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ABSTRACT
Objectives Recent advances in systemic sclerosis 
(SSc) show that it involves a T- helper type-2- oriented 
immune response with interleukin (IL)-4 and IL-13. 
Romilkimab is an engineered, humanised, bispecific 
immunoglobulin- G4 antibody that binds and neutralises 
IL-4/IL-13 making it ideal for exploration in fibrosis.
Methods Patients aged ≥18 years diagnosed with 
diffuse cutaneous SSc (dcSSc), and with or without 
immunosuppressive background therapy, were 
randomised (1:1) to subcutaneous romilkimab 200 mg or 
placebo one time per week for 24 weeks in this double- 
blind, proof- of- concept, phase II study. The primary 
endpoint was change in modified Rodnan skin score 
(mRSS) from baseline to week 24.
Results Ninety- seven patients were randomised to 
romilkimab (n=48) or placebo (n=49) for 24 weeks. 
Least- squares mean (SE) change in mRSS was –4.76 
(0.86) for romilkimab versus –2.45 (0.85) for placebo 
yielding a mean (SE) (90% CI) difference of –2.31 (1.21) 
(–4.32 to –0.31; p=0.0291, one- sided). Treatment- 
emergent AEs were balanced between placebo (n=41; 
84%) and romilkimab (n=40; 80%). Most were mild- to- 
moderate and discontinuations were low (three overall). 
There were two deaths (one scleroderma renal crisis 
(romilkimab) and one cardiomyopathy (placebo)), neither 
were considered treatment related. Two patients in the 
placebo group had a cardiovascular treatment- emergent 
SAE (one cardiac failure, one cardiomyopathy), but there 
were no cardiac safety signals with romilkimab.
Conclusion This study demonstrated significant 
effects on skin changes with romilkimab in early dcSSc 
that require confirmation with a longer and more 
comprehensive phase III study to determine clinical 
relevance.
Trial registration number NCT02921971.

INTRODUCTION
Systemic sclerosis (SSc) is characterised by immune 
dysregulation and microvascular obliteration in 
skin and internal organs.1 2 Overall prognosis 
remains poor, and diffuse cutaneous SSc (dcSSc) 
has a 10- year mortality rate of ~20%.3 4 Treatment 
choice is still debated. Nintedanib can reduce decline 
in forced vital capacity (FVC) in patients with SSc 
and lung fibrosis, and high- intensity regimens with 

autologous stem cell transplantation can favourably 
modify disease course in some patients.5–7

However, recent advances have shown that SSc 
involves a T- helper type-2 (TH2)- oriented immune 
response with key roles for interleukin (IL)-4 and 
IL-13.1 8 9 This profibrotic activity of TH2 cytokines 
is associated with increased periostin, a matricel-
lular protein important in fibrogenesis.10 11 Further-
more, administration of anti- IL-4 and anti- IL-13 
antibodies prevents the development of dermal 
fibrosis in animal models.2 8 This pathway, there-
fore, represents an exciting new avenue for fibrosis 
treatment.

Key messages

What is already known about this subject?
 ► Systemic sclerosis (SSc) is an orphan disease 
with no current treatments that can prevent 
disease progression.

 ► There is strong evidence from clinical studies 
and animal models that interleukin (IL)-4 and 
IL-13 are involved in the pathology of SSc, but 
no therapies directed against these cytokines 
have been developed for the treatment of this 
disease.

What does this study add?
 ► Romilkimab is a novel humanised bispecific 
immunoglobulin- G4 antibody that binds and 
neutralises both IL-4 and IL-13.

 ► Results from this phase II proof- of- concept 
study showed that romilkimab achieved the 
primary endpoint (ie, a statistically significant 
reduction in modified Rodnan skin score at 
week 24) compared with placebo.

 ► Romilkimab was well tolerated compared with 
placebo with no cardiac safety signals.

How might this impact on clinical practice or 
future developments?

 ► This is the first study to highlight the potential 
of romilkimab in patients with diffuse 
cutaneous SSc (dcSSc), and its use warrants 
further investigation.

 ► The study also provides further validation of the 
role that IL-4 and IL-13 may play in dcSSc.
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Romilkimab (SAR156597) is an engineered humanised 
IgG4 antibody that binds and neutralises IL-4 and IL-13.12 13 
Romilkimab reduced thymus and activation- regulated chemo-
kine (TARC or chemokine (C- C motif) ligand 17) in patients 
with idiopathic pulmonary fibrosis (IPF); TARC is directly 
induced by IL-4 and IL-13 receptor activation, and a key serum 
marker used to assess target engagement.12 14 15 Romilkimab was 
well tolerated in healthy subjects who received single subcuta-
neous doses ranging from 10 to 300 mg. The safety profile was 
generally comparable between placebo, romilkimab 200 mg 
one time per week and once every 2 weeks in patients with IPF 
although serious adverse events (SAEs) were more common in 
the one time per week group (see online supplemental table S1 
for safety outcomes).12 Romilkimab is a promising option given 
the pathology of SSc described.

This 24- week, proof- of- concept study evaluated the efficacy 
and safety of romilkimab versus placebo in early dcSSc.

METHODS
Design
This was a multinational, randomised, double- blind, placebo- 
controlled, proof- of- concept study that investigated romilkimab 
in patients with dcSSc. The study was conducted in 51 centres 
(39 randomised at least one patient) in 13 countries (Argen-
tina, Belgium, Estonia, France, Germany, Italy, Mexico, 
Poland, Romania, Russian Federation, Ukraine, UK, USA). First 
patient was randomised on 21 December 2016 and last patient 
completed on 1 April 2019.

Patients were randomised (1:1) to receive romilkimab 200 mg one 
time per week subcutaneously or placebo one time per week subcu-
taneously. The study consisted of 4 weeks of screening, 24 weeks 
of treatment and 11 weeks of follow- up with no treatment (see 
online supplemental figure S1 for schedule). There was one protocol 
amendment (online supplemental table S3) driven by the imbalance 
of serious IPF and cardiac events between groups in the romilkimab 
study in IPF (online supplemental table S1).12 This amendment was 
endorsed by the independent Data Monitoring Committee (DMC). 
All patients provided written informed consent prior to participation.

Participants
Patients were eligible if they were aged ≥18 years and were 
classified as having SSc,16 with the diffuse subtype as defined 
by LeRoy et al17 criteria. Patients could enrol on stable back-
ground immunosuppressive therapies defined as: cyclophos-
phamide ≤1 mg/kg oral/day or ≤750 mg intravenously/month; 
azathioprine ≤100 mg/day; methotrexate ≤15 mg/week, and 
mycophenolate mofetil ≤2 g/day with or without low- dose corti-
costeroids (≤10 mg/day of oral prednisone or equivalent). See 
online supplemental file for exclusion criteria.

Randomisation, masking and treatment
Eligible patients were randomised to treatment via a centralised 
randomisation system using interactive response technology. 
Patients, investigators and study centre personnel (except those 
who reconstituted romilkimab and prepared syringes for injec-
tion) were blinded to treatment (online supplemental file).

Efficacy endpoints
Primary efficacy endpoint was change from baseline to week 24 
in modified Rodnan skin score (mRSS; a validated measure of 
skin thickening18).

Secondary efficacy endpoints included change from baseline 
to week 24 in the Health Assessment Questionnaire- Disability 

Index (HAQ- DI), a measure of physical/functional disability, 
assessed using the Scleroderma Health Assessment Questionnaire 
(SHAQ)19–21 and observed FVC/observed diffusing lung capacity 
for carbon monoxide (DLCO; corrected for haemoglobin).

Exploratory efficacy endpoints included change from baseline 
to week 24 in the Visual Analogue Scale (VAS) for overall disease 
severity, pain severity, gastrointestinal function, breathing func-
tion, vascular function and digital ulcer impact on activity 
(assessed via SHAQ); University of California Los Angeles 
Scleroderma Clinical Trial Consortium Gastrointestinal Tract 
2.0 total score22; tender joint count 28; digital ulcer count; and 
the European Quality of Life-5 Dimension-5 Level (EQ- 5D- 5L) 
index.23 Composite response index in diffuse cutaneous systemic 
sclerosis (CRISS) was measured at week 24 as defined in Khanna 
et al.24 Other exploratory endpoints included patients (%) 
with improvement in mRSS of at least 20%, 40% and 60% 
from baseline to week 24, mean change in mRSS in predefined 
subgroups (ie, more severe skin involvement at baseline (mRSS 
≥15), disease duration <20 and ≥20 months, use of background 
medication (methotrexate, mycophenolate mofetil, azathioprine 
or cyclophosphamide), and medical history of SSc- interstitial 
lung disease (ILD) from baseline to week 24) and biomarkers of 
disease activity and the IL-4 and IL-13 pathway from baseline 
to week 24.

Post hoc analyses were undertaken to determine time to 
progression (ie, first event defined as death, relative change of 
at least 10% in % predicted FVC or at least 15% in % predicted 
DLCO (corrected for haemoglobin), increase of at least 20% or 
+5 in mRSS, or other defined Step 1 CRISS events not covered 
above), and patients with minimally important difference (MID) 
on mRSS calculated using the patients (%) that achieved an 
improvement in mRSS of 3.2 points at week 24. This MID 
estimate was based on a published study in SSc that used this 
threshold to illustrate clinically improved patients (effect size 
0.40) at week 24.25

Safety endpoints
An independent DMC was responsible for reviewing safety data. 
Safety assessments consisted of recording adverse events (AEs), 
clinical laboratory evaluations, physical examinations, vital signs 
and ECGs. AEs were coded using Medical Dictionary for Regu-
latory Activities V.22.0. Potential for immunogenicity measured 
via antidrug antibody (ADA) response was also assessed.

Pharmacokinetics, immunogenicity and biomarker endpoints
Protein biomarkers associated with disease activity (cartilage 
oligomeric matrix protein, chemokine C- C motif ligand 2) and 
the IL-4/IL-13 pathway (TARC, periostin and eotaxin-3) were 
measured. Plasma samples tested for romilkimab were analysed 
by Bertin Pharma (Saclay, France). ADA testing was performed 
using a validated bridging qualitative ELISA with electrochemi-
luminescence detection (DSAR OC, Montpellier, France).

Statistical analyses
It was estimated that 94 patients (47 in each treatment group) 
would yield 80% power to detect a difference between 
romilkimab and placebo of 3.6 in the mean change from baseline 
in mRSS at 24 weeks, assuming an SD of 7 and using a one- sided 
alpha of 5% (type I error) to maximise the power needed to 
detect a positive signal with the limited sample size. This esti-
mate was based on published studies.25 26

Efficacy endpoints were evaluated in the intent- to- treat popu-
lation, defined as all randomised patients. Safety was reported in 
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all randomised patients who received at least one dose or part 
dose of study treatment (safety population). Anti- romilkimab 
antibody analysis was performed in the safety population with 
at least one baseline and post- dose antibody sample. Efficacy 
endpoints were analysed using a mixed- effect model with 
repeated measures (MMRM) approach. Missing data were 
accounted for by the MMRM, which relied on the missing- at- 
random assumption. The model included interactions for fixed 
treatment effect, randomisation strata, timepoint and fixed base-
line mRSS. The model provided baseline- adjusted least square 
(LS) means, SE and 95% CI. CRISS outcomes were compared 

between groups using van Elteren’s test stratified by randomis-
ation strata.

Post hoc time to progression analysis was performed using 
a Cox model with mRSS at baseline, randomisation strata and 
treatment groups as explanatory variables. Post hoc analyses 
used two- sided tests. Romilkimab concentrations at selected 
timepoints after the last dose were reported using descriptive 
statistics. Pharmacokinetic parameters were estimated using the 
population pharmacokinetic approach at the lowest drug concen-
tration before the next dose was administered (Ctrough). Analyses 
for safety and immunogenicity endpoints were descriptive.

Table 1 Patient demographic and clinical characteristics at baseline

Placebo
QW
(n=49)

Romilkimab
200 mg QW
(n=48)

All patients
(N=97)

Age (years)

  Mean (SD) 47.2 (12.1) 52.3 (10.8) 49.7 (11.7)

  Median (range) 45.0 (27–72) 53.0 (20–78) 51.0 (20–78)

Sex, n (%)

  Male 11 (22) 9 (19) 20 (21)

  Female 38 (78) 39 (81) 77 (79)

Race, n (%)

  American Indian or Alaska Native 0 1 (2) 1 (1)

  Asian 1 (2) 0 1 (1)

  Black or African American 2 (4) 2 (4) 4 (4)

  Native Hawaiian or other Pacific Islander 1 (2) 0 1 (1)

  White 45 (92) 45 (94) 90 (93)

Ethnicity, n (%)

  Hispanic or Latino 12 (25) 10 (21) 22 (23)

  Not Hispanic or Latino 37 (76) 38 (79) 75 (77)

BMI (kg/m2)

  Mean (SD) 24.9 (5.3) 24.3 (4.4) 24.6 (4.9)

  Median (range) 23.2 (18–41) 24.4 (16–33) 23.9 (16–41)

Weight (kg)

  Mean (SD) 68.1 (18.0) 67.1 (15.3) 67.6 (16.6)

  Median (range) 61.5 (46–118) 64.5 (36–105) 62.4 (36–118)

Disease duration from the time of first non- Raynaud’s phenomenon manifestation (months)

  Mean (SD) 21.8 (10.7) 19.3 (9.2) 20.6 (10.0)

  Median (range) 25.4 (5–36) 19.4 (6–36) 20.0 (5–36)

Baseline mRSS

  Mean (SD) 20.6 (7.0) 20.5 (6.1) 20.6 (6.5)

  Median (range) 18.0 (10–35) 19.5 (11–35) 19.0 (10–35)

Baseline FVC (% predicted)

  Mean (SD) 89.5 (15.8) 96.1 (17.4) 92.8 (16.9)

  Median (range) 91.9 (48–127) 97.3 (54–127) 93.0 (48–127)

Baseline DLCO (% haemoglobin corrected)

  Mean (SD) 66.5 (14.6) 72.4 (14.2) 69.4 (14.7)

  Median (range) 67.3 (38–102) 72.7 (39–102) 70.0 (38–102)

Medical history of SSc- ILD, n (%)

  Yes 18 (37) 18 (38) 36 (37)

  No 31 (63) 30 (63) 61 (63)

Background medication of interest, n (%)

  Methotrexate 21 (43) 12 (25) 33 (34)

  Mycophenolate mofetil 7 (14) 10 (21) 17 (18)

  Azathioprine 1 (2) 4 (8) 5 (5)

Demographic and baseline characteristics were comparable between groups based on descriptive analysis.
BMI, body mass index; DLCO, diffusing lung capacity for carbon monoxide; FVC, forced vital capacity; ILD, interstitial lung disease; mRSS, modified Rodnan skin score; QW, one 
time per week; SSc, systemic sclerosis.
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Statistical analyses were performed using SAS (SAS Institute).

Patient involvement
Patients provided written informed consent at screening and 
attended scheduled clinic visits. Patients provided feedback 
regarding their condition throughout the study via the patient- 
reported outcome questionnaires.

RESULTS
Participants
A total of 143 patients were screened, and 97 were randomised 
to treatment with romilkimab (n=48) or placebo (n=49). The 
main reason for screening failure in 46 patients was abnormal 
QuantiFERON- TB Gold results.

Eighty- seven (90%) randomised patients completed the 
24- week treatment period and 10 (10%) patients permanently 
discontinued study treatment due to lack of efficacy (four, 4%), 
AEs (three, 3%) or other reasons (three, 3%) (online supple-
mental figure S2). Baseline demographic and clinical charac-
teristics were generally comparable between treatment groups 
(table 1). Critical or major protocol deviations were reported 
in 9 (19%) patients from the romilkimab group and 19 (39%) 
patients from the placebo group. The higher rate of deviations 
in the placebo group was mainly related to randomisation proce-
dures as shown in online supplemental table S4.

Primary efficacy endpoint
Romilkimab resulted in a statistically significant decrease in mRSS 
from baseline to week 24 versus placebo; the LS mean (SE) change 
was –4.76 (0.86) versus –2.45 (0.85), yielding a mean (SE) difference 
(90% CI) of –2.31 (1.21) (–4.32 to –0.31; p=0.0291, one- sided) 
(figure 1A). The observed mean (SD) mRSS at week 24 was 15.43 
(7.12) for romilkimab (n=47) and 18.25 (8.62) for placebo (n=48).

Secondary efficacy endpoints
The LS mean (SE) change in FVC was –10 (40) mL for romilkimab 
versus –80 (40) mL for placebo at week 24 resulting in a non- 
significant mean (SE) difference (95% CI) of 70 (60) mL (–40 to 
190; p=0.10) favouring romilkimab (figure 2A). The LS mean (SE) 
change for DLCO (haemoglobin corrected) was –0.12 (0.10) with 
romilkimab versus –0.27 (0.10) with placebo at week 24 yielding a 
non- significant difference of 0.15 (0.14) (–0.12 to 0.42; p=0.14) 
(figure 2B). The mean HAQ- DI score decreased slightly (ie, 
improved) in both groups (figure 2C). The LS mean (SE) change 
was –0.09 (0.08) for romilkimab versus –0.12 (0.08) for placebo 
at week 24; the LS mean (SE) difference (95% CI) was 0.03 (0.11) 
(–0.19 to 0.24; p=0.40).

Exploratory efficacy endpoints
Romilkimab resulted in a statistically significant improvement in 
the EQ- 5D- 5L index compared with placebo; the LS mean (SE) 

Figure 1 Mean change from baseline to week 24 in (A) mRSS 
(primary endpoint), (B) mRSS in more symptomatic patients at baseline 
(mRSS ≥15) and (C) mRSS responder rates (20%, 40% and 60% 
improvements in mRSS) in the ITT population treated with romilkimab 
versus placebo. ITT, intent- to- treat; LS, least squares; mRSS, modified 
Rodnan skin score; QW, one time per week.

Figure 2 Mean change from baseline to week 24 in (A) FVC (mL), 
(B) DLCO and (C) HAQ- DI in the ITT population treated with romilkimab 
versus placebo. DLCO, diffusing lung capacity for carbon monoxide; 
FVC, forced vital capacity; HAQ- DI, Health Assessment Questionnaire- 
Disability Index; ITT, intent- to- treat; LS, least squares; QW, one time per 
week.
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change from baseline to week 24 was 0.07 (0.03) for romilkimab 
versus 0.00 (0.03) for placebo resulting in a mean (SE) difference 
(95% CI) of 0.07 (0.04) (–0.01 to 0.15; p=0.0363) (table 2). 
Additional exploratory efficacy endpoints are summarised in 
online supplemental table S5.

Prespecified subgroup analyses
The LS mean (SE) difference (95% CI) in mRSS was statistically 
significantly in favour of romilkimab versus placebo in patients 
with more severely affected skin (ie, baseline mRSS ≥15; –3.42 

(1.40) (–6.21 to –0.64; p=0.0083)) (figure 1B). Responder rate 
analysis indicated that 20%, 40% and 60% improvements in 
mRSS from baseline to week 24 was higher for romilkimab than 
placebo; the between- group difference for 40% improvement 
in mRSS was statistically significant (p=0.0194) (figure 1C). 
The LS mean difference in mRSS was numerically in favour of 
romilkimab versus placebo at week 24, regardless of the base-
line disease duration (<20 and ≥20 months), use of background 
therapy or medical history of SSc- ILD (online supplemental 
table S6).

Post hoc analyses
There was a trend of benefit for romilkimab in time to an event 
reflecting disease progression compared with placebo: 9 (19%) 
versus 15 (31%) (HR 0.47 (95% CI 0.20 to 1.11); p=0.09, 

Table 2 Mean change from baseline to week 24 in exploratory 
patient- reported outcomes in the ITT population treated with 
romilkimab versus placebo

Placebo
QW
(n=49)

Romilkimab
200 mg QW
(n=48)

SHAQ—VAS for overall disease severity

  Baseline mean (SD) 54.00 (27.62) 42.71 (30.95)

  LS mean (SE) change from 
baseline

–7.30 (3.12) (n=48) –12.72 (3.16) (n=47)

  LS mean (SE) difference 
(95% CI), p value

–5.42 (4.48) (–14.32 to 3.48), 0.11

SHAQ—VAS for pain severity

  Baseline mean (SD) 36.82 (26.72) 28.65 (28.28)

  LS mean (SE) change from 
baseline

1.18 (3.44) (n=48) –6.94 (3.46) (n=47)

  LS mean (SE) difference 
(95% CI), p value

–8.12 (4.91) (–17.87 to 1.63), 0.0507

SHAQ—VAS for gastrointestinal function

  Baseline mean (SD) 15.39 (22.25) 7.54 (17.84)

  LS mean (SE) change from 
baseline

5.40 (3.06) (n=48) 3.21 (3.08) (n=47)

  LS mean (SE) difference 
(95% CI), p value

–2.20 (4.38) (–10.90 to 6.51), 0.31

SHAQ—VAS for breathing function

  Baseline mean (SD) 18.80 (23.96) 10.38 (18.13)

  LS mean (SE) change from 
baseline

2.32 (2.63) (n=48) 0.14 (2.66) (n=47)

  LS mean (SE) difference 
(95% CI), p value

–2.18 (3.78) (–9.70 to 5.33), 0.28

SHAQ—VAS for vascular function (Raynaud’s phenomenon)

  Baseline mean (SD) 39.90 (28.82) 29.98 (32.07)

  LS mean (SE) change from 
baseline

–4.26 (3.24) (n=48) –8.46 (3.27) (n=47)

  LS mean (SE) difference 
(95% CI), p value

–4.20 (4.64) (–13.43 to 5.02), 0.18

SHAQ—VAS for digital ulcer impact on activity

  Baseline mean (SD) 23.44 (32.78) (n=48) 15.00 (29.25) (n=47)

  LS mean (SE) change from 
baseline

0.08 (3.38) (n=48) –6.10 (3.41) (n=46)

  LS mean (SE) difference 
(95% CI), p value

–6.18 (4.81) (–15.74 to 3.38), 0.10

EQ- 5D- 5L

  Baseline mean (SD) 0.58 (0.24) 0.64 (0.18)

  LS mean (SE) change from 
baseline

0.00 (0.03) (n=48) 0.07 (0.03) (n=47)

  LS mean (SE) difference 
(95% CI), p value

0.07 (0.04) (–0.01 to 0.15), 0.0363

Decline in SHAQ=improvement; increase in EQ- 5D- 5L=improvement.
EQ- 5D- 5L, European Quality of Life-5 Dimension-5 Level; ITT, intent- to- treat; LS, 
least squares; QW, one time per week; SHAQ, Scleroderma Health Assessment 
Questionnaire; VAS, Visual Analogue Scale.

Table 3 Summary of patients experiencing AEs over the 24- week 
study

Safety population, n (%)

Placebo
QW
(n=49)

Romilkimab
200 mg QW
(n=48)

Any TEAE 41 (84) 40 (80)

Any treatment- emergent SAE* 5 (10) 4 (8)

  Acute pyelonephritis 1 (2) 0

  Cardiac failure† 1 (2) 0

  Cardiomyopathy† 1 (2) 0

  Dyspnoea 1 (2) 0

  Intestinal pseudo- obstruction 1 (2) 0

  Abnormal echocardiogram 1 (2) 0

  Bacterial pneumonia 0 1 (2)

  Pneumonia 0 1 (2)

  Bronchiolitis 0 1 (2)

  Acute cholecystitis 0 1 (2)

  Scleroderma renal crisis 0 1 (2)

  Chest pain 0 1 (2)

TEAEs occurring in ≥5% of patients in either treatment group*

  Skin ulcer 15 (31) 8 (17)

  Nasopharyngitis 6 (12) 6 (13)

  Diarrhoea 4 (8) 7 (15)

  Upper respiratory tract infection 2 (4) 5 (10)

  Cystitis 2 (4) 3 (6)

  Pruritus 1 (2) 3 (6)

  Arthralgia 1 (2) 4 (8)

  Headache 1 (2) 4 (8)

  Oral herpes 1 (2) 5 (10)

  Pharyngitis 0 3 (6)

  Cough 0 5 (10)

  Gastro- oesophageal reflux disease 0 3 (6)

Any TEAE leading to permanent 
treatment discontinuation

1 (2) 2 (4)

  Cardiomyopathy 1 (2) 0

  Oesophageal stenosis 0 1 (2)

  Scleroderma renal crisis 0 1 (2)

Any TEAE leading to death‡ 1 (2) 1 (2)

  Scleroderma renal crisis 0 1 (2)

  Cardiomyopathy 1 (2) 0

*Preferred terms.
†These were two different patients.
‡No death event was considered treatment- related by the investigator.
AE, adverse event; QW, one time per week; SAE, serious adverse event; TEAE, 
treatment- emergent adverse event.
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two- sided), respectively (online supplemental figure S3 and table 
S7). Regarding skin thickness, we showed that a larger propor-
tion of patients achieved an MID threshold of 3.2 units on mRSS 
change from baseline in the romilkimab than placebo group 
(54% vs 43% (90% CI 0.82 to 3.28)), respectively.

Safety endpoints
Although the overall incidence of treatment- emergent AEs 
(TEAEs) was high (>80% in both groups, n=41 for placebo and 
n=40 for romilkimab), most were mild or moderate in intensity 
(n=19 (40%) mild, n=20 (42%) moderate and n=1 (2%) severe 
for romilkimab; and n=23 (47%) mild, n=14 (29%) moderate 
and n=4 (8%) severe for placebo), and the incidence of TEAEs 
leading to permanent treatment discontinuation was low (three 
overall) (table 3). There were two deaths (one scleroderma renal 
crisis on romilkimab and one cardiomyopathy on placebo), but 
neither were considered treatment related by the investigator. 
There were no clinically meaningful changes in laboratory 
parameters, vital signs or ECGs over the course of the study.

Pharmacokinetics, immunogenicity and biomarker endpoints
Pharmacokinetic analysis showed that steady state for 
romilkimab was reached by week 4. Arithmetic mean (SD) Ctrough 
was 38.23 (17.96) μg/mL at week 4 and 47.45 (30.23) μg/mL at 
week 24. Immunogenicity testing showed that three patients in 
the romilkimab group and zero in the placebo group developed 
positive ADAs by week 24; all were considered low titre (30). 
None were associated with TEAEs.

Romilkimab was associated with a statistically significant 
reduction in TARC versus placebo, indicating a positive effect 
on this pathway; the LS mean difference (95% CI) at week 24 
was –115.56 ng/L (–216.87 to –14.26; p=0.0258) (figure 3A). 
Periostin also showed a strong trend for greater decline with 
romilkimab versus placebo (figure 3B). Additional biomarkers 
were not significantly different between romilkimab and placebo 
(online supplemental table S8).

DISCUSSION
This is the first study to evaluate the efficacy and safety of 
romilkimab in patients with early dcSSc. Importantly, this phase 
II proof- of- concept study showed that romilkimab was asso-
ciated with a statistically significant reduction in skin fibrosis 
versus placebo. Predefined subgroup analysis indicated that the 
efficacy of romilkimab on mRSS extended to patients with the 
most severe disease at baseline (mRSS ≥15), and it was effective 
in patients at the earliest disease stages of less than 20 months.

Although MID estimates for mRSS are not available at week 24 
in other recently completed studies,27 28 a previous analysis from the 
D- penicillamine study suggested an estimate of 3.2 units at week 24.25 
Applying this estimate to our study resulted in a larger proportion of 
patients achieving MID with romilkimab versus placebo although 
not reaching statistical significance. Altogether, these data are consis-
tent with a meaningful benefit of romilkimab on skin involvement 
but should be interpreted with caution in a phase II study. Therefore, 
future studies should incorporate appropriate anchors to calculate 
the MID estimates at the 24- week period with background standard 
of care therapy.

Comparisons with other studies are favourable. FaSScinate was a 
phase II, 48- week study of tocilizumab in SSc.28 In this study, tocili-
zumab was associated with a numerically greater improvement in 
mRSS than placebo at 24 weeks; the LS mean change was ‒3.92 
versus ‒1.22 (p=0.09).28 In our study, there was a statistically 
significant change in patients that would have been eligible for faSS-
cinate (ie, those with higher baseline mRSS of ≥15). It is important 
to note, however, that background therapy was allowed in both 
groups in our study but was not allowed in faSScinate, and this 
may have contributed to the greater mRSS change in the placebo 
group. There was also indication of a possible additive effect of 
romilkimab in patients receiving background immunosuppressive 
therapy (56%; n=54/97) as shown by the change in mRSS at week 
24 compared with patients without background medication (‒5.81 
vs ‒3.64, respectively). Herein, there was an initial improvement 
of mRSS up to week 12 in both groups, followed by slight wors-
ening of mRSS up to week 24 in the placebo group, which may 
reflect the initial impact of background therapy. However, the 
study was not designed to examine prior medication use in detail. 
Nevertheless, allowing background immunosuppressant in a study 
looking primarily at skin outcomes was novel. Our compelling 
results together with those of the SENSCIS lung study5 should 
establish a new standard for SSc studies by allowing background 
immunosuppressants. Another randomised study (ASSET) showed 
that abatacept was associated with a numerically greater improve-
ment in adjusted mRSS (primary endpoint) than placebo at 12 
months (mean (SE): ‒6.24 (1.14) vs ‒4.49 (1.14); p=0.28), but 
this study failed to reach statistical significance.29 It is not possible 
to determine if different mechanism of action between agents 
accounted for the variable results, but it must be noted that the 
primary analyses in our study were based on prespecified one- sided 
compared with two- sided alpha testing in faSScinate and ASSET. 
Despite several recent studies of potential therapies not meeting the 
mRSS endpoint, skin score assessment remains clinically relevant, 

Figure 3 Mean change from baseline to week 24 for (A) TARC and (B) 
periostin in patients treated with romilkimab versus placebo. LS, least 
squares; QW, one time per week; TARC, thymus and activation- regulated 
chemokine.
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alongside organ- specific or patient- reported outcomes in defining 
clinical benefit in SSc studies. Future studies may use combined 
composite endpoints to more robustly evaluate efficacy in SSc.

In the current study, romilkimab had a non- significant but 
favourable effect on lung outcomes, which warrants further eval-
uation. The loss of 80 mL for FVC between baseline and week 24 
for patients treated with placebo supports previous findings that 
patients with early dcSSc may develop significant lung disease.30 
Additionally, this highlights an overlap between the immunopa-
thology of dcSSc and IPF, but there may be mechanistic differ-
ences between these two fibrotic conditions.

Safety results were generally similar to those previously 
reported for patients who received romilkimab for the treat-
ment of IPF.12 However, no serious or severe cardiac or respi-
ratory TEAEs were reported in this study for those treated with 
romilkimab. Oral herpes has been reported with other IL-4/
IL-13 blocking agents. Herein, oral herpes was more common 
in romilkimab- treated patients, but no herpes zoster or dissemi-
nated herpes infection was observed.

This study is limited by a relatively short treatment duration, 
which may not have permitted the detection of significant differ-
ences in other non- skin outcomes; however, this was consistent 
with previous phase II studies, and was chosen based on rapid 
response in skin outcomes, seen in other studies.28

In conclusion, this is the first study of romilkimab in patients 
with early dcSSc, and our findings provide strong justification 
for further studies. The impact on skin met the prespecified 
endpoint, which is the first time that this has been achieved in a 
phase II study in dcSSc.
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