Rapid skin thickness progression rate is associated
with high incidence rate of cardiopulmonary
complications in patients with early diffuse
cutaneous systemic sclerosis: inception cohort study
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ABSTRACT

Objective. We aimed to investigate
patients with early diffuse cutaneous
systemic sclerosis (dcSSc) with regard
to: 1. the association between skin
thickness progression rate (STPR) at
baseline visit and incidence rate of car-
diopulmonary complications; 2. com-
parison of the mortality rate between
patients with skin improvers and those
with skin non-improvers.

Methods. An inception cohort of early
dcSSc patients seen at the Rheumatol-
ogy Clinic, Maharaj Nakorn Chiang
Mai Hospital, Thailand, was selected.
All patients were assessed for clini-
cal manifestations, and modified Rod-
nan skin score (mRSS) and underwent
echocardiography, and HRCT at study
entry and then annually.

Results. One hundred and four dcSSc
patients (57 of whom were females and
91 anti-topoisomerase I-positive) with
a mean disease duration of 11.1+8.6
months were enrolled. Forty-two pa-
tients had rapid STPR [RPsp], 38 in-
termediate STPR [IMsp] and 24 slow
STPR [SLsp]. At enrolment, the RPsp
group had a significantly shorter dis-
ease duration, more prevalent anti-
topoisomerase-I-positive, higher mRSS,
more prevalent creatine kinase=500
IU/L and higher NT-proBNP levels
compared to the IMSp and SLsp groups.
During a mean observation period of
4.5+2.0 years, the RPsp group had a
significantly higher incidence rate of
LVEF< 50% (6.06 vs. 0 per 100 person-
years, p=<0.01) and interstitial lung
disease (ILD) (69.69 vs. 34.66 per 100
person-years, p=0.012) than the SLsp
group. Skin non-improvers had a signif-
icantly higher mortality rate than skin
improvers (28.6% vs. 5.8 %, p= 0.004).
Conclusion. In this early dcSSc study
cohort it was found that skin change

determined by STPR at the baseline
visit was a useful surrogate marker for
cardiac and ILD complications. It was
also found that skin improvers assessed
1-year later were a useful surrogate
marker of mortality.

Introduction

Systemic sclerosis (SSc) is an auto-
immune connective tissue disease in
which the aetiopathogenesis originates
from vascular injury, autoimmunity and
fibroblast dysregulation, resulting in
widespread obliterative vasculopathy
and inflammation, later turning into fi-
brosis of the skin and internal organs.
Skin thickening is a hallmark of SSc
which can be used to categorise the dis-
ease population into two major groups,
limited cutaneous SSc (1cSSc) and dif-
fuse cutaneous SSc (dcSSc) according
to the maximum extent of skin involve-
ment (1). Patients with dcSSc have
more rapid skin thickening, more se-
vere internal organ complications, and
also a higher mortality rate than those
with 1cSSc (2).

Several observational studies have been
carried out in Western countries regard-
ing the association between changes in
skin thickening score determined by
modified Rodnan skin score (mRSS)
(3) and internal organ complications
and mortality, using a variety of defini-
tions of skin changes. In 2001, in a pro-
spective cohort study, Steen et al. stud-
ied 278 early-dcSSc patients reporting
that patients in a skin improved group
categorised by a reduction in their skin
score of at least 5 units per year and a
>25% overall improvement from their
initial or peak skin score had an asso-
ciation with improved survival. How-
ever, there were no differences with
regard to occurrence of internal organ
involvements (4). In 2007, in a retro-
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spective cohort study, Shand ez al. stud-
ied 225 early-dcSSc cases and found
that patients who had a high baseline
skin score with little improvement dur-
ing follow up had the lowest survival;
however, sustained severe skin disease
did not predict the burden of internal
organ involvement (5). Contrarily, in
2011, in an inception cohort study,
Domsic et al. studied 826 early-dcSSc
cases and reported that in patients with
a rapid skin thickness progression rate
(rapid STPR) there were found to be in-
dependent risk factors of mortality and
renal crisis (6). In 2019, using the EU-
STAR database, Wu et al. studied 1021
dcSSc cases and found that progressive
skin fibrosis within 1 year was associ-
ated with decline in lung function and
a lower survival rate (7). In 2019, in
an inception cohort study, Zheng et al.
studied 154 early-dcSSc cases which
showed that patients classed as skin im-
provers showed a correlation with im-
proved Medsger disease activity score,
physician global assessment, and qual-
ity of life and function (8). Both reports
by Wu et al. and Zheng et al. supported
skin change determined by mRSS as a
surrogate marker for dcSSc (7, 8).

In Thailand approximately 70-80% of
SSc patients are the dcSSc subtype with
anti-topoisomerase I antibody-positive
(9-11), a cohort in which there was a
high incidence of interstitial lung dis-
ease (ILD) (9). It has also been shown
that cardiac involvement is the main
SSc-related cause of death in Thai pa-
tients with early-SSc (12), which is a
challenging problem for our country.
Our hypothesis was that skin thickness
change at the baseline and one-year vis-
its can be used as a surrogate marker for
the development of cardiopulmonary
involvement as well as high mortality
in early-dcSSc.

We therefore aimed to investigate Thai
patients with an early-diagnosis of dc-
SSc with regard to: (1) the association
between skin thickness progression rate
(STPR) at baseline visit, the incidence
rate of cardiopulmonary complications,
specifically a left ventricular ejection
(LVEF) less than 50%, ILD and sus-
pected pulmonary hypertension (PH);
(2) comparison of the mortality rate be-
tween patients classed as skin improv-
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ers and those as skin non-improvers at
a 1-year follow-up visit, using an incep-
tion cohort study.

Material and methods

Patients

This study was a sub-study of the in-
ception cohort study of natural history
of Northern Thai patients with early-
diagnosed SSc patients conducted at
the Rheumatology Clinic, Maharaj Na-
korn Chiang Mai Hospital, Thailand,
between January 2010 and December
2017. All consecutive adult (=18 years)
SSc patients with a disease duration
of less than 3 years from the first non-
Raynaud’s phenomenon (NRP) contrib-
uting to SSc were enrolled. All patients
fulfilled the 1980 classification criteria
of SSc (13) and/or the ACR/EULAR
criteria 2013 for the classification of
SSc (14). Exclusion criteria were: (i)
SSc with an overlapping syndrome
(SSc with systemic lupus erythemato-
sus (SLE) or SSc with rheumatoid ar-
thritis); and (ii) patients with follow-up
duration less than 1 year.

Clinical and laboratory assessment
All patients had an initial visit with an
evaluation of clinical manifestations,
physical examination, laboratory test-
ing including serum creatine kinase
(CK) and N-terminal prohormone of
brain natriuretic peptide (NT-pro-BNP)
levels and a serologic test including
testing for anti-nuclear and anti-cen-
tromere antibodies (by immunofluores-
cence on Hep2 cells), anti- topoisomer-
ase-I antibodies (enzyme-linked immu-
nosorbent assay; ELISA). Skin involve-
ment was assessed by an experienced
rheumatologist (SW) using a modified
Rodnan skin score (mRSS) (15) and pa-
tients were classified as diffuse cutane-
ous SSc (dcSSc) or limited cutaneous
SSc (1cSSc) according to LeRoy and
Medsger’s classification criteria (16).
All participants underwent echocardi-
ography, and high-resolution computed
tomography (HRCT) at enrolment and
annually thereafter. Echocardiographic
data were reviewed by an experienced
cardiologist (N.P.) and HRCT findings
were reviewed by an experienced tho-
racic radiologist (J.E.). Patients were
visited regularly every 1-3 months

based on their disease activity and re-
ceived medication as recommended
by the attending rheumatologists fol-
lowing the prescribed standard of care.
Complete data were recorded every 6
months. The survival status of the pa-
tients was recorded for all patients in
December 2017, either during the regu-
lar follow-up visit or by additional di-
rect contact to the patients or their fami-
lies in the case of patients who had been
referred to other hospitals or were lost
to follow-up. For more details of the
study cohort please refer to our previ-
ous article (12).

This study was conducted in accord-
ance with the declaration of Helsinki
and was approved by the Research Eth-
ics Committee of Chiang Mai Univer-
sity (study code MED-2561-05577).
All patients provided written informed
consent at study entry.

Definitions

The onset of SSc was defined as the
time of the first NRP attributed to SSc
manifestation as reported by the pa-
tient. Disease duration was the inter-
val between the disease onset and the
study entry. Follow-up duration was
the interval between the cohort entry
and the time of the last follow-up or
death. The presence of organ involve-
ment was defined as previously pub-
lished with regard to digital ulceration,
left ventricular diastolic dysfunction,
or gastrointestinal, musculoskeletal,
and renal involvement (17). Interstitial
lung disease (ILD) was determined by
HRCT. Suspected pulmonary hyperten-
sion (PH) was defined as presence of (i)
peak tricuspid velocity =3.4 m/s or (ii)
peak tricuspid velocity =2.9 m/s con-
comitant with the presence of at least
2 out of 3 echocardiographic signs sug-
gesting PH according to the 2015 ESC/
ERS guidelines (18).

Skin thickness progression rate (STPR)
was calculated as the mRSS at the
study entry divided by the duration of
skin thickening (in years) from patient
reports based on the method used by
Domsic et al. (6). We further catego-
rised STPR into 3 groups based on the
reports by Perera er al. as: (i) rapid
STPR (RPsp)-with an STPR=40 units
per year, (ii) intermediate STPR (IMsp)-
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with an STPR of 15-39 units per year,
and (iii) slow STPR (SLsp) -with an
STPR of <15 units per year (19). Addi-
tionally, skin improvers were defined as
dcSSc patients with a =25% reduction
in the mRSS at one-year visit compared
with study entry and those with a =25%
increase in mRSS were defined as skin
non-improvers. This cut-off point was
modified from the studies of Wu et al.
(7) and Shand et al. (5).

Statistical analysis

The descriptive data are presented as
frequency (percentage), mean + stand-
ard deviation (SD), or median (IQR).
Comparison of categorical variables be-
tween the three STPR groups including
RPsp, IMsp and SLsp were carried out
using a Chi-square or Fisher’s exact test.
Comparison of continuous variables be-
tween the three groups was performed
using an ANOVA or Kruskal-Wallis
test. The patient data were censored
when any of the following events oc-
curred: LVEF less than 50%, ILD, sus-
pected PH, death or reached the end of
the study. Cumulative survival was ana-
lysed using the Kaplan-Meier method.
The comparison of the survival between
subgroupings was determined by the
Log-rank test. The incidence rate (IR)
of death between the two subgroups was
compared using the Mantel Haenszel
method. p-values <0.05 were consid-
ered statistically significant. Statistical
analyses were performed using Stata for
Windows v. 14.0 (Texas, USA).

Results

Patient’s characteristics

Out of the 145 early-SSc patients ini-
tially recruited, 41 were excluded (29
with 1cSSc subtype, 11 had a follow-
up period less than 1 year, and one
later developed an overlapping syn-
drome with SLE), leaving a cohort of
104 dcSSc patients for final analysis.
Of the 104 early-dcSSc patients, 57
(54.8%) were female, 91 (87.5%) were
anti-topoisomerase I antibody-positive,
and 4 (3.8%) were anti-centromere
antibody-positive. Their mean+SD
age was 53.2+8.8 years and mean dis-
ease duration was 11.1+8.6 months.
The mean + SD follow-up period was
4.5+£2.0 years. At enrolment, their
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Table I. Demographic data of 104 early dcSSc patients by STPR. Values are expressed as

meanz standard deviation or n (%).

RPsp IMsp SLsp p-value
(n=42) (n=38) (n=24)
Age (years)®* 55.7+8.7 51.6 + 84 51.6+89 0.067
Female 18 (42.9) 24 (63.2) 15 (62.5) 0.131
Disease duration (months)?® 53+23 115+60 20.7+10.3 <0.001
Follow-up duration (years)* 45+20 43+19 48+19 0.624
Immunologic features
Anti-Scl 70 antibody 40 95.2) 29 (76.3) 22 (91.7) 0.037
Anti-centromere antibody 124 1 (2.6) 2 (8.3) 0.543
Current medication
Prednisolone 21 ( 50.0) 18 (474) 10 (41.7) 0.808
Cyclophosphamide 8 (19.0) 17 (44.7) 8 (33.3) 0.047
Methotrexate 3(7.1) 2 (5.3) 2 (8.3) 0.891
Mycophenolate mofetil 4(9.5) 0 1(4.2) 0.133

RPsp: rapid skin progression; IMsp: intermediate skin progression; SLsp: slow skin progression; a: ANOVA.

mean+SD mRSS was 21.8+9.0 and
the median STPR was 30.7 units per
year, with a range of 1.64-252 units
per year. We divided patients into 3
subgroups by STPR: (i) 42 (40.4%) pa-
tients with RPsp; (ii) 38 (36.5%) IMsp
and; (iii) 24 (23.1%) SLsp. The mean +
SD peak mRSS was 24.1+9.5 and me-
dian (IQR 1, 3) duration of peak skin
score from the disease onset was 12 (7,
20.5) months. In addition, at the 1-year
visit, we also categorised patients into
2 groups including 69 (66.3%) patients
with skin improvers and 35 (33.7%)
with skin non-improvers.

Demographic and clinical
characteristics of early dcSSc

by STPR

The demographic of the early dcSSc
population by STPR are shown in Ta-
ble I. At enrolment, the RPsp group had
a shorter disease duration and higher
prevalence of anti-topoisomerase I
antibody-positive than IMsp and SLsp
groups. Patients with IMsp and SLsp
were concurrently treated with cyclo-
phosphamide more frequently than
RPsp patients. However, no significant
differences were observed in corticos-
teroid and other immunosuppressive
treatments.

Baseline clinical characteristics of
the early dcSSc population by STPR
are shown in Table II. Patients with
RPsp had significantly higher mRSS,
a higher proportion of CK=500 IU/L,
and higher serum NT-proBNP levels
than those with IMsp and SLsp groups.
There were no significant differences

regarding other organ involvement as
well as other laboratory results between
the three groups.

Incidence rate of LVEF<50%,

ILD and suspected PH by STPR

Over the mean entire follow-up period
of 4.5+2.0 years, there were 19 patients
(18.3%) who developed an LVEF less
than 50% and 25 (24.0%) developed
suspected PH complications. Two out
of 104 dcSSc had ILD at the first NRP;
we therefore excluded them from the
analysis of ILD incidence, and we found
87 (85.3%) out of 102 dcSSc developed
ILD after NRP. Patients with RPsp had
a significantly higher incidence rate of
an LVEF less than 50% than those with
IMsp and SLsp (6.06 vs. 4.46 and O per
100 person-years, p=0.009) (Fig. 1).
In addition, patients with RPsp tended
to have a higher incidence rate of ILD
than IMsp and SLsp groups (69.69 vs.
50.37 and 34.66 per 100 person-years,
p=0.054) (Fig. 2). Nevertheless, pa-
tients with RPsp had a significantly
higher incidence rate of ILD than those
with SLsp with an incidence rate ratio
of 2.01 (1.13-3.68, p=0.012). No sig-
nificant differences regarding cumula-
tive incidence of suspected PH was ob-
served between the three groups (6.45
vs.5.10 and 3.43 per 100 person-years,
p=0.582) (Fig. 3).

Mortality and survival of early
dcSSc by changes in skin score
At the end of the study, there were 14
all-cause deceased patients (13.5%)
including 7 with SSc-related death (4

Clinical and Experimental Rheumatology 2020
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Table II. Baseline clinical characteristics of 104 early dcSSc patients by STPR. Values are
expressed as mean + standard deviation or n (%).

RPsp IMsp SLsp p-value
(n=42) (n=38) (n=24)
Organ involvement
Baseline mRSS* 26.1+79 22.1+83 13.8+6.5 <0.001
Peak mRSS* 294 +£85 229+82 16.6 £7.6 <0.001
Digital ulcer 3(7.1) 3(79) 2 (8.3) 1.000
Telangiectasia 11 (26.2) 12 (31.6) 12 (50.0) 0.136
Interstitial lung disease 30 (71.4) 31 (81.6) 20 (83.3) 0421
% FVC®(n=27,24,15) 739 +16.1 66.1 = 14.6 788 +£21.5 0.069
Suspected pulmonary hypertension 3(7.1) 3(79) 1(42) 1.000
TR velocity (m/sec)* (n=38, 33, 22) 25+03 25+05 23+04 0.052
LVEF (%) 68572 672+74 670+7.8 0.653
Diastolic dysfunction 17 (40.5) 11 (28.9) 7 (29.2) 0.480
Gastroesophageal reflux disease 14 (33.3) 19 (50.0) 13 (54.2) 0.174
Dysphagia 17 (40.5) 11 (28.9) 5 (20.8) 0.231
Arthritis 13 (31.0) 12 (31.6) 5(20.8) 0.613
Joint contracture 26 (61.9) 23 (60.5) 11 (45.8) 0.404
Tendon friction rub 4(9.5) 7 (184) 3 (12.5) 0.538
Laboratory investigations
Creatinine® (mg/dL) 09+02 0.8+0.3 09+03 0.633
ESR® (mm/hr) 52.1+£949  46.6+36.6 325+£223 0.524
Creatine kinase =500 (IU/L) 14 (33.3) 7 (184) 1(42) 0018
NT-proBNP® (ng/L) (n=39, 37, 23) 913.7+£2273.9734.0 + 13679 163.9 £2253 0.001

RPsp: rapid skin progression; IMsp: intermediate skin progression; SLsp: slow skin progression;
mRSS: modified Rodnan skin score; pFVC: predicted forced vital capacity; LVEF: left ventricular
ejection fraction; TR: tricuspid regurgitation; ESR: erythrocyte sedimentation rate; NT-proBNP: N-
terminal pro brain natriuretic peptide.

a: ANOVA; b: Kruskal-Wallis test.

0.50 4 Fig. 1. Cumulative
Moderate incidence of left
o ety ventricular ejection
0.40+ : : Ragid fraction <50% by
S ——3 STPR.
5 : 1 p-value was calcu-
= 0.301 = : lated by Log-rank
® EE test.
= - 1
S0R0H 00000 s 1
E p——————
3 PIIEEL ]
O ST
0.10- et |
g%
oy = Log rank test: p = 0.0094
0.00 - Sow

T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10
Time from NRP to first EF<50 % (years)
Number at risk

Skin progr. rate = Slow 24 24 24 23 21 18 15 9 8 4 0
Skin progr. rate = Mod. 38 38 37 30 22 14 10 5 3 0 0
Skin progr. rate = Rapid 42 42 36 29 22 15 1 5 1 0 0

congestive heart failure associated with
PH, 2 congestive heart failure, 1 sud-
den death at home) and 7 with non-SSc
related death (1 breast cancer, 3 pneu-
monia, 1 small bowel volvulus, 1 in-
tracerebral haemorrhage and 1 liver ab-
scess). Of those 14 deceased patients, 7
patients were RPsp, 5 were IMsp and 2
were SLsp. There were no significant
differences in mortality rate between
the three groups (3.65 vs. 3.06 and 1.74
per 100 person-years, p=0.586).
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However, within the categories of skin-
improvers and skin non-improvers, we
found that skin non-improvers had a
significantly higher mortality (10 of 35
[28.6%] vs. 4 of 69 [5.8%], p=0.004)
and higher mortality rate (6.71 vs.1.24
per 100 person-years, p<0.001) than
skin improvers, resulting in a mortality
rate ratio of 5.40 (95% CI 1.56-23.58,
p=0.003). Survival rate of skin-im-
provers at 1, 3 and 5 years after study
entry was 100%, 96.9%, and 96.9%,

respectively; while survival rate of skin-
non improvers at 1, 3 and 5 years was
91.3%, 88.2%, and 74.9%, respectively.
Patients within the skin-non improvers
group had a significantly decreased sur-
vival rate in comparison to skin-improv-
ers (p=0.0008) as shown in Figure 4.

Discussion

This is a first inception cohort study in
an Asian country that investigates the
relationship between changes in skin
thickness with the incidence rate of car-
diopulmonary involvement and mor-
tality in early-diagnosed dcSSc. There
have been several observational studies
prior to this in Caucasian (4-8, 19) and
Asian (10, 11, 20) populations regard-
ing the association between changes in
skin thickness and internal organ com-
plications and/or mortality in SSc using
a variety of study designs. In this study,
the prevalence of females was 53.9%
which was lower than previously re-
ported in Western (4-8, 19) and Asian
(10, 20) countries which ranged from
74.0-89.4%. Our homogeneous early
dcSSc population cohort in the early
disease phase with a mean disease du-
ration of less than 3 years was similar
to previously studies by Zheng et al.
(8), Wu et al. (7), Domsic et al. (6),
Perera et al. (19), Shand et al. (5), and
Steen et al. (4). Contrarily, the preva-
lence of anti-topoisomerase I antibody-
positive in this study was 87.5% which
was not dissimilar to the 75.3% previ-
ously reported from Thailand (10), but
was higher than previously reported in
Western studies [range 23-62.9% (5-
7)1, suggesting differences in genetic
susceptibility between Thai and Cau-
casian populations. There has been a
report stating that the strongest associa-
tion is between the HLADRB1* 11:04,
DQA1*05:01, DQB1*03:01 haplotype,
and the DQBI1 alleles encoding a non-
leucine residue at position 26 with
Caucasian and Hispanic SSc patients
(21); while the allele frequency of
DRB1#15:02 and HLA-DRB5*01:02
was reported as significantly higher in
Thai SSc patients and SSc with anti-
topoisomerase I antibody-positive (22).
At enrolment, we found that the RPsp
had a shorter disease duration than
those with IMsp and SLsp which con-
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firmed the findings in Domsic et al. (6)
and Perera et al. reports (19). We found
that the RPsp group also had a signifi-
cantly higher prevalence of anti-topoi-
somerase I antibody-positive than those
of the IMsp and SLsp groups. In ad-
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dition, anti-topoisomerase I antibody-
positive dcSSc patients show a posi-
tive association with high mRSS and
RPsp, similar to Perera et al. findings
(19). However, the high prevalence of
ILD was equally distributed between

our three groups (6). Furthermore, we
found that the RPsp group had a signifi-
cantly higher proportion of CK levels
=500 IU/L and higher serum levels of
NT-pBNP than those of IMsp and SLsp,
suggesting more severe suspected my-
ositis and cardiac involvement in the
RPsp group. Contrarily, Domsic et al.
reported that the RPsp group had a sig-
nificantly higher prevalence of -anti-
RNA polymerase III antibody-positive
and scleroderma renal crisis than the
IMsp and SLsp groups (6). The dis-
crepancies between the studies may be
explained by differences in the genetics
of the study populations and the defini-
tion of organ involvement.

With a mean + SD entire follow-up du-
ration of 4.5+2.0 years, we found the
RPsp had higher incidence rate of devel-
oping LVEF<50% than SLsp. Domsic
et al. and Perera et al. reported that the
RPsp group had a significantly higher
proportion of cardiac involvement and
renal crisis than IMsp and SLsp groups
(6, 19). Contrarily, no scleroderma re-
nal crisis was observed in our popula-
tion study. The strategy of avoiding
the prescription of a prednisolone dose
more than 10 mg/day in early cases of
dcSSc may be a possible reason for this
finding besides the low prevalence of
anti-RNA polymerase III in our popula-
tion. We also found that the RPsp group
had a higher incidence of developing
ILD in comparison to the SLsp group,
supporting previous published findings
that worsening skin score is associated
with worse pulmonary complications,
although different definitions of skin
progression were used (7, 10, 20). Con-
tradictory findings were found in sever-
al prior published data reports in which
no differences were found between skin
thickness change and ILD complica-
tions (6, 11, 19). Nevertheless, our find-
ings that no differences in incidence
rate of developing suspected PH with
STPR were in agreement with previous
reports that stated there were no signifi-
cant relationships between a worse skin
thickness and occurrence of PH with a
variety of its definition (5-7, 10, 11, 19).
We found no significant difference in
mortality across the STPR subgroups
of which main dcSSc-related causes
of death were attributed to congestive
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Table III. Association between skin score changes and clinical outcome in this study and other selected studies.

Author Publication  Study n Age Female Disease FU Baseline  Change of skin thickness  Clinical outcome
year Design  (%dcSSc) (yrs.) (%) duration duration mRSS
This study 2020 Inception 104 532 548 11.1+8.6 4.5+2.0 21.849.0 - RPsp: 42 (40.4%) - RPsp is associated with higher
cohort (100) mo. yrs. (mean) - IMsp: 38 (36.5%) incidence rate of LVEF <50%
(mean) (mean) - SLsp: 24 (23.1%) and ILD complications than
® Skin improvers: those of SLsp.
69 (66.3%) - Skin non-improvers had
Skin non-improvers: higher mortality than skin
35 (33.7%) improvers.
Matsuda et al. (20) 2019  Retrospective 198 554 894 7.3+8.8 32423 NA - N/A - mRSS significantly negative
(Japan) (46.8) yrs. yrs. correlation with FVC and
DLco of the lungs.
Zheng et al. (8) 2019 Inception 154 49.1 760 22+13 1.0 yrs. 22.5£9.3 ¢ Skin improvers: - Skin improvers in early deSSc
(Canada) cohort (100) yrs. (last FU) (mean) 64 (41.0%) correlate with improved
(mean) - Skin worseners: Medsger DSS, physician global
90 (58.0%) assessments, quality of life and
function.

- Skin changes may be reasonable
surrogate outcome for global
disease in early deSSc.

Wu et al. (7) 2019 Prevalence 1021 520 757 7.7+7.5 3.4 yrs. 16.9+7.7  4- Skin progressors: - Progressive skin fibrosis within 1
(EUSTAR cohort (100) yrS. (median) (mean) 78 (7.6%) year is associated with decline in
database) (mean) - Skin non-progressors: lung function (FVC decline) and
943 (92.4%) lower survival in dcSSc during
follow-up.

- These results confirm mRSS

as a surrogate marker in deSSc.
Wannarong et al. (10) 2018 Prevalence 118 498 814 331IQR 1.0 yrs. 75IQR ¢ Low TA-mRSS: - Higher cumulative course of
(Thailand) cohort (78.0) (1,6.8) yrs. (last FU)  (1.8,14.3) 39 (33.0%) mRSS over a 1-year period was
(median) (median) - Intermediate TA- significantly associated with
mRSS: 40 (33.9%) internal organ involvement
- High TA-mRSS: (usually interstitial pneumonia,
39 (33.0%) diastolic dysfunction,
gastrointestinal dysmotility).
Foocharoen et al. (11) 2012 Retrospective 117 498 598 N/A 3 yrs. N/A - Slow progression to - Skin thickness pattern does not
(Thailand) (70.1) peak then slow correlate with SSc subsets and
improvement (65.8%) internal organ involvement.
- Continuous slow
progression (31.6%)
- Continuous intermediate
progression (1.7%)
- Slow progression to
peak then intermediate
improvement (0.9%)
Domsic et al. (6) 2011 Inception 826 49.0 750 091IQR 2.0 yrs. 26.0+11.4 - RPsp: 272 (33.1%) -The STPR is an easy measure to
(USA) cohort (100) 0.6,14) (last FU) (mean) - IMsp: 277 (33.7%) identify those dcSSc patients who
yIS. - SLsp: 274 (33.3%) are at increased risk of mortality
(median) and renal crisis during the
following 2 years.
Perera et al. (19) 2007  Retrospective 212 480 740 0.9 N/A RPsp: 2 RPsp: 60 (35.1%) -Anti-topoisomerase I
(USA) cohort (87.3) Range 30.7£11.0 -IMsp: 82 (47.9%) antibody-positive dcSSc patients
(0.1-2.0) IMsp: - SLsp: 29 (16.9%) with a rapid STPR have reduced
(mean) 24.9+10.1 survival rates, primarily due to
SLsp: early and often fatal renal and
13.4+5.9 (mean) cardiac involvement.
Shand et al. (5) 2007  Retrospective 225 440 820 10.0+0.6 N/A 30.0+11.0 & Low baseline, improver: -Mortality was highest in dcSSc
(UK) (100) mo. (mean) 67 (34.9%) -patients who had high baseline
(mean) - High baseline, improver:  skin score with little improvement
40 (20.8%) during FU.
- High baseline, -Sustained severe skin disease
non-improver: 24 (12.5%) does not predict number of visceral
- Unclassified: 61 (31.8%) organ complications.
Steen et al. (4) 2001 Prospective 278 46/:47 750  Improved: 2 Improved : '- Improvement: -Improvement in skin thickening
(USA) cohort (100) yIS. 12+1.0yrs. (last F/U) 250+11.8 174 (63%) of dcSSc patients is associated
Non- No- - No improvement: with improved survival.
improved: Improved : 99 (36%) -No significant differences in the
1.3+1.3 yrs. 22.0+13.1 occurrence of severe organ
(mean) (mean) involvement between two groups

during the first 2 years.

mRSS: modified Rodnan skin score; RPsp: rapid skin progression; IMsp: intermediate skin progression; SLsp: slow skin progression; DSS: disease severity score; FVC: forced
vital capacity; TA-mRSS: time-adjusted accrual-modified Rodnan skin score; STPR: skin thickness progression rate; LVEF: left ventricular ejection fraction; N/A: not available.
Definition of change of skin thickness

a. Skin thickness progression rate (STPR): mRSS at first visit/duration, in years, from the onset of skin thickening, in mRSS units per year. Rapid progression (STPR =40 units
per year), intermediate progression (STPR 15-39 units per year), slow progression (STPR < 15 units per year).

b Skin improvers were defined as those with ra =25% reduction in the mRSS at the one-year visit compared with baseline. Skin non improvers were defined as those with or a
>25% increase in the mRSS at the one-year visit compared with baseline.

c¢. Skin improvers were defined as those with a =5 point and/or a 225% reduction in the mRSS at the annual visit compared with baseline. Skin worseners were defined as those
with a =5 point and/or a 225% increase in the mRSS at the annual visit compared with baseline.

d. Skin progressors were defined as those with increase in mRSS >5 units and by =25% from baseline to 12 + 3 months.

e. TA- mRSS: time-adjusted accrual-modified Rodnan skin score.

f. Skin thickness progression rate (STPR): mRSS at first visit/duration of skin thickening (in years) by patient report. Then then STPR was tertiled for analysis. This corresponded
to a STPR score less than 25 per year for slow STPR, 25-44 per year for intermediate STPR and over 45 per year for rapid STPR.

g. Skin improvers were defined as those whose skin score decreased by > 25 % at the end of year 3 compared with baseline. Skin non-improvers were defined as those whose skin
score decreased by < 5% or increased.

h. Rate of change in skin score= SS1 (or peak score) — SS2 (score closest to 24 months)/ Time2-time1. Improvement required a reduction in their skin score of at least 5 units per year
and a > 5% overall improvement from their initial or peak skin score. No improvement was defined as no change or an increase in their skin score during the first 2 years after the
first visit. Patients with minimal improvement, i.e. from 1 to 4 units of change per year or < 25 % improvement during the 2 years, were excluded from further aspects of the study.

Clinical and Experimental Rheumatology 2020 S-103



Rapid skin thickness progression rate and dcSSc / S. Wangkaew et al.

heart failure and PH, which agreed with
Elha et al. report that cardiac involve-
ment is the most common cause of
death in SSc (23). In their reports, Dom-
sic et al. and Perera et al. stated that the
RPsp group has significantly increased
risk of mortality due to renal crisis and
heart disease (6, 19). Again, differences
in the genetics of the study population,
number of cohort participants, defini-
tion of organ involvement and study
period may explain these discrepancies.
However, we found that the skin non-
improver group had a higher incidence
rate of mortality and had lower survival
than those in the skin improvers, which
supported the findings of other previous
studies (4, 5, 7). Table III summarises
the observational studies regarding the
association between changes in skin
thickness determined by a variety of
definitions and visceral organ compli-
cations and mortality.

The strength of this study was its de-
sign as an inception cohort study of
early dcSSc with a high prevalence of
anti-topoisomerase I antibody-positive
status which will provide important
observational data regarding the inci-
dence rate of cardiopulmonary com-
plications and mortality according to
changes in skin thickness score. In ad-
dition, as a single centre study with a
homogeneity of serial mRSS examina-
tion and cardiopulmonary complica-
tion assessment which was systemati-
cally recorded entire the study period,
the data can be classed as having a high
level of reliability.

There are several limitations which
should be acknowledged. Firstly, the
small number of early-dcSSc cases
may have limited the power of the sta-
tistical analysis. Secondly, PH was not
determined by right heart catheterisa-
tion, which is a gold standard for di-
agnosis of PH. Thirdly, although all
participants underwent baseline and
serial HRCT, only 66 (63.5%) patients
underwent pulmonary function test-
ing. We are therefore unable to com-
pletely determine the severity of ILD.
The data also need to be interpreted
with caution because of the short-term
follow-up, mainly in the early phase of
the disease. Finally, early immunosup-
pressive treatment prescribed in early
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dcSSc may affect the real incidence of
cardiopulmonary complications.

In conclusion, our study cohort of
early-dcSSc patients with a high preva-
lence of anti-topoisomerase I antibody
found that the patients with baseline
RPsp were associated with a signifi-
cantly higher incidence of cardiac in-
volvement defined as a left ventricular
ejection fraction less than 50% and a
higher incidence rate of ILD than those
with SPsp. This study confirmed that
the skin non-improver group had a
higher mortality rate than the skin im-
prover group. Therefore, skin changes
determined as STPR at the baseline
visit are a useful surrogate marker for
cardiac and ILD complications and
assessment of skin improvers 1-year
later gives a useful surrogate marker of
mortality which could be conveniently
used in general practice.
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