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E!cacy and safety of nintedanib in patients with systemic 
sclerosis-associated interstitial lung disease treated with 
mycophenolate: a subgroup analysis of the SENSCIS trial
Kristin B Highland*, Oliver Distler*, Masataka Kuwana, Yannick Allanore, Shervin Assassi, Arata Azuma, Arnaud Bourdin, 
Christopher P Denton, Jörg H W Distler, Anna Maria Ho!mann-Vold, Dinesh Khanna, Maureen D Mayes, Ganesh Raghu, Madelon C Vonk, 
Martina Gahlemann, Emmanuelle Clerisme-Beaty, Mannaig Girard, Susanne Stowasser, Donald Zoz, Toby M Maher, on behalf of the SENSCIS 
trial investigators†

Summary
Background In the Safety and E!cacy of Nintedanib in Systemic Sclerosis (SENSCIS) trial, nintedanib reduced the rate 
of decline in forced vital capacity (FVC) in patients with systemic sclerosis-associated interstitial lung disease (SSc-ILD). 
Patients on stable treatment with mycophenolate for at least 6 months before randomisation could participate. The aim 
of this subgroup analysis was to examine the e!cacy and safety of nintedanib by mycophenolate use at baseline.

Methods The SENSCIS trial was a randomised, double-blind, placebo-controlled trial, in which patients with SSc-ILD 
were randomly assigned (1:1) to receive 150 mg of oral nintedanib twice daily or placebo for at least 52 weeks. In a 
prespecified subgroup analysis, we analysed the primary endpoint of rate of decline in FVC over 52 weeks by 
mycophenolate use at baseline. In a post-hoc analysis, we analysed the proportion of patients with an absolute 
decrease in FVC of at least 3·3% predicted at week 52 (proposed minimal clinically important di"erence estimate for 
worsening of FVC in patients with SSc-ILD) in subgroups by mycophenolate use at baseline. Adverse events were 
reported in subgroups by mycophenolate use at baseline. Analyses were done in all participants who received at least 
one dose of study drug. We analysed the annual rate of decline in FVC using a random coe!cient regression model 
(with random slopes and intercepts) including anti-topoisomerase I antibody status, age, height, sex, and baseline 
FVC as covariates and terms for baseline-by-time, treatment-by-subgroup, and treatment-by-subgroup-by-time 
interactions. SENSCIS is registered with ClinicalTrials.gov, NCT02597933, and is now complete.

Findings Between Nov 30, 2015, and Oct 31, 2017, 819 participants were screened and 576 were enrolled, randomly 
assigned to, and treated with nintedanib (n=288) or placebo (n=288). 139 (48%) of 288 in the nintedanib group and 
140 (49%) of 288 in the placebo group were taking mycophenolate at baseline. In patients taking mycophenolate at 
baseline, the adjusted mean annual rate of decline in FVC was –40·2 mL per year (SE 19·8) with nintedanib and 
–66·5 mL per year (19·3) with placebo (di"erence: 26·3 mL per year [95% CI –27·9 to 80·6]). In patients not taking 
mycophenolate at baseline, the adjusted mean annual rate of decline in FVC was –63·9 mL per year (SE 19·3) with 
nintedanib and –119·3 mL per year (19·0) with placebo (di"erence: 55·4 mL per year [95% CI 2·3 to 108·5]). 
We found no heterogeneity in the e"ect of nintedanib versus placebo on the annual rate of decline in FVC between 
the subgroups by mycophenolate use (p value for interaction=0·45). In a post-hoc analysis, the proportion of patients 
with an absolute decrease in FVC of at least 3·3% predicted was lower with nintedanib than with placebo in both 
patients taking mycophenolate (40 [29%] of 138 vs 56 [40%] of 140; odds ratio 0·61 [0·37 to 1·01]) and those not 
taking mycophenolate (59 [40%] of 149 vs 70 [47%] of 148; 0·73 [0·46 to 1·16]) at baseline. The adverse event profile 
of nintedanib was similar between the subgroups. Diarrhoea, the most common adverse event, was reported in 
106 (76%) of 139 patients in the nintedanib group and 48 (34%) of 140 in the placebo group among those taking 
mycophenolate at baseline, and in 112 (75%) of 149 in the nintedanib group and 43 (29%) of 148 in the placebo group 
among those not taking mycophenolate at baseline. Over the entire trial period, 19 patients died (ten in the nintedanib 
group and nine in the placebo group).  One death in the nintedanib group was considered to be related to study drug.

Interpretation Nintedanib reduced the progression of interstitial lung disease both in patients with SSc-ILD who were 
and were not using mycophenolate at baseline, with no heterogeneity in its treatment e"ect detected between the 
subgroups. The adverse event profile of nintedanib was similar in the subgroups by mycophenolate use. Our findings 
suggest that the combination of mycophenolate and nintedanib o"ers a safe treatment option for patients with SSc-
ILD. More data are needed on the benefits of initial combination therapy versus a sequential approach to treatment of 
SSc-ILD.
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はじめに
•強⽪症の臓器病変のうち、間質性肺炎は頻度が⾼く、
強⽪症患者の死亡原因の多くを占めている。

•強⽪症の治療は⼀般的に難しいが、近年様々な薬剤が
治療に⽤いられてきている。
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BACKGROUND
We conducted a double-blind, randomized, placebo-controlled trial to determine the 
effects of oral cyclophosphamide on lung function and health-related symptoms in 
patients with evidence of active alveolitis and scleroderma-related interstitial lung 
disease.

METHODS
At 13 clinical centers throughout the United States, we enrolled 158 patients with 
scleroderma, restrictive lung physiology, dyspnea, and evidence of inflammatory in-
terstitial lung disease on examination of bronchoalveolar-lavage fluid, thoracic high-
resolution computed tomography, or both. Patients received oral cyclophosphamide 
(!2 mg per kilogram of body weight per day) or matching placebo for one year and 
were followed for an additional year. Pulmonary function was assessed every three 
months during the first year, and the primary end point was the forced vital capac-
ity (FVC, expressed as a percentage of the predicted value) at 12 months, after adjust-
ment for the baseline FVC.

RESULTS
Of 158 patients, 145 completed at least six months of treatment and were included 
in the analysis. The mean absolute difference in adjusted 12-month FVC percent pre-
dicted between the cyclophosphamide and placebo groups was 2.53 percent (95 per-
cent confidence interval, 0.28 to 4.79 percent), favoring cyclophosphamide (P<0.03). 
There were also treatment-related differences in physiological and symptom out-
comes, and the difference in FVC was maintained at 24 months. There was a greater 
frequency of adverse events in the cyclophosphamide group, but the difference be-
tween the two groups in the number of serious adverse events was not significant.

CONCLUSIONS
One year of oral cyclophosphamide in patients with symptomatic scleroderma-
related interstitial lung disease had a significant but modest beneficial effect on 
lung function, dyspnea, thickening of the skin, and the health-related quality of life. 
The effects on lung function were maintained through the 24 months of the study.

The New England Journal of Medicine 
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Scleroderma Lung Study (SLS) Ⅰ
N Engl J Med 2006;354:2655-66

P：レイノー現象以外の症状が出現して7年以内のlc-/dc-SSc-ILD
I ：POCY≦2 mg/kg/dayを12か⽉
C：PBO
O：12か⽉時点の予測FVC



cyclophosphamide in scleroderma lung disease
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Adverse Events
Details of adverse events that occurred during the 
one-year double-blind treatment period (year 1) 
and the subsequent 12 months of follow-up (year 
2) are presented in Table 3. Hematuria, leukope-
nia, neutropenia, anemia, and pneumonia were 
more common among patients in the cyclophos-
phamide group than among those in the placebo 
group during year 1; the difference between the 
two groups was significant for leukopenia and 
neutropenia (P<0.05 by Fisher’s exact test). Few 
adverse events were recorded during year 2. The 
number of patients with serious adverse events and 
the total number of these events during year 1 
were slightly, but not significantly, higher in the 
cyclophosphamide group than in the placebo group 
(17 vs. 11 patients had adverse events; 20 vs. 16 
had serious adverse events). A similar trend was 
observed in year 2. During months 13 to 24 after 
randomization, four patients in the cyclophos-
phamide group and three in the placebo group 
died. In total, 12 patients died during the two years 

of the study, but none of the deaths were consid-
ered to be related to the study treatment.

Discussion

This double-blind, randomized, placebo-controlled 
clinical trial examined the efficacy of oral cyclo-
phosphamide for the treatment of scleroderma-
related interstitial lung disease. Our findings indi-
cate a significant, albeit quite modest, treatment 
effect of cyclophosphamide on changes in the 
FVC and total lung capacity over a period of one 
year but no significant effect on measures of gas 

Figure!2.!The!Percentage!of!Predicted!FVC!at!12!Months!
and!Changes!in!the!Percentage!of!Predicted!FVC!
from!Baseline!to!12!Months.

Panel A shows a scattergram of the FVC at 12 months 
(adjusted for the baseline FVC) according to treatment, 
as compared with the maximal fibrosis score as deter-
mined on baseline thoracic high-resolution CT in 69 pa-
tients in the cyclophosphamide group and 71 in the 
placebo group whose scans were scored by two inde-
pendent radiologists who were unaware of the treat-
ment assignments. The slope of the regression is sig-
nificant in the placebo group (!2.01 percent of the 
predicted FVC per unit score for fibrosis, P = 0.006) but 
not in the cyclophosphamide group (0.96 percent of 
the predicted FVC per unit score for fibrosis, P = 0.26); 
the difference in the slopes between the two groups 
was significant (P = 0.009). In Panel B, the change in 
the FVC from baseline to month 12 in each of 145 pa-
tients who could be evaluated is displayed as a histo-
gram according to treatment and absolute increments 
or decrements of 5 percent of the predicted value. All 
changes of 15 percent or more are grouped, and im-
puted values were used for patients who completed at 
least the 6-month evaluation but did not return for the 
12-month visit. A significantly greater percentage of 
patients in the cyclophosphamide group than in the 
placebo group (49.3 percent vs. 26.4 percent) had any 
improvement in the FVC (P <0.01); conversely, a signif-
icantly greater percentage of those in the placebo group 
than in the cyclophosphamide group (73.6 percent vs. 
50.7 percent) had any worsening of the FVC (P<0.01 by 
Fisher’s exact test).
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POCY群で
12か⽉時点の%FVCは有意に改善

(PBOとの差は2.53% (95%CI 0.28-4.79)

baseline characteristics differed between the CYC and placebo
treatment groups, except for the HAQ-DI, which was signifi-
cantly higher in the CYC than in the placebo group (0.96 6 0.08
vs. 0.68 6 0.08, respectively; P 5 0.013). In addition, a greater
percentage of the participants in the CYC group were female,
although the gender difference did not reach statistical signif-
icance (P 5 0.0627).

The 24-Month Outcomes

Mean values (6 SE) of FVC % predicted and TLC % predicted
(adjusted for baseline % predicted values and maximal HRCT-
scored fibrosis) from 6 to 24 months are shown graphically by
treatment group in Figures 2A and 2B. As with the other data
presented in subsequent figures, the mean adjusted values
shown are derived from the joint longitudinal model, and the
P values for comparison of the two treatment groups were
calculated using Huber’s robust regression analysis to minimize
the impact of outliers. For both FVC % predicted and TLC %
predicted, a significant CYC treatment effect was observed at
12 months, and was still noted at 18 months, after which the ef-
fect waned. As such, by 24 months, the mean values of both
variables were almost identical between the two treatment
groups. No significant between-group differences were observed
for DLCO % predicted or DLCO/VA % predicted at either 12

months or over the 12- to 24-month course (data for DLCO %
predicted are presented in the online supplement).

To assess whether the response to CYC might be linked to the
extent of lung disease at baseline, an exploratory analysis was
performed to examine treatment-related differences in FVC %
predicted over time in subjects who presented with either an
FVC of less than 70% predicted (n 5 77: 40 CYC; 37 placebo) or
at least 70% predicted (n 5 64: 29 CYC; 35 placebo), using the
joint longitudinal model. More severe restriction at baseline
(FVC , 70% predicted) was associated with a greater difference
in FVC % predicted at 12 months between the CYC and placebo
groups (4.62% higher FVC % predicted in the CYC group; P 5
0.007) than that observed when the entire cohort was used in the
analysis, and the CYC treatment effect was even greater at 18
months (6.8% higher FVC % predicted; P 5 0.006). In contrast,
subjects who had less-severe disease at baseline (FVC > 70%
predicted) had decidedly smaller (and nonsignificant) treatment-
related differences (0.55% higher FVC % predicted in the CYC
group at 12 mo; P 5 0.82; 2.67% higher FVC % predicted in the
CYC group at 18 mo; P 5 0.35). By 24 months, the outcome
differences between the CYC and placebo arms had decreased
substantially and were no longer significant, regardless of the
baseline FVC % predicted (1.96% difference in FVC % pre-
dicted in the more severe group; P 5 0.49; 1.11% difference in
the less severe group; P 5 0.66).

Figure 2. Time course from 6 to 24 months of
mean values (6SE) for FVC % predicted (A) and
TLC % predicted (B) of participants in the placebo
and cyclophosphamide (CYC) treatment groups
determined from a longitudinal model that ad-
justed for baseline % predicted values, maximal
high-resolution computed tomography–scored
fibrosis, and nonignorable missing data (29). For
this and subsequent figures, numbers of patients
in each treatment group at each visit are shown,
along with the P values for the between-treat-
ment differences obtained from Huber’s robust
regression analysis with multiple imputation (30).
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しかしPOCY終了24か⽉時点で、
PBOと有意差はなくなった
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Scleroderma Lung Study (SLS) Ⅱ
Lancet Respir Med 2016;4:708-19

P：レイノー現象以外の症状が出現して7年以内のlc-/dc-SSc-ILD
I ：MMF 1500 mg 1⽇2回を24か⽉
C：POCY 2 mg/kgを12か⽉→PBOを12か⽉
O：24か⽉までの予測FVCの変化
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 Mycophenolate mofetil versus oral cyclophosphamide in 
scleroderma-related interstitial lung disease (SLS II): 
a randomised controlled, double-blind, parallel group trial
Donald P Tashkin, Michael D Roth, Philip J Clements, Daniel E Furst, Dinesh Khanna, Eric C Kleerup, Jonathan Goldin, Edgar Arriola, 
Elizabeth R Volkmann, Suzanne Kafaja, Richard Silver, Virginia Steen, Charlie Strange, Robert Wise, Fredrick Wigley, Maureen Mayes, David J Riley, 
Sabiha Hussain, Shervin Assassi, Vivien M Hsu, Bela Patel, Kristine Phillips, Fernando Martinez, Je! rey Golden, M Kari Connolly, John Varga, 
Jane Dematte, Monique E Hinchcli! , Aryeh Fischer, Je! rey Swigris, Richard Meehan, Arthur Theodore, Robert Simms, Suncica Volkov, 
Dean E Schraufnagel, Mary Beth Scholand, Tracy Frech, Jerry A Molitor, Kristin Highland, Charles A Read, Marvin J Fritzler, Grace Hyun J Kim, 
Chi-Hong Tseng, Robert M Elasho! , for the Sclerodema Lung Study II Investigators*

Summary
Background 12 months of oral cyclophosphamide has been shown to alter the progression of scleroderma-related 
interstitial lung disease when compared with placebo. However, toxicity was a concern and without continued 
treatment the e!  cacy disappeared by 24 months. We hypothesised that a 2 year course of mycophenolate mofetil 
would be safer, better tolerated, and produce longer lasting improvements than cyclophosphamide.

Methods This randomised, double-blind, parallel group trial enrolled patients from 14 US medical centres with 
scleroderma-related interstitial lung disease meeting defi ned dyspnoea, pulmonary function, and high-resolution CT 
(HRCT) criteria. The data coordinating centre at the University of California, Los Angeles (UCLA, CA, USA), 
randomly assigned patients using a double-blind, double-dummy, centre-blocked design to receive either 
mycophenolate mofetil (target dose 1500 mg twice daily) for 24 months or oral cyclophosphamide (target dose 
2·0 mg/kg per day) for 12 months followed by placebo for 12 months. Drugs were given in matching 250 mg gel 
capsules. The primary endpoint, change in forced vital capacity as a percentage of the predicted normal value (FVC %) 
over the course of 24 months, was assessed in a modifi ed intention-to-treat analysis using an inferential joint model 
combining a mixed-e" ects model for longitudinal outcomes and a survival model to handle non-ignorable missing 
data. The study was registered with ClinicalTrials.gov, number NCT00883129.

Findings Between Sept 28, 2009, and Jan 14, 2013, 142 patients were randomly assigned to either mycophenolate 
mofetil (n=69) or cyclophosphamide (n=73). 126 patients (mycophenolate mofetil [n=63] and cyclophosphamide 
[n=63]) with acceptable baseline HRCT studies and at least one outcome measure were included in the primary 
analysis. The adjusted % predicted FVC improved from baseline to 24 months by 2·19 in the mycophenolate 
mofetil group (95% CI 0·53–3·84) and 2·88 in the cyclophosphamide group (1·19–4·58). The course of the % FVC 
did not di" er signifi cantly between the two treatment groups based on the prespecifi ed primary analysis using a 
joint model (p=0·24), indicating that the trial was negative for the primary endpoint. However, in a post-hoc analysis 
of the primary endpoint, the within-treatment change from baseline to 24 months derived from the joint model 
showed that the % FVC improved signifi cantly in both the mycophenolate mofetil and cyclophosphamide groups. 
16 (11%) patients died (fi ve [7%] mycophenolate mofetil and 11 [15%] cyclophosphamide), with most due to 
progressive interstitial lung disease. Leucopenia (30 patients vs four patients) and thrombocytopenia (four vs zero) 
occurred more often in patients given cyclophosphamide than mycophenolate mofetil. Fewer patients on 
mycophenolate mofetil than on cyclophosphamide prematurely withdrew from study drug (20 vs 32) or met 
prespecifi ed criteria for treatment failure (zero vs two). The time to stopping treatment was shorter in the 
cyclophosphamide group (p=0·019). 

Interpretation Treatment of scleroderma-related interstitial lung disease with mycophenolate mofetil for 2 years or 
cyclophosphamide for 1 year both resulted in signifi cant improvements in prespecifi ed measures of lung function 
over the 2 year course of the study. Although mycophenolate mofetil was better tolerated and associated with less 
toxicity, the hypothesis that it would have greater e!  cacy at 24 months than cyclophosphamide was not confi rmed. 
These fi ndings support the potential clinical e" ectiveness of both cyclophosphamide and mycophenolate mofetil 
for progressive scleroderma-related interstitial lung disease, and the present preference for mycophenolate mofetil 
because of its better tolerability and toxicity profi le.

Funding National Heart, Lung and Blood Institute, National Institutes of Health; with drug supply provided by 
Ho" mann-La Roche and Genentech.
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represented participants who had stopped drug treatment 
prematurely but returned for the 24 month outcome 
measurement. Stratifying the frequency distribution of 
outcomes by duration on the study protocol (fi gure 3B) 
confi rmed that of participants who completed the entire 
treatment period, 37 (76%) of 49 patients in the MMF 
group and 29 (81%) of 36 patients in the cyclophosphamide 
group had an overall improvement in their FVC, whereas 
of participants who prematurely withdrew from treatment 
but returned for the 24 month outcome, three (75%) of 
four patients in the MMF group versus ten (67%) of 
15 patients in the cyclophosphamide group had an overall 
worsening in their FVC (fi gure 3C). The time course of 
observed changes in FVC from baseline to 24 months, 
without modelling, appears in the appendix (p 13). These 
curves suggest an earlier increase in FVC at 6–9 months in 
participants receiving MMF compared with those given 
cyclophosphamide, but with both treatment groups 
eventually producing a similar overall maximum response. 

Applying the primary analysis approach (ie, the 
longitudinal joint model), no signifi cant between-
treatment di! erences were identifi ed for the course of 
mRSS (patients with di! use or limited cutaneous systemic 
sclerosis combined; fi gure 4; table 2) or TDI (table 2) over 
the 24 months of the study. However, as with the primary 
outcome, in post-hoc analyses the joint model identifi ed 
improvements from baseline to 24 months in each 
individual group for both the mRSS (MMF [–4·90, 95% CI 
–6·4 to –3·4] vs cyclophosphamide [–5·35, –6·9 to –3·8]) 
and the TDI (MMF [1·77, 0·75–2·79] vs cyclophosphamide 
[2·16, 1·14–3·18]; table 2). Additionally, in secondary 
analyses, the frequency distribution of individual patient 
responses showed that most participants improved 
(fi gure 4; appendix pp 21,22). Values for the mRSS 
decreased (ie, patient improved) in 38 (72%) of 53 patients 
on MMF and 39 (74%) of 53 patients on cyclophosphamide, 
and in most (26 [69%] of 38 in MMF vs 22 [56%] of 39 in 
cyclophosphamide), the improvements were 5 units or 
more. TDI values increased (ie, patient improved) by at 
least 1 unit in 19 (48%) of 40 participants on MMF and 
23 (59%) of 39 participants on cyclophosphamide, with 
16 (84%; MMF) and 18 (78%; cyclophosphamide) of these 
improvements being by 3 units or more (appendix p 22). 
As such, in most cases the improvements in skin and 
dyspnoea exceeded what are deemed minimum clinically 
important changes.22,23 By contrast, DLCO and the 
DLCO:alveolar volume ratio did not change in the MMF 
group (except for a decrease in the DLCO:alveolar volume 
ratio at 24 months) or decreased (worsened) at most 
timepoints in the cyclophosphamide group (table 2; 
appendix pp 14–15, 23–24).

Treatment with MMF or cyclophosphamide was not 
associated with a change in the HRCT-measured 
quantitative lung fi brosis scores in the lobe of most 
involvement or in the whole lung, and we did not identify 
a di! erence between the two treatment groups (table 2, 
appendix p 25). The same was true for the HRCT 

quantitative interstitial lung disease score in the lobe of 
maximum involvement. However, quantitative interstitial 
lung disease score in the whole lung was reduced 
(improved) to a small degree in the MMF (–2·51, 95% CI 
–4·9 to –0·15) and cyclophosphamide (–2·78, 
–5·17 to –0·40) groups.

The predominant causes of protocol-defi ned adverse 
events were anaemia and leucopenia (table 3); leucopenia 
occurred in signifi cantly more patients in the 
cyclophosphamide group than the MMF group (30 vs 
four patients; p<0·05). Thrombocytopenia, although 
infrequent, occurred exclusively in the cyclophosphamide 
group (four vs zero patients; p<0·05). We found no 
di! erence in the frequency of anaemia or pneumonia 
between treatment groups (appendix p 16). Serious 
adverse events occurred slightly more frequently in the 
MMF group than the cyclophosphamide group (n=42 vs 
36), whereas numerically more serious adverse events in 
the cyclophosphamide group (n=8), as compared with the 
MMF group (n=3), were deemed by the morbidity and 
mortality committee to be related to the study drug. 

Figure !: Primary endpoint
Primary outcome assessment: the course of % predicted forced vital capacity (FVC) 
from 3 months to 24 months by treatment group based on the joint model. The 
horizontal dotted line represents the mean baseline % predicted FVC for both 
treatment groups based on the joint model (baseline values did not di! er between 
the two treatments). The vertical lines represent 95% CIs. Of the 142 randomly 
assigned participants, 126 (cyclophosphamide [n=63]; mycophenolate mofetil 
[n=63]) were included in the primary analysis. The 16 randomly assigned 
participants excluded from the analysis did not have outcome assessments at 
3 months or later or baseline high-resolution CT (HRCT) scans that were suitable 
for quantitative assessment of the extent of lung fi brosis (a covariate in the joint 
model). Two participants assigned to mycophenolate mofetil and three assigned to 
cyclophosphamide, who did not have a 3 month visit, had assessments at 6 month 
or later visits and were therefore included in the analysis. Three participants 
assigned to mycophenolate mofetil and two assigned to cyclophosphamide, who 
had a 3 month visit, did not have a baseline HRCT scan that was suitable for 
quantitative assessment of the extent of fi brosis and were therefore excluded from 
the analysis. The baseline FVC % was derived from the pooled baseline values for 
the two treatments, so the trajectories of the FVC % start at 3–24 months.
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BACKGROUND
Interstitial lung disease (ILD) is a common manifestation of systemic sclerosis and a 
leading cause of systemic sclerosis–related death. Nintedanib, a tyrosine kinase inhibitor, 
has been shown to have antifibrotic and antiinflammatory effects in preclinical models 
of systemic sclerosis and ILD.
METHODS
We conducted a randomized, double-blind, placebo-controlled trial to investigate the effi-
cacy and safety of nintedanib in patients with ILD associated with systemic sclerosis. Patients 
who had systemic sclerosis with an onset of the first non-Raynaud’s symptom within the 
past 7 years and a high-resolution computed tomographic scan that showed fibrosis affect-
ing at least 10% of the lungs were randomly assigned, in a 1:1 ratio, to receive 150 mg of 
nintedanib, administered orally twice daily, or placebo. The primary end point was the an-
nual rate of decline in forced vital capacity (FVC), assessed over a 52-week period. Key sec-
ondary end points were absolute changes from baseline in the modified Rodnan skin score 
and in the total score on the St. George’s Respiratory Questionnaire (SGRQ) at week 52.
RESULTS
A total of 576 patients received at least one dose of nintedanib or placebo; 51.9% had 
diffuse cutaneous systemic sclerosis, and 48.4% were receiving mycophenolate at base-
line. In the primary end-point analysis, the adjusted annual rate of change in FVC was 
!52.4 ml per year in the nintedanib group and !93.3 ml per year in the placebo group 
(difference, 41.0 ml per year; 95% confidence interval [CI], 2.9 to 79.0; P = 0.04). Sensitiv-
ity analyses based on multiple imputation for missing data yielded P values for the pri-
mary end point ranging from 0.06 to 0.10. The change from baseline in the modified 
Rodnan skin score and the total score on the SGRQ at week 52 did not differ signifi-
cantly between the trial groups, with differences of !0.21 (95% CI, !0.94 to 0.53; P = 0.58) 
and 1.69 (95% CI, !0.73 to 4.12 [not adjusted for multiple comparisons]), respectively. 
Diarrhea, the most common adverse event, was reported in 75.7% of the patients in the 
nintedanib group and in 31.6% of those in the placebo group.
CONCLUSIONS
Among patients with ILD associated with systemic sclerosis, the annual rate of decline 
in FVC was lower with nintedanib than with placebo; no clinical benefit of nintedanib 
was observed for other manifestations of systemic sclerosis. The adverse-event profile 
of nintedanib observed in this trial was similar to that observed in patients with idio-
pathic pulmonary fibrosis; gastrointestinal adverse events, including diarrhea, were 
more common with nintedanib than with placebo. (Funded by Boehringer Ingelheim; 
SENSCIS ClinicalTrials.gov number, NCT02597933.)
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Nintedanib for Interstitial Lung Disease

 Key Secondary End Points
The adjusted mean absolute change from base-
line in modified Rodnan skin score at week 52 
was !2.17 in the nintedanib group and !1.96 in 
the placebo group (difference, !0.21; 95% CI; 
!0.94 to 0.53). The adjusted mean absolute 

change from baseline in total score on the SGRQ 
at week 52 was 0.81 in the nintedanib group and 
!0.88 in the placebo group (difference, 1.69; 
95% CI, !0.73 to 4.12). Prespecified subgroup 
analyses showed that the results for the key sec-
ondary end points did not differ significantly 

Figure!2.!Decline!in!Forced!Vital!Capacity.

Panel A shows the between-group adjusted difference in the annual rate of decline in forced vital capacity (FVC) over 52 weeks. I bars 
indicate the standard error. Panel B shows box and whisker plots of the adjusted annual rates of decline in FVC over 52 weeks (based on 
rates calculated from the primary model for each patient) in the nintedanib group and the placebo group. Q1 denotes the first quartile, 
and Q3 the third quartile. The whiskers are drawn from the box to the most extreme point that is less than or equal to 1.5 times the in-
terquartile range. The means differ slightly from the mean adjusted rates by treatment group estimated from the primary model shown 
in Panel A because of differences in covariate adjustment and handling of missing data. Panel C shows the observed change from base-
line over time in FVC. I bars indicate the standard error.
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52週までのFVC年間減少率は
ニンテダニブ群で有意に低かった
(MMF併⽤群でもPBOよりも減少率が低い傾向にあるが、有意差検定なし)
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Panel A shows the between-group adjusted difference in the annual rate of decline in forced vital capacity (FVC) over 52 weeks. I bars 
indicate the standard error. Panel B shows box and whisker plots of the adjusted annual rates of decline in FVC over 52 weeks (based on 
rates calculated from the primary model for each patient) in the nintedanib group and the placebo group. Q1 denotes the first quartile, 
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ニンテダニブ (オフェブ®)
•⾎⼩板由来増殖因⼦受容体 (PDGFR) αおよびβ、線維芽細胞増
殖因⼦受容体 (FGFR) 1, 2, 3、⾎管内⽪増殖因⼦受容体 (VEGFR)
1, 2, 3を標的とする、低分⼦チロシンキナーゼ阻害剤。

•保険適⽤量 150mg 1⽇2回 (状態に応じ100mg 1⽇2回に減量)

•薬価 6676.4円/150mg、4450.8円/100mg
(ちなみにオルミエント 4mg錠は5274.9円)



⽬的

SENSCIS試験に組み⼊れられた患者のうち、

MMF併⽤者におけるニンテダニブの有効性と

安全性を検討する



試験デザインと⽅法

•国際的プラセボ対照⼆重盲検ランダム化⽐較試験 (32か国)

•ニンテダニブ 150 mg 1⽇2回とプラセボを1:1で割り付け

•ベーリンガーからの資⾦提供あり
(研究デザイン、データ収集・解析・評価などにも参加)



患者
適格基準：
• ACR/EULAR分類基準に基づいて診断され、
レイノー現象以外の症状が出現してから7年以内の
18歳以上の強⽪症患者。
•スクリーニングの12か⽉以内にHRCTで診断され、

肺野の10%以上を占めるILDを有する。
• PFTで予測FVC≧40%かつ予測DLCO 30-89%
•MMFやMTX使⽤中の場合、ランダム化前の6か⽉間は

安定した⽤量で継続している。



患者
除外基準：
•ランダム化前の2週間以内にPSL＞10mg/⽇の使⽤あり。
•ランダム化前の6か⽉以内にAZA, HCQ, コルヒチン, 

ペニシラミン, SASPの使⽤あり。
•ランダム化前の6か⽉以内にCY, RTX, TCZ, ABT, LEF,

Tac, CyA, JAKi, アミノ安息⾹酸カリウムの使⽤あり。
• PAHがある。



アウトカム
•プライマリーエンドポイント

52週までのFVC年間減少率

•キーとなるセカンダリーエンドポイント
52週時点でのmRSSのベースラインからの絶対値の変化
52週時点でのSGRQ total score (50項⽬の⾃⼰記⼊の質問紙法)



結果
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repeated measures approach. The analyses included 
fixed categorical e!ects of anti-topoisomerase I antibody 
status (positive, negative), visit, and treatment-by-
subgroup-by-visit interaction, and fixed continuous e!ect 
of baseline by visit. We used a least squares mean 
estimate statement, with appropriate contrasts, to do an 
F test of heterogeneity between the subgroups. Thus, the 
interaction p value was an indicator of the potential 
heterogeneity in the treatment e!ect of nintedanib 
versus placebo between the sub groups. In the analysis of 

categorical changes in FVC (% predicted or mL) at week 
52, data from participants with missing values at week 52 
were imputed using a worst-value-carried-forward ap-
proach; we assumed that missing FVC data at week 52 
were missing at random because most patients (42 of 78) 
who had missing FVC data at week 52 had non-missing 
FVC data until week 36 or after week 52. Statistical 
analyses of other endpoints are described in the appendix 
(p 6). We present the adverse events by subgroup using 
descriptive statistics.

We used SAS (version 9.4) for all analyses. SENSCIS 
is registered with ClinicalTrials.gov, NCT02597933. 

Role of the funding source
The funder participated in the study design, data 
collection, data analysis, data interpretation, and the 
writing of the report. The corresponding author had full 
access to all data in the study and had final responsibility 
for the decision to submit for publication.

Results
Between Nov 30, 2015, and Oct 31, 2017, 819 patients were 
screened and 580 were randomly assigned to either 
nintedanib (290) or placebo (290). 576 patients received at 
least one dose of nintedanib (288) or placebo (288; figure 1). 
At baseline, 139 (48%) participants in the nintedanib group 
and 140 (49%) in the placebo group were taking 
mycophenolate (268 [47%] mycophenolate mofetil, 11 [2%] 
mycophenolate sodium). The median dose of myco pheno-
late used at baseline was 2000 mg (minimum 500, 
maximum 2600) in the nintedanib group, and 2000 mg 
(minimum 200, maximum 4000) in the placebo group 
(more information on myco phenolate use is in the 
appendix [p 7]). Mean age and sex distributions were 
similar across subgroups (table 1). The proportion of 
participants with di!use cutaneous systemic sclerosis was 
higher among those who were taking mycophenolate at 
baseline than in those not taking mycophenolate at 
baseline. Also, mean mRSS was higher and mean FVC % 
predicted was lower in those taking mycophenolate at 
baseline than in those not taking mycophenolate at 
baseline (table 1). Of the participants who were taking 
mycophenolate at baseline, 131 (94%) of 139 in the 
nintedanib group and 136 (97%) of 140 in the placebo 
group were still taking mycophenolate at week 52. Only 
11 (4%) of 297 participants (five in the nintedanib group 
and six in the placebo group) who were not taking 
mycophenolate at baseline started mycophenolate during 
the 52 weeks of trial treatment. 20 (7%) patients in the 
group that did not take mycophenolate at baseline started 
therapies that were restricted at randomisation during the 
52 weeks of trial treatment. A post-baseline FVC 
measurement was not available for one patient, so for 
relevant analyses only 138 participants in this group are 
included.

In both subgroups by mycophenolate use, a smaller 
proportion of participants randomly assigned to the 

Patients taking mycophenolate at 
baseline 

Patients not taking mycophenolate 
at baseline 

Nintedanib 
(n=139)

Placebo 
(n=140)

Nintedanib 
(n=149)

Placebo 
(n=148)

Sex 

Female 102 (73%) 101 (72%) 119 (80%) 111 (75%)

Male 37 (27%) 39 (28%) 30 (20%) 37 (25%)

Age, years 52·6 (12·0) 51·5 (11·9) 56·5 (11·3) 55·1 (13·0)

Body-mass index, kg/m! 26·9 (5·0) 26·2 (5·5) 25·1 (4·5) 25·4 (4·8)

Race*

White 112 (81%) 108 (77%) 89 (60%) 78 (53%)

Asian 9 (6%) 19 (14%) 53 (36%) 62 (42%)

Black or African-
American

14 (10%) 9 (6%) 6 (4%) 7 (5%)

American Indian, Alaska 
Native, Native Hawaiian, 
or other Pacific Islander  

3 (2%) 2 (1%) 0 1 (1%)

Region

Europe 64 (46%) 58 (41%) 76 (51%) 68 (46%)

USA and Canada 57 (41%) 57 (41%) 12 (8%) 16 (11%)

Asia 7 (5%) 12 (9%) 52 (35%) 59 (40%)

Rest of world 11 (8%) 13 (9%) 9 (6%) 5 (3%)

Di"use cutaneous SSc 79 (57%) 74 (53%) 74 (50%) 72 (49%)

Years since onset of first 
non-Raynaud’s symptom

3·4 (0·9–6·9) 3·5 (1·0–7·0) 3·4 (0·3–7·1) 3·3 (0·4–7·2)

Extent of fibrotic ILD on 
high-resolution CT, %

37·9 (22·4) 35·8 (20·9) 35·8 (21·2) 34·7 (20·6)

FVC

mL 2496 (724) 2581 (813) 2423 (748) 2503 (819)

% predicted 70·4 (15·6) 71·1 (16·5) 74·2 (17·7) 74·2 (16·6)

Di"using capacity of the 
lung for carbon monoxide, 
% predicted†

50·8 (13·7) 52·6 (14·6) 54·8 (16·1) 53·8 (15·5)

Anti-topoisomerase I 
antibody positive 

88 (63%) 84 (60%) 89 (60%) 89 (60%)

mRSS 12·5 (9·4) 11·3 (8·3) 10·3 (8·9) 10·5 (9·2)

SGRQ total score 43·9 (20·3) 41·1 (19·8) 38·0 (19·7) 37·8 (21·9)

C-reactive protein, mg/L‡ 4·9 (5·9) 8·5 (25·3) 6·8 (15·3) 5·2 (7·7)

Platelets, 10–# per L§ 277 (79) 283 (77) 267 (77) 260 (73)

Data are n (%), mean (SD), or median (minimum–maximum). FVC=forced vital capacity. ILD=interstitial lung disease. 
mRSS=modified Rodnan skin score. SENSCIS=Safety and E$cacy of Nintedanib in Systemic Sclerosis. SGRQ=St George’s 
Respiratory Questionnaire. SSc=systemic sclerosis. *Data from patients who selected one race; four patients ticked more 
than one box. †Corrected for haemoglobin. ‡Upper limit of normal reference range: 4·99 mg/L. §Reference range 
130–400 % 10–# per L.

Table !: Baseline characteristics of patients in the SENSCIS trial in subgroups by use of mycophenolate at 
baseline

ベースラインの特徴

ニンテダニブ群 139名
PBO群 140名

⽩⼈ 80%前後
アジア⼈ 10%前後

MMF内服量
中央値 2,000 mg
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nintedanib group completed 52 weeks of treatment 
(115 [83%] of those taking mycophenolate, 117 [79%] of 
those not taking mycophenolate) than did those assigned 
to the placebo group (130 [93%] of those taking 

mycophenolate and 127 [86%] of those not taking 
mycophenolate). Mean exposure to trial medication over 
52 weeks was slightly lower among participants in the 
nintedanib group who were (10·7 months [SD 3·3]) and 

Figure !: Annual rate of 
decline in FVC (mL per year) 
over 52 weeks (A), observed 
change from baseline in FVC 
(mL) over 52 weeks (B), and 
proportion of participants 
who had improvement in 
FVC, stable FVC, and 
worsening of FVC between 
baseline and week 52 
(post-hoc analysis; C), in 
subgroups by use of 
mycophenolate at baseline
In part A, random coe!cient 
regression model including 
anti-topoisomerase I antibody 
status, age, height, sex, and 
baseline FVC (mL) as 
covariates and terms for 
treatment-by-subgroup and 
treatment-by-subgroup-by-
time interaction. p value for 
treatment-by-time-by-
subgroup interaction 
was 0·45. 138 of 139 
participants in the nintedanib 
group who were taking 
mycophenolate at baseline 
were analysed; a post-baseline 
FVC measurement was not 
available for one patient. In 
panel C, analysable population 
was 138 in the nintedanib 
group taking mycophenolate 
at baseline and 149 not taking 
mycophenolate at baseline, 
and 140 in the placebo group 
taking mycophenolate at 
baseline and 148 not taking 
mycophenolate at baseline. 
Patients with improvement in 
FVC: p=0·011 for treatment-
by-subgroup interaction; 
patients with worsening of 
FVC: p=0·62 for treatment-by-
subgroup interaction. 
FVC=forced vital capacity.
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were not taking mycophenolate at baseline (10·3 months 
[3·6]) than among those in the placebo group 
(11·6 months [2·0] and 11·1 months [2·7]).

Compared with placebo, nintedanib was associated 
with a reduced annual rate of decline in FVC in both 
the subgroup of patients taking mycophenolate at 
baseline and the subgroup not taking mycophenolate 
at baseline (figure 2, table 2). In both subgroups by 
mycophenolate use, the curves of change from baseline 
in FVC in the nintedanib and placebo groups started to 
separate by week 12 and continued to diverge 
until week 52 (figure 2). The treatment e!ect of 
nintedanib on the annual rate of FVC decline was 
numerically greater in participants who were not taking 
mycophenolate at baseline (di!erence: 55·4 mL per year 
[95% CI 2·3 to 108·5]) than in those who were taking 
mycophenolate (26·3 mL per year [–27·9 to 80·6]; 
table 2), corresponding to a relative reduction of 46% 
in the non-mycophenolate group and 40% in the myco-
phenolate group compared with placebo. Statistical 
testing did not indicate heterogeneity in the treatment 
e!ect of nintedanib between the subgroups by 

mycophenolate use (p=0·45 for treatment-by-time-by-
subgroup interaction). The treatment e!ect in both 
subgroups was in the range of the treatment e!ect in 
the overall population (di!erence 41·0 mL per year 
[95% CI 2·9 to 79·0]; p=0·04).15

In the overall population, no significant di!erence was 
seen between nintedanib and placebo for change 
from baseline in mRSS (di!erence –0·21 [95% CI 
–0·94 to 0·53]) or SGRQ total score (1·69 [–0·73 to 4·12]) 
at week 52.15 In our subgroup analyses, statistical testing 
did not indicate heterogeneity in the e!ect of nintedanib 
versus placebo in change in mRSS or SGRQ total score 
between subgroups by use of mycophenolate at baseline 
(table 2).

Absolute decrease in FVC of more than 5% predicted 
was seen in 21 (15%) of 138 participants in the 
nintedanib group and 36 (26%) of 140 participants in 
the placebo group who were taking mycophenolate at 
baseline, and in 38 (26%) of 149 in the nintedanib group 
and 46 (31%) of 148 in the placebo group not taking 
mycophenolate at baseline. Absolute decrease in FVC 
of more than 10% predicted was seen in four (3%) 

Patients taking mycophenolate at baseline Patients not taking mycophenolate at baseline p value for 
interaction

Nintedanib 
(n=139) 

Placebo 
(n=140)

Di!erence Odds ratio Nintedanib 
(n=149)

Placebo 
(n=148)

Di!erence Odds ratio

Primary endpoint

Adjusted annual rate of decline in FVC 
over 52 weeks, mL per year

–40·2 (19·8) –66·5 (19·3) 26·3 
(–27·9 to 80·6)

·· –63·9 (19·3) –119·3 (19·0) 55·4 
(2·3 to 108·5)

·· 0·45*†

Key secondary endpoints

Adjusted absolute change from 
baseline in mRSS at week 52

–2·4 (0·4) –2·5 (0·4) 0·04 
(–1·01 to 1·09)

·· –1·9 (0·4) –1·5 (0·4) –0·44 
(–1·47 to 0·58)

·· 0·52‡

Adjusted absolute change from baseline 
in SGRQ total score at week 52

0·7 (1·3) –0·9 (1·2) 1·6 
(–1·9 to 5·0)

·· 0·9 (1·2) –0·9 (1·2) 1·8 
(–1·6 to 5·2)

·· 0·92‡

Other secondary lung function endpoints

Adjusted change from baseline in FVC 
at week 52, mL

–42·2 (20·0) –78·6 (19·4) 36·43 
(–18·3 to 91·2)

·· –66·4 (19·4) –122·7 (19·1) 56·3 
(2·8 to 109·7)

·· 0·61‡

Annual rate of decline in FVC % 
predicted 

–0·9 (0·6) –1·7 (0·5) 0·8 
(–0·7 to 2·3)

·· –1·9 (0·5) –3·4 (0·5) 1·5 
(0·1 to 3·0)

·· 0·49†

Patients with an absolute decrease 
from baseline in FVC of >5% predicted 
at week 52 

21/138 (15%) 36/140 (26%) ·· 0·52 
(0·29 to 0·95)

38/149 (26%) 46/148 (31%) ·· 0·76  
(0·46 to 1·26)

0·35§

Patients with an absolute decrease 
from baseline in FVC of >10% 
predicted at week 52

4/138 (3%) 7/140 (5%) ·· 0·57 
(0·16 to 1·98)

16/149 (11%) 17/148 (12%) ·· 0·93  
(0·45 to 1·91)

0·50§

Patients with a relative decrease from 
baseline in FVC (mL) of >5% at week 52

39/138 (28%) 57/140 (41%) ·· 0·58 
(0·35 to 0·95)

56/149 (38%) 68/148 (46%) ·· 0·71  
(0·45 to 1·13)

0·55§

Patients with a relative decrease from 
baseline in FVC (mL) of >10% at week 52

14/138 (10%) 21/140 (15%) ·· 0·64 
(0·31 to 1·32)

34/149 (23%) 31/148 (21%) ·· 1·12  
(0·64 to 1·94)

0·23§

Data are mean (SE), n/N (%), di!erence (95% CI), or odds ratio (95% CI). Changes from baseline are adjusted means (SE) based on the statistical models. FVC endpoints were analysed in 138 participants in the 
nintedanib group (a post-baseline FVC measurement was not available for one patient) and 140 participants in the placebo group who were taking mycophenolate at baseline and 149 in the nintedanib group 
and 148 in the placebo group who were not taking mycophenolate at baseline, except for the absolute change from baseline in FVC in mL, which was analysed in 139 patients in the nintedanib group who 
were taking mycophenolate at baseline. mRSS was analysed in 139 patients in the nintedanib and placebo groups who were taking mycophenolate at baseline and 149 in the nintedanib group and 147 in the 
placebo group who were not taking mycophenolate at baseline. SGRQ total score was analysed in 137 patients in the nintedanib group and 138 in the placebo group who were taking mycophenolate at 
baseline, and 145 patients in both groups who were not taking mycophenolate at baseline. FVC=forced vital capacity. mRSS=modified Rodnan skin score. SGRQ=St George’s Respiratory Questionnaire. 
*Di!erence in treatment e!ect between patients who were taking and not taking mycophenolate use at baseline: 29·1 mL (95% CI –46·8 to 105·0). †Treatment-by-time-by-subgroup interaction. 
‡Treatment-by-visit-by-subgroup interaction. §Treatment-by-subgroup interaction.

Table !: Outcomes in subgroups by use of mycophenolate at baseline
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were not taking mycophenolate at baseline (10·3 months 
[3·6]) than among those in the placebo group 
(11·6 months [2·0] and 11·1 months [2·7]).

Compared with placebo, nintedanib was associated 
with a reduced annual rate of decline in FVC in both 
the subgroup of patients taking mycophenolate at 
baseline and the subgroup not taking mycophenolate 
at baseline (figure 2, table 2). In both subgroups by 
mycophenolate use, the curves of change from baseline 
in FVC in the nintedanib and placebo groups started to 
separate by week 12 and continued to diverge 
until week 52 (figure 2). The treatment e!ect of 
nintedanib on the annual rate of FVC decline was 
numerically greater in participants who were not taking 
mycophenolate at baseline (di!erence: 55·4 mL per year 
[95% CI 2·3 to 108·5]) than in those who were taking 
mycophenolate (26·3 mL per year [–27·9 to 80·6]; 
table 2), corresponding to a relative reduction of 46% 
in the non-mycophenolate group and 40% in the myco-
phenolate group compared with placebo. Statistical 
testing did not indicate heterogeneity in the treatment 
e!ect of nintedanib between the subgroups by 

mycophenolate use (p=0·45 for treatment-by-time-by-
subgroup interaction). The treatment e!ect in both 
subgroups was in the range of the treatment e!ect in 
the overall population (di!erence 41·0 mL per year 
[95% CI 2·9 to 79·0]; p=0·04).15

In the overall population, no significant di!erence was 
seen between nintedanib and placebo for change 
from baseline in mRSS (di!erence –0·21 [95% CI 
–0·94 to 0·53]) or SGRQ total score (1·69 [–0·73 to 4·12]) 
at week 52.15 In our subgroup analyses, statistical testing 
did not indicate heterogeneity in the e!ect of nintedanib 
versus placebo in change in mRSS or SGRQ total score 
between subgroups by use of mycophenolate at baseline 
(table 2).

Absolute decrease in FVC of more than 5% predicted 
was seen in 21 (15%) of 138 participants in the 
nintedanib group and 36 (26%) of 140 participants in 
the placebo group who were taking mycophenolate at 
baseline, and in 38 (26%) of 149 in the nintedanib group 
and 46 (31%) of 148 in the placebo group not taking 
mycophenolate at baseline. Absolute decrease in FVC 
of more than 10% predicted was seen in four (3%) 

Patients taking mycophenolate at baseline Patients not taking mycophenolate at baseline p value for 
interaction

Nintedanib 
(n=139) 

Placebo 
(n=140)

Di!erence Odds ratio Nintedanib 
(n=149)

Placebo 
(n=148)

Di!erence Odds ratio

Primary endpoint

Adjusted annual rate of decline in FVC 
over 52 weeks, mL per year

–40·2 (19·8) –66·5 (19·3) 26·3 
(–27·9 to 80·6)

·· –63·9 (19·3) –119·3 (19·0) 55·4 
(2·3 to 108·5)

·· 0·45*†

Key secondary endpoints

Adjusted absolute change from 
baseline in mRSS at week 52

–2·4 (0·4) –2·5 (0·4) 0·04 
(–1·01 to 1·09)

·· –1·9 (0·4) –1·5 (0·4) –0·44 
(–1·47 to 0·58)

·· 0·52‡

Adjusted absolute change from baseline 
in SGRQ total score at week 52

0·7 (1·3) –0·9 (1·2) 1·6 
(–1·9 to 5·0)

·· 0·9 (1·2) –0·9 (1·2) 1·8 
(–1·6 to 5·2)

·· 0·92‡

Other secondary lung function endpoints

Adjusted change from baseline in FVC 
at week 52, mL

–42·2 (20·0) –78·6 (19·4) 36·43 
(–18·3 to 91·2)

·· –66·4 (19·4) –122·7 (19·1) 56·3 
(2·8 to 109·7)

·· 0·61‡

Annual rate of decline in FVC % 
predicted 

–0·9 (0·6) –1·7 (0·5) 0·8 
(–0·7 to 2·3)

·· –1·9 (0·5) –3·4 (0·5) 1·5 
(0·1 to 3·0)

·· 0·49†

Patients with an absolute decrease 
from baseline in FVC of >5% predicted 
at week 52 

21/138 (15%) 36/140 (26%) ·· 0·52 
(0·29 to 0·95)

38/149 (26%) 46/148 (31%) ·· 0·76  
(0·46 to 1·26)

0·35§

Patients with an absolute decrease 
from baseline in FVC of >10% 
predicted at week 52

4/138 (3%) 7/140 (5%) ·· 0·57 
(0·16 to 1·98)

16/149 (11%) 17/148 (12%) ·· 0·93  
(0·45 to 1·91)

0·50§

Patients with a relative decrease from 
baseline in FVC (mL) of >5% at week 52

39/138 (28%) 57/140 (41%) ·· 0·58 
(0·35 to 0·95)

56/149 (38%) 68/148 (46%) ·· 0·71  
(0·45 to 1·13)

0·55§

Patients with a relative decrease from 
baseline in FVC (mL) of >10% at week 52

14/138 (10%) 21/140 (15%) ·· 0·64 
(0·31 to 1·32)

34/149 (23%) 31/148 (21%) ·· 1·12  
(0·64 to 1·94)

0·23§

Data are mean (SE), n/N (%), di!erence (95% CI), or odds ratio (95% CI). Changes from baseline are adjusted means (SE) based on the statistical models. FVC endpoints were analysed in 138 participants in the 
nintedanib group (a post-baseline FVC measurement was not available for one patient) and 140 participants in the placebo group who were taking mycophenolate at baseline and 149 in the nintedanib group 
and 148 in the placebo group who were not taking mycophenolate at baseline, except for the absolute change from baseline in FVC in mL, which was analysed in 139 patients in the nintedanib group who 
were taking mycophenolate at baseline. mRSS was analysed in 139 patients in the nintedanib and placebo groups who were taking mycophenolate at baseline and 149 in the nintedanib group and 147 in the 
placebo group who were not taking mycophenolate at baseline. SGRQ total score was analysed in 137 patients in the nintedanib group and 138 in the placebo group who were taking mycophenolate at 
baseline, and 145 patients in both groups who were not taking mycophenolate at baseline. FVC=forced vital capacity. mRSS=modified Rodnan skin score. SGRQ=St George’s Respiratory Questionnaire. 
*Di!erence in treatment e!ect between patients who were taking and not taking mycophenolate use at baseline: 29·1 mL (95% CI –46·8 to 105·0). †Treatment-by-time-by-subgroup interaction. 
‡Treatment-by-visit-by-subgroup interaction. §Treatment-by-subgroup interaction.

Table !: Outcomes in subgroups by use of mycophenolate at baseline
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participants in the nintedanib group and seven (5%) in 
the placebo group taking mycophenolate at baseline, 
and in 16 (11%) participants in the nintedanib group and 
17 (11%) in the placebo group not taking mycophenolate 
at baseline (table 2). Post-hoc analyses of annual rate of 
decline in % predicted FVC and absolute change from 
baseline in FVC (mL) at week 52 in subgroups by 
mycophenolate use at baseline are shown in table 2.

In our post-hoc analyses, the proportion of patients 
with an absolute increase in FVC of at least 3·0% 
predicted at week 52 was similar between participants in 
the nintedanib and placebo groups taking mycophenolate 
at baseline (29 [21%] of 138 vs 29 [21%] of 140; odds ratio 
[OR] 1·01 [95% CI 0·57–1·81]) but greater with nintedanib 
than placebo in those not taking mycophenolate 
at baseline (37 [25%] of 149 vs 14 [10%] of 148; 3·17 
[1·63–6·16]; figure 2). The proportion of patients with an 
absolute decrease in FVC of at least 3·3% predicted was 
lower with nintedanib than with placebo in those taking 
mycophenolate at baseline (40 [29%] of 138 vs 56 [40%] of 
140; 0·61 [0·37–1·01]) and not taking mycophenolate at 
baseline (59 [40%] of 149 vs 70 [47%] of 148; 0·73 
[0·46–1·16]; figure 2). The proportion of patients with 
stable FVC at week 52 was greater with nintedanib than 
with placebo in those taking mycophenolate at baseline 
(69 [50%] of 138 vs 55 [39%] of 140; OR 1·54 [95% CI 
0·96–2·49]) but similar between nintedanib and placebo 
groups in those not taking mycophenolate at baseline 
(53 [36%] of 149 vs 64 [43%] of 148; OR 0·72 [0·45–1·16]; 
figure 2).

The adverse event profile of nintedanib was generally 
similar in the subgroups by mycophenolate use (table 3). 
Adverse events that led to discontinuation of treatment 
occurred in 15 (11%) of 139 participants in the nintedanib 
group and nine (6%) of 140 in the placebo group 
who were taking mycophenolate at baseline, and in 
31 (21%) of 149 in the nintedanib group and 16 (11%) of 
148 in the placebo group who were not mycophenolate at 
baseline. The most frequent adverse event reported was 
diarrhoea. In the nintedanib group, diarrhoea led to 
treatment discontinuation in seven (5%) patients 
who were taking mycophenolate at baseline and 
13 (9%) patients who were not taking mycophenolate at 
baseline; and in the placebo group, diarrhoea led to 
treatment discontinuation in one (1%) patient who was 
taking mycophenolate at baseline and in no patients 
who were not taking mycophenolate at baseline. 
Serious diarrhoea adverse events were reported for 
two (1%) patients in the nintedanib group and one (1%) 
patient in the placebo group who were taking 
mycophenolate at baseline, and no patients in the 
ninedanib group and one (1%) patient in the placebo 
group who were not taking mycophenolate at baseline. 
Of the 106 participants in the nintedanib group who were 
taking mycophenolate at baseline and had at least one 
diarrhoea adverse event, 73 (69%) had one or two events, 
ten (9%) had three events, and 23 (22%) had four or more 

events. 97 (92%) of these 106 patients had diarrhoea 
events that were at worst of mild or moderate intensity, 
32 (30%) had events that led to permanent dose 
reduction, and seven (7%) had events that led to treatment 
discontinuation. Of the 112 patients in the nintedanib 
group who were not taking mycophenolate at baseline 
and had at least one diarrhoea adverse event, 80 (71%) 
had one or two events, 14 (13%) had three events, and 
18 (16%) had four or more events. 109 (97%) of these 
112 patients had diarrhoea events that were at worst of 
mild or moderate intensity, 25 (22%) had events that led 
to permanent dose reduction, and 13 (12%) had events 
that led to treatment discontinuation.

Abdominal pain was reported in 14 (10%) participants 
in the nintedanib group and six (4%) in the placebo 
group who were taking mycophenolate at baseline, and 
in 19 (13%) in the nintedanib group and 15 (10%) in the 
placebo group who were not taking mycophenolate at 
baseline (table 3). A decrease in weight was recorded 
in ten (7%) participants in the nintedanib group and 
four (3%) in the placebo group who were taking 
mycophenolate at baseline, and in 24 (16%) in the 
nintedanib group and eight (5%) in the placebo group 
who were not taking mycophenolate at baseline. The 
proportions of participants with upper respiratory tract 
infection, fatigue, cough, and headache were higher 

Patients taking 
mycophenolate at baseline

Patients not taking 
mycophenolate at baseline 

Nintedanib 
(n=139)

Placebo 
(n=140) 

Nintedanib 
(n=149)

Placebo 
(n=148)

Any adverse event* 136 (98%) 135 (96%) 147 (99%) 141 (95%)

Most frequent adverse events†

Diarrhoea 106 (76%) 48 (34%) 112 (75%) 43 (29%)

Nausea 43 (31%) 23 (16%) 48 (32%) 16 (11%)

Skin ulcer 22 (16%) 23 (16%) 31 (21%) 27 (18%) 

Vomiting 32 (23%) 17 (12%) 39 (26%) 13 (9%)

Cough 20 (14%) 33 (24%) 14 (9%) 19 (13%)

Nasopharyngitis 10 (7%) 22 (16%) 26 (17%) 27 (18%)

Upper respiratory tract infection 19 (14%) 25 (18%) 14 (9%) 10 (7%)

Abdominal pain 14 (10%) 6 (4%) 19 (13%) 15 (10%)

Fatigue 19 (14%) 14 (10%) 12 (8%) 6 (4%)

Headache 16 (12%) 15 (11%) 11 (7%) 9 (6%)

Urinary tract infection 16 (12%) 11 (8%) 8 (5%) 12 (8%)

Weight decreased 10 (7%) 4 (3%) 24 (16%) 8 (5%)

Decreased appetite 14 (10%) 10 (7%) 13 (9%) 2 (1%)

Severe adverse event 28 (20%) 18 (13%) 24 (16%) 18 (12%)

Serious adverse event 36 (26%) 22 (16%) 33 (22%) 40 (27%)

Fatal adverse event 3 (2%) 2 (1%) 2 (1%) 2 (1%)

Adverse event leading to treatment 
discontinuation

15 (11%) 9 (6%) 31 (21%) 16 (11%)

Data are n (%) of patients with at least one such adverse event. *Adverse events reported over 52 weeks (or until 
28 days after last study drug intake for patients who discontinued study drug before week 52). †Adverse events that 
were reported in >10% of participants in any of these subgroups are shown.

Table !: Adverse events in subgroups by use of mycophenolate at baseline

下痢が最多(差はない)

上気道感染症、倦怠感、
咳、頭痛：
MMF内服群＞⾮内服群
(ただしニンテダニブ群と
PBO群では差はなし)



ディスカッション
• MMFは、ランダム化前の6か⽉間は内服継続されており、

潜在的にMMF反応性がある患者が選ばれている可能性がある。

• 研究組み⼊れ前にどの程度の期間MMFを使⽤し、どの程度の
⽤量だったか、FVCの継時的変化が不明である。

• 本研究は、サブグループ解析に対しては、検出⼒不⾜である。
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Introduction
Systemic sclerosis is an autoimmune disease with 
heterogeneous organ manifestations.1 Interstitial lung 
disease is a common manifestation and the leading 
cause of death in patients with systemic sclerosis.2,3 
A decline in forced vital capacity (FVC) is a predictor of 
mortality in patients with systemic sclerosis-associated 
interstitial lung disease (SSc-ILD).4,5 The mainstay of 
treatment for systemic sclerosis is immunosuppression. 
Based on the results of retrospective cohort studies6 and 
the Scleroderma Lung Study II (SLS II),7 which showed 
that treatment with oral mycophenolate for 2 years was 
associated with similar changes in FVC, with better 
tolerability, compared with oral cyclophosphamide for 
1 year followed by placebo for 1 year, mycophenolate has 
become the preferred treatment for SSc-ILD in most 
countries.8,9 However, only one small (n=42) placebo-
controlled trial of mycophenolate in patients with 
SSc-ILD has been done to date.10

Nintedanib is an intracellular inhibitor of tyrosine 
kinases that has shown antifibrotic, anti-inflammatory, 
and vascular remodelling e!ects in preclinical models of 
systemic sclerosis and interstitial lung disease.11–14 
Nintedanib is an approved treatment for idiopathic 
pulmonary fibrosis and SSc-ILD in many countries. In 
the phase 3 Safety and E"cacy of Nintedanib in Systemic 
Sclerosis (SENSCIS) trial, in patients with SSc-ILD, oral 
nintedanib 150 mg twice daily reduced the progression of 
interstitial lung disease, as shown by a reduction in the 
rate of decrease in FVC over 52 weeks, with an adverse 

event profile that was manageable for most patients and 
similar to that observed in patients with idiopathic 
pulmonary fibrosis, but with no significant benefit on 
skin fibrosis assessed with the modified Rodnan skin 
score (mRSS) or health-related quality of life measured 
using the St George’s Respiratory Questionnaire 
(SGRQ).15,16 Approxi mately half of the patients in the 
SENSCIS trial were taking a stable dose of mycophenolate 
at baseline, and the combination of nintedanib and 
mycophenolate is likely to be considered as a treatment 
option for patients with SSc-ILD. We analysed the 
e"cacy and safety of nintedanib in subgroups of patients 
by the use of mycophenolate at baseline.

Methods
Study design and participants
The SENSCIS trial was a randomised, double-blind, 
placebo-controlled, parallel-group, phase 3 trial that was 
run in academic medical centres, hospitals, and private 
practices in 32 countries.15 Eligibility criteria for the 
SENSCIS trial have been published elsewhere,15,17 and the 
trial protocol and statistical analysis plan are publicly 
available.15 Briefly, eligible patients had to be aged 18 years 
or older and have systemic sclerosis according to 
American College of Rheumatology–European League 
Against Rheumatism  classification criteria1 with onset of 
first non-Raynaud’s symptom less than 7 years before 
screening. Interstitial lung disease was identified on the 
basis of a high-resolution CT scan done within 12 months 
before screening (appendix p 5). Patients also needed to 

Research in context 

Evidence before this study
We searched PubMed for papers published in English between 
Jan 1, 1990, and Sept 1, 2019, using the search terms “systemic 
sclerosis” AND “nintedanib”. Aside from the Safety and E!cacy 
of Nintedanib in Systemic Sclerosis  (SENSCIS) trial, we found 
no studies that investigated the e!cacy of nintedanib in 
patients with systemic sclerosis. In the SENSCIS trial, nintedanib 
reduced the annual rate of decline in FVC (mL per year) in 
patients with systemic sclerosis-associated interstitial lung 
disease (SSc-ILD) by 44% versus placebo. Approximately half of 
the participants in this trial had been on stable therapy with 
mycophenolate for at least 6 months before randomisation. 
The e!cacy and safety of concomitant use of nintedanib and 
mycophenolate in patients with SSc-ILD had not been 
established. 

Added value of this study
To our knowledge, in this subgroup analysis of the SENSCIS 
trial, we analysed the largest cohort of patients with SSc-ILD 
taking mycophenolate at baseline in a clinical trial to date. 
We did not detect heterogeneity in the e"ect of nintedanib 
versus placebo on the annual rate of decline in FVC between 
subgroups defined by mycophenolate use at baseline, which 

suggests that nintedanib provided benefits on decreases in FVC 
both in patients who were taking mycophenolate at baseline 
and in those who were not. In both of these 
subgroups, a smaller proportion of patients treated with 
nintedanib versus placebo had a decrease in FVC of at least 
3·3% predicted, which has been estimated to be the minimum 
clinically important di"erence for worsening of FVC in patients 
with SSc-ILD. We found that the adverse event profile of 
nintedanib was similar between subgroups by mycophenolate 
use at baseline and was manageable for most patients. 
Treatment discontinuations due to adverse events over 
52 weeks were not more common in patients treated with 
nintedanib and who were on mycophenolate at baseline than 
in patients treated with nintedanib alone. 

Implications of all the available evidence
Given the frequent use of mycophenolate in patients with 
SSc-ILD, these data provide important information on the 
potential concomitant use of nintedanib and mycophenolate in 
patients with SSc-ILD. More data are needed on the benefits of 
initial combination therapy versus a sequential approach to 
treatment of SSc-ILD.
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