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ABSTRACT

Objective To assess microvascular changes in nailfold
capillaries in patients with systemic sclerosis-associated
interstitial lung disease (SSc-ILD) who received nintedanib
or placebo in a sub-study of the SENSCIS trial.

Methods Nailfold capillaroscopy (NC) was performed

at baseline and week 52. In the nintedanib and placebo
groups, we measured capillary density (number of
capillaries/mm), giant capillaries, abnormal shapes and
percentage of fingers with microhaemorrhages. In addition,
capillary density was evaluated in patients who did/

did not have risk factors for rapid forced vital capacity
(FVC) decline at baseline and who did/did not have ILD
progression (absolute decline in FVC % predicted >5% or
death) from baseline to week 52.

Results Between baseline and week 52, no notable
changes were observed in any NC measurement in the
overall placebo or nintedanib groups. In patients with risk
factors for rapid FVC decline (n=38), there was a numerical
reduction in mean capillary density over 52 weeks with
placebo, but it remained stable with nintedanib. Among
patients who had ILD progression (n=11), there was

a numerical increase in mean capillary density over

52 weeks with nintedanib, but it remained stable with
placebo. There were no notable changes in capillary
density among patients who did not have risk factors for
rapid FVC decline at baseline or ILD progression at week
52.

Gonclusion In a substudy of the SENSCIS trial, numerical
differences in changes in capillary density assessed by NC
over 52 weeks may suggest a potential effect of nintedanib
in patients at risk of ILD progression.

INTRODUCTION

The pathophysiology of systemic sclerosis
(SSc) is a progressive self-amplifying process
involving microvascular injury, immune-
inflammatory reactions and fibrosis." Micro-
vascular injury is responsible for manifesta-
tions such as Raynaud’s phenomenon and
capillary loss and is associated with damage to
endothelial cells.' Vascular endothelial growth
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Nintedanib is an inhibitor of tyrosine kinases that
has shown anti-inflammatory and anti-fibrotic ef-
fects and benefits on microvascular alterations in
pre-clinical models.

WHAT THIS STUDY ADDS

= Nailfold capillaroscopy data from a substudy of the
SENSCIS trial in patients with systemic sclerosis-
associated interstitial lung disease (SSc-ILD) may
suggest a potential effect of nintedanib on microcir-
culation in patients at risk of ILD progression.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
= The utility of nailfold capillaroscopy as a tool for

predicting and assessing disease progression in pa-
tients with SSc requires further research.

factor (VEGF) is elevated in the skin and
blood of patients with SSc. Recent evidence
has suggested that certain VEGF isoforms are
anti-angiogenic and may contribute to capil-
lary loss and tissue ischaemia.’

Nintedanib is an inhibitor of tyrosine
kinases, including the VEGF receptor, which
has shown anti-inflammatory and anti-
fibrotic effects in preclinical models.> In a
mouse model of SSc, nintedanib showed
beneficial effects on microvascular alter-
ations, including inhibition of proliferation
of pulmonary vascular smooth muscle cells,
prevention of thickening of pulmonary vessel
walls, inhibition of apoptosis of endothelial
cells and a reduction in capillary loss.* Data
from the randomised placebo-controlled
SENSCIS trial showed that nintedanib slowed
the progression of interstitial lung disease
associated with SSc (SSc-ILD).%°

Nailfold capillaroscopy (NC) is a non-
invasive tool used to evaluate microvascular
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abnormalities in the nailfolds of the fingers.” A reduction
in capillary density assessed by NC has been associated
with progression of organ damage in patients with SS¢.*™
Certain drugs have been hypothesised to influence the
progressive obliteration of microvasculature in patients
with SSc."' '* In this analysis, we used data from a substudy
of the SENSCIS trial to assess microvascular changes in
nailfold capillaries as assessed by NC in patients with SSc-
ILD who received nintedanib or placebo.

METHODS

SENSCIS trial and substudy

The design of the SENSCIS trial (NCT02597933) has
been published.” Briefly, patients had SSc with first non-
Raynaud symptom in the prior <7 years, an extent of
fibrotic ILD on high-resolution CT210%, forced vital
capacity (FVC) 240% predicted and diffusion capacity
of the lung for carbon monoxide 30%-89% predicted.
Patients on prednisone <10 mg/day or equivalent and/
or stable therapy with mycophenolate or methotrexate
for 26 months were allowed to participate. Patients were
randomised to receive nintedanib or placebo, stratified
by the presence of anti-topoisomerase I antibody (ATA).
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Figure 1

In a sub-study of the SENSCIS trial, NC was performed
at baseline and weeks 12, 24, 36 and 52. Images from all
eight fingers were assessed by a blinded central reader.
Each site used its own nailfold capillaroscope. Patients
who opted to participate in the substudy signed a dedi-
cated informed consent form.

Analyses

Among patients who participated in the substudy, data
were summarised by patient for mean capillary density
(number of capillaries/mm (linear)), mean number
of giant capillaries, mean number of abnormal shapes
and percentage of fingers with microhaemorrhages at
baseline and week 52. We also evaluated post hoc mean
capillary density at baseline and week 52 in (1) patients
with and without risk factors for rapid FVC decline (<18
months since first non-Raynaud symptom, elevated
inflammatory markers (C-reactive protein>6 mg/L and/
or platelets=330 x 10° /L) or modified Rodnan skin score
(mRSS) >18) at baseline'® and (2) patients who did and
did not have ILD progression (absolute decline in FVC %
predicted >5% or death) from baseline to week 52. Anal-
yses were descriptive. Changes at weeks 12, 24 and 36 are
not presented given the changes at week 52 were small.
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(A) Mean capillary density per patient, (B) mean number of abnormal shapes per patient, (C) mean number of giant

capillaries per patient and (D) percentage of fingers with microhaemorrhages at baseline and week 52 in all patients in a
substudy of the SENSCIS trial. Markers denote individual measurements, crosses in the boxes mean mid-lines of the boxes
medians, boundaries of the boxes 25th and 75th percentiles and whiskers values 1.5x IQR above 75th percentile or below 25th

percentile.
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RESULTS

Among the patients who consented to participate in the
NC substudy (n=120), baseline NC images were not avail-
able for 21 patients and were not evaluable for the assess-
ment of capillary density, number of giant capillaries,
number of abnormal shapes or fingers with microhaem-
orrhages for 33-35 patients (online supplemental table
1). At week 52, these numbers were 31 and 24, respec-
tively (online supplemental table 1). Reasons for images
being non-evaluable were poor quality images, lack of 1
mm grid or incorrectly placed grid, unclear magnifica-
tion, and/or wrong device used.

In total, 76 patients provided 21 NC measurement at
21 visit. These patients came from 21 centres (online
supplemental table 2). Among these 76 patients, mean
(SD) age was 54.2 (11.9) years, 65.8% were female, 39.5%
had diffuse cutaneous SSc, 51.3% were ATA positive,
mean mRSS was 10.1 (8.4) and 59.2% were taking myco-
phenolate. Mean (SD) FVC was 74.2 (17.7) % predicted,
and DLco was 50.7 (14.1) % predicted. Baseline char-
acteristics and anti-hypertensive and anti-thrombotic
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Figure 2 Mean capillary density at baseline and at week
52 in (A) patients with risk factors for rapid FVC decline at
baseline and (B) patients without risk factors for rapid FVC
decline at baseline in a sub-study of the SENSCIS trial.
Markers denote individual measurements, crosses in the
boxes mean mid-lines of the boxes medians, boundaries of
the boxes 25th and 75th percentiles, and whiskers values
1.5x IQR above 75th percentile or below 25th percentile.
FVC, forced vital capacity.

medication use during the trial in the nintedanib and
placebo groups are shown in online supplemental tables
3-6.

At baseline, 66, 64, 65 and 65 patients, respectively, had
evaluable images to measure capillary density, abnormal
shapes, giant capillaries and fingers with microhaemor-
rhages. At week 52, 65 patients had evaluable images for
each of these measurements.

At baseline, mean (SD) capillary density per patient
was 5.4 (1.8) capillaries/mm, number of abnormal
shapes per patient was 0.4 (0.4), number of giant capil-
laries per patient was 0.6 (0.6) and percentage of fingers
with microhaemorrhages was 28.0 (30.4). Between base-
line and week 52, no notable changes were observed in
any of these measurements in the overall placebo group
or the overall nintedanib group (figure 1).

Among patients with and without risk factors for rapid
FVC decline at baseline, NC images were evaluable to
measure capillary density for 35 and 29 patients at base-
line and 38 and 25 patients at week 52, respectively. In
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Figure 3 Mean capillary density at baseline and at week

52 in (A) patients who had ILD progression over 52 weeks
and (B) patients who did not have ILD progression over 52
weeks in a substudy of the SENSCIS trial. Markers denote
individual measurements, crosses in the boxes mean
midlines of the boxes medians, boundaries of the boxes 25th
and 75th percentiles and whiskers values 1.5x IQR above
75th percentile or below 25th percentile. ILD, interstitial lung
disease.
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patients with risk factors for rapid FVC decline, a numer-
ical reduction in mean capillary density over 52 weeks
was observed in the placebo group, but capillary density
remained stable in the nintedanib group (figure 2A).
There were no notable changes in mean capillary density
in either treatment group among patients without risk
factors for rapid FVC decline at baseline (figure 2B).

Among patients who had and did not have ILD progres-
sion over 52 weeks, NC images were evaluable to measure
capillary density for 13 and 53 patients at baseline and 11
and 54 patients at week 52, respectively. Among patients
who had ILD progression, a numerical increase in mean
capillary density over 52 weeks was observed in the
nintedanib group, whereas capillary density remained
stable in the placebo group (figure 3A). Among patients
who did not have ILD progression, there were no notable
changes in capillary density in either treatment group
(figure 3B).

DISCUSSION
In this substudy of the SENSCIS trial in patients with SSc-
ILD, no notable changes were observed in microvascular
abnormalities based on NC analysis over 52 weeks among
patients who received nintedanib or placebo. However,
in patients who had risk factors for ILD progression at
baseline or who showed ILD progression over 52 weeks,
differences in the change in capillary density over 52
weeks may suggest a potential effect of nintedanib.
The numerical stabilisation in capillary density in the
nintedanib group is interesting given that a serial capil-
laroscopy study found loss of capillaries to be associated
with progression of organ damage, suggesting effects
on microcirculation.® However, the effect of nintedanib
(and other therapies with presumed microcirculatory
effects'' '*) on microcirculation in patients with SSc needs
to be evaluated in dedicated trials. In serial capillaros-
copy studies, 49%-76% of patients with SSc did not have
significant progression on capillaroscopy.® '* This may in
part explain why we only observed a potential effect of
nintedanib in patients with risk factors for ILD progres-
sion at baseline or ILD progression during the trial.
Several studies have found an association between
lower capillary density and lower pulmonary function or
the presence of ILD in patients with SSc," 17 but longi-
tudinal data regarding a putative association between loss
of capillaries and future progression or development of
SSc-ILD are inconclusive.® '* In a study of 140 patients
with SSc, loss of capillaries over a 3-year follow-up period
was associated with progression of skin fibrosis and
peripheral vascular involvement, but not progression of
ILD, over the same period,® while in a study in 34 patients
with SSc, progressive loss of capillaries (progression to
a worse capillaroscopy pattern) over 12 years was asso-
ciated with a higher prevalence of lung involvement at
the end of follow-up.'* A study in 334 patients with SSc
found that capillaroscopy patterns with lower density at
baseline (active and late) were associated with overall

disease progression over 2 years, but could not attest an
association with new ILD or progression of ILD."

Although further research is required, NC shows
promise as a tool in the assessment or prediction of
progression of organ manifestations of sSc.'” ¥ NC
does not require lengthy training, but the equipment
has a relatively high cost and at present its use is mainly
restricted to specialist centres.” Various techniques, defi-
nitions and scoring systems may be used, but consensus
statements from the European Alliance of Associations
for Rheumatology and the Scleroderma Clinical Trials
Consortium (SCTC) have been developed to standardise
and validate procedures and reporting.” "’

Our study has limitations. Only a small number of
patients provided NC data at baseline and week 52, and
NC data were not available from all these patients at
both timepoints. As in other multicentre studies, central
NC reading was performed by only one reader, a capil-
laroscopic expert. A 52-week period may have been
inadequate to ascertain changes in microvascular abnor-
malities. In studies that assessed the effects of treatments
on capillary number in patients with SSc over 23 years, a
progressive increase in capillary number (or decrease in
capillary loss) was observed each year.20 2

In conclusion, in a substudy of the SENSCIS trial in
patients with SSc-ILD, numerical differences in changes
in capillary density assessed by NC over 52 weeks may
suggest a potential effect of nintedanib in patients who
had risk factors for ILD progression at baseline or ILD
progression during the study. Further research is inves-
tigating the utility of NC as a tool for predicting and
assessing disease progression in patients with SSc.
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