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Abstract

Rationale: Tocilizumab, an anti-IL-6 receptor antibody, had no
statistically significant effect on skin sclerosis but preserved lung
function over 48 weeks in patients with early systemic sclerosis
(SSc)-associated interstitial lung disease (ILD) in a phase 3
randomized controlled trial.

Obijectives: Assess long-term safety and efficacy of tocilizumab.

Methods: Adults with diffuse cutaneous SSc for <60 months
and elevated acute-phase reactants, including those with ILD,
received weekly placebo or tocilizumab 162 mg subcutaneously in
the 48-week, double-blind period and then open-label
tocilizumab from Weeks 48 to 96 (placebo-tocilizumab;
continuous-tocilizumab).

Measurements and Main Results: Eighty-two of 107 patients
in the placebo-tocilizumab group and 85 of 105 patients in the
continuous-tocilizumab group completed 96 weeks. Mean age and
disease duration were 48 years and 23 months; high-resolution
computed tomography revealed ILD in 61%. Mean (95%

confidence interval [CI]) change in modified Rodnan skin score
from baseline to week 96 was —8.4 (—10.0 to —6.8) for placebo-
tocilizumab and —9.6 (—10.9 to —8.4) for continuous-
tocilizumab. Mean (95% CI) change in FVC (percent predicted)
from baseline to week 96 was —3.3 (—5.1 to —1.5) for placebo-
tocilizumab and —0.5 (—2.4 to 1.3) for continuous-tocilizumab
among completers and, in a post hoc analysis, —4.1 (—6.7 to
—1.6) and —0.6 (—3.1 to 2.0), respectively, among completers
with ILD (mean [95% CI] change from Weeks 48 to 96: 0.9 [—0.8
to 2.7] and —0.4 [—2.3 to 1.5], respectively). Rates per 100
patient-years of serious adverse events from Weeks 48 to 96 were
14.8 for placebo-tocilizumab and 15.8 for continuous-tocilizumab.

Conclusions: Tocilizumab preserved lung function, slowing
decline in FVC, in patients with SSc, including those with ILD.
Long-term safety was consistent with the known safety profile of
tocilizumab.

Clinical trial registered with www.clinicaltrials.gov (NCT02453256).
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At a Glance Commentary

Scientific Knowledge on the
Subject: In a randomized, double-
blind, placebo-controlled phase 3
trial of tocilizumab, an anti-IL-6
receptor antibody, in patients with
early systemic sclerosis, including
those with associated interstitial lung
disease, preservation of lung function
was observed with

tocilizumab treatment.

What This Study Adds to the
Field: This open-label extension of
the trial showed that preservation of
FVC observed with tocilizumab in
the double-blind period was
maintained during the open-label
period up to 96 weeks, suggesting
continued preservation of lung
function with long-term

tocilizumab treatment.

Systemic sclerosis (SSc) is a rare autoimmune
inflammatory disease characterized by
diffuse fibrosis and vascular abnormalities
that can affect the skin and can result in
pulmonary manifestations such as interstitial
lung disease (ILD) and impairment of
gastrointestinal, cardiac, and renal function
(1-4). With 10-year survival rates
approaching 66%, SSc has the highest
mortality rate of any rheumatic disease, and
lung manifestations are the most frequent
cause of SSc-related death (1, 5, 6).

Increased expression of the
proinflammatory cytokine IL-6 has been
reported in patients with SSc, particularly
those with early diffuse cutaneous skin
involvement (7, 8), suggesting that IL-6 plays
arole in SSc pathogenesis (9, 10).
Furthermore, IL-6 is a marker for disease
progression and clinical outcome in patients
with SSc, indicating that treatment targeted
at IL-6 signaling might be beneficial in SSc
(11). Serum IL-6 levels are associated with

SSc-ILD and predictive of decline in FVC
and mortality (11, 12). It is postulated that
early ILD is driven by immune-mediated
inflammatory pathways and that later disease
is driven by fibrotic pathways, with IL-6 a
key driver of progression (13, 14).
Tocilizumab is an anti-IL-6 receptor-o
antibody indicated for the treatment of
patients with rheumatoid arthritis, systemic
and polyarticular juvenile idiopathic arthritis,
and giant cell arteritis (15). In the phase 2
faSScinate trial, tocilizumab demonstrated
clinically relevant, though not statistically
significant, improvement in skin thickness
and FVC preservation (16, 17). In focuSSced,
the subsequent phase 3 randomized
controlled trial of tocilizumab in patients
with SSc, the primary endpoint of
improvement in modified Rodnan skin score
(mRSS) at Week 48 was not met, although
clinically relevant differences in FVC and
improvement in lung fibrosis measured by
high-resolution computed tomography
(HRCT) were observed, including in the
two-thirds of patients who had SSc-ILD at
baseline (18). We report the 96-week, long-
term safety and efficacy of tocilizumab in the
48-week, double-blind period and in the
48-week, open-label period of focuSSced.
Some of the results from this study have been
previously reported in the form of congress
abstracts (19-21) and a published article (22).

Methods

Study Design

focuSSced was a multicenter, randomized,
double-blind, placebo-controlled, two-arm,
parallel-group phase 3 study conducted in
Europe, North America, Latin America, and
Japan (18). The study consisted of a 48-week,
double-blind, placebo-controlled period
followed by a 48-week, open-label treatment
period (see Figure E1 in the online
supplement).

Patients were randomly assigned (1:1)
to receive weekly subcutaneous injections of
tocilizumab 162 mg or placebo during the
double-blind period (tocilizumab and
placebo groups, respectively).

Randomization was centralized and
stratified by IL-6 level (<10 or =10 pg/ml)
at screening. At Week 48, patients in

the tocilizumab and placebo groups
transitioned to open-label weekly
injections of tocilizumab 162 mg for
another 48 weeks (continuous-tocilizumab
and placebo-tocilizumab groups,
respectively).

The protocol was approved by the
appropriate institutional review boards or
ethics committees. The study was conducted
in accordance with Good Clinical Practice
guidelines and the Declaration of Helsinki.
All patients provided written informed
consent.

Patients

Patients were eligible if they were 18 years of
age or older and were classified as having SSc
according to the 2013 American College of
Rheumatology/European League Against
Rheumatism criteria with the diffuse subset,
<60 months had passed since their first non-
Raynaud sign or symptom, and their mRSS
score was between 10 and 35. Patients had to
have active disease, defined as at least one of
the following criteria at screening: disease
duration <18 months (defined as time from
the first non-Raynaud phenomenon
manifestation), increase =3 in mRSS units
compared with the last visit in the previous

6 months, involvement of one new body area
and increase in =2 mRSS units compared
with the most recent assessment performed
within the previous 6 months, involvement
of two new body areas within the previous

6 months, or one or more tendon friction
rubs. Evidence of SSc-ILD was not required.
Other key inclusion criteria included

CRP = 6 mg/L, erythrocyte sedimentation
rate = 28 mm/h, or platelet

count = 330 X 10°/ul; no other rheumatic
autoimmune disease; and no other
background immunomodulatory therapy.

Outcomes

Efficacy analysis at Week 96 was exploratory
and included mRSS, absolute FVC, percent
predicted FVC (ppFVC), percent predicted
Drco (ppDLco) corrected for hemoglobin,

Data sharing statement: Qualified researchers may request access to individual patient-level data through the clinical study data request
platform (https://vivli.org/). Further details on Roche’s criteria for eligible studies are available from https://vivli.org/members/ourmembers/. For
further details on Roche’s Global Policy on the Sharing of Clinical Information and how to request access to related clinical study documents,
see https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm.
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University of Michigan Scleroderma Program, Suite 7C27 300 North Ingalls Street, SPC 5422, Ann Arbor, MI 48109. E-mail: khannad@med.umich.edu.
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and physician global assessment measured
using a 100-mm visual analog scale (VAS) as
exploratory outcomes. Patient-reported
outcomes included Health Assessment
Questionnaire-Disability Index (HAQ-DI),
patient global VAS, Functional Assessment
of Chronic Illness Therapy (FACIT)-Fatigue
Score, EuroQol Five-Dimension
Questionnaire (EQ-5D), St. George’s
Respiratory Questionnaire (SGRQ), and
Work Productivity and Activity Impairment
Questionnaire-General Health (WPAI-GH).

Safety was reported as rates of adverse
events (AEs) and serious AEs (SAEs) per 100
patient-years (PY) with 95% confidence
intervals (Cls). Digital ulcers were defined as
an ulcer at or distal to the
metacarpophalangeal joint on either the
dorsal or volar surface with loss of surface
epithelialization, not including fissures,
cracks, or calcium extrusions from calcinosis
cutis. The change in digital ulcer count from
baseline was reported.

Statistical Analysis

Efficacy was assessed in the intention-to-treat
(ITT) population, which included all
randomly assigned patients who received any
study drug by Week 48. Patients were

analyzed according to the treatment group to
which they were randomly assigned (placebo,
tocilizumab) from baseline to Week 48,
according to the open-label treatment group
(placebo-tocilizumab, continuous-
tocilizumab) from Weeks 48 to 96 and
according to all-tocilizumab exposure
(tocilizumab group from baseline to Week 48
and placebo-tocilizumab and continuous-
tocilizumab groups from Weeks 48 to 96).
Efficacy endpoints were analyzed at Week 48
(double-blind) and Week 96 (double-blind
plus open-label). Analyses were also
performed among completers (patients who
had measurements at Week 96), which
allowed comparison between similar patient
cohorts in the double-blind and open-label
periods. Descriptive unadjusted estimates
were computed on change from baseline
values. Post hoc analysis was performed in
the subgroup of patients who had SSc-ILD at
baseline (based on HRCT visualization). All
baseline HRCT scans were revised by a
thoracic radiologist (J.G.) and assessed for
the presence or absence of ILD. Patients who
had minimal interstitial changes without
defined ILD at baseline were characterized as
having no ILD and were screened for other
causes of parenchymal abnormalities not

212 Patients
Enrolled

related to SSc-ILD, including body habitus,
atelectasis, bronchitis, aspiration, infection,
congestive heart failure, and bronchiectasis,
which may impact the quantitative ILD
score; these patients were excluded.
Summary descriptive statistics were
calculated for quantitative variables, and
absolute and relative frequencies were
calculated for discrete variables. No
imputation algorithm was adopted for
missing data.

Safety was assessed in the safety
population, which included all patients
who received any study medication and
provided one or more postdose safety
assessments. Patients were included in the
group for the treatment they most
frequently received during the double-
blind period. Safety analyses were
performed based on data from baseline to
Week 48, baseline to Week 96, and Week
48 to Week 96 and were summarized
descriptively. Cumulative incidences
(number of patients experiencing the AE/
total number of patients) and AE rates per
100 PY [number of events/(exposure in
PY/100) with 95% CIs based on Poisson
distribution of the event rate] were
computed.

PBO SC QW
N=107

ITT, Safety

A

N\

N=106

Immunomodulatory

therapy; n=22

Completed Week 48
n=93 (87.7%)

Withdrew DB period, n=13
Safety (n=4

AE (n=3)

Death (n=1)
Nonsafety (n=9

Patient decision (n=9)

Entered OL Period
PBO—OL TCZ
n=389 (83.2%)

TCZ 162 mg SC QW
N=105
|
ITT, Safety
Withdrew DB period, n=9 N=104
Safety (n=3
AE (n=2) Immunomodulatory
Death (n=1) therapy; n=9
Nonsafety (n=6
Patient decision (n = 5)
Randomized in error (n= 1) Completed Week 48

n=95 (91.3%)

Completed Week 96
n= 82 (76.6%)

Withdrew OL period, n=7
Safety (n=1
AE (n=1)
Nonsafety (n=6
Patient decision (n = 5)
Lost to follow-up (n= 1)

Withdrew OL period, n=7
Safety (n=4
AE (n=3)
Death (n=1)
Nonsafety (n=3
Patient decision (n= 1)
Other (n=2)

Entered OL Period
TCZ—>OLTCZ
n=92 (87.6%)

Completed Week 96
n=285(81.0%)

Figure 1. Randomization and follow-up during the 48-week, double-blind study period and the 48-week, long-term extension of the focuSSced
trial. AE =adverse events; DB = double-blind; ITT =intention-to-treat; OL = open-label; PBO = placebo; QW =every week; R =randomization;
SC = subcutaneous; SSc = systemic sclerosis; TCZ = tocilizumab.
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Results AEs (one in the placebo-tocilizumab group
and three in the continuous-tocilizumab
group). Other reasons for study withdrawal
were patient decision (five patients in the
placebo-tocilizumab group and one

patient in the continuous-tocilizumab
group).

Mean (SD) treatment duration during
the open-label period of the trial was 319.8
(60.6) days in the placebo-tocilizumab group
and 318.8 (65.6) days in the continuous-
tocilizumab group. Treatment compliance
was high in both open-label treatment
groups, with mean (SD) dose compliance
0f91.8% (12.9) and 92.9% (16.3),
respectively.

Baseline demographic and clinical
features of patients overall and those who
entered the open-label period were generally
balanced in the double-blind and open-label
groups (Table 1). Characteristics of patients

Patients

Overall, 212 patients were enrolled in the
focuSSced trial (Figure 1); in the double-
blind period, 107 patients were assigned to
the placebo group and 105 were assigned to
the tocilizumab group. At Week 48, 89
patients (83.2%) originally assigned to
double-blind placebo transitioned to open-
label tocilizumab (placebo-tocilizumab
group), and 92 patients (87.6%) originally
assigned to double-blind tocilizumab
transitioned to open-label tocilizumab
(continuous-tocilizumab group) until they
completed the study or withdrew from
treatment. Eighty-two patients (76.6%) in the
placebo-tocilizumab group and 85 patients
(81.0%) in the continuous-tocilizumab group
completed Week 96. During the open-label
period, four patients discontinued because of

o
]

who entered the open-label period were
comparable to those of the overall cohort;
most (82.3%) were female, and their mean
(SD) age was 47.9 (12.3) years and mean
duration of SSc was 23.4 (16.5) months.
Baseline ppFVC showed normal to mildly
impaired lung function (mean, 84.9% and
80.6% in the placebo-tocilizumab and
continuous-tocilizumab groups,
respectively), and baseline ppDLco
demonstrated mild impairment (mean,
78.0% and 74.5%, respectively). Among
those who entered the open-label period,

54 of 89 patients (60.7%) in the placebo-
tocilizumab group and 60 of 92 patients
(65.2%) in the continuous-tocilizumab group
had SSc-ILD at baseline according to HRCT
visual read. Median quantitative lung fibrosis
and quantitative ILD scores at baseline were
generally higher in patients with SSc-ILD
than in all patients.

Change from Baseline in mRSS >

-8 4 [ i}-i"‘*—___
i -
10 - -A-PBO -4- PBO—OL TCZ : {
-4-TCZ TCZ—»OL TCZ 1
T T T T T T T
8 16 24 36 48 72 96
Week
PBO,n 81 83 82 81 82 82 83
TCZ,n 84 85 85 85 85 85 85
B
» O7---—--=-=-=—--—-—=-—=-"-—-—-—-"—-"---- Yo
@ |
[ === !
< S~ s o - 1
g -4 - :
D ~ o ~ <
2] S~ ~
@ 61 - o
E -8 M~~~
[0 T T~
g 10 - -A-PBO -4- PBO—OL TCZ : h
5 -4-TCZ TCZ—»OL TCZ 1
T T T T T T T
8 16 24 36 48 72 96
Week
PBO,n 50 51 51 51 50 50 51
TCZ,n 54 54 54 54 54 54 54

Figure 2. Mean (95% confidence interval) change from baseline in modified Rodnan skin score (A) in all patients, and (B) in patients with
systemic sclerosis—interstitial lung disease at baseline (intention-to-treat population completers). Tocilizumab was administered open-label from
Week 48 to Week 96. Completers were patients with change from baseline measurements at Week 96. Analysis in patients with systemic
sclerosis—interstitial lung disease at baseline was performed post hoc. MRSS = modified Rodnan skin score; OL = open label; PBO = placebo;

TCZ =tocilizumab.
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Efficacy

Among Week 96 completers, continued
improvement in mRSS from improvement
observed in the placebo and tocilizumab
groups during the double-blind period from
baseline to Week 48 was observed in both
groups during the open-label period; mean
(95% CI) change in mRSS from Weeks 48 to
96 was —2.5 (—3.3 to 1.6) in the placebo-
tocilizumab group and —2.3 (—3.2to —1.5)
in the continuous-tocilizumab group (Figure
2A and Table 2). Continued improvement in
mRSS was also observed in both groups in
the subset of patients with SSc-ILD at
baseline; mean (95% CI) change from Weeks
48 to 96 was —3.1 (—4.1 to —2.0) in the
placebo-tocilizumab group and —2.3 (—3.2
to —1.4) in the continuous-tocilizumab
group (Figure 2B and Table 3).

Mean (95% CI) change in ppFVC from
Week 48 to Week 96 was 0.6 (—0.7 to 1.9) in
the placebo-tocilizumab group and —0.3
(—1.7 to 1.1) in the continuous-tocilizumab
group in all completers, and it was 0.9 (—0.8
to 2.7) in the placebo-tocilizumab group and
—0.4 (—2.3 to 1.5) in the continuous-
tocilizumab group in those with SSc-ILD at
baseline (Figure 3 and Tables 2 and 3).
Similar percentages in each group
experienced improvement or worsening of
ppFVC in the open-label period in all
patients (Table E1 and Figure 4A) and in
patients with SSc-ILD (Figure 4B). Median
(95% CI) ppDLco declined from Weeks 48 to
96 in the placebo-tocilizumab group
(—2.7 [—7.3 to —0.0]) and was maintained
in the continuous-tocilizumab group (0.8
[—1.2 to 3.2]) (Table 2). A similar pattern
was observed in patients with SSc-ILD
(—2.8[—8.2to —1.3] and 1.6 [—2.1 to 4.6]),
respectively (Table 3).

Similar improvements from baseline to
Week 96 in HAQ-DI scores, patient and
physician global assessments on a 100-mm
VAS, FACIT-Fatigue scores, Scleroderma
Health Assessment Questionnaire overall
scores, EQ-5D, and WPAI-GH overall scores
were observed between groups (Table E2).

Safety

Rates of AEs and SAEs in the open-label
period were similar to or lower than those in
the double-blind period and were similar
between the placebo-tocilizumab and
continuous-tocilizumab groups in all patients
and those with SSc-ILD (Table 4). In the
open-label period, most patients experienced
at least one AE (69 patients [77.5%] in the
placebo-tocilizumab group and 66 patients
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Continuous-TCZ
0.0
53
—0.4 (—2.3t0 1.5)
0.0
53
—2.3(-3.2t0 —1.4)
-2.0
54

percent predicted FVC;

Open-Label, Week 48 to Week 96
PBO-TCZ
35.0
50
0.9 (-0.8102.7)
1.0
50
—2.8(—8.21t0 1.3)
43
-2.0
50

~3.8(~7.2t0 —0.3)
~3.1 (4.1 to —2.0)

percent predicted Dico; ppFVC

—40.0
54
-1.0
54
-8.5
54

Continuous-TCZ

~0.6 (—3.1 10 2.0)
-9.4 (-11.0 to —7.9)

Week 96
placebo; ppDLco

Double-Blind + Open-Label, Baseline to
PBO-TCZ
—-105.0
50
—4.1 (—6.7 to —1.6)
-3.3
50
—5.6 (—8.7 to —2.6)
5.6 (—7.5t0 —1.0)
46
-9.2 (-11.2t0 —-7.3)
-9.0
51

TCZ
—-20.0
53
-0.6
53
47
54
modified Rodnan skin score; PBO

~0.1 (-2.1 t0 2.0)

0.1 (3.1 t0 3.2)
~0.6 (—3.1 t0 3.9)
~7.1 (—-8.51t0 —5.7)

PBO
—105.0
50
-3.1
50
43
50

—-6.0
confidence interval; mRSS

Double-Blind, Baseline to Week 48

—5.1 (~7.6 to —2.6)

—197.2 (—301.6 to —92.8) —11.1 (—83.8 t0 61.6) —157.6 (—255.9 to —59.3) —28.9 (—116.9 to 59.1) 39.6 (—28.3 to 107.5) —15.3 (—80.1 to 49.5)
—-6.2 (—8.3t0 —4.2)

Median (95% ClI)

n

Mean (95% ClI)
mRSS

Median

n

ppFVC
Mean (95% CI)

Median
Mean (95% ClI)

Mean (95% ClI)

Table 3. Change from Baseline to Week 48 or 96 and from Weeks 48 to 96 in FVC, Percent Predicted DLco, and Modified Rodnan Skin Score in Patients with
Median

Systemic Sclerosis—Interstitial Lung Disease at Baseline (Intention-to-Treat Population Completers)

Completers are patients with change from baseline measurements at Week 96. Negative change indicates improvement in mRSS.

Absolute FVC, ml
Definition of abbreviations: ClI
TCZ =tocilizumab.

ppDLco

(2]
2]
o

[71.7%] in the continuous-tocilizumab group
among all patients; 47 patients [87.0%] and
47 patients [78.3%], respectively, in those
with SSc-ILD), and most AEs were grade 1 or
2 in severity. Among all patients, rates of
SAEs were similar in the placebo-tocilizumab
group (14.8 events per 100 PY [95% CI,
7.9-25.3]) and the continuous-tocilizumab
group (15.8 events per 100 PY [95% CI,
8.6-26.5]), whereas among patients with SSc-
ILD, they were 22.6 (95% CI, 11.7-39.4) and
14.0 (95% CI, 6.0-27.5), respectively. Most
SAEs occurred in patients with SSc-ILD; 12
of 13 SAEs (92.3%) reported in the placebo-
tocilizumab group and 8 of 14 SAEs (57.1%)
reported in the continuous-tocilizumab
group were in patients with SSc-ILD

(Table 4). Most patients had no digital ulcers
at baseline (94 patients [89.5%] in the
placebo arm and 94 patients [91.3%] in the
tocilizumab arm). From baseline to Week 96,
the digital ulcer count did not increase in the
placebo-tocilizumab group but did increase
in seven patients in the continuous-
tocilizumab group. Infected skin ulcers,
which could include digital ulcers, were
reported in two patients in the placebo group
and four patients in the tocilizumab group
during the double-blind period and in two
patients in the placebo-tocilizumab group
and three patients in the continuous-
tocilizumab group during the open-label
period, resulting in a rate of 4.5 (95% CI,
2.3-7.9) infected skin ulcers overall and 6.5
(95% CI, 3.3-11.7) among patients with SSc-
ILD at baseline (Table 4).

Infections were the most frequently
reported AEs of special interest for
tocilizumab during the open-label period to
week 96. Among all patients, 41 (46.1%) in
the placebo-tocilizumab group and 36
(39.1%) in the continuous-tocilizumab group
had infections; among patients with SSc-ILD,
30 (55.6%) in the placebo-tocilizumab group
and 25 (41.7%) in the continuous-
tocilizumab group had infections (Table E3).
Five serious infections were reported in four
patients in the open-label period; three
patients in the placebo-tocilizumab group
reported one event of grade 3 pneumonia,
grade 4 infective tenosynovitis, and grade 4
sepsis, and one patient in the continuous-
tocilizumab group reported one event of
grade =3 otitis media and one event of grade
=3 pneumonia. Only the grade 3 pneumonia
and the grade 4 sepsis events in the placebo-
tocilizumab group were considered related to
study treatment. All serious infections in the
placebo-tocilizumab group occurred in
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Figure 3. Percent predicted FVC mean (95% confidence interval) change from baseline to Week 96 in (A) all patients, and (B) patients with
systemic sclerosis—interstitial lung disease at baseline (intention-to-treat completers). Completers were patients with change from baseline
measurements at Week 96. OL = open label; PBO = placebo; ppFVC = percent predicted FVC; TCZ =tocilizumab.

patients with SSc-ILD, whereas the two
serious infections in the continuous-
tocilizumab group occurred in a patient
without SSc-ILD. Low rates of malignancies,
hepatic events, and myocardial infarction
were reported during the study (Table E3).
No patients experienced serious or medically
significant bleeding events during the study.
No patients experienced other predefined
AEs of special interest: stroke,
gastrointestinal perforation,

demyelinating disorders, or anaphylactic
reactions.

Six deaths occurred during the study,
four during the double-blind period and two
during the open-label period. Both deaths in
the open-label period occurred in patients
with SSc-ILD. One death in the open-label
period occurred in a patient in the placebo-
tocilizumab group who died of brain injury
(anoxic brain damage). This patient also had
SAEs of arrhythmia, cardiopulmonary arrest,
sepsis, and aspiration pneumonia in the week
before death (considered by the investigator
to be related to study medication and SSc,
concurrent illness, or unspecified cause), and

the death was deemed related to study
treatment and other unspecified cause. The
patient had received 45 placebo injections
and three tocilizumab injections before the
onset of these events. The other death in the
open-label period occurred in a patient in the
continuous-tocilizumab group who died of
progressive pulmonary hypertension
diagnosed 3 days earlier. The death was
considered by the investigator to be related to
study treatment. This patient had a diagnosis
of ILD before entering the study and initiated
mycophenolate mofetil in the open-label
period. The patient also had an SAE of heart
failure on day 72 that resolved with sequelae
and was considered by the investigator to be
unrelated to tocilizumab. The cardiac

failure event resulted in discontinuation

of tocilizumab during the double-blind
period.

Abnormal laboratory parameters of
interest for tocilizumab, including alanine
aminotransferase and aspartate
aminotransferase levels, neutrophil
counts, and platelet counts, were
reported (Table E4). No clinical

Khanna, Lin, Furst, et al.: Tocilizumab and Lung Function in Systemic Sclerosis

manifestations of abnormal laboratory
values were observed during the study

except one patient in the placebo arm had
grade 3 low neutrophil count within 15 days
of a serious infection during the double-blind
period. No patients tested positive for
anti-tocilizumab antibodies during the
open-label period.

Discussion

Management of patients with SSc relies on
routine screening and follow-up to detect
and manage organ-specific involvement (1),
and there is only one approved disease-
modifying therapy for SSc-ILD (4).
Elucidation of the pathogenesis of SSc has
revealed specific molecular targets that offer
potential for other therapeutic options in the
management of this disease (9, 10). The
phase 2 faSScinate study indicated that
tocilizumab might have a beneficial effect in
patients with SSc and provided the impetus
for investigation in the phase 3 focuSSced
study. Results from the double-blind,
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Figure 4. Cumulative distribution of percent predicted FVC change from baseline to Week 48 and from Week 48 to Week 96 in (A) all patients,
and (B) patients with systemic sclerosis—interstitial lung disease at baseline (intention-to-treat completers). Completers were patients with
change from baseline measurements at Week 96. Data for tocilizumab (TCZ) and placebo (PBO) show change from baseline to Week 48, and
data for PBO—open-label (OL) TCZ and TCZ—OL TCZ show change from Week 48 to Week 96. ppFVC = percent predicted FVC.

placebo-controlled period of focuSSced
showed no significant difference between
tocilizumab and placebo for the primary
endpoint of change in mRSS from baseline to
Week 48. However, the key secondary
endpoint of shift in distribution of ppFVC
favored tocilizumab over placebo,
particularly in patients with SSc-ILD (18);
these results contributed to the U.S.

Food and Drug Administration

approval of tocilizumab in March 2021 for
slowing the rate of decline in pulmonary
function in adult patients with SSc-ILD
(15, 23).

Preservation of lung function measured
by FVC, which was observed with
tocilizumab treatment in the 48-week
double-blind period of focuSSced (18), was
maintained during the open-label period to
Week 96. In a post hoc analysis of the
focuSSced trial, the efficacy of tocilizumab at
Week 48 was observed across the spectrum
of mild to severe ILD at baseline (defined as

682

the degree of ILD at baseline on HRCT) (22).
Although clinically meaningful decline in
FVC occurred in the placebo group from
baseline to Week 48 in focuSSced, no further
deterioration occurred after transition from
placebo to tocilizumab during the open-label
period. focuSSced also demonstrated that
tocilizumab provided clinical benefit, as
evidenced by the clinically meaningful shift
in the distribution of change from baseline in
ppFVC at Week 48 in favor of tocilizumab.
These results support those observed at
Week 96 of the phase 2 faSScinate trial,
which indicated that ppFVC was stabilized
after patients switched from placebo to
tocilizumab and was maintained with long-
term tocilizumab treatment (17). Additional
supportive evidence for tocilizumab is now
provided in focuSSced patients who had SSc-
ILD at baseline. A lower rate of lung function
decline versus placebo has also been reported
with nintedanib in SENSCIS (Safety and
Efficacy of Nintedanib in Systemic Sclerosis),

a randomized controlled trial of patients with
SSc-ILD (24). In that trial, FVC decline over
1 year was significantly lower in patients who
received nintedanib (—52.4 ml) than in those
who received placebo (—93.3 ml). It is clear
that in the population of patients with ILD,
the placebo group experienced a greater
decline in FVC over 48 weeks in focuSSced
(—197.2 ml) than in SENSCIS, but that could
have reflected differences in the study
populations. focuSSced participants had a
more progressive immunoinflammatory
phase of SSc-ILD with lower average extent
of lung fibrosis and shorter disease duration
than SENSCIS, and the focuSSced
population was enriched for participants
with elevated acute-phase reactants and
progressive skin disease. SENSCIS permitted
use of background therapy for at least 6
months with mycophenolate mofetil and
methotrexate.

Results from the open-label period of
focuSSced show that improvement in skin
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tocilizumab treatment arms during the
statistically significantly different between the
groups (18), continued during the open-label

sclerosis observed in the placebo and
double-blind period, which was not

tocilizumab treatment period in both groups.
The observed change from baseline to Week
96 in mRSS in the placebo-tocilizumab and
continuous-tocilizumab groups was similar
in focuSSced (—8.4 and —9.6, respectively)

and faSScinate (—9.4 and —9.1, respectively).

Changes in mRSS during open-label therapy
should be viewed conservatively because
of observer bias during open-label

treatments.

In the current report on the double-
blind and open-label periods of
focuSSced, tocilizumab was generally well
tolerated over the 96-week study in all
patients and in those with SSc-ILD at

baseline. There was no clinically
patients who transitioned from double-

blind placebo to open-label tocilizumab

meaningful difference in safety between
compared with those who received

tocilizumab during the double-blind and
open-label periods. Safety was consistent

with the known safety profile for
tocilizumab, and no new or unexpected

AEs were reported with long-term

tocilizumab treatment in focuSSced (18).

Rates (95% CI) of AEs per 100 PY in the
continuous-tocilizumab group were

higher in the open-label period of the

phase 2 faSScinate study (17) than in the
same group in the focuSSced study

(faSScinate, 504.4 [427.6-590.9];

focuSSced 265.8 [233.0-302.0]), but rates
of SAEs were similar (faSScinate, 16.5

[5.4-38.5]; focuSSced 15.8 [8.6-26.5]).
Among patients who switched from
double-blind placebo to open-label
tocilizumab after 48 weeks, rates of AEs

and SAEs in the open-label period were
higher in faSScinate (412.4 [343.5-491.0]
and 36.0 [18.0-64.4]) than in focuSSced
(334.1 [296.9-374.6] and 14.8 [7.9-25.3]).
In faSScinate, rates of serious infection

increased after transition from double-
blind placebo to open-label tocilizumab
(10.9 [3.0-27.9] at Week 48; 19.6

[3.8-17.4]) than at Week 96 after 48 weeks
of open-label tocilizumab (3.4 [0.7-10.0]).
Higher rates of AEs in faSScinate than in

the placebo group was higher at the end of
focuSSced might reflect differences in

[7.2-42.7] at Weeks 48-96), whereas in
focuSSced, the rate of serious infections in
the 48-week double-blind period (8.8
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inclusion criteria, such as the requirement
for mRSS of 15 to 40 units in faSScinate
compared with 10 to 35 units in
focuSSced, indicating that faSScinate
patients had more skin sclerosis. In
faSScinate, infected digital ulcers
developed in two patients during the
open-label period after they transitioned
from placebo to tocilizumab, whereas

no increase in digital ulcers was observed
in the placebo-tocilizumab group in
focuSSced.

There are limitations in assessing open-
label studies, and results of open-label studies
should be interpreted with caution. This
study was not designed or powered for
formal statistical comparison of treatment
arms during the open-label period, and
formal testing of these exploratory data was

not prespecified. For the same reason,
comparison of patients who received placebo
and completed the open-label phase with
patients in the tocilizumab treatment arm at
Week 48 is not appropriate. Therefore,
although numerical trends can be observed,
comparative analyses could not be
interpreted in a meaningful way, and formal
statistical testing was not applicable. FVC
analysis in the open-label period reports
descriptive statistics of the unadjusted change
from baseline because no model was
prespecified and no hypothesis testing was
planned for the long-term extension; this
differs from the mixed model repeated
measures analysis reported at Week 48 (18).
Furthermore, the long-term efficacy and
safety of tocilizumab in combination

with other treatments for SSc (e.g.,

mycophenolate mofetil, nintedanib)
were not investigated in the current
study and requires further assessment.

In conclusion, the preservation of FVC
observed in patients with SSc-ILD who were
treated with tocilizumab in the double-blind
period of focuSSced was maintained during
the open-label period.
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