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Abstract
Objective
Haematopoietic stem cell transplantation (HSCT) is a treatment option for patients with severe systemic sclerosis (SSc),
but the efficacy of the procedure in remodelling the nailfold microvascular array is largely unknown. Therefore, this
study aimed to evaluate the effect of HSCT on microangiopathy assessed through nailfold capillaroscopy (NC) and to
compare the results with findings in patients receiving conventional immunosuppression.

Methods
We included SSc patients with severe SSc and whose pre- and post-treatment NC images were available. Findings in
patients treated with HSCT were compared with patients not treated with HSCT. Images were scored by two independent
observers blinded for clinical data and treatment history. Capillary pattern was determined and semiquantitative scores
from O (no changes) to 3 (>66% alterations per millimetre) were used to quantify the degree of specific microvascular
characteristics. Changes in severity of microangiopathy between baseline and post-treatment were compared between
groups.

Results
Images of 18 HSCT patients and 21 controls were scored. From baseline to follow-up, 33% of HSCT patients showed
improvement from scleroderma pattern to normal NC, compared to 6% of controls (p=0.15). Pre- to post-treatment
differences in semiquantitative scores showed significant improvement in HSCT patients compared to controls
regarding capillary loss (-0.5 vs. 0.0, p<0.05) and disorganisation (-0.8 vs. 0.0, p<0.05).

Conclusion
The degree of microangiopathy improved significantly in severe SSc patients treated with HSCT compared with
patients receiving conventional immunosuppressive therapy.
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Introduction

Systemic sclerosis (SSc) is a rare dis-
order characterised by microvascular
damage, autoimmunity and fibrosis.
The pathogenesis is unclear, with a pos-
sible role of genetic, hormonal, environ-
mental and occupational factors (1-3),
but the available evidence suggests that
microvascular damage and dysfunction
represent the earliest morphological
and functional markers of the disease
(4). The degree of vasculopathy can be
evaluated through nailfold capillaros-
copy (NC). This method allows to de-
tect the typical abnormalities observed
in SSc and, since these alterations are
dynamic, sequential NC may show
worsening of microangiopathic patterns
during the disease (5). Several studies
have hypothesised an association be-
tween severity of microangiopathy and
disease activity or organ involvement in
SSc (6, 7). However, a small proportion
of patients may experience improve-
ment of capillary damage, with two
early reports describing rapid and sub-
stantial amelioration of capillary mor-
phology after haematopoietic stem cell
transplantation (HSCT) in, respectively,
1 and 6 cases (8, 9). These encouraging
results have been corroborated in a re-
cent study by Santana-Gongalves et al.
(10) who observed a significant increase
in the capillary density and a reduction
in the number of giant capillaries after
HSCT in 27 SSc patients. However,
controls were not included. Based on
the limited number of patients thus far,
the lack of adequate control groups and
the different methods applied to evalu-
ate the degree of microangiopathyi, it is
difficult to draw conclusions on the ef-
ficacy of HSCT on microangiopathy in
SSc. Therefore, we decided to evaluate
NC images after HSCT in SSc patients
and to compare the observed changes
with a control group of SSc patients
treated with conventional immunosup-
pressive therapy.

Methods

Patients

The study population was composed
of adult patients enrolled in the Leiden
Combined Care in SSc (CCISS) cohort
and in the Nijmegen SSc inception co-
hort at Radboud University Medical

Center. Both centres participated in the
ASTIS trial and have applied ASTIS
criteria for transplantation after com-
pletion of this trial (11). For the cur-
rent study, all patients aged >18 years,
with a diagnosis of diffuse cutaneous
SSc meeting the ACR 1980 prelimi-
nary classification criteria (12), were
selected if clinical ASTIS inclusion
criteria were fulfilled at any time dur-
ing follow-up. The only exception was
that patients older than 65 years, which
were excluded from the ASTIS trial,
could be included in our study.

The criteria that had to be fulfilled
were: A) disease duration <4 years and
modified Rodnan Skin Score (mRSS)
>15 with diffusing capacity of the lungs
for carbon monoxide (DLCO) and/
or forced vital capacity (FVC) =80%
and radiologic evidence of interstitial
lung disease (ILD); or B) disease dura-
tion <2 years, mRSS =20, erythrocyte
sedimentation rate (ESR) >25 mm/I*
hour and/or haemoglobin <11.0 g/dl.
Patients fulfilling the abovementioned
criteria were included in the study if
longitudinal capillaroscopic assessment
had been performed. Exclusion criteria
were: A) age <18 years, B) unavailabil-
ity of pre-treatment or post-treatment
NC images.

To evaluate specific changes in NC
abnormalities over time attributable to
HSCT, patients treated with HSCT were
classified as cases and their NC images
were compared with those of the re-
maining patients fulfilling the criteria
of severe SSc who had not received
HSCT, included as frame of reference
and defined as control group. Controls
could be treated with any therapeutic
regimen, except HSCT. For both co-
horts, ethical approval was obtained
from local ethics committees and par-
ticipants had provided written informed
consent.

Nailfold capillaroscopy scoring

For all patients, baseline and follow-up
NC images, acquired with standardised
methodology (13), were retrospectively
evaluated. The last available images
collected before the timepoint of fulfill-
ing inclusion criteria were selected as
baseline. For post-treatment evaluation,
the last available images were selected
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for scoring, provided that these were
obtained at least 3 months after the
procedure in the HSCT group or after
the introduction of immunosuppressive
treatment in the control group.

Two observers (MB and CN) indepen-
dently scored all images blinded for
patients’ characteristics and treatment
strategy. Baseline and follow-up NCs
were directly compared. Images of the
second-to-fifth fingers of both hands
were collected. NCs were classified as
“non-scleroderma pattern”, or as “ear-
ly”, “active”, or “late” “scleroderma
pattern” (14). Capillary density was
recorded based on the image with the
worst pattern. Abnormalities such as
capillary density reduction, dilatations,
giants, microhaemorrhages and ramifi-
cations were assessed using semiquan-
titative scales from O to 3 (0: no abnor-
malities/reduction; 1: <33% abnormali-
ties/reduction; 2: 33—-66% abnormali-
ties/reduction; 3: >66% abnormalities/
reduction) (15-17).

Finally, a 0—100 visual analogue scale
(VAS) score was expressed to summa-
rise the overall degree of microangi-
opathy, with higher scores representing
worse vasculopathy.

For each parameter, mean score of the
two observers was used. Interobserver
agreement (intraclass correlation coef-
ficient [ICC]) was high for capillary
density (ICC: 0.84), giant capillaries
(ICC: 0.90), microhaemorrhages (ICC:
0.71), capillary loss (ICC: 0.83), disor-
ganisation (ICC: 0.73), qualitative pat-
tern (ICC: 0.78) and VAS (ICC: 0.91),
moderate for capillary dilatations (ICC:
0.68) and bad for neo-angiogenesis
(ICC: 0.08). Therefore, we excluded
neo-angiogenesis from the analysis.

Statistical analysis

Baseline characteristics were compared
using 2-sample z-test, Mann-Whitney
U-test and chi-square test when appro-
priate. Degree of microangiopathy was
compared between patients and controls
at baseline and post-treatment. Multi-
variable linear regression including sex,
age and NC parameters was performed
to determine whether NC changes dif-
fered between groups. Adjustment for
multiple testing was performed with the
Holm-Bonferroni method.
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Table I. Baseline characteristics of systemic sclerosis patients treated with haematopoietic

stem cell transplantation (HSCT) and controls.

HSCT patients
(n=18)

Control patients
(n=21)

p-value

Demographic and clinical characteristics
Female, n (%): male, n (%)

Age [years], mean + SD

Current smokers, n (%)

Disease characteristics

Disease duration [years], median (range)
Digital ulcers, n (%)

ILD on HRCT, n (%)

Severe ILD, n (%)

FVC, mean [% of predicted] + SD
DLCO, mean [% of predicted] + SD
PAH, n (%)

mRSS, mean + SD

Severe skin involvement, n (%)
Gastrointestinal involvement, n (%)
Cardiac involvement, n (%)

Renal crisis, n (%)

ANA, n (%)

Anti-centromere, n (%)
Anti-topoisomerase I, n (%)
Anti-RNA polymerase III, n (%)

Vasoactive therapies

Calcium channel blockers, n (%)
Endothelin receptor antagonists, n (%)
Prostacyclin analogues, n (%)
Phosphodiesterase 5 inhibitors, n (%)

Comorbidities
Hypertension, n (%)
Diabetes, n (%)
Thyroid disease, n (%)
AMI or CAD, n (%)
COPD, n (%)

Nailfold capillaroscopy
Scleroderma pattern early, n (%)
Scleroderma pattern active, n (%)
Scleroderma pattern late, n (%)
Capillary density **, median (range)
VAS®"™, median (range)
Categorical score™
Categorical score
Categorical score
Categorical score™ for giants , median (range)

ok

Categorical score™ for disorganisation ¢, median (range)

for capillary loss ¢, median (range)
for haemorrhages ¢, median (range)
for dilatations ¢, median (range)

7 (39):11 (61) 12 (57):9 (43) 0.26

45+10 56+15 <001
4(22) 3(14) 0.52
1.0 (0.0-7.3) 13(05-35 043
2(11) 4(19) 0.49
15 (83) 15 (71) 0.38
7(39) 2(10) 0.04
89424 9026 0.94
55£15 65411 0.04

0 0
239 1949 0.23
4(22) 3(14) 0.52
11 (61) 10 (48) 0.40
3(17) 3(14) 0.84
0 2(10) 0.19
17 (94) 21 (100) 0.27

0 0
13 (72) 11 (52) 0.20
1(6) 3(14) 0.37
11 (61) 10 (48) 0.40
1(6) 3(14) 037
1(6) 0 027

0 0
1(6) 0 0.27

0 0
0 1(5) 0.35
2(11) 2(10) 0.87
0 1(5) 0.35
0 3(14) 0.10
5(28) 4(19) 048
10 (56) 11 (52) 0.74
44(25-70) 46(28-60) 081
72 (30-88) 80 (10-94) 0.94
20(1.5-30)  25(0530) 0.5
1.0 (0.0-1.5) 10(00-15) 042
23(10-30)  20(1.0-30) 067
13(0.0-2.5) 15(00-30) 050
23(1.530) 20(0530) 053

Disease duration was defined as time since the development of the first sign of skin thickening. Scores
could not be determined in *3 patients; ®5 patients; ©¢7 patients; ¢ 12 patients; " 11 patients; ¢ 10 patients.
* number of capillaries per millimetre based on the image with the worst pattern.

** VAS score for overall severity of microangiopathy.

*#%% () = no changes to 3 = >66% alterations per millimetre.

AMI: acute myocardial infarction; ANA: anti-nuclear antibodies; CAD: coronary artery disease;
COPD: chronic obstructive pulmonary disease; DLCO: diffusion capacity of the lungs for carbon mon-
oxide; FVC: forced vital capacity; HSCT: haematopoietic stem cell transplantation; ILD: interstitial
lung disease; mRSS: modified Rodnan Skin Score; PAH: pulmonary arterial hypertension; VAS: visual

analogue scale.

Results

Patients’ characteristics

and baseline capillaroscopy

Eighteen HSCT and 21 control patients
were included (Table I). Of the individ-
uals in the control group, 13 received

cyclophosphamide, 6 mycophenolate
mofetil (MMF) and 2 methotrexate.
At time of treatment, HSCT patients
were younger than controls (45 vs. 56
years, p<0.01), but had similar disease
duration (1.0 vs. 1.3 years, p=0.43) and

1995



Improvement of microangiopathy in SSc / M. Boonstra et al.

similar mRSS (23£9 vs. 1949, p=0.23).
In both groups, 15 patients (83% of
the HSCT group and 71% of the con-
trol group) had ILD on high-resolution
computed tomography (HRCT) of the
thorax (p=0.38). None of the patients
had pulmonary arterial hypertension
(PAH). According to the Medsger Dis-
ease Severity scale =3 (18), severe skin
involvement was defined as a mRSS
>30 and severe lung involvement as
DLCO or FVC <50% of predicted. In
the HSCT group, 7 (39%) patients had
severe ILD compared to 2 (10%) in the
control group (p=0.04). No difference
in the proportion of individuals with
severe skin involvement was observed
(p=0.52). Regarding concomitant treat-
ment with vasoactive agents, calcium
channel blockers were administered to
11 (61%) HSCT patients and 10 (48%)
controls (p=0.40), while 1 patient (6%)
in the HSCT group and 3 (14%) in the
control group were treated with en-
dothelin receptor antagonists (p=0.37)
and 1 with prostacyclin analogues in
the HSCT group (p=0.27).

Baseline images were collected at a
median of 12 days (range 0-144) be-
fore treatment in the HSCT group
and 20 days (range 0-314) in controls
(p=0.07). Baseline capillaroscopic as-
sessment of HSCT and control patients
did not show significant differences
in any parameter. In the HSCT group,
56% of patients had a late scleroderma
pattern and 28% had an active sclero-
derma pattern, compared to, respec-
tively, 52% and 14% in the control
group (p=0.48 for the active pattern
and p=0.74 for the late pattern).

Change in microangiopathy

Post-treatment images were collected
at amedian of 2.3 years (range 0.4-5.3)
after the procedure in the HSCT and 1.8
years (range 0.3-5.6) after the introduc-
tion of immunosuppressive treatment
in the control group (p=0.43). At the
time of follow-up NC, 2 patients in the
HSCT group had started immunosup-
pressive treatment with MMF. Of the
patients in the control group, 10 (48%)
had changed their therapy starting
MMF maintenance after pulse cyclo-
phosphamide and 1 (5%) patient was
changed from methotrexate to MMF.

1996

Fig. 1. Example of a nailfold capillaroscopic image of a severe systemic sclerosis patient before (left:
mean visual analogue scale score of two observers 88 mm) and after (right: mean Visual Analogue
Scale score of two observers 42 mm) treatment with haematopoietic stem cell transplantation.

Both images are captured at a 200x magnification, vertical lines indicate a 1 mm distance from the left side.

No significant differences in the use of
vasoactive medications were noted be-
tween the groups at follow-up, with 8
(44%) patients receiving calcium chan-
nel blockers in the HSCT group and 9
(43%) in the control group (p=0.92).
One patient in each group was treated
with endothelin receptor antagonists
(»=0.91).

Capillary density after treatment was
comparable between groups (median
cap/mm 5.5 in HSCT vs. 4.5 in con-
trols, p=0.30) but VAS for microangi-
opathy (39 vs. 69, p=0.01) and number
of giant capillaries [0 (range 0—1) vs. 1
(range 0-2), p<0.01] were lower in the
HSCT group.

From baseline to follow-up, 33% of
HSCT patients showed improvement
from scleroderma pattern to normal NC
(Fig. 1), compared to 6% of controls
(p=0.15). Significant improvement in
semiquantitative scores for capillary
loss (-0.5 vs. 0.0, p<0.05) and disor-
ganisation (-0.8 vs. 0.0, vs.<0.05) was
observed in individuals treated with
HSCT (Table II). Change in capillary
density (+1.0 vs. +0.5, p=0.46) and VAS
scores (-20 vs. -3, p=0.05), although nu-
merically in favour of the HSCT group,
were not significantly different between
groups.

Discussion

Using NC images from two large pro-
spective cohorts, we assessed the evolu-
tion of microangiopathy in patients with
severe SSc treated with HSCT. Two
years after the procedure, we observed
less capillary loss, a decrease in number
of giant capillaries and a lower degree
of disorganisation. In 33% of trans-

planted patients, NC pattern changed to
normal, while this was observed in only
6% of controls. Our data are consistent
with previous research hypothesising a
role of HSCT in remodelling microvas-
cular architecture (8-10). Aschwanden
et al. (8) described early NC improve-
ments occurring one month after HSCT.
Conversely, we were able to evaluate
modifications over two years after the
procedure, suggesting that the benefit
in terms of peripheral microcirculation
might be long-lasting.

Since also control patients received im-
munosuppressive treatment, an impor-
tant point would be to elucidate which
part of the HSCT regimen might be re-
sponsible for more pronounced effect.
Microvascular normalisation could be
a consequence of regeneration of en-
dothelial precursor cells. The origin
of rarefaction of capillaries in this sce-
nario would be based on deficiencies in
endothelial precursors, which indeed
have been shown to be involved in ear-
ly stages of the disease (19). Alterna-
tively, HSCT could induce loss of cells
responsible for inhibition of endothe-
lial regeneration (20). However, con-
trasting results can be found in litera-
ture, with data highlighting persistently
high levels of circulating angiogenic
factors after HSCT, suggesting that
mechanisms associated with aberrant
angiogenic expression are not abated
by the transplantation procedure (10).
Further research is warranted to unveil
the molecular background promoting
vascular remodelling after HSCT.
Limitations of our study include the
small sample size and the significant
differences retrieved between patients

Clinical and Experimental Rheumatology 2022



Improvement of microangiopathy in SSc / M. Boonstra et al.

Table II. Change in NC parameters between baseline and follow-up of SSc-patients treated
with either haematopoietic stem cell transplantation (n=18) or otherwise (n=21).

Numbers Median (range)  p-value ™
Normalisation of NC pattern HSCT =5/15
0.15
control = 1/18
Change in NC parameters
A capillary density (mm) .| R HSCTn=15 +1.0(-2.5to0 +6.5)
control{ —{ T}—— 0.46
o S Y control n=21  +0.5 (-3.5 to +5.0)
A VAS (0-100 mm) wserd R HSCT n=15 -20 (-81 to +25)
control - —T}+— 0.05
e o o w control n=19 -3 (-36 to +46)
A capillary loss HSCTn=14  -0.5(-1.5t0+1.0)
HSCT o —ER—
control - T 0.04
T controln=18 +0.0 (-1.0 to +1.0)
5 A4 AN 8 N
A haemorrhages wsord  —EE— HSCT n=13 0.0(-1.5t00.5)
control-] I+ 0.18
NN control n=18 0.0 (-1.0 to +1.0)
A dilatations wserd  —EEE—— HSCT n=12 -1.0 (-2.0to +1.5)
control-| —H1— 0.09
—r 1 T T T 1
5 8 A o A a control n=15 0.0 (-1.0 to +1.0)
A giants HseT —EEEEE HSCT n=12 -0.8 (-2.5t00.0)
control - —HT—
0.49
A L control n=16  -0.3 (-1.0to +1.0)
A disorganisation HSCT EEE— HSCT n=12 -0.8 (-1.5to +1.0)
contral —{ <0.05

control n=17 0.0 (-1.0 to +1.0)

* Numbers differ according to evaluability. Whiskers represent min to max.
#**p-values corrected for multiple testing (Holm-Bonferroni method): A capillary loss p=0.04,

A disorganisation p<0.05.

and controls in terms of age and DLCO.
This is not surprising considering that
only patients fulfilling the definition of
severe SSc were included, that age >65
years is an exclusion criterion for HSCT,
and that there were more patients with
severe ILD in the HSCT group than in
the control group. We acknowledge that
the proportion of patients presenting a
late scleroderma pattern at the baseline
NC was high in our study, even if the
median disease duration was relatively
short. However, it is important to high-
light that disease duration was defined
as the time since development of the
first sign of skin thickening, whereas
microangiopathy may appear long be-
fore skin thickening (21). There is lim-
ited literature evidence about NC pat-
terns in selected populations of patients
with early progressive SSc. Most data
regarding the evolution of the sclero-
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derma pattern evaluated the timing of
transition from early to late pattern in
unselected cohorts of SSc patients, sug-
gesting median intervals between 3 and
5 years, but possibly shorter in indi-
viduals with anti-topoisomerase I anti-
bodies, as the majority of our patients
are (5, 22). Therefore, our findings are
difficult to compare with current litera-
ture but we would not consider them
unexpected given the characteristics
of the included patients. Additionally,
a potential concern in our study is the
timing of follow-up NC. We recognise
that 3 months is probably a short period
to expect changes in microangiopathy
after the introduction of an immuno-
suppressive therapy and, presumably,
also after HSCT. Since our study has
a retrospective design, the timing of
follow-up NCs, which were performed
for clinical practice, was not the same

in all patients. For this reason, we took
a minimum time of 3 months but, when
available, later NCs were considered,
namely the last available images were
scored. Moreover, we decided to use
similar methods applied by other stud-
ies investigating changes of microan-
giopathy after HSCT or cyclophospha-
mide. Miniati et al. (9) evaluated pa-
tients three months after the beginning
of treatment. Aschwanden et al. (8) as-
sessed their patient at one month, while
Santana-Gongalves et al. did the first
NC 6 months after the procedure (10).
Since the number of patients included
in our study was already limited, we
decided to take a cut-off of 3 months in
order not to miss relevant information
but also to increase the statistical power
of our analysis. Follow-up NC was per-
formed before 6 months in only 3 pa-
tients of the HSCT group and 4 of the
control group. The risk of bias related
to early reassessment is, therefore, low.
In conclusion, our study corroborates
previous observations about the ben-
eficial effects of HSCT on microvas-
culature in SSc patients. We contribute
relevant data to the currently limited
knowledge about the evolution of vas-
culopathy after HSCT, suggesting a
more profound impact of the procedure
on the vascular niche beyond immune
ablation.
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