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Systemic sclerosis

Progression from suspected to definite
systemic sclerosis and the role of anti-
topoisomerase I antibodies
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Brigitte A Wevers,? René E M Toes
Hans Ulrich Scherer

ABSTRACT

Introduction Early diagnosis of systemic sclerosis (SSc)
is important to start therapeutic interventions timely.
Important risk factors for progression to SSc are the
SSc-specific autoantibodies, of whom anti-centromere
antibodies (ACA) and anti-topoisomerase | antibodies (ATA)
are the most frequent. ATA is associated with a severe
disease course. A more detailed characterisation of the
ATA-response in SSc might increase insights in preclinical
disease stages and improve prognostication. To address
this we identified all patients with suspected very early
ATA-positive SSc, defined as all patients who are ATA-
positive not fulfilling American College of Rheumatology
(ACR)/European Alliance of Associations for Rheumatology
(EULAR) 2013 criteria, in the Leiden Combined Care in
Systemic Sclerosis (CCISS)-cohort and found very low
numbers.

Methods This triggered us to search the literature on

the ATA prevalence in patients with suspected very early
SSc and contribution of the SSc-specific autoantibodies to
progression from suspected very early to definite SSc. To
increase insights on the ATA-response in suspected very
early SSc, we then evaluated the association between

the ATA-response and time between onset of Raynaud’s
phenomenon (RP) and first non-RP symptom, as a proxy
for progressing to definite SSc, in all patients with ATA-
positive SSc from the Leiden CCISS-cohort.

Results In short, included studies show that prevalence
of ATA is much lower in suspected very early SSc than

in populations fulfilling ACR/EULAR 2013 criteria. After
1-15 years of follow-up, only 52% of the patients with
suspected very early SSc progress to definite SSc. ATA-lgG
levels tend to be higher in patients with ATA-positive SSc
with more rapid disease progression.

Conclusion Although a role of ATA in disease progression
is suggested, more studies on the ATA response in
suspected very early SSc are warranted.

INTRODUCTION

Systemic sclerosis (SSc) is a rheumatic auto-
immune disease with a pathogenesis involving
a triad of autoimmunity, vasculopathy and
fibrosis.! Early diagnosis of SSc is crucial to start
therapeutic interventions before development
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Systemic sclerosis (SSc) specific autoantibodies are
important risk factors for progression from suspect-
ed very early SSc to definite SSc.

= More insight into the characterisation and preva-
lence of the SSc-specific autoantibodies during the
development of SSc is necessary to improve disease
prognostication.

WHAT THIS STUDY ADDS

= Prevalence of anti-topoisomerase | antibodies
(ATA) is much lower in suspected very early SSc
than in populations fulfilling American College of
Rheumatology/European Alliance of Associations for
Rheumatology? 2013 criteria.

= ATA-IgG levels tend to be higher in patients with
ATA-positive SSc with less time between onset of
Raynaud’s phenomenon and first non-Raynaud’s
phenomenon symptom, as proxy for disease
progression.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Although a role of ATA in disease progression is
suggested, more detailed studies on the charac-
terisation of ATA and underlying B-cell responses in
suspected very early SSc are needed.

= The low ATA prevalence among patients with sus-
pected very early SSc suggests swift disease pro-
gression in ATA-positive SSc and consequently a
different approach to identify this subgroup before

development of irreversible organ damage.

or progression of organ damage. In 2013, the
American College of Rheumatology (ACR)/
European Alliance of Associations for Rheuma-
tology (EULAR) criteria for SSc were published
showing an increased sensitivity to classify
patents with SSc early in the disease course.”
In addition, criteria for suspected very early
SSc were developed consisting of Raynaud’s
phenomenon (RP), SSc-specific autoanti-
bodies, puffy fingers and abnormal nailfold
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capillaroscopy.” * Patients classified as suspected very early
SSc do not fulfil ACR/EULAR 2013 criteria for SSc. The
progression from suspected very early SSc to ACR/EULAR
2013 criteria is usually defined by the development of a first
non-RP symptom.

Anti-topoisomerase I antibodies (ATA) and ant-
centromere antibodies (ACA) are the most prevalent
SScspecific antinuclear autoantibodies,” and are used for
disease and risk stratification.’ ” In patients with suspected
very early SSc, presence of SSc-specific autoantibodies are
important predictors for the development of definite SSc®’.
However, so far little is known on the contribution of the
SSc-specific autoantibodies to the underlying processes
involved in disease progression and whether this is different
between ATA and ACA. Given the importance of the SSc-
specific autoantibodies for progression to SSc, more detailed
characterisation of the autoantibody responses in preclinical
disease stages mightincrease insights in disease development
and contribute to improved disease prognostication. In this
paper we show the different steps and analyses we undertook
to evaluate the ATA characteristics during progression from
suspected to definite SSc.

THE CHALLENGE IN FINDING PATIENTS WITH SUSPECTED VERY
EARLY SSC WITH ATA

For ACA, we recently studied 138 patients with suspected
very early SSc and 487 patients with definite SSc with ACA
and showed that ACA-IgG and ACA-IgM levels were signifi-
cantly higher in patients with definite SSc."’ In the patients
with suspected very early SSc, progression to definite SSc was
associated with higher ACA-IgG levels at baseline.'” We set
out to identify whether this observation also holds for ATA-
positivity, but could only identify 4 patients with suspected
very early ATA positive SSc in the 1077 patients referred to
the Leiden Combined Care in Systemic Sclerosis (CCISS)
cohort. The most recent study of the very early diagnosis
of SSc (VEDOSS) project, a European multicentre study
in suspected very early SSc, evaluated progression to SSc
in 553 patients with suspected very early SSc.” Strikingly,
although 32% of the patients with suspected very early SSc
in this study were ACA-positive (=164), only 7% were ATA-
positive (n=39). Intriguingly, the prevalence of ATA is much
higher among patients with definite SSc: for example, 24%
of the patients with SSc in the Leiden CCISS cohort is ATA-
positive'' and 89% in the European Scleroderma Trials and
Research (EUSTAR) cohort.'* These observations triggered
us to perform a literature search to review the prevalence
of ATA in patients with suspected very early SSc and on the
contribution of the SSc-specific autoantibodies to progres-
sion from suspected very early to definite SSc.

PART 1: LITERATURE STUDY

Methods

The research question for the scoping literature review
was ‘What is the contribution of the SSc-specific autoan-
tibodies and their underlying B cell response to the
progression of suspected very early SSc to definite SSc?’.

We searched PubMed with the following terms: ‘very early
SSc’, ‘VEDOSS’, ‘suspected’, ‘isolated RP’, ‘progression’
and ‘SSc’. All identified articles were assessed for relevant
content by the corresponding author. Initial rejection
for further evaluation was based on the information in
the abstract; next, secondary rejection was based on the
content of the full article. All other studies were included
if they were original research in English, included greater
than five patients and reported on prevalence of SSc-
specific autoantibodies in suspected very early SSc, clin-
ical characteristics of suspected very early SSc and/or the
progression of isolated RP/suspected very early SSc to
definite SSc.

Results

We included the following studies: (1) six studies
reporting on the prognostic value of SSc-specific autoan-
tibodies for progression of RP or suspected very early
SSc to definite SSc,®? *17 (2) six studies describing clin-
ical characteristics of patients with suspected very early
SSc'** and (8) two studies investigating SSc-specific
autoantibody responses in detail and their association
with progression of RP or suspected very early SSc to defi-
nite SSc.'’**

The ATA prevalence reported in the studies on
suspected very early SSc and VEDOSS ranges from 0.2%
to 24% (tables 1 and 2). The lowest prevalence of ATA
was reported in the studies that recruited patients based
on RP. In studies also including patients with organ
involvement, ATA prevalence was higher (tables 1 and 2).
Progression from RP to definite SSc occurred in 0% to
21% of the patients, and progression from suspected very
early SSc to definite SSc in 8% to 52% of the patients.
Moinzadeh et al reported that patients with isolated RP
with anti-RNA-polymerase IIT had 1.7 (SD: 6.4) years
between RP and SSc onset, with ATA 3.6 (SD: 6.4) years
and with ACA 10.8 (SD: 12.5) years.16 In the other studies,
no specific progression rates for the different autoanti-
body subgroups were reported. All studies except for
the study of Trapiella-Martinez et al found that the pres-
ence of SSc-specific autoantibodies increased the risk
for progression from RP or suspected very early SSc to
definite SSc.” In the study of Trapiella-Martinez et al,
patients who progressed from suspected very early SSc to
definite SSc were ATA-positive more often than patients
who did not progress (19% vs 8%)." Intriguingly, some
studies describing clinical characteristics of patients with
suspected very early SSc showed substantial prevalence of
possible organ involvement, such as oesophageal symp-
toms, digital ulcers, puffy fingers in their populations, by
which they might have fulfilled ACR/EULAR 2013 SSc
criteria (table 2).

In order to elucidate if the SSc-specific autoantibodies
are more than active bystanders in the development
of SSc, it is important to study their response more in
depth. So far, we found two studies evaluating the asso-
ciation between levels of autoantibodies and progression
to definite SSc. The first study by Lande et al evaluated
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Table 1

Studies evaluating the association of the SSc-specific autoantibodies and the progression of RP/suspected very
early SSc/VEDOSS to definite SSc

Author and
year

Patients with suspected very early SSc

Patients with definite SSc

Results on progression from suspected
very early SSc to definite SSc

Definition

Total number

Definition

Total number of
progressors

Studies evaluating the prognostic value of the presence of SSc-specific autoantibodies on progression to definite SSc

Bellando-
Randone et al,
2021°

Riccardi et al,
202013 14

Trapiella-
Martinez et al,
2017%

Moinzadeh et
al, 2012'®

Ingegnoli et al,
2010"

Koenig et al,
20088

RP, ANA positive, puffy
fingers, SSc.

Specific autoantibody
positive, abnormal NC.

RP and either presence of
SSc autoantibodies or NC

or both.

=RP with SSc Ab, ANA

positivity or NC.

Divided into two groups:

1. Very early SSc: RP,
NC, SSc Ab.

2. Early SSc: +reflux/
decreased DLCO
without ILD/PAH or

diastolic dysfunction or
DU/PS/TE/calcinosis/

arthritis.

Isolated RP.

Isolated RP.

Primary RP: no
abnormalities

Pre-CTD: +puffy fingers,
Ab but not SSc-specific
Ab.

Early SSc: +SSc specific

Ab, SSc NC without

764/1150 patients of
whom 553 had one

Fulfilling
ACR/EULAR

133 of 254 with
5 years follow-up

follow-up visit available. 2013 criteria. available.

Of N=553:
> 401 (73%) ANA.

> 208 (38%) SSc-Ab.

> 164 (30%) ACA.
> 39 (7%) ATA.
> 6(1%) ARA.

N=102

» 72 (71%) ANA.

» 46 (45%) ACA.

> 16 (15%) ATA.

» 2 anti-Tho, 1 anti
PM Scl.

Of 1632 patients in
RESCLE cohort:
36/1632 (2.2%) very
early SSc.

> 36 (100%) ANA.
» 19 (53%) ACA.
» 2 (6%) ATA.

> 0 ARA.
111/1632 (6.8%) early
SSc.

» 101 (91%) ANA.
» 50 (50%) ACA.
> 12 (12%) ATA.

> 0 ARA.

N=569

> 7% ANA.
> 1% ACA.
> <0.2% ATA.

N=288

> 128 (45%) ANA.
> 44 (15%) ACA.
> 12 (4%) ATA.

Primary RP: N=299

Pre-CTD: N=317

Early SSc: N=168

> 88/168 (52%)
abnormal NC.

» 80/168 (48%) SSc
Ab.

Fulfilling
ACR/EULAR
2013 criteria.

Unclear in
the article.

Clinical
features of
SSc.

First non-
Raynaud
clinical
feature of
SSc.

Fulfiling ACR
1980 criteria.

46/102 (45%) in
median disease
duration of 3

years.' 12

3/36 (8%) very
early SSc, of whom
two fulfilled. ACR/
EULAR 2013
criteria.

31/111 (28%)
patients with early
SSc, of whom

20 fulfilled. ACR/
EULAR 2013
criteria.

N=8 (1.5%).

N=34 (12%).

Primary RP: N=0.
Pre-CTD: n=8 (3%).
Early SSc: n=66
(47%).

126/133 (95%) were ANA-positive.
Seventy per cent of the patients with
SSc-specific autoantibodies reached the
endpoint, which translates to a risk ratio
of 5.03 (2.93; 8.66) in univariable logistic
regression. Adjusted for the other VEDOSS
criteria, the risk ratio of the SSc-specific
autoantibodies was 4.20 (2.21; 7.99). The
results of the Cox regression models,
incorporating the fully available follow-up
data, are in line with this.

HR'’s for progression to definite SSc:
» ATA: 11.57.

» ANA: 6.93.

» Avascular areas on NC: 5.03.

» ACA: 3.92.

Six per cent of the very early patients already
fulfilled ACR/EULAR 2013 criteria and 24%
of the patients with early SSc.

The early subset has a higher risk of
progression to definite SSc than the very
early subset (OR 4.26 (95% CI: 1.22 to
14.92)). Digestive involvement was an
independent risk factor of progression (OR
17; 95%Cl, 6.1 to 47.2).

Progressors had ATA more often than no-
progressors (19% vs 8%, p=0.113).

7/8 had an SSc pattern on NC as well as
positive ANA’s at first presentation.
Progression to a connective tissue disease
was not observed in any patient with
negative autoimmune serology on more than
one visit and normal capillaroscopy score.

The 5-year incidence for SSc was 21% (95%
Cl: 10% to 32%).

Other CTDs developed in 42 patients (11
cases of RA, 25 cases of UCTD, 3 cases of
SLE, 2 cases of dermato/polymyositis and 1
case of MCTD).

The 5-year incidence for all events was
45.8% (95% Cl: 31% to 61%) and.

Isolated ANA positivity increased the hazard
of an event with an sub-distribution HR of
9.70), then if a patient was also ACA the
sub-distribution HR increased with 3.93. ATA
positivity did not indicate a further increase in
the hazard of SSc (sub-distribution HR 1.37).

71 of the 74 patients (96%) who progressed
to definite SSc were ANA-positive.

SSc autoantibodies were present in 78.4%
of the patients (58 of 74): anti-CENP-B (n=33
(44.6%)) and anti-Th (n=13 (17.6%)) were
the most frequent, whereas anti-topo | (=6
(8.1%)) and anti-RNAP Il (n=9 (12.2%)) were

displaying clinical » 34/168 (20%) ACA. the least frequent.
manifestations of SSc or B 14/168 (8%) ATA. The strongest independent predictors of
another CTD. » 25/168 (15%) ARA. definite SSc were positive ANAs (adjusted
» 12/168 (7%) Th/To. HR 5.67), SSc autoantibodies (HR 4.7) and
an SSc pattern on NC (HR 4.5).
Continued
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Table 1 Continued
Results on progression from suspected
Patients with suspected very early SSc Patients with definite SSc very early SSc to definite SSc
Author and Total number of
year Definition Total number Definition progressors

Studies evaluating the prognostic value of the levels of SSc-specific autoantibodies on progression to definite SSc

Van Leeuwen ACA-IgG positivity and N=138 Fulfilling N=48. 48 patients with very early ACA-positive SSc
etal, 2021  RP+puffy fingers or » 138/138 (100%) ACR/EULAR progressed to definite SSc within 5 years.
nailfold capillaroscopy ACA. 2013 SSc Progressors were older, had longer follow-
abnormalities. criteria. up duration and shorter RP duration (2 (1;
5) vs 5 (3; 7), p=0.69) compared with non-
progressors.
Progression to definite SSc was associated
with higher IgG ACA levels at baseline
(OR 4.3 (95% CI 1.7 to 10.7) in a logistic
regression adjusted for age and disease
duration since the first RP symptom.
Lande et al, RP and ATA or ACA. VEDOSS discovery Fulfilling N=42. 17/31 patients in the VEDOSS discovery
20212 cohort: n=31 ACR/EULAR P 5% ACA. cohort and 15/48 patients in the VEDOSS
» 64% ACA. 2013 SSc > 71% ATA. replication cohort progressed to definite SSc.
» 23% ATA. criteria. SSc progressors showed a similar anti-
VEDOSS replication CXCL4/CXCL4-L1 autoantibody response to
cohort: n=48 SSc non-progressors.
» 61% ACA.
> 5% ATA.

Ab, autoantibodies; ACA, anti-centromere antibodies; ACR, American College of Rheumatology; ANA, anti-nuclear antibodies; ARA, anti-RNA polymerase

Il antibodies; ATA, anti-topoisomerase | antibodies; CTD, connective tissue disease; DLCO, diffusing lung capacity for carbon monoxide; DU, digital ulcer;
EULAR, European Alliance of Associations for Rheumatology ; ILD, interstitial lung disease; MCTD, mixed connective tissue disease; NC, nailfold capillaroscopy;
PAH, pulmonary arterial hypertension; PS, pitting scars; RESCLE, Spanish Scleroderma Registry Cohort; RP, Raynaud’s phenomenon; SLE, systemic lupus
erythematosus ; SSc, systemic sclerosis; TE, teleangiectasia; UCTD, undifferentiated connective tissue disease; VEDOSS, very early diagnosis of SSc.

anti-CXCL4 and found no differences in anti-CXCL4
levels between patients who progressed to definite SSc
and patients who did not.?* The second study of our own
research group (van Leeuwen et al'’) evaluated ACA
isotype levels. Of all patients with suspected very early
SSc with follow-up (n=115), 39% progressed to definite
SSc and the ACA-IgG levels at baseline were significantly
associated with progression to definite SSc.1?

PART 2: TIME BETWEEN RP AND FIRST NON-RP

The results of the literature review suggest that ATA posi-
tivity is associated with a more rapid progression of disease
towards fulfilment of the ACR/EULAR 2013 SSc criteria,
based on the strikingly low prevalence of ATA among
suspected very early SSc.”” The mechanism behind this is
unknown. To complement these observations, we aimed
to investigate if the ATA response is associated with the
(rate of) disease progression in suspected very early SSc.
To tackle the problem of low numbers of patients with
suspected very early SSc with ATA, we evaluated time
between onset of RP and first non-RP symptom as a proxy
for progressing to definite SSc, and investigated if this is
associated with clinical and ATA response characteristics.
We hypothesise that RP may be the first manifestation in
suspected very early SSc. We assumed that a shorter time
between RP and first non-RP symptoms reflects more
rapid disease progression and thus (risk for) more severe
disease. For this part, we took advantage of the prospec-
tive Leiden CCISS cohort.?

Methods
Patients
Patients with SSc, fulfilling the ACR/EULAR 2013 SSc
criteria at cohort entry® and positive for ATA-IgG, were
included from the prospective CCISS cohort at Leiden
University Medical Center until 1 January 2022.%° We
used the following definitions for the included patients:
» Definite SSc: fulfilling ACR/EULAR 2013 criteria.”
Early SSc refers to patients with definite SSc with a
short disease duration (<2 years since first non-RP).
» Suspected very early SSc: fulfilling VEDOSS criteria,
but not the ACR/EULAR 2013 criteria.’ ¥ The
VEDOSS criteria consist of RP, SSc-specific autoan-
tibodies, puffy fingers and abnormal nailfold
capillaroscopy.
All patients with SSc in the CCISS cohort undergo
annual screening for organ involvement and gave
informed consent.

Disease characteristics

At baseline visit, clinical data and blood samples were
collected from all patients. A detailed explanation of
the definitions for organ involvements are shown in the
online supplemental file 1. Baseline was defined as the
first visit in the CCISS cohort. Patients were categorised
in three groups using the terciles of time between RP and
first non-RP: (1) <3 months, (2) 4 to <24 months (3) >25
months.
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Table 2 Prevalence of SSc-specific autoantibodies and clinical characteristics in patients with suspected very early SSc

Clinical characteristics

Author and
year Definition Total number
Hernandez et  Patients not fulfilling any of the ~ N=101
al, 2021% classification criteria, but with ~ » 93% ANA.
evidence for SSc based onthe » 43% ACA.
VEDOSS criteria. » 4% ATA.
» 7% ARA.
Blaja et al, Clinical expert diagnosis N=102
2021% of RP, and additional SSc > 96% ANA.
features (puffy fingers, SSc » 48% ACA.
autoantibodies, NC) but without » 1% ATA.
fulfilling ACR/EULAR 2013 » 5% ARA.
criteria.
Bruni et al, Presence of RP, puffy fingers, N=110
2015 ANA, plus NC abnormalities and/ » 59/110 (54%) ACA.
2 or disease-specific antibodies.  » 21/110 (19%) ATA.
Lepri et al, VEDOSS criteria. N=55 with oesophageal
2015 manometry
2 » 55/55 (100%) ANA.
» 24/55 (44%) ACA.
» 11/55 (24%) ATA.
N=42 with anorectal
manometry
» 2/42 (100%) ANA.
» 21/42 (50%) ACA.
» 10/42 (24%) ATA.
Minier et al, RP. N=469
2014 » 318 (68%) ANA.

> 135 (67%) ACA.
> 35 (7%) ATA.
> 2(0,4%) ARA.

Valentini et al,
20118

Early SSc: RP, SSc-
autoantibodies and/or SSc NC.
Probable SSc: + DU/scars, puffy
fingers, arthritis, telangiectasia,
dysphagia/heartburn, shortness
of breath.

Early SSc: n=19.

Probable SSc: n=51.
In total: 13 ATA, 47 ACA (not
specified per patient group).

Mean age at onset of first RP symptom: 40 years (SD: 17),
whereas patients fulfilling ACR/EULAR 2013 criteria had a
mean age of 47 years (SD: 18) and patients fulfiling ACR
1980 criteria 47 years (SD: 17).

Median disease duration was 4.1 years (IQR 1.6-11.5). 52/96
(54%) had a disease duration of <5 years, and 28/96 (29%)
patients had a disease duration of>10 years.

Clinical characteristics of patients <5 years disease duration
were similar to patients >5 years, but there were trends
between <5and >5 years, respectively:

» Puffy fingers: 23% vs 14%.

» Oesophageal symptoms: 24% vs 36%.

» Abnormal NC: 19% vs 14%.

Four patients reported a history of digital pitting scars, while
25 patients presented an active DU or reported a history of
DUs.

Sixteen patients presented with active DUs (14/16 also
reporting a history of previous DUs), while the other nine
patients reported a history of DUs only.

In majority of patients oesophageal and anal involvement in
present.

Oesophageal manometry group:

» 25/51 (49%) had DLCO <80%.

» 22/45 (49%) had lung involvement on HRCT.

Anorectal manometry:

» 21/42 (50%) had DLCO <80%.

» 18/35 (561%) had lung involvement on HRCT.

An NC SSc pattern was detected in 13.4% of patients with
ANA-RP.

In patients who are ANA-positive, oesophageal symptoms
was reported in 38%, previous or current puffy fingers in
35%, telangiectasia in 12%, sclerodactyly in 11%, digital
ulcers in 6% and pitting scars in 5%.

An inverted mitral E: A ratio and/or a diffusing lung capacity
for CO <80% and/or basal low oesophageal

sphincter pressure <15mm Hg were detected in 37/51
patients with probable SSc (72%) and 8/19 patients with
early SSc (42%).

Presence of autoantibody increased the risk of organ
involvement with 4.35 (95% CI: 1.96 to 9.67).

ACA, anti-centromere antibodies; ACR, American College of Rheumatology; ANA, anti-nuclear antibodies; ARA, anti-RNA polymerase Il antibodies;
ATA, anti-topoisomerase | antibodies; DLCO, diffusing lung capacity for carbon monoxide; DU, digital ulcer ; EULAR, European Alliance of
Associations for Rheumatology; HRCT, high-resolution CT; NC, nailfold capillaroscopy; RP, Raynaud’s phenomenon; SSc, systemic sclerosis;

VEDOSS, very early diagnosis of SSc.

Anti-topoisomerase | assay and measurements

One hundred and one patients with ATA-positive SSc
were randomly selected for ATA measurements. A
detailed description of the ATA assay is described else-
where.?’

Statistical analysis

Disease characteristics at baseline were compared using
independent t-tests, Kruskall-Wallis, Mann-Whitney U
and y? tests between the three times between the patients
with RP and first non-RP groups. Correlation between
time between RP and first non-RP symptom and the ATA
isotype levels was assessed using Spearman’s rank order

correlation test. Based on figure 1, a cut-off of 1000 IE
was taken and time between RP and first non-RP was
compared between patients with high ATA-IgG levels
(21000 AU/mL) and lower ATA-IgG levels (<1000 AU/
mL) using Kruskal-Wallis tests. Analyses were conducted
with SPSS V.25.0 (SPSS, Chicago, Illinois, USA). A p value
of <0.05 was considered statistically significant.

RESULTS

Clinical characteristics

In total, 169 patients were ATA-IgG-positive. Of the 708
patients with definite SSc fulfilling ACR/EULAR 2013

Liem SIE, et al. RMD Open 2023;9:002827. doi:10.1136/rmdopen-2022-002827
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Figure 1 Anti-topoisomerase | antibody (ATA) IgG,
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IgA and IgM levels in 101 patients with ATA-IgG+SSc at baseline.
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Spearman’s correlation for IgG: —0.202 (p=0.041); for IgA, —-0.075 (not significant) and IgM, 0.027 (not significant). RP,

Raynaud’s phenomenon; SSc, systemic sclerosis.

SSc criteria, 163 (23%) were ATA-positive. Of the 115
suspected very early patients, 4 (3%) were ATA-positive.
Given the low number of ATA-positive suspected very
early SSc, we focused on the 163 patients with SSc for
evaluation of clinical characteristics and antibody
response. However, in 2/163 patients with ATA-positive
SSc, dates of RP or first non-RP symptom was unknown
and these patients were therefore excluded. For this part,
we thus included 161 patients with ATA-positive SSc. Of
these included patients, 55 (34%) had a time between RP
and the first non-RP symptom of <3 months, 54 (34%)
between 4 and <24 months and 52 (32%) between >25
months.

At baseline visit, patients with <3 months between RP
and first non-RP were men more often compared with
patients with 4 to <24 months and >25 months (47% vs
26% vs 31%, respectively, p=0.035), had a higher skin

score (9 (b; 17) vs 5 (2; 14) vs 4 (2; 7), respectively,
p=0.002) and had diffuse cutaneous SSc more often
(53% vs 52% vs 23%, respectively, p=0.004; (table 3)).

The prevalence of interstitial lung disease (ILD) on
high-resolution CT (HRCT) at baseline visit was similar
between all groups (64% vs 63% vs 64%, p=0.690),
whereas the proportion of patients with ILD on HRCT
and an abnormal pulmonary function test was higher in
the group of <3 months and 4 to <24 months compared
with >25 months (31% vs 28% vs 15%, respectively,
p=0.158; Table 3).

Skin tightening was the first non-RP symptom most
frequently reported, namely in 78 (48%) patients with
ATA-positive SSc, followed by sclerodactyly/pufty fingers
in 28 (17%). In the patients with <3 months between RP
and firstnon RP, sclerodactyly/puffy fingers was more
frequently reported (12 (28%)) compared with patients

Table 3 Baseline characteristics of patients with included anti-topoisomerase | antibodies positive SSc categorised in

groups based on time between RP and non-RP

Total: n=161 <3 months n=55 4 to <24 months n=54 >25 months n=52 P value
Age, mean (SD) 52 (15) 53 (15) 52 (13) 51 (16) 0.848
Female, n (%) 106 (65) 29 (53) 40 (74) 36 (69) 0.035
Years follow-up, median (min; max) 3(0; 11) 3(0; 11) 5(0; 11) 3(0; 10) 0.105
Modified Rodnan Skin Score, median (IQR) 6 (2-12) 9 (5-17) 5 (2-14) 4 (2-7) 0.002
Limited cutaneous SSc, n (%) 79 (48) 22 (40) 19 (35) 36 (69) 0.004
Diffuse cutaneous SSc, n (%) 70 (43) 29 (53) 28 (52) 12 (23)
Digital ulcers, n (%) 21 (13) 8 (15) 7(13) 6 (12) 0.879
ILD on HRCT, n (%) 103 (63) 35 (64) 19 (63) 33 (64) 0.690
ILD combined, n (%) 41 (25) 17 (31) 15 (28) 8 (15) 0.158
First non-RP symptoms, n (%) 0.090
» Skin tightening 78 (48) 23 (49) 35 (66) 20 (44)
» Sclerodactyly or puffy fingers 28 (17) 12 (28) 5(9) 9 (20)
» Fingertip lesions 17 (10) 5(11) 4 (8) 8(17)
» Telangiectasia 4 (3) - 3 (6) 12
» ILD 17 (10) 6 (13) 3 (6) 7 (15)
» Pulmonary arterial hypertension — — - -
» Myositis 2(1) - 1@ 1)
» Abnormal nailfold capillaries 2(1) - 24 -

HRCT, high-resolution CT; ILD, interstitial lung disease; N, number; RP, Raynaud's Phenomenon; SSc, systemic sclerosis.
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Table 4 ATA characteristics of patients with included ATA-positive SSc categorised in groups based on time between RP and

non-RP

Total: n=101

*<8 months n=32

*4 to <24 months n=34 *>25 months n=35 P value

ATA-IgG levels (@U/mL), median (IQR)
ATA-IgA levels (aU/mL), median (IQR)
ATA-IgM levels (@U/mL), median (IQR)

454 (171-854)
2743 (959-7700)
771 (283-2084)

ATA-IgG positivity, n (%) 101 (100)
ATA-IgA positivity, n (%) 100 (99)
ATA-IgM positivity, n (%) 64 (64)

551 (253-1145)
2655 (924-8637)
597 (251-2169)
32 (100)

32 (100)

19 (59)

508 (228-1056) 289 (164-780) 0.361
3037 (1117-10071) 2072 (852-6086)  0.536
879 (339-2042) 829 (278-1401) 0.904
34 (100) 35 (100) -

33 (97) 35 (100) 0.370
23 (68) 22 (65) 0.779

*Time between onset of Raynaud’s phenomenon (RP) and first non-RP symptom.

ATA, anti-topoisomerase | antibodies ; N, number; SSc, systemic sclerosis.

with 4 to <24 months (5 (9%)) and >25 months (9 (20%);
Table 3).

ATA-lgG, ATA-IgM and ATA-IgA levels

Serum samples obtained at baseline (inclusion in the
cohort) were analysed in 101/161 patients with ATA-
positive SSc. Presence of ATA-IgA and ATA-IgM was similar
between the three groups (table 4). A clear decrease in
ATA-IgG levels was seen between the groups categorised
on time between RP and first non-RP symptoms (p=0.361;
figure 2/table 4). ATA-IgG levels correlated weakly with
the time between RP and first non-RP (Spearman’s rho:
-0.202, p=0.041; Figure 1), but ATA-IgM and ATA-IgA
levels did not. In patients with ATA-IgG levels 21000 AU/
mL median time to develop a first non-RP symptom was
7 months (range 0-24) as compared with 12 months in
patients with ATA-IgG levels <1000 AU/mL (range: 1-65;
p=0.089).

DISCUSSION

Our literature search shows that the progression rate of
suspected very early SSc to definite SSc varies between
8% and 52%. Among patients with suspected very early

SSc the lowest prevalence of ATA is observed in patients
recruited based on RP and highest in patients with
suspected very early SSc with organ involvement. In addi-
tion, in patients with definite SSc from the Leiden CCISS
cohort, ATA-IgG levels were higher in patients with shorter
duration between first RP and first non-RP symptom. We
observed that patients with ATA-IgG-positive SSc with a
shorter time between RP and non-RP had severe skin
involvement more often, but other disease complications
were comparable between groups.

Suspected very early SSc: characteristics, role of SSc-specific
autoantibodies and terminology

The relevance of SSc-specific autoantibodies, including
ATA, as predictors for development of SSc has been
confirmed by multiple studies.”? The ACR/EULAR SSc
criteria in 2013 have led to the identification of more
patients with ATA-positive SSc with a less severe disease
course,” which is an important step towards early recog-
nition of the disease. Like in the VEDOSS study,” also in
the Leiden CCISS cohort the prevalence of ATA among
patients with the very early SSc was lower than expected
based on the distribution in definite SSc. From the

IgG IgA IigM
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Figure 2 Baseline anti-topoisomerase | antibody (ATA) IgG, IgA and IgM levels in 101 patients with ATA-IgG+SSc, categorised
in groups based on time between RP and first non-RP symptom. Patients are categorised in three groups based on the terciles
of the time between RP and first non-RP symptom: (1) <3 months (n=55), (2) 4 to <24 months (n=54) and (3) >25 months (n=52).
The ATA-IgG, ATA-IgA and ATA-IgM levels were not statistically significant difference between the groups. RP, Raynaud’s
phenomenon; SSc, systemic sclerosis.
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literature review it becomes apparent that the prevalence
of ATA in patients with suspected very early SSc ranges
from 0.2% to 24%, which is a rather wide range. As the
majority of studies have been performed in Europe, it is
not likely that ethnicity plays a role. Also, the percentage
of men in the studies was generally the same and ranged
from 8% to 11%. Therefore, we think that the definitions
of suspected very early SSc used in the included studies
explain the observed difference, because the percentage
of ATA positivity is lowest in studies that only include
RP and highest in studies that also include patients with
organ involvement. Indeed this might again underline
that in ATA-positive disease, progression to full blown
disease is swift, decreasing the chance of an ATA-positive
patient to be captured in the RP only phase.

The terminology of the classification of the different
stages in SSc is complex and might interfere with uniform
patient stratification. First, patients with all signs or symp-
toms of the VEDOSS criteria already fulfil the 2013 ACR/
EULAR SSc classification criteria. This can be confusing
and blur clinical association studies to improve pheno-
typing in SSc. Second, the current terminology VEDOSS
(very early diagnosis of SSc) could be questioned as well.
As shown in table 1, of all patients fulfilling these criteria
up to 50% will eventually progress to a diagnosis. There-
fore, ‘clinical suspicion’ is perhaps more appropriate to
classify these patients.

To proceed in this field we propose to perhaps take
advantage of the development in other autoimmune
diseases like rheumatoid arthritis (RA). In RA, the
concept of clinically suspect arthralgia has been devel-
oped to facilitate clinical studies in preclinical stages.*’
In contrast to RA, where this is mainly based on clinical
features, in patients with RP, presence of autoantibodies
and abnormal nailfold capillaries, next to puffy fingers,
are main risk factors.” '’ This indicates that additional
investigations are needed to identify patients at risk. To
increase insights in the development of SSc, it is thus
necessary to identify patients in preclinical stages, that is,
persons who do not have a diagnosis yet. As the presence
of autoantibodies is a profound risk factor, we propose
to make this distinction based on the presence of RP
and anti-nuclear antibody (ANA) positivity/SSc-specific
autoantibody.

Time between RP and non-RP

To deal with the low number of patients with suspected
very early ATA-positive SSc, we took time between RP
and first non-RP symptom as a proxy for progression to
SSc. Of course, these are not one-to-one applicable but
could provide a direction. We observed an association
with time between RP and first non-RP symptom and
higher ATA-IgG, but not for ATA-IgM or ATA-IgA. This
is in line with research in ACA-positive SSc, which shows
that progression from suspected very early ACA-positive
SSc to definite SSc was associated with higher ACA-IgG
levels at baseline.'” While we confirmed the previous
observed association between ATA-IgG level and lung

progression,'” we did not see an association between ATA-
IgM and time between first RP and first non-RP.?” The
reason for a lack of association between ATA-IgM and
time between RP and non-RP in our cohort might be the
fact that we studied patients who already progressed to
definite SSc. While the previous study evaluated disease
progression yes/no 1year after sample collection,?” the
current study evaluated association between presence
of ATA-IgM and the time between RP and first non-RP,
which was preceding sample collection.

Currently, testing for the different isotypes of ATA in
serum is not part of the routine clinical diagnostic workup
and also not commonly available as standardised test in
diagnostic laboratories. Recent research shows that the
presence of autoreactive IgM is associated with disease
progression in both ACA and ATA-positive SSc.'”*’ IgM
has the shortest serum half-life (7days) compared with
IgG and IgA and can therefore be considered a proxy
for the recent and/or continuous stimulation of the
adaptive immune response. The observed association
between the presence of ATA-IgM with SSc disease
progression in the near future?’ points to a close associa-
tion between (activation of) the ATA B-cell response and
disease progression and suggests that ATA-expressing B
cells may contribute to disease progression. Antibodies
of the IgA isotype are generally associated with immune
responses at mucosal surfaces. It is intriguing to specu-
late how these might associate with antigen expression
in the pulmonary and/or gastrointestinal environment.
We hypothesise that more insight into the evolution of
the different ATA isotypes will increase insights in how
autoreactive B cells contribute to disease progression in
SSc. As the observations described are still experimental
in nature, however, testing different ATA isotypes in
serum cannot yet be advocated for routine clinical care.
Nonetheless, we consider that testing for the presence of
ATA-IgM might be of additive value to guide treatment
decisions in SSc in the future.

Identifying patients with suspected very early SSc with
ATA remains challenging, and we were thus not able
to prospectively evaluate the association between ATA
levels and progression from very early SSc to definite
SSc. The observation that higher ATA-IgG is associated
with shorter time between first RP and first non-RP might
indicate a pathogenic role of the ATA B-cell response
in the pathophysiology of SSc, a research topic which
has intrigued researchers for many years. Recently,
Senécal et af’ updated criteria, originally proposed by
Naparstek and Plotz,”' for the definition of pathogenic
autoantibodies in SSc. They concluded that ATA has the
most evidence in favour of a possible pathogenic role
compared with the other SSc-specific autoantibodies as
ATA had evidence for all criteria except for the seventh
criterion.” The seventh criterion states that the auto-
antibody should be found along with a plausible target
antigen at the site of the tissue damage. This is difficult
to demonstrate in a chronic disease, and underlines the
importance to identify ATA-positive individuals before

8

Liem SIE, et al. RMD Open 2023;9:002827. doi:10.1136/rmdopen-2022-002827

yBuAdos Aq paloaloid +9d-TI/1d1g Shaefepm
winjuad YosipalN JielisiaAlun spIaT e €202 ‘0 Ae\ uo jwod fwg uadopwi//:dny woly papeojumoq "€z20z Alenigad 9 Uo /z28200-220z-uadopwl/9eTT 0T Se paysiignd 1siy :uado any


http://rmdopen.bmj.com/

8 Systemic sclerosis

progression to definite SSc to enable evaluation in early
stages without chronic organ damage.

Regarding the second aim of this paper, we found that
patients with a shorter disease duration were men and
had skin involvement more often, which is in line with
previous research'® * and clinical experience. Inter-
estingly, the prevalence of ILD on HRCT in the three
patient groups based on time between RP and non-RP in
this study was similar, but a trend towards a lower preva-
lence of clinically meaningful ILD in the group with the
longest time between RP and non-RP was observed. This
is an intriguing observation which we do not yet fully
comprehend. As ILD is currently the most prominent
cause of death in patients with SSc,” this warrants further
research.

Limitations of this study include the small number of
patients and the possible recall bias of the onset of RP and
non-RP by patients. Duration since first Raynaud is eval-
uated at baseline in all patients following a standardised
intake questionnaire. The same method is applied to
all patients and therefore it is unlikely that recall bias is
different between the three groups. For this reason, we
conclude that the observed association between ATA-
IgG and more rapid progression is likely valid. Another
limitation is that we do not know whether ATA have been
present before onset of RP; as a consequence the interval
between expression of ATA and development of first SSc-
related symptom is not known. On the other hand, the
fact that the proportion of clinically meaningful ILD is
comparable between the three groups indicates that—
if existing—the incident ATA-positive cases are equally
distributed among the groups. However, our results do
indicate a possible pathogenic role of ATA and warrant
further multicentre research on the progression of
patients with very early ATA to definite SSc.

To conclude, prevalence of ATA is much lower in
suspected very early SSc than in populations fulfilling
ACR/EULAR 2013 criteria. ATA-IgG levels tend to be
higher in patients with ATA-positive SSc with more rapid
disease progression. Although a role of ATA in disease
progression is hereby suggested more detailed studies in
preclinical SSc are warranted. To achieve sufficient power
joint effort between expert clinics to identify persons with
RP and ATA is necessary.
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