlap MPO-AAV. The initial ANCA test in this patient was negative, so an initial negative test does not
necessarily rule out the development of AAV in SSc.

Our study showed that none of the ANCA-positive patients had clinical features of AAV even at the 2-year follow-up.
ANCA might therefore be a nonspecific antibody in SSc, so is not a good predictor for AAV in SSc. Based on the study
method, we evaluated the outcome of ANCA-positive patients at the 2-year follow-up, so we cannot conclude whether or
not ANCA could be used as a predictor of AAV after longer-term follow-up. Furthermore, given the mean disease
duration of 9 years in our enrolled cases, some experienced skin regression during the follow-up period, leading to
a lower mRSS on the study date than expected. It is noteworthy that AAV was rarely detected even with a long disease
duration.

Persistent-positive for ANCA when screening for asymptomatic AAV in SSc patients was rare. The persistent ANCA-
positive patients were positive for ANCA by the ELISA method, and none were persistent for ANCA by the IIF method.
The ANCA test using the ELISA method provides a greater specificity and positive predictive value than the ANCA test,
using the IIF method.?’ It is, therefore, not surprising that persistent-ANCA was detected using the ELISA method (one
with anti-MPO and one with anti-PR3). Despite the persistent ANCA-positives, none had clinicals suspicious of AAV at
the 2-year follow-up. Long-term outcome follow-up should be done in patients with persistent ANCA-positive to check
for the development of AAV.

Based on our observations, given the high prevalence of ANCA-positive but low prevalence of AAV during follow-
up, there is no short-term benefit in ANCA screening for SSc patients who have no clinicals suspicious of SSc overlap
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AAV. On the other hand, ANCA should be tested in SSc patients having clinicals suspicious of AAV such as
glomerulonephritis.

There are some limitations to our study, including (a) the small number of patients with a repeated test for ANCA due
to the lack of evidence for performing a follow-up test for ANCA in those with no clinicals suspicious of AAV and
budget limitations, so the proportion of persistent-positive for ANCA in our study might be underestimated; (b) the lack
of a quantitative result for ANCA for both the IIF and ELISA methods, so we cannot conclude whether the positive test
was significant or not; and, (c) lost to follow-up was around 25%, so we cannot provide detailed clinicals of those
patients at 2 years after performing the initial test for ANCA. Notwithstanding, none of those lost to follow-up had
suspected AAV when we checked health status by mail and/or retrieved information from the Civil Registration Office.
Strengths of our study included (a) the large sample size and appropriate time for follow-up so as to fulfill the objectives
of our study; (b) this is the first report of outcomes of asymptomatic screening positive for ANCA, so our findings
provide baseline information for physicians planning ANCA testing in SSc patients.

Conclusion

AAV is a rare complication in SSc, so ANCA may have no role as an AAV screening test. Moreover, ANCA cannot be
used to predict AAV development in SSc. We thus suggest testing for ANCA in SSc patients with clinicals suspi-
cious AAV.
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