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with healthy reference subjects
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Margarida Alves® Christian Stock® and Oliver Distler'®"

Abstract

Background: The forced vital capacity (FVC) of healthy individuals depends on their age, sex, ethnicity and height.
Systemic sclerosis-associated interstitial lung disease (SSc-ILD) is characterised by loss of FVC. We compared FVC
values in the subjects with SSc-ILD in the SENSCIS trial of nintedanib versus placebo with values from hypothetical
matched healthy references.

Methods: The SENSCIS trial enrolled subjects with SSc with first non-Raynaud symptom in the prior <7 years, extent
of fibrotic ILD on HRCT > 10%, and FVC > 40% predicted. FVC at baseline and decline in FVC over 52 weeks were
compared with FVC values in hypothetical healthy reference subjects matched 1:1 to the subjects in the trial for age,
sex, ethnicity and height, determined using equations published by the European Respiratory Society Global Lung
Function Initiative.

Results: At baseline, mean (SD) FVC was 2460 (737) mL in the nintedanib group (n=287) compared with 3403

(787) mL in the hypothetical matched healthy references. Mean (SD) FVC was 2544 (817) mL in the placebo group
(n=286) compared with 3516 (887) mL in the hypothetical matched healthy references. Mean (SE) changes in FVC at
week 52, i.e., age-related loss of lung function, in the hypothetical healthy references matched to the nintedanib and
placebo groups, respectively, were — 26.3 (0.5) mL and — 25.8 (0.5) mL. The difference in the change in FVC at week 52
between the nintedanib group and the hypothetical healthy references was 26.6 mL (95% Cl: 1.2, 52.0; p=0.04). The
difference in the change in FVC at week 52 between the placebo group and the hypothetical healthy references was
77.5mL (95% Cl: 51.4,103.7; p<0.0001).

Conclusions: Subjects with SSc-ILD in the SENSCIS trial had impaired lung function at baseline and experienced
further deterioration over 52 weeks. The decline in FVC in the placebo group was four-fold greater than in a hypo-
thetical group of matched healthy references, whereas the decline in FVC in patients who received nintedanib was
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two-fold greater than in hypothetical healthy references. These data highlight the clinical relevance of the slowing of

FVC decline provided by nintedanib.

Trial registration Registered 5 November 2015, https://clinicaltrials.gov/ct2/show/NCT02597933.
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Background

Interstitial lung disease (ILD) is a common manifes-
tation of systemic sclerosis (SSc) [1] and is the lead-
ing cause of death in patients with SSc [2]. SSc-ILD is
typically associated with impairment in forced vital
capacity (FVC) although FVC is preserved in some
patients [1, 3]. The greatest loss of lung function tends
to occur early in the course of SSc [4-6], but the natu-
ral history of SSc-ILD is variable [3, 7]. At any level of
EVC, in the absence of another cause, decline in FVC
reflects the progression of SSc-ILD and is associated
with an increased risk of hospitalization and mortality
(1, 8-10].

Healthy individuals have varied FVC depending on
their age, sex, ethnicity and height. FVC declines grad-
ually with aging. The FVC that a healthy individual is
expected to have can be determined using reference
equations [11-13], but a single value for FVC % pre-
dicted may be less informative than looking at changes
over time.

Nintedanib is an intracellular inhibitor of tyros-
ine kinases that inhibits processes fundamental to the
progression of fibrosis [14]. In the SENSCIS trial, nin-
tedanib was estimated to reduce the rate of decline in
EVC (mL/year) over 52 weeks by 44% compared with
placebo, with no heterogeneity in its treatment effect
detected across subgroups based on sex, age (<65
vs > 65 vyears), race, anti-topoisomerase I antibody
(ATA) status, limited cutaneous versus diffuse cutane-
ous disease, or respiratory symptoms [15—17]. Further,
a smaller proportion of subjects treated with nint-
edanib than placebo had an absolute decline in FVC
of>5% to<10% predicted (13.6% vs 20.1%) or>10%
to < 15% predicted (3.5% vs 5.2%) over 52 weeks [18].

To obtain insights into the decline in lung function
in patients with SSc-ILD, and to put the findings of the
SENSCIS trial into context, we compared FVC at base-
line and the decline in FVC over 52 weeks in the SEN-
SCIS trial with values in hypothetical healthy reference
subjects matched to the SENSCIS trial subjects for age,
sex, ethnicity and height. We also estimated the “effec-
tive lung age” of subjects in the SENSCIS trial (i.e.,
the age of healthy individuals with the same FVC) and
compared these estimates to their real age.

Methods

Trial design

The design of the SENSCIS trial (NCT02597933) has
been described and the protocol is publicly available
[15]. Briefly, subjects had SSc with onset of first non-
Raynaud symptom in the prior <7 years, an extent of
fibrotic ILD on HRCT >10%, FVC>40% predicted
and diffusion capacity of the lung for carbon mon-
oxide (DLco) 30-89% predicted. Subjects taking
prednisone <10 mg/day and/or stable therapy with
mycophenolate or methotrexate for >6 months were
allowed to participate. Subjects were randomised to
receive nintedanib 150 mg twice daily (bid) or placebo,
stratified by ATA status. Subjects remained on blinded
treatment until the last subject had reached week 52
but for <100 weeks.

Analyses
In this post-hoc analysis, we explored FVC at baseline
and decline in FVC in subjects in the SENSCIS trial in
relation to a hypothetical reference population of healthy
individuals (illustrated schematically in Fig. 1). The ref-
erence population comprised a group of hypothetical
subjects that was matched 1:1 to subjects in the SEN-
SCIS trial by age, sex, ethnicity and height (see Addi-
tional file 1: Appendix S1). FVC values in the reference
subjects were determined using equations published by
the European Respiratory Society Global Lung Func-
tion Initiative, which were based on data collected from
over 70,000 healthy individuals aged 3-95 years from
26 countries [13]. Using the same reference equations,
we estimated the “effective lung age” of subjects in the
SENSCIS trial based on their FVC, sex, ethnicity and
height (up to a limit of 95 years) and compared this to
their real age (illustrated schematically in Fig. 1). The age
of each subject as an integer was incorporated into the
reference equations, which allows exact ages to be used
without interpolation. As a limitation, this is only techni-
cally possible for subjects aged > 25 years; thus, subjects
aged < 25 years (n=3) were excluded from our analyses.
In the nintedanib and placebo groups, we assessed FVC
(mL) and effective lung age at baseline and at week 52,
and changes in FVC (mL) at week 52. Missing FVC val-
ues at week 52 of the SENSCIS trial were imputed using
predictions from the random slope and intercept model
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used in the primary analysis of the rate of decline in FVC
[15]. Baseline FVC and changes in FVC (mL) at week 52
were compared in subgroups by mycophenolate use (yes,
no), FVC % predicted (<70, > 70), time since onset of first
non-Raynaud symptom (< 3, > 3 years), presence of cough
(ves, no), and presence of dyspnoea (yes, no), all assessed
at baseline. The presence of cough or dyspnoea was based
on responses on the St George’s Respiratory Question-
naire (SGRQ) [19]: subjects who reported the symptom
“most days a week’, “several days a week” or “a few days
a month” (rather than “only with chest infection” or “not
at all”) over the last month were considered to have that
symptom. Differences in changes in FVC over 52 weeks
between the subjects in the SENSCIS trial and the hypo-
thetical healthy reference subjects were assessed using a
paired t-test. P values <0.05 were considered statistically
significant but were not adjusted for multiplicity and
should be interpreted descriptively.

Results

Subjects

A total of 576 subjects were treated in the SENSCIS trial
(288 with nintedanib, 288 with placebo). The baseline
characteristics of these subjects have been described [15].
Most subjects were female (75.2%) and white (67.2%).
Mean (SD) age was 54.0 (12.2) years and median time
since first non-Raynaud symptom was 3.4 years. Mean
(SD) FVC was 72.5 (16.7) % predicted and DLco was
53.0 (15.1) % predicted; based on their responses to the
SGRQ, 80.1% of subjects had cough and 70.0% had dysp-
noea. Almost half (48.4%) of the subjects had been taking
a stable dose of mycophenolate for > 6 months.

FVC at baseline

At baseline, mean (SD) FVC was 2460 (737) mL in the
nintedanib group compared with 3403 (787) mL in the
hypothetical healthy reference group. Mean (SD) FVC
was 2544 (817) mL in the placebo group compared with
3516 (887) mL in the hypothetical healthy reference
group. Baseline FVC was lower in subjects in the SENS-
CIS trial than in the reference subjects across subgroups
based on mycophenolate use, FVC % predicted, time
since first non-Raynaud symptom, and presence of cough
or dyspnoea (Additional file 2: Table S1).

Change in FVC from baseline to week 52

The mean (SE) change in FVC at week 52 in the SENS-
CIS trial was—52.9 (12.9) mL in the nintedanib group
and —103.4 (13.3) mL in the placebo group. The mean
(SE) changes in FVC at week 52, i.e., age-related loss of
lung function, in the hypothetical healthy references
matched to the nintedanib and placebo groups, respec-
tively, were —26.3 (0.5) mL and —25.8 (0.5) mL. The dif-
ference in the change in FVC at week 52 between the
nintedanib group and the matched hypothetical healthy
references was 26.6 mL (95% CI: 1.2, 52.0; p=0.04). The
difference in the change in FVC at week 52 between the
placebo group and the matched hypothetical healthy
references was 77.5 mL (95% CIL: 51.4, 103.7; p<0.0001)
(Fig. 2).

There was no statistically significant difference in the
change in FVC at week 52 between the nintedanib group
and the hypothetical healthy references in the subgroups
who did or did not use mycophenolate, or in the sub-
groups who had FVC > 70% predicted, > 3 years since first
non-Raynaud symptom, absence of cough, or absence
of dyspnoea (Figs. 3, 4, 5, 6, 7). There were statistically
significant differences in the change in FVC at week 52
between the placebo group and the hypothetical healthy
references in each of the subgroups analysed (Figs. 3, 4,
5,6,7).
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Effective lung age
At baseline, mean (SD) effective lung age was 83.1 (14.4)
years in the nintedanib group and 82.9 (14.8) years in

the placebo group. The mean (SD) difference between
effective lung age and real age at baseline was 28.4 (17.7)
and 29.3 (18.5) years in these groups, respectively. In the



nintedanib and placebo groups, respectively, 71.4% and
72.4% of subjects had a difference between effective lung
age and real lung age of>20 years. At baseline, median
(Q1, Q3) effective lung age was 88.4 (74.6, 95.0) years
in the nintedanib group and 88.5 (74.7, 95.0) years in
the placebo group. At week 52, median (Q1, Q3) effec-
tive lung age was 91.0 (75.2, 95.0) years in the nintedanib
group and 95.0 (75.9, 95.0) years in the placebo group.

Discussion

The SENSCIS trial was conducted in a broad population
of patients with SSc and at least 10% of the lungs affected
by fibrotic ILD on an HRCT scan. The primary finding
was that nintedanib was estimated to reduce the rate of
decline in FVC (mL/year) over 52 weeks by an average of
44% compared with placebo [15]. To help put this finding
into a meaningful context, we compared FVC at baseline
and decline in FVC over 52 weeks in the SENSCIS trial
with values in hypothetical subjects without lung disease,
matched 1:1 for age, sex, ethnicity and height, estimated
using reference equations [13]. To our knowledge, this is
the first study to compare deterioration in lung function
in patients with SSc-ILD with the decline that would be
expected due to the natural ageing process.

At baseline, subjects in the SENSCIS trial had marked
impairment in FVC compared with the matched refer-
ence population, with an FVC (mL) over 25% (about
950 mL) lower than would be expected in individuals
without lung disease. This indicates that although recent
progression of ILD was not an inclusion criterion for the
SENSCIS trial, the subjects enrolled in the trial had expe-
rienced substantial decline in lung function. Given the
average duration of SSc (time since first non-Raynaud
symptom) in the subjects in the SENSCIS trial was about
3.4 years, this suggests a loss of lung function of about
280 mL/year since the onset of SSc, if one assumes a lin-
ear decline. However, previous studies suggest that that
the rate of loss of lung function would likely be greatest
in the earliest stages of the disease, particularly in the
first 12 months after onset of symptoms [5, 6].

Over 52 weeks, the average decline in FVC in the pla-
cebo group of the SENSCIS trial was four-fold (78 mL)
greater than in the hypothetical healthy references.
This suggests that although evidence of recent ILD pro-
gression was not an inclusion criterion, on average, the
patients enrolled in the SENSCIS trial experienced
marked worsening of lung function over the following
year. This finding is supported by real-world data from
a recent study of 826 subjects with SSc-ILD in the EUS-
TAR database, in which 27% showed progression of ILD
(defined as an FVC decline of>10% predicted) over the
first 12 months [3]. Among the 535 subjects who had >3
FVC measurements over a mean follow-up period of

5 years, 23% to 27% of subjects had progression within a
given 12-month period, but periods of progression were
rarely consecutive [3].

Subjects in the nintedanib group of the SENSCIS trial
had an average decline in FVC over 52 weeks that was
two-fold (27 mL) greater than in the hypothetical ref-
erence subjects. In subgroups with slower progression
of SSc-ILD, such as those with >3 years since first non-
Raynaud symptom, FVC>70% predicted, no cough, or
no dyspnoea at baseline, the decline in FVC in subjects
treated with nintedanib was close to the decline that
would be expected in individuals without lung disease.

In both the nintedanib and placebo groups, the dif-
ference in the decline in FVC between subjects in the
SENSCIS trial and the hypothetical healthy references
was numerically lower in those taking mycophenolate at
baseline. These data are in line with studies suggesting
an improvement in FVC in patients taking mycopheno-
late [20, 21]; however, it should be remembered that the
subjects taking mycophenolate were not randomized to
receive mycophenolate but had been taking a stable dose
of mycophenolate for > 6 months prior to randomization.
This lack of randomisation and potential biases preclude
causal statements being made based on these data on
the role of mycophenolate in reducing decline in FVC.
Previous analyses of the SENSCIS trial indicated that
nintedanib reduced the rate of decline in FVC both in
subjects who were and were not taking mycophenolate
at baseline, with no heterogeneity detected in its relative
treatment between these subgroups [18, 22].

Calculating the “effective age” of organs and the body;,
and measuring risk and rate advancement periods (i.e.,
the impact of a risk factor on the timing of disease occur-
rence), can be useful tools for estimating and communi-
cating health risks [23, 24]. At baseline of the SENSCIS
trial, subjects with SSc-ILD had an effective lung age that
was much higher than their real age (mean difference:
28.8 years). To our knowledge, this is the first time that
effective lung age has been estimated in subjects with
ILD. Over 52 weeks, the increase in effective lung age was
numerically lower in subjects who received nintedanib
than placebo. A reliable estimate of the difference in the
increase in effective lung age over 52 weeks between the
nintedanib and placebo groups could not be obtained, as
so many patients were at the upper limit of effective lung
age (95 years) at baseline and so could not experience an
increase over 52 weeks.

Strengths of our analyses include the large and het-
erogeneous group of subjects enrolled in the SENSCIS
trial, the standardised procedure for measuring FVC,
and the use of reference equations for prediction of FVC
that were derived from a large and diverse group of indi-
viduals with respect to age, ethnicity and geography.



Limitations include the comparison of data from the
SENSCIS trial with values from a hypothetical group of
healthy references rather than real healthy subjects or
subjects with systemic sclerosis but no ILD. Although
the reference subjects were matched to the subjects in
the SENSCIS trial by age, height, sex and ethnicity, other
characteristics that may influence lung function, such as
comorbidities, were not accounted for. Uncertainty in the
predictions from the reference equations was not taken
into account, but would likely have been small given the
age of the subjects [13, 25].

Conclusions

In conclusion, these analyses comparing baseline FVC
and decline in FVC in the SENSCIS trial with a hypothet-
ical group of matched healthy individuals show that the
subjects in the SENSCIS trial, who were enrolled based
on an extent of fibrotic ILD on HRCT of > 10% but with
no requirement for respiratory symptoms, had mark-
edly impaired lung function at baseline and experienced
further deterioration over 52 weeks. These analyses help
to put the results of the SENSCIS trial into context and
highlight the clinical relevance of the slowing of FVC
decline provided by nintedanib.
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