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ABSTRACT

Background Since 2009, Dutch patients with a confirmed
diagnosis/suspicion of systemic sclerosis (SSc) can

be referred to the Leiden Combined Care in Systemic
Sclerosis (CCISS) cohort. This study evaluated whether
early recognition of SSc has improved over time and
whether disease characteristics and survival has changed
over time.

Methods 643 SSc patients fulfilling American College

of Rheumatology/European Alliance of Associations for
Rheumatology 2013 SSc criteria were included and
categorised into three groups based on cohort-entry
year: (1) 2010-2013 (n=229 (36%)), (2) 2014-2017
(n=207 (32%)) and (3) 2018-2021 (=207 (32%)).
Variables including disease duration, interstitial lung
disease (ILD), digital ulcers (DU), diffuse cutaneous SSc
(dcSSc), antitopoisomerase (ATA) and anticentromere
(ACA) antibodies, and survival from disease onset were
compared between cohort-entry groups, including
analyses stratified for sex and autoantibodies.

Results Over time, duration between onset of disease
symptoms and cohort entry decreased in males and
females, but was always longer in females than in
males.

The proportion of patients presenting with DU decreased,
especially in ACA+SSc patients. Aimost no ACA+ patients
presented with ILD, while in ATA+ patients this proportion
was 25% in 2010-2013 and decreased to 19% in 2018-
2021. A reduction in patients presenting with clinically
meaningful ILD and dcSSc was observed.

Overall 8-year survival for males was 59% (95% Cl 40% to
73%) and for females 89% (95% CI 82% to 93%). Eight-
year survival showed a trend for improvement over time,
and was always worse in males.

Conclusion We observed a decrease in disease duration
in Leiden CCISS cohort at cohort entry, possibly indicating
more timely diagnosis of SSc. This could provide
opportunities for early interventions. While symptom
duration at presentation is longer in females, mortality is
consistently higher in males, underlining the urge for sex-
specific treatment and follow-up.

,! Cornelia F Allaart," Jeska De Vries-Bouwstra'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= In the past decade, advances in understanding,
diagnosis and management of systemic sclerosis
(SSc) have been made.

= ldentifying SSc patients early in the disease course
is crucial as it might provide a window of opportuni-
ty for early risk stratification and early intervention,
before irreversible organ damage occurs.

WHAT THIS STUDY ADDS

= Over the past decade, the time elapsed between first
symptoms and referral of SSc patients to an SSc ex-
pert centre has decreased.

= The 8-year survival rate was 59% in SSc males and
89% in females and a trend for improvement over
time was observed.

= While symptom duration at presentation was longer
in SSc females, mortality is consistently higher in
males.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study might indicate more timely diagno-
sis of SSc and provides opportunities for early
interventions.

= This study underlines the urge for sex-specific treat-

ment and follow-up of male and female SSc patients.

INTRODUCTION

Systemic sclerosis (SSc) is a heterogeneous
disease in which multiple organ systems
including the skin, gastrointestinal tract,
kidneys, heart and lungs can be affected.! The
clinical course of the disease can vary from
rapidly progressive, to a milder course that
develops over an extended period.” For both
physicians and patients, SSc represents a major
challenge, as the prediction of the disease
course for individual patients remains difficult.
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Both SSc patients and physicians advocate standardised
and regular screening for organ involvement in SSc.” At
Leiden University Medical Center, this is instituted in the
prospective Combined Care in Systemic Sclerosis (CCISS)
cohort, to which patients with Raynaud’s phenomenon
(RP), a suspicion of SSc or other connective tissue
diseases are referred to. This cohort was initiated in 2009
and continues to include new patients. As of 1 January
2022, 708 SSc patients fulfilling the American College
of Rheumatology/European Alliance of Associations for
Rheumatology (ACR/EULAR) 2013 SSc criteria’ have
been included, and follow-up data have been gathered
prospectively for over a decade.

In the past decade, advances in understanding and
management of the disease have been made. During
this cohort, the classification criteria for SSc have been
updated (ACR/EULAR 2013 SSc criteria), leading to
a higher sensitivity for diagnosis of SSc earlier in the
disease course, and the mild and limited SSc subtypes.*®
Moreover, clinical trials in SSc have been numerous, and
new therapies have been approved.® Despite increased
SSc awareness, a recent Dutch study still found a diag-
nostic delay in SSc patients, especially in females.” In the
current study, we evaluated whether early recognition of
SSc has improved over time and how this affects disease
outcome.

To this end, we investigated disease characteristics and
survival of SSc patients in the Leiden CCISS cohort and
their change over time, using the cohort-entry year as an
instrumental variable. This was evaluated for all patients,
but also stratified for sex, and for anticentromere (ACA)
or antitopoisomerase antibodies (ATA) positivity.

METHODS

Study design and patients

Patients from the Leiden CCISS cohort were included
in the study if they fulfilled the ACR/EULAR 2013 SSc
criteria* and had their cohort-entry visit between 1 January
2010 and 1 January 2022. SSc patients with a cohort-entry
in 2009 (n=65) were excluded as these patients were
often not newly referred. To structure the tables, patients
were categorised into three groups based on the year they
entered the CCISS cohort: (1) 2010-2013, (2) 2014-2017
and (3) 2018-2021. For these categories, we took into
account the year 2013 in which the ACR/EULAR criteria
for SSc were published, as well as similar sample sizes and
cohort-entry years between the groups. To minimise the
risk that our results are a coincidence, we performed a
sensitivity analysis with two groups: (1A) 2010-2015 and
(2A) 2016-2021.

Study outcomes

A detailed explanation of the Leiden CCISS cohort is
provided in online supplemental file. Briefly, patients
included in the CCISS cohort undergo annual screening
for organ involvement. Patients can be referred by
general practitioners, rheumatologists or other medical

specialists from other departments or hospitals. For the
current evaluation, we included the following socio-
demographic and disease characteristics. Sociodemo-
graphic data included age, ethnicity, sex, smoking habits
(never, current or former), body mass index (BMI, kg/
m?) and mortality. Disease duration was evaluated using
three definitions: months between cohort entry and (1)
date of diagnosis confirmed by a physician, (2) date of
onset of RP and (3) date of first non-RP symptom or sign
(=non-RP; including one or more of the following: puffy
fingers, sclerodactyly, skin fibrosis, telangiectasias, digital
ulcers (DU), pitting scars, calcinosis, interstitial lung
disease (ILD), gastrointestinal involvement, myositis,
cardiac involvement). Data on disease duration are eval-
uated at baseline in all patients following a standardised
intake questionnaire in the consultation of the rheuma-
tologist at the Care Pathway at the LUMC). Additionally,
we calculated which patients fulfilled American Rheuma-
tism Association (ARA) 1980 criteria for SSc.®

Disease characteristics included abnormalities on the
nailfold capillaroscopy (scored according to Cutolo et al’)
and presence of autoantibodies. The extent and severity
of skin involvement was assessed based on the modified
Rodnan Skin Score'’ and patients were categorised as
non-cutaneous, limited cutaneous or diffuse cutaneous. !
Cardiac involvement was based on a combined definition
including two of the following: arrhythmias (>2% ventric-
ular or supraventricular complexes, arrhythmia, atrial
fibrillation), conduction problems, decreased LVEF
<54%," diastolic or systolic dysfunction, pericarditis or
pericardial effusion. Pulmonary arterial hypertension
was defined as a mean pulmonary arterial pressure >25
mm Hg at rest, assessed by right heart catheterisation;
presence of precapillary PH, defined by a pulmonary
capillary wedge pressure <15 mm Hg; and a pulmonary
vascular resistance >3 Wood units on right heart cathe-
terisation."” Diagnosis of ILD was determined based on
presence of interstitial fibrosis or ground glass opacities
on high-resolution CT (HRCT) of the thorax reported by
a radiologist. A forced vital capacity (FVC) <80% on the
pulmonary function test was used to determine whether
radiologic ILD was clinically meaningful. Gastrointes-
tinal involvement was defined by endoscopic evidence of
gastric antral vascular ectasia, need of parenteral nutri-
tion or by the presence of anaemia associated with BMI
<20 kg/m” plus one of the following symptoms: reflux,
bloating, distension, diarrhoea and faecal incontinence.
Musculoskeletal involvement was defined as the presence
of one of the following symptoms: synovitis, myositis or
tendon friction rubs.

Serum samples were collected in a dedicated biobank.
At baseline, extensive autoantibody testing was performed.
First, an ANA (detected by indirect immunofluorescence
on HEP-2000 cells), and ENA screening (measured by
fluorescence ELISA, using a Phadia250 system from
Thermo Fisher Scientific, Nieuwegein, The Netherlands)
were performed in all patients. ENA screening included
screening for ACA, ATA, anti-UIRNP and anti-RNP70. If a
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patient was ANA-positive, but no SSc-related autoantibody
was detected, further testing using Phadia250 for anti-RNA
polymerase III, anti-fibrillarin (anti-USRNP) and anti-Pm/
Scl antibodies was performed. If these were also negative,
antibodies to Th/To RNP (anti-Th/To) and anti-Ku anti-
bodies were determined by a research chemiluminescence
immuno-assay using the INOVA BioFlash (Werfen/INOVA,
San Diego, USA).

Statistical analysis

Means and SDs were used for normally distributed data
and median and IQRs ranges for non-normally distrib-
uted data. All descriptive data were evaluated for the total
group and stratified for sex and autoantibody status. Data
on disease duration are given per cohort-entry year, and
data on organ involvement and survival are given per
cohort-entry group as specified above. The cohort-entry
groups were compared using independent t-tests, one-
way analysis of variance tests or y” tests.

To evaluate study outcomes longitudinally, specifically
mortality, we acknowledge that the 2018-2021 group has
the shortest follow-up and these analyses were conducted
exploratively. To minimise this limitation, we calculated
the median follow-up time between the last available visit
and the date of first non-RP symptom for the complete
cohort, which was 8 years, and we chose this as the analysis
period for survival. Eight-year survival was evaluated from
the date of disease onset (time since first non-Raynaud’s
symptom) instead of cohort entry to minimise survival
bias in the analyses. Patients were censored at the time
of last visit or after 8 years of disease duration. Kaplan-
Meier methods were used to construct survival curves,
which were calculated for the cohortentry groups and
stratified for sex and autoantibody status. Additionally, to
explore if survival improved over the cohort-entry years,
we performed a Cox proportional hazard model with
cohort-entry year as a continuous variable and sex and
age as covariates.

As a sensitivity analysis, we also compared disease dura-
tion and data on organ involvement and survival between
two groups using the cohort-entry years: 2010-2015 and
2016-2021. These results are provided in online supple-
mental file. In addition, in online supplemental file, we
evaluated the use and start of immunosuppressive medi-
cation for patients who had a non-RP duration of less
than 1 year at cohort entry to evaluate trends in treatment
over time, and we compared rate of disease progression
between the cohort-entry groups.

The descriptive analyses were conducted with SPSS
V.25.0 software (SPSS), and the Kaplan-Meier survival
curves with STATA SE V.16 (StataCorp).

RESULTS
Patients
As of 1 January 2022, 1076 patients have been evaluated
in the Care Pathway, with 708 fulfilling the ACR/EULAR
2013 criteria for SSc. Of these 708 SSc patients, 643
entered the cohort after 2010. The mean age at cohort

entrance was 55 years (SD: 14). Eighty per cent of the 643
SSc patients were females, 95% had ANA, 43% ACA and
21% ATA. Four hundred and eighty-eight (76%) patients
fulfilled ARA 1980 classification criteria for SSc.

Two hundred and twenty-nine (36%) patients entered
the Leiden CCISS cohort between 2010 and 2013, 207
(32%) between 2014 and 2017 and 207 (32%) between
2018 and 2021. Characteristics of disease duration and
organ involvement are shown in table 1.

Disease duration
Disease duration over time is shown in figure 1.

When stratifying the groups in line with the tables, we
observe a clear decrease in disease duration at cohort
entry over time, independent of the definition for
disease duration. RP duration decreased from 120 (IQR:
44-240) months in the 2010-2013 group to 93 months
(IQR: 20-202) in the 2014-2017 group and 68 months
(IQR: 21-210) in the 2018-2021 group. Non-RP duration
decreased from 46 months (IQR: 16-127) in the 2010-
2013 group to 20 months (IQR: 5-112) in the 2014-2017
group and 17 months (IQR: 6-55) in the 2018-2021
group. Diagnosis duration decreased from 22 months
(IQR: 5-99) in the 2010-2013 group to 9 months (IQR:
1-51) in the 2014-2017 group and 4 months (IQR: 0-18)
in the 2018-2021 group.

When also stratifying for sex, RP duration, non-RP dura-
tion and diagnosis duration at cohort entry decreased
over time in both males and females, but was always
longer in females than in males (figure 2A and table 2).

Stratification for autoantibody showed that for both
ACA and ATA-positive SSc patients, RP duration, non-RP
duration and diagnosis duration decreased especially
in the first period. For ACA-positive SSc patients, RP
and non-RP durations were always longer than in ATA-
positive SSc patients. Duration since the first diagnosis
was comparable between ACA and ATA-positive SSc
patients (figure 2B and online supplemental table SI).

Patient characteristics at cohort entry

The proportion of female patients decreased from 85% in
the 2010-2013 group to 76% in the 2014-2017 group and
the 2018-2021 group (table 1). ACA positivity increased
in the cohort-entry groups from 38% in the 2010-2013
group to 42% in 2014-2017 and 49% in 2018-2021.

Of the investigated organ complications, a decrease in
patients presenting with DU was observed (2010-2013:
20%; 2014-2017: 13% and 2018-2021: 12%; table 1).
The proportion of patients presenting with ILD on the
HRCT was lowest in the 2014-2017 and 2018-2021 group
with a proportion of 31%, whereas this was 43% in the
2010-2013 group. A downward trend of the proportion
of patients presenting with clinically meaningful ILD
(HRCT and FVC <80%) between the cohort-entry groups
was observed (2010-2013: 12%; 2014-2017: 10% and
2018-2021: 6%; table 1).

Stratifying for sex, an increase in ACA positivity for
both female and male patients is noted, but this increase
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Table 1 Characteristics of SSc patients categorised on cohort-entry year
2010-2013 2014-2017 2018-2021
N=229 N=207 N=207 P value

Age, mean (SD) 53 (15) 57 (14) 55 (14) 0.004
Female 195 (85) 157 (76) 157 (76) 0.021
RP duration, months, median (IQR) 120 (44-240) 93 (20-202) 68 (21-210) 0.010
Non-RP duration, months, median (IQR) 46 (16-127) 20 (5-112) 17 (6-55) <0.001
Time since diagnosis, months, median (IQR) 22 (5-99) 9 (1-51) 4 (0-18) <0.001
Fulfilling ARA 1980 criteria for SSc 181 (79) 152 (73) 155 (75) 0.360
Anticentromere antibodies 88 (38) 87 (42) 100 (49) 0.091
Antitopoisomerase antibodies 53 (23) 49 (24) 36 (18) 0.248
Disease subset: 0.160

Non-cutaneous 43 (19) 50 (24) 43 (21)

Limited cutaneous 144 (62) 109 (53) 130 (63)

Diffuse cutaneous 42 (18) 48 (23) 34 (16)
Pulmonary arterial hypertension 8 (4) 5(2) 6 (3) 0.801
Cardiac involvement 11 (5) 12 (6) 25(12) 0.008
Interstitial lung disease on HRCT 99 (43) 65 (31) 64 (31) 0.033
Interstitial lung disease on HRCT and FVC <80% 27 (12) 20 (10) 12 (6) 0.092
Gastrointestinal involvement 56 (25) 55 (27) 46 (22) 0.588
Renal crisis 5(2) 3(1) 5(@) 0.570
Musculoskeletal involvement 40 (18) 42 (20) 28 (14) 0.185
Digital ulcers 45 (20) 26 (13) 23 (12) 0.036

All binary variables are presented as numbers with percentages.

ARA, American Rheumatism Association; FVC, forced vital capacity; HRCT, high-resolution CT; ILD, interstitial lung disease; N, number; RP,

Raynaud’s phenomenon; SSc, systemic sclerosis.

was greater in females (females vs males: 2010-2013: 42%
vs 18%; 2014-2017: 49% vs 22% and 2018-2021: 57%
vs 22%; table 2). Female SSc patients in the 2010-2013
group presented more often with ILD and DU compared
with the 2014-2017 and 2018-2021 groups (table 2).
In male SSc patients, the proportion of clinically mean-
ingful ILD is highest in the 2010-2013 group with 27%
and decreased to 10% in 2014-2017 and 14% in 2018-
2021 (table 2). Strikingly, male SSc patients more often
had gastrointestinal involvement (table 2).

200 .
—-o- RP duration

-# Non-RP duration
Diagnosis duration

150

100

—T
2015

Months

T —T
2010 2020

Cohort-entry year
Figure 1 Disease duration at cohort entry of 643 SSc

patients. Figure 1 shows the disease duration for patients
included in the Leiden CCISS cohort per cohort-entry year.
CCISS, Combined Care in Systemic Sclerosis; RP, Raynaud’s
phenomenon; SSc, systemic sclerosis.

When stratifying for autoantibody status, the presence
of DU at cohort entry decreased between the cohort-entry
groups in ACA+ patients, whereas for ATA+ patients this
remained stable (2010-2013: 28% vs 15%; 2014-2017:
16% vs 14% and 2018-2021: 10% vs 17%; online supple-
mental table S1). Almost no ACA+ patient presented
with clinically meaningful ILD, while in ATA+ patients
this proportion was 25% in 2010-2013 and decreased to
19% in 2018-2021 (online supplemental table S1). Addi-
tionally, the proportion of ATA+ patients with the non-
cutaneous subset increased in the cohort-entry groups
and remained stable after (2010-2013: 5%; 2014-2017:
12% and 2018-2021: 11%; online supplemental table
S1).

Data on treatment and disease progression are shown
in online supplemental file. The proportions of patients
using immunosuppressive medication were similar
between the cohort-entry groups with only patients with a
non-RP duration of less than 1 year (online supplemental
table S3). In addition, the proportions of patients who
started with or changed immunosuppressive medication
after first evaluation in the care pathway were comparable
between the cohort-entry groups. Total disease progres-
sion, and progression of DU, musculoskeletal involve-
ment was lower in the 2018-2021 group compared with
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Figure 2 (A) Disease duration for SSc patients, stratified for sex. (A) Shows the disease duration for patients included in the
Leiden CCISS cohort, stratified for sex, per cohort-entry year. (B) Disease duration for SSc patients, stratified for autoantibody
status. (B) shows the disease duration for patients included in the Leiden CCISS cohort, stratified for autoantibodies (ATA

and ACA positive), per cohort-entry year. ACA, anticentromere autoantibody; ATA, antitopoisomerase autoantibody; CCISS,
Combined Care in Systemic Sclerosis; RP, Raynaud’s phenomenon; SSc, systemic sclerosis.
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Table 2 Organ involvement at cohort entry stratified for sex

2010-2013 2014-2017 2018-2021
Female Male Female Male Female Male
N=195 N=34 N=157 N=50 N=157 N=50
RP duration, months 121 (43-244) 106 (44-231) 118 (26-238) 34 (7-168) 96 (29-239) 33 (9-81)
Non-RP duration, months 46 (17-127) 40 (9-143) 21 (7-115) 13 (3-88) 18 (6-73) 13 (5-36)
Diagnosis duration, months 22 (7-99) 14 (3-108) 11 (2-65) 3 (0-32) 5 (0-21) 3 (0-10)
Anticentromere antibodies 82 (42) 6 (18) 76 (49) 11 (22) 89 (57) 11 (22)
Antitopoisomerase antibodies 42 (22) 11 (32) 28 (18) 21 (42) 20 (13) 16 (33)
Disease subset:
Non-cutaneous 39 (20) 4(12) 44 (28) 6 (12) 40 (25) 3 (6)
Limited cutaneous 125 (64) 19 (56) 85 (54) 24 (48) 100 (64) 30 (60)
Diffuse cutaneous 31 (16) 11 (32) 28 (18) 20 (40) 17 (11) 17 (34)
Pulmonary arterial hypertension 7 4) 1) 4 (3) 1@) 5(3) 1)
Cardiac involvement 7 4) 4 (12) 6 (4) 6 (12) 17 (11) 8 (16)
Interstitial lung disease on HRCT 83 (43) 16 (47) 45 (29) 20 (40) 43 (27) 21 (42)
Interstitial lung disease on HRCT and 18 (9) 9 (27) 15 (10) 5(10) 5 (3) 7(14)
FVC <80%
Gastrointestinal involvement 41 (21) 15 (44) 37 (24) 18 (36) 26 (17) 20 (40)
Renal crisis 4 (2) 1) 2 (1) 1) 5 (4) -
Musculoskeletal involvement 32 (16) 8 (24) 25 (16) 17 (34) 21 (13) 7 (14)
Digital ulcers 40 (21) 5(15) 20 (13) 6 (12) 18 (12) 5(10)

Continuous variables are represented with medians and IQRs, and categorical variables with numbers and percentages.

For females: the following characteristics were significantly different between the cohort-entry groups: age (p=0.006), non-RP duration
(p<0.001), diagnosis duration (p<0.001), presence of ACA (p=0.024), cardiac involvement (p=0.007), interstitial lung disease on HRCT
(p=0.014) and interstitial lung disease on HRCT and FVC <80% (p=0.049).

For males: the following characteristics were significantly different between the cohort-entry groups: non-RP duration (p=0.012) and

diagnosis duration (p=0.023).

ACA, anticentromere autoantibody; FVC, forced vital capacity; HRCT, high-resolution CT; RP, Raynaud’s phenomenon.

the two other cohort-entry groups (online supplemental
table S4).

Eight-year survival

The survival curves are shown in figure 3. Overall 8-year
survival was 82% (95% CI 76% to 87%), and was highest
in the 2018-2021 group with 85% (95% CI 52% to 96%).
In both males and females, survival showed an upward
trend in the cohort-entry groups. Mortality was always
higher in males than in females. Stratification for autoan-
tibodies showed that ACA+SSc patients have a better
survival than ATA+SSc patients. With a Cox proportional
hazard model, increased risk for mortality was observed
for male and age (HR male 4.7 (95% CI 2.3 to0 9.5), HR
age 1.1 (95% CI 1.05 to 1.1)), while a downwards trend
was observed per cohort-entry year (HR 0.93 (95% CI
0.81 to 1.1)).

For the sensitivity analysis, the 2010-2015 group
comprised 317 (49%) patients, and the 2016-2021 group
326 (51%). The same results were found when repeating
these analyses with these two groups (online supple-
mental tables S5 and S6, online supplemental figure SI),
strengthening our findings.

DISCUSSION

Summary

Over the last decade, the Leiden CCISS cohort has
provided tailored and standardised approaches for SSc.
As many advances have been made in the research field
of SSc, we investigated if disease duration and outcome
as reflected by mortality have improved since initia-
tion of the CCISS cohort. Indeed, symptom duration
before cohort entry decreased over time, reflected by a
decrease in duration of RP, duration since first non-RP
symptom and duration since diagnosis. This observation
might indicate that physicians recognise SSc earlier in
the disease course. In line with this, the percentage of
patients presenting with DU and clinically meaningful
ILD decreased over time. Finally, we observed a trend
for improved survival over time. Importantly, while time
between first symptoms and first referral is longer in
females than in males, survival is clearly and consistently
worse in males.

Window of opportunity in SSc
We observe a decrease in the time elapsed between first
symptoms and referral of SSc patients to an SSc expert
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Figure 3 Kaplan-Meier curves for survival according to cohort-entry groups for the Leiden CCISS cohort. In each figure, the
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2021. The upper figure shows the Kaplan-Meier curves for 8-year survival for the cohort-entry groups, the middle for cohort-
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centre. More awareness of SSc in the past decade is
probably a major factor for this. Another contributing
factor would be that the awareness of the existence of the
expert centre of Leiden CCISS has increased. Moreover,
in 2014, a screening programme for patients with RP was
introduced, which could possibly have led to more refer-
rals of patients with solely RP. Screening patients with RP
is important to identify patients at risk for SSc resulting in
early diagnosis of the disease.

Identifying SSc patients early in the disease course is
crucial as it might provide a window of opportunity for
early risk stratification and early intervention, before
irreversible organ damage occurs. Whether this window
of opportunity exists in SSc, and at which point of the
disease course one should intervene to prevent irrevers-
ible damage, is currently unknown. In our study, we did
not observe clear differences in the proportions of early
SSc patients (<1 year since first non-RP) being treated
with immunosuppressive treatment at cohort entry. Few
studies suggest possible benefits of early intervention.
Nihtyanova et alshowed improved 5-year survival in diffuse
cutaneous SSc patients over time and attributed this to
improved recognition of pulmonary complications as a
result of systematic annual screening.'* Recently, a study
from Yomono and Kuwana showed that SSc patients in
whom immunosuppressive treatment was started early
(£18 months disease duration at treatment introduction)
more frequently showed improvement than those in
whom treatment was started more than 18 months after
disease onset.'” However, cumulative survival did not
differ between the groups." In line with this, a paper on
Swiss SSc patients in the EUropean Scleroderma Trials
And Research group (EUSTAR) database concluded
that survival of the Swiss SSc patients was not different
from the EUSTAR patients although the Swiss patients
had a l-year shorter disease duration than the other SSc
patients in the EUSTAR database.'® This might indicate
that the optimal timing of intervention might even be
earlier in the disease course. Indeed, also in our cohort,
many patients present with severe organ involvement, for
instance, nearly 30% of our SSc patients have signs of ILD
on the HRCT at baseline, which is in line with findings
from the Swiss and Norwegian national SSc cohorts.'® 7
Moreover, duration since the first diagnosis was compa-
rable between ACA+ and ATA+SSc patients, indicating
either a delay in recognition of ACA+SSc and/or a signif-
icant difference in preclinical disease development stage.
To foster insights in early disease and sequelae resulting
in organ damage, more efforts are needed to iden-
tify patients before development of irreversible organ
damage and recognise a possible ‘window of opportu-
nity’. In addition, effective treatment strategies that can
prevent this progression are urgently needed to employ
this possible window of opportunity.

Sex prevalence and severity paradox in SSc¢
Many studies have demonstrated sex and gender dispari-
ties in healthcare use. In this study, we found that female

SSc patients have a longer disease duration before cohort
entry to a specialised SSc centre. A possible explanation
could be that males more often have organ involvement
at baseline than females, which suggests a more rapid
disease course in male patients. Despite this diagnostic
delay and inverse disease severity, this advocates for
extra attention and awareness to diagnose SSc timely for
female patients. Studies have shown that the burden of
symptoms before the diagnosis is substantial."® Moreover,
earlier diagnosis seems to result in fewer DU (table 1),
and hopefully in the future more options become avail-
able to prevent organ involvement.

Despite earlier referral, male SSc patients still show a
more severe disease course.'’ The reasons for these sex-
based differences in SSc remain unclear. Sex does seem
to play a role in the pathophysiology of SSc.*” This might
affect treatment response. Recently, in a special issue
on ‘sex and gender in rheumatology’ in Lancet Rheu-
matology, Volkmann et al performed a post hoc analysis
stratified for sex of two randomized controlled trials
(Scleroderma Lung Study I and II). This study showed
that male SSc patients with ILD had a less favourable
course of ILD both with and without active treatment,
as well as worse long-term survival. The female partici-
pants had a more proinflammatory immune response,
whereas males had a more profibrotic immune signa-
ture, which could account for the differences in treat-
ment response.”’ An improved understanding of the role
of sex in the pathophysiology of SSc could contribute to
personalised medicine. As treatment response in male
and female SSc patients seems to differ, stratification
based on sex should be taken into account in the design
and analysis of future trials.

LIMITATIONS

Our research is not without limitations. This is a mono-
centric cohort study and it needs to be replicated in
other settings. The CCISS cohort is a referral centre for
SSc. We cannot exclude that patients with more severe
disease tend to be referred more often from other hospi-
tals, which might explain the somewhat higher propor-
tion of male patients (proportion of female patients in
Leiden CCISS: 79%, EUSTAR 86%,* Spanish Sclero-
derma Registry (RESCLE) 89%,% Australian cohort
86%.,* Oslo 84%'"). Disease duration is evaluated at
cohort entrance in all patients following a standardised
intake questionnaire by physicians, which is prone to
recall bias. However, the same method is applied to all
patients and, therefore, it is unlikely that recall bias is
different between the cohort-entry groups. Furthermore,
we did not adjust for disease subset in the analyses, as this
additional stratification would result in very low numbers
of patients per group, in particular for male patients.
Another limitation is that the 2018-2021 group had, in
general, a shorter follow-up. Follow-up duration consid-
ered in this study is short for a chronic disease, especially
to evaluate the survival rate. Though we performed the
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survival analyses from disease onset to minimise the risk
of survival and lead time bias, itis important to realise that
bias still could have occurred. Therefore, robust conclu-
sions can not be drawn and we always refer to ‘trends’
in the result section. P values should be interpreted with
caution as this is a single centre descriptive study. Finally,
it is important to emphasise that external factors, unre-
lated to the standardised follow-up in the CCISS cohort,
such as the change in classification criteria and the avail-
ability of effective treatment opportunities, also impact
the observed trends.

CONCLUSIONS

To conclude, since the Leiden care pathway has been
instituted, we observe a shorter disease duration at the
time of referral, possibly indicating a more timely diag-
nosis but also providing opportunities for early interven-
tions. Even though for both males and females disease
duration and mortality decrease, our data still highlight
a diagnostic delay in females, and considerable mortality,
specifically in males. Whether and to what extent all
patients benefit from a standardised care programme,
and how mortality can be modified by tighter follow-up,
is still an open question. More data from prospective
cohorts would be needed to elucidate this point.
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