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ABSTRACT

Objectives: To evaluate whether early canakinumab initiation may provide treatment advantages in Still’s disease
(SD) patients, particularly in terms of therapy discontinuation due to long-term disease remission, glucocorticoid
sparing effect, and increase in the frequency of monocyclic disease course rather than a polycyclic or chronic
articular pattern.

Methods: SD patients treated with canakinumab were grouped according to time between disease onset and
canakinumab initiation (<3 months vs. >3 months). Patients were enrolled from the international Auto-
Inflammatory Disease Alliance (AIDA) Network registry for SD.

Results: Overall, 190 patients were enrolled, 35 (19%) treated with canakinumab within three months from SD
onset and 155 (82%) starting canakinumab later. Glucocorticoids use decreased more rapidly in patients
receiving canakinumab within 3 months from SD onset than among patients treated later, with reductions of 50%
vs 6% at month 3 (p=0.0001), and 75% vs 32% at month 6 (p=0.004). In logistic regression analysis, canaki-
numab initiation within 3 months from disease onset was significantly associated with treatment discontinuation
due to long-term remission (OR 4.83, 95% CI 1.08-23.19; p=0.04). A monocyclic course occurred in 49% of
patients starting canakinumab <3 months versus 8% starting later (p<0.0001). Starting canakinumab within 3
months from disease onset was significantly associated with a monocyclic disease course compared with the
chronic-articular (RRR 4.43, 95% CI 1.12-17.60; p=0.034) and polycyclic courses (RRR 8.97, 95% CI 1.29-62.3;
p=0.03).

Conclusions: Early canakinumab initiation is associated with treatment discontinuation due to long-term remis-
sion and appears linked to a greater frequency of a monocyclic disease course.

Introduction

Inhibition of interleukin (IL)-1 has proven to be an effective and safe
therapeutic strategy in patients with Still’s disease (SD). However, the
optimal therapeutic approach within the framework of personalized and
precision medicine still lacks important details. In particular, it remains
unclear whether a true therapeutic window of opportunity exists for IL-1
inhibition, within which treatment initiation may lead to superior out-
comes, or whether delaying therapy beyond a certain time point may be
associated with disadvantages.

Still’s disease is classically described as following three distinct dis-
ease course patterns, namely monocyclic, polycyclic, and chronic
articular. The monocyclic pattern is characterized by a single inflam-
matory episode lasting up to twelve months, followed by sustained
remission; it is generally associated with a favourable prognosis. The
polycyclic pattern involves recurrent flares alternating with periods of
remission, often requiring ongoing therapy to prevent relapses. In
contrast, the chronic articular pattern is marked by persistent disease
with prominent polyarthritis and risk of joint damage and is thought to
reflect a shift toward adaptive immunity-driven mechanisms, with im-
plications for treatment responsiveness [1].

A window of opportunity for early IL-1 blockade in Still’s disease
may exist, as the disease is thought to follow a biphasic course, evolving
from an early autoinflammatory phase predominantly driven by innate
immune mechanisms to a later chronic phase in which adaptive immune
responses and persistent structural joint involvement become more
prominent [2]. IL-1 is a key mediator of the early inflammatory cascade
[3]; therefore, its inhibition is expected to be most effective during this
initial phase, when the disease process is primarily cytokine-driven and
potentially more reversible. In this context, early IL-1 inhibition might
modulate the inflammatory trajectory and potentially attenuate pro-
gression towards chronic articular disease. Clinically, this could trans-
late into more robust therapeutic responses and improved likelihood of
sustained disease control when treatment is initiated early in the disease
course [4]. However, the existence, magnitude, and duration of such a
therapeutic window remain uncertain. According to Saccomanno et al.
[5], anti-IL-1 therapy should be initiated within 3.9 years from symp-
tom onset, whereas other real-life studies suggest IL-1 inhibitors are
highly effective regardless of treatment timing. Specifically, starting the
IL-1 receptor antagonist anakinra within or after 6 or 12 months, or as
first-line biologic rather than after conventional disease modifying
anti-rheumatic drugs (cDMARDs) or other biologic agents, did not

significantly impact overall response. Nevertheless, faster control of
systemic inflammation and resolution of articular manifestations have
been reported with early IL-1 inhibition. In addition, smaller reductions
in the systemic Pouchot score were observed in patients treated after
prior cDMARDs or biologics [6]. Similarly, the selective anti-IL-1f
monoclonal antibody canakinumab showed no significant differences in
response across different biologic treatment lines [7] or SD courses
(monocyclic, polycyclic, chronic articular) as described by Cush et al.
[8].

The concept of a “window of opportunity” is most firmly established
in other systemic inflammatory diseases with joint involvement, as for
rheumatoid arthritis (RA), where initiation of disease-modifying anti-
rheumatic drugs (DMARDs) within approximately 3-6 months of
symptom onset can prevent irreversible joint damage in a substantial
proportion of patients and fundamentally alter the disease course [9,
10]. This RA paradigm is particularly relevant to Still’s disease, as both
conditions appear to involve a transition between distinct pathogenic
phases. In RA, the sequence progresses from preclinical autoimmunity to
clinical synovitis and ultimately structural joint damage, whereas in
Still’s disease a comparable shift has been proposed from an early innate
immunity-driven autoinflammatory phase to a later adaptive
immunity-dominated chronic arthritic phase.

Taken together, the efficacy of IL-1 inhibitors appears to be robust
and largely independent of the timing of treatment initiation. However,
it remains crucial to determine whether early initiation may confer
additional advantages, such as higher rates of sustained clinical inactive
disease, greater corticosteroid-sparing effects, induction of a monocyclic
disease course, or a more pronounced reduction in steroid exposure.

Therefore, the aim of the present study is to evaluate whether early
initiation of IL-1 inhibition, defined by a disease duration cut-off of 3
months, provides treatment advantages compared with later initiation,
particularly in terms of therapy discontinuation due to long-term disease
remission, steroid sparing effect, and increase in the frequency of
monocyclic disease course rather than a polycyclic or chronic articular
pattern. To minimize variability associated with the use of different
molecules, the present study was specifically restricted to patients
receiving canakinumab.

Material and methods

Patients with SD fulfilling the Yamaguchi [11] and/or Fautrel [12]
classification criteria and treated with canakinumab were enrolled.
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Patients were divided into two groups according to the time from SD
onset to canakinumab initiation: <3 months (group 1) and >3 months
(group 2).

Patients were consecutively enrolled from the AIDA registry between
June 2021 and November 2025. Follow-up duration varied across pa-
tients and was accounted for in the models when appropriate. Inclusion
criteria comprised fulfillment of the Yamaguchi criteria or the Fautrel
criteria [11,12], provision of informed consent to participate in the
study, and treatment with canakinumab at the on-label dosage during
the clinical course for the management of Still’s disease. Exclusion
criteria comprised prior use of the alternative IL-1 inhibitor, anakinra, in
adult patients treated with canakinumab after 3 months from SD onset at
a weight-adjusted dose (1-2 mg/kg/day, as for on-label schedule). In
contrast, adult patients treated with anakinra at a fixed dose of 100
mg/day were included provided that their body weight exceeded 50 kg,
as this dosing regimen was considered potentially indicative of partial
IL-1 inhibition. Such an exclusion criterium accounted for the ruling out
of 24 patients. Missing key data were also considered an additional
exclusion criterion. Fig. 1 illustrates the flow diagram of patient inclu-
sion and exclusion.

The primary aim of the study was to determine whether starting
canakinumab as first line therapy within three months from SD onset
was associated with benefits in terms of steroid sparing, reduced
immunosuppressive burden, the possibility of treatment discontinuation
due to long-term effectiveness, and a higher frequency of a monocyclic
disease course. The secondary aim was to determine whether initiation
of canakinumab later than three months after disease onset was asso-
ciated with worse outcomes, as measured by the frequency of complete
response at three months from canakinumab start and during the entire
follow-up.

The exposure of interest was timing of canakinumab initiation,
defined as early (<3 months from disease onset) versus late (>3
months). The primary and secondary outcomes are detailed below and
included measures of treatment response, glucocorticoid use, treatment
discontinuation, and disease course. In particular, the primary endpoints

214 patients treated with canakinumab

at on-label dose
with available key data

179 patients treated after 3 months
from disease onset
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of the study were: (i) the proportion of patients discontinuing gluco-
corticoids at 3, 6, and 12 months after initiation of canakinumab
treatment and at the last assessment; (ii) the proportion of patients still
requiring glucocorticoids at 3, 6, and 12 months after initiation of
canakinumab treatment and at the last assessment; (iii) the reduction in
daily glucocorticoid dose (prednisone or equivalent) between canaki-
numab initiation and the 3-month assessment; (iv) the frequency of
concomitant use of conventional disease-modifying antirheumatic drugs
(cDMARD:s) to support canakinumab effectiveness over time; (v) the
frequency of canakinumab discontinuation due to inefficacy, partial
efficacy, or long-term disease control; (vi) the proportion of patients
classified as having a monocyclic rather than a polycyclic or chronic-
articular disease course, as defined by Cush et al [8]. The secondary
endpoints were: (i) the frequency of complete response during canaki-
numab treatment; (ii) the capability of achieving complete response
versus treatment failure; (iii) the systemic activity score according to
Pouchot et al. or Rau et al. [13,14], recorded after three months of
canakinumab administration; (iv) the proportion of patients achieving a
systemic activity score of zero within three months of canakinumab
initiation.

The definition of complete response adhered to the definition of
inactive disease according to the EULAR/PReS recommendations [15],
namely the absence of SD-related symptoms and normal erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) levels. Partial
response was defined as a substantial clinical and laboratory improve-
ment, with near-complete resolution of clinical manifestations and
normalization of inflammatory markers. All other cases were classified
as treatment inefficacy.

Clinical, treatment and laboratory data were obtained from the In-
ternational AutoInflammatory (AIDA) Network registry dedicated to SD.
This is an ambidirectional study collecting both retrospective data
accrued up to the time of inclusion in the Registry and prospective data
related to disease progression and treatment thereafter. The Registry is
not population-based, and data collection is performed by physicians
participating in the AIDA project during or immediately after clinical

796 patients fulfilling
classification criteria

253 patients treated
with canakinumab

543 patients never treated
with canakinumab

8 patients excluded
(lacking key data)

31 patients treated at
off-label dosages

24 patients excluded
as treated with anakinra 100 mg/day
and body weight <50 kg

155 patients treated with canakinumab
in a later stage

Fig. 1. Flow diagram of patient selection and treatment allocation.

Among 796 patients fulfilling classification criteria, 253 received canakinumab, of whom 214 were treated at the on-label dose. Patients not treated with canaki-
numab (n=543), those with missing key data (n=8), and those receiving off-label dosages (n=31) were excluded from the main analytical cohort. Treated patients
were further stratified according to timing of treatment initiation, with 35 patients treated within 3 months from disease onset and 179 after 3 months. In this latter
group, 24 patients were excluded because they had previously been treated with anakinra 100 mg/day while weighing <50 kg (a sufficient on-label dose: 1-2 mg/Kg/
die). As a result, the group treated with canakinumab beyond the third month consisted of 155 patients.
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visits. The collected data include demographic, clinical, laboratory, and
therapeutic variables, as described in detail elsewhere [16].

The present study was approved by the Ethics Committee of Azienda
Ospedaliero Universitaria Senese, Siena, Italy (AIDA Project; Ref. N.
14,951), as part of the AIDA program. The study protocol conformed to
the tenets of the Declaration of Helsinki, and informed consent was
obtained from all patients or their next of kin at the time of recruitment
to the AIDA Registry dedicated to SD.

Descriptive statistics included mean and standard deviation or me-
dian and interquartile range (IQR), as appropriate according to data
distribution, which was assessed using the Shapiro-Wilk test. Associa-
tions between study endpoints and early (<3 months) versus late can-
akinumab initiation were evaluated using linear, binary, or multinomial
logistic regression as appropriate. Linear regression results are reported
as beta coefficients with 95% confidence intervals. Odds ratios (ORs)
and relative risk ratios (RRRs) were obtained by exponentiating the beta
coefficients from binary and multinomial logistic regression models,
respectively, and are presented with 95% confidence intervals. Each
endpoint was analyzed separately, with treatment timing coded as a
dummy independent variable. All models were adjusted for paediatric
versus adult onset and disease course (monocyclic, polycyclic, chronic-
articular). Models assessing outcomes at the last assessment were
adjusted for the total time of canakinumab treatment duration. Models
assessing steroid reduction at 3 months were additionally adjusted for
baseline glucocorticoids dose. Model assumptions were considered
during model specification, and model stability was evaluated through
convergence diagnostics. In logistic regression models, Firth’s penalized
method was applied in cases of complete separation to ensure robustness
of estimates. Completeness of follow-up was ensured through contin-
uous data entry. In addition, data completeness was assessed at the time
of analysis, and analyses were conducted on available cases. Patients
with missing data on key variables required for specific endpoints were
excluded from the analyses. Missing data were not imputed, and ana-
lyses were conducted on available cases. Statistical significance was set
at p < 0.05 (two-sided). Analyses were performed using R.

Results

Overall, 190 patients treated with canakinumab were enrolled. In 35
cases (18%), treatment was initiated within 3 months of SD onset.
Anakinra had been used before canakinumab in 5 (22%) patients in the
early IL-1 canakinumab group and in 23 (15%) patients in the late
canakinumab group. Table 1 provides demographic and therapeutic
details from patients treated with canakinumab before (group 1) and
after (group 2) 3 months from SD onset.

Effectiveness

Complete response was observed in 21 (60%) patients in group 1 and
89 (57%) in group 2 (p=0.43). A partial efficacy was reported in 4 (11%)
cases in group 1 and 37 (24%) cases in group 2 (p=0.23); inefficacy was
reported in 2 (6%) cases in group 1 and 5 (3%) in group 2 (p=0.76).

In multinomial analysis, canakinumab initiation within 3 months
was not significantly associated with complete (RRR 1.162, 95% CI
0.175-7.7; p=0.88) or partial response (RRR 0.612, 95% CI 0.08-4.97;
p=0.65), using inefficacy as the reference.

Fig. 2 and Supplementary table 1 report regression analyses on
treatment timing and systemic activity at three months, including the
capability of achieving a systemic score of zero.

Steroid use

The median steroid dosage at the start of canakinumab therapy was
25 mg/day (IQR: 45) in group 1 and 10 mg/day (IQR: 15) in group 2
(p=0.22). Table 1 summarizes the mean daily dosage at 3 months and at
the last assessment.
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Table 1

Clinical, demographic and treatment features in Still’s disease patients distin-
guished according to the time of canakinumab introduction: Group 1 refers to
patients starting canakinumab within three months from disease onset and
Group 2 refers to patients starting canakinumab later. Denominators for cana-
kinumab dosage reflect available data at each time point. Median glucocorticoid
doses were calculated only among patients receiving corticosteroid therapy at
the corresponding time point. All analyses are based on available data without
imputation. All comparisons between groups are unadjusted (crude) descriptive
analyses. Abbreviations: IQR, interquartile range. Unless otherwise specified, values
are presented as absolute numbers, with percentages shown in parentheses.

Group 1 Group 2 p-value
(n=35) (n=155)
Disease duration at start of canakinumabin 2 (2) 35 (65.5) <0.001

months, median (IQR)

Total canakinumab treatment duration in 16 (36) 27.5 (38.5) 0.03
months, median (IQR)
Canakinumab dosage at start
150 mg/4 weeks 6/31 50/133 0.09
(19%) (38%)
300 mg/4 weeks 14/31 55/133 0.85
(45%) (41%)
4 mg/Kg/4 weeks” 11/31 28/133 0.14
(36%) (21%)
Canakinumab dosage at month 3
150 mg/4 weeks 5/26 42/115 0.14
(19%) (37%)
300 mg/4 weeks 15/26 55/115 0.50
(58%) (48%)
4 mg/Kg/4 weeks” 6/26 18/115 0.53
(23%) (16%)
Canakinumab dosage at last visit
150 mg/4 weeks 9/35 36/155 0.93
(26%) (23%)
300 mg/4 weeks 11/35 61/155 0.50
(31%) (39%)
4 mg/Kg/4 weeks” 15/35 58/155 0.69
(43%) (37%)
Global response to canakinumab
Complete response 21 (60%) 89 (57%) 0.43
Partial efficacy - reduced frequency of flares 3 (9%) 19 (12%) 0.77
and reduced severity of clinical/
laboratory manifestations
Partial - reduced severity of clinical/ 1 (3%) 14 (9%) 0.48
laboratory manifestations
Partial - reduced frequency of flares 0 (0%) 4 (3%) 1.0
Inefficacy 2 (6%) 5 (3%) 0.62
Canakinumab discontinuation 11 (31%) 32 (21%) 0.17
Due to long-term remission 9 (26%) 9 (6%) 0.0009
Due primary inefficacy 2 (6%) 12 (8%) 1.00
Due to secondary inefficacy 0 (0%) 2 (1%) 1.00
Steroid use
Steroid dose at the start of canakinumab in 10 (IQR: 25 (IQR: 0.22
mg/day 15) 45)
Steroid dose at 3 months of canakinumabin 7 (IQR: 6.5 (IQR: 0.86
mg/day 10) 5)
Steroid dose at the last assessment in mg/ 5 (IQR: 5 (IQR: 10) 0.12
day 3.75)
Steroids taken at baseline 16 (46%) 65 (42%) 0.83
Steroids taken at month 3 8 (23%) 61 (39%) 0.10
Steroids taken at month 6 4 (11%) 44 (28%) 0.051
Steroid taken at month 12 3 (9%) 23 (15%) 0.42
Steroid taken at the last assessment 4 (11%) 27 (17%) 0.46
Use of concomitant cDMARDs 8 (23%) 42 (27%) 0.76
Methotrexate 8 (23%) 36 (23%) 1.00
Cyclosporine 0 (0%) 4 (3%) 0.76
Hydroxychloroquine 0 (0%) 1 (1%) 1.00
Leflunomide 0 (0%) 1 (1%) 1.00
Activity scores
Systemic score” (Pouchot et al) at 3 months, 1(2) 1(1.5) 0.56

median (IQR)

Systemic score (Pouchot et al) at 3 months 29 (83%) 114 (74%) 0.35
equal to zero

Modified systemic score” (Rau et al) at 3 1.5 1(2) 0.67
months

Modified systemic score (Rau et al) at 3 29 (83%) 116 (75%) 0.43

months equal to zero
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# For pediatric patients, dosing was administered at the on-label regimen of 4
mg/kg every 4 weeks. In adults and adolescents with higher body weight, dosing
was administered as fixed doses (150 mg or 300 mg every 4 weeks), approxi-
mating the on-label regimen of 4 mg/kg every 4 weeks.

* Among patients not achieving a score of zero.

In linear regression analysis, initiation of canakinumab within 3
months of disease onset was associated with a greater reduction in
corticosteroid dosage compared with later initiation ($=17.48, 95% CI
5.35-29.61; p=0.007), indicating a larger adjusted between-group dif-
ference in steroid sparing at 3 months. At the last follow-up, no signif-
icant difference was observed in steroid reduction between groups
(p=3.40; IC 95% -4.23 to 11.03; p=0.303).

Fig. 2 and Supplementary table 1 summarise the results from
regression analysis investigating the associations between the early use
of canakinumab and the glucocorticoid sparing effect.

The number of patients requiring corticosteroids at each time point is
reported in Table 1. At month 3, corticosteroid use decreased by 50% in
group 1 (from 16 to 8 patients) and by 6% in group 2 (from 65 to 61
patients, 4/65 patients; p=0.0001). At month 6, reductions were 75% in
group 1 (4/16 patients) and 32% in group 2 (44/65 patients; p=0.004).
At month 12, decreases were 81% (13/16 patients) and 65% (42/65
patients) in groups 1 and 2, respectively (p=0.25), while at the last
follow-up, reductions were 75% in group 1 (12/16 patients) and 59% in
group 2 (38/65 patients; p=0.15). These findings are graphically rep-
resented in Fig. 3.

Concomitant cDMARDs

Concomitant cDMARD use was observed in 50 (26%) patients during
canakinumab treatment. In 36 (19%) cases, cDMARDs were already in
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use at the initiation of canakinumab. In the remaining 14 cases,
c¢DMARD:s were introduced to support canakinumab efficacy; in 12 out
of 14 cases (86%), the additional use of cDMARDs induced clinical
benefit. Notably, all such additions occurred in patients who initiated
canakinumab after the third month of disease onset. Fig. 2 and Sup-
plementary table 1 provide details from regression analysis looking for
associations between early canakinumab initiation and cDMARDs use.

Concomitant cDMARDs were interrupted in 18/50 cases (36%) due
to adverse events in 5/18 cases (28%), unsatisfying treatment response
in 2 cases (11%), and long-term benefit in 2 cases (11%). The cause of
c¢DMARDs withdrawal was not reported in 9 cases.

Canakinumab discontinuation

Table 1 reports the frequency and reasons for canakinumab discon-
tinuation over time during a median follow-up of 16 months in group 1
and 35 months in group 2. In logistic regression analysis, initiation of
canakinumab within 3 months of disease onset was significantly asso-
ciated with treatment discontinuation due to long-term remission (OR
4.83, 95% CI 1.08-23.19; p=0.04), after adjustment for age at disease
onset, disease course, and total treatment duration. No significant as-
sociations were observed for discontinuation due to primary failure (OR
1.44, 95% CI10.17-8.73; p=0.701) or secondary failure (OR 1.68, 95% CI
0.59-5.53; p=0.39). Fig. 4 illustrates canakinumab discontinuation by
reason and timing, and the association of early canakinumab initiation
with discontinuation due to long-term remission.

Patients were classified according to disease course as follows: a
monocyclic course was observed in 17 cases (49%) among those who
initiated canakinumab within 3 months of SD onset, compared with 12
cases (8%) in the group starting canakinumab later (p < 0.0001). A

Early (£3 months) vs Late (>3 months) Canakinumab initiation

Pouchot score = 0 (3 months) TOR 1.98 p =0.300
| .
Rau score = 0 (3 months) p=0.290
,OR 2.01
GC dose <5 mg/day (3 months) OR030 1 p=0172
I
GC dose <5 mg/day (6 months =0.132
g/day ( ) OR 0.27 : P
GC use (3 months) OR .68 p=0.330
1
GC use (6 months) ORb30 ! p=0.118
GC use (12 months) oRY.59 p=0.616
GC use (last visit) : oRS 13 p=0.300
| 5
e " Py | =0.188
Need for additional cDMARDs OR 0.20 : p
cDMARDSs use (3 months) OR .00 p=0.999
1
cDMARDSs use (6 months) W p=0.981
hE
cDMARDs use (12 months) ORI p =0.869
|
cDMARDSs use (last visit) p=0.663
oIR 1.40
Increase canakinumab dose (3 months) L + OR% o p=0.170
| .
Dose change increased IOR o1 p =0.530
OR 1.
Dose change decreased OR 087 p =0.840
1e-01 1e+01 1e+03

Odds Ratio (log scale) with 95% CI

Fig. 2. Forest plot of regression analyses evaluating the association between early initiation of canakinumab (<3 months from the start of canakinumab) and clinical
outcomes in Still’s disease. Outcomes include glucocorticoid (GC) use and tapering, use of concomitant conventional disease-modifying antirheumatic drugs
(cDMARDs), and changes in canakinumab posology during follow-up. Odds ratios (ORs) with 95% confidence intervals (95% CI) are shown on a logarithmic scale,
together with corresponding p-values. The vertical dashed line indicates the null effect (OR = 1). Models were adjusted for age at disease onset (paediatric vs adult)
and disease course; additional adjustments were applied for treatment duration in analyses at last follow-up and for baseline GC dose in analyses of GC reduction at

3 months.
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Corticosteroid Reduction Rate Over Time
Percentage of patients who successfully discontinued steroids relative to baseline
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Initiation Timing . Canakinumab =3 months . Canakinumab >3 months

100

p=0.004

80

% Reduction from Baseline

75% 75%
64.6%
60 p=0.0001 58.5%
50%
40 1
32%
20
6%
o

p=0.25

=0.15
81.3% P

Month 3 Month 6

Month 12 Last Assessment

Fig. 3. Glucocorticoid sparing effect according to canakinumab initiation timing. Proportion of patients successfully discontinuing glucocorticoids at 3, 6, 12 months,
and at the last assessment, relative to those receiving steroids at baseline. Data are stratified by early canakinumab initiation (<3 months from disease onset, green
bars) versus delayed initiation (>3 months, blue bars). Early canakinumab introduction was associated with significantly higher rates of steroid discontinuation at

month 3 and month 6, while the effect reduced at later assessments.

polycyclic course was observed in 8 cases (23%) in the early-start group
and in 75 cases (48%) in the late-start group (p=0.01). The chronic
articular course was reported in 6 patients (17%) starting canakinumab
early and 34 cases (22%) starting later (p=0.69). Disease course could
not be classified in 4 cases (11%) in the early-start group and 34 cases
(22%) in the late-start group (p=0.24).

Starting canakinumab within 3 months of disease onset was signifi-
cantly associated with classification as a monocyclic disease course
compared with the chronic-articular (RRR 4.43, 95% CI 1.12-17.60;
p=0.034) and polycyclic courses (RRR 8.97, 95% CI 1.29-62.3;

A Reasons for Canakinumab Discontinuation

Initiation Timing [l Canakinumab <3 months [l Canakinumab >3 months

40
Long-term Remission
30 p =0.0009
26%
S
a
€20
2
=
©
a
p=1.00
10 8%
6% 6%
p=1.00
0% 1%
0
Long-term remission Primary il y il

Primary Failure I

Secondary Failure [

p=0.03). Fig. 5A illustrates the unadjusted distribution of disease
course according to canakinumab initiation timing, while Fig. 5B shows
the adjusted multinomial regression analysis demonstrating the associ-
ation between early canakinumab initiation and monocyclic disease
course.

Discussion
The present study is consistent with previous evidence indicating

that the overall efficacy of canakinumab does not substantially depend

Predictors of Canakinumab Discontinuation
Early initiation (<3 months) is associated with long-term remission

OR 4.83 (p = 0.04)

OR 1.44 (p = 0.701)
° |

OR 168 (p = 0.39)
1

0.1 0.5 1.0 2.0 5.0 10.0
Odds Ratio (log scale)

25.0 40.0

Fig. 4. Impact of canakinumab initiation timing on treatment discontinuation and association with long-term disease remission as a cause of canakinumab with-
drawal. (A) Proportion of patients discontinuing canakinumab, categorized by reason (long-term disease remission, primary inefficacy, or secondary inefficacy),
comparing early initiation (<3 months from disease onset; green bars) versus late initiation (>3 months; blue bars). P-values indicate differences between the two
groups for each reason, calculated using the chi-squared test or Fisher’s exact test. (B) Forest plot showing odds ratios (ORs) and 95% confidence intervals (CIs) from
binary logistic regression evaluating early canakinumab initiation as a predictor of treatment discontinuation due to long-term remission.
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A Canakinumab Timing and Disease Course
Higher frequency of monocyclic course in patients starting canakinumab early
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B Association of Early Canakinumab Initiation with Disease Course
Starting canakinumab within 3 months increases the likelihood of a monocyclic course

Monocyclic vs Chronic

Monocyclic vs Polycyclic

RRR 4.43 (p=0.034)

RRR 8.97 (p=0.03) |

0.1 0.5 1.0 5.0
Relative Risk Ratio (Log Scale)
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Fig. 5. Different types of disease course based on different canakinumab initiation timing and association of early canakinumab introduction with the monocyclic
course. (A) Number of patients classified as having a monocyclic, polycyclic, or chronic-articular disease course among those treated with canakinumab <3 months
versus >3 months from disease onset. Patients not yet classified are also reported. (B) Results from multinomial regression analysis showing the relative risk ratio
(RRR) of being classified as monocyclic versus polycyclic or chronic-articular course when canakinumab was initiated within 3 months from disease onset, compared

with later initiation.

on the timing of IL-1 inhibition initiation [7]. Nevertheless, our findings
also highlight potential advantages associated with early use of cana-
kinumab, supporting the hypothesis of a potential therapeutic window
of opportunity. In particular, initiation of canakinumab within the first
three months from disease onset was associated with long-term remis-
sion followed by treatment discontinuation. This finding may reflect
greater stability of the complete clinical and laboratory response in
patients treated with IL-1 inhibition early, an interpretation further
supported by the reduced need for concomitant cDMARDs used to sus-
tain the efficacy of IL-1 inhibition. In this cohort, the association be-
tween late initiation of canakinumab and the need for concomitant
c¢DMARD:s did not reach statistical significance, likely due to the limited
sample size. Nonetheless, the observation that all patients requiring
cDMARDs belonged to the group starting canakinumab beyond three
months from disease onset is suggestive and may warrant further

investigation in larger, adequately powered studies. Further studies will
therefore be needed to clarify this issue.

Another relevant aspect emerging from the association between
early canakinumab initiation and the ability to discontinue treatment in
long-term remission concerns its potential impact on disease course.
Specifically, early IL-1 inhibition may be associated with a monocyclic
disease pattern rather than a chronic articular or polycyclic course. This
finding is consistent with the hypothesis that early targeting of key in-
flammatory pathways through IL-1 blockade may positively influence
long term disease trajectories. It should be specified that follow-up
duration differed between groups, with shorter follow-up in the early-
treatment group reflecting the more recent adoption of early IL-1 inhi-
bition in clinical practice [15]. This may have limited the ability to fully
capture the long-term disease course in some patients and may have
resulted in provisional classification. In addition, such a clinically
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meaningful concept requires long-term post-discontinuation follow-up,
and only future data will determine whether this hypothesis is
confirmed among patients who discontinued canakinumab due to sus-
tained remission. It should also be acknowledged that disease course
classification is inherently time-dependent, particularly for the mono-
cyclic phenotype, which requires a sufficiently long period of observa-
tion without recurrence to be reliably defined. Conversely, in patients
with prolonged disease duration, typically exceeding 12 months, the
disease course is, by definition, more likely to be classified as polycyclic
or chronic-articular. Therefore, differences in follow-up duration and in
disease duration at the time of canakinumab initiation between groups
may have influenced disease course categorisation. In particular, shorter
follow-up in the early-treatment group, reflecting the more recent
adoption of early IL-1 inhibition, may have led to provisional classifi-
cation in some patients, while longer disease duration prior to canaki-
numab initiation in the late-treatment group increases the likelihood of
observing recurrent flares. Although multivariable models were
adjusted for disease course, such adjustment cannot fully account for the
dynamic nature of disease evolution over time or for differences in
observation windows between groups. Despite these limitations, initia-
tion of canakinumab within three months from disease onset was more
frequently observed in patients with a monocyclic disease course than in
those with chronic-articular or polycyclic patterns, further supporting
the potential prognostic benefit of early IL-1 inhibition.

An important alternative explanation that deserves explicit consid-
eration is reverse causation in relation to the observed frequency of
monocyclic disease course. Patients with an inherently monocyclic and
self-limited disease phenotype might present with a more acute clinical
onset [17], leading to earlier referral, earlier initiation of canakinumab,
and a higher likelihood of favourable outcomes irrespective of treatment
timing itself. In this scenario, the observed association between early
IL-1 inhibition and improved long-term outcomes, including treatment
discontinuation and monocyclic disease course, may at least in part
reflect underlying disease biology rather than a causal effect of earlier
treatment initiation. Although multivariable analyses were performed to
account for measured confounders, residual confounding by indication
and disease severity cannot be excluded in this observational setting,
thereby limiting causal inference.

An additional key finding of this study is the greater ability to reduce
and discontinue glucocorticoid therapy in patients treated early with
canakinumab. In particular, patients initiating canakinumab within
three months exhibited a significantly greater mean reduction in
glucocorticoid dose, approximately 17.5 mg more than those treated
later. This effect is only partially explained by higher initial glucocor-
ticoid doses in the early-treatment group, likely reflecting a more acute
disease phase. Indeed, although baseline glucocorticoid doses tended to
be higher in patients starting canakinumab early, this difference was not
statistically significant when compared with patients starting later.
Moreover, the linear regression analysis confirming greater steroid-
sparing effects in the early-treatment group was adjusted for baseline
daily glucocorticoid dose. Interestingly, differences between groups
tended to diminish at the last follow-up assessment. Consistently, the
proportion of patients able to completely discontinue glucocorticoids
was significantly higher in the early- canakinumab group at three and
six months, whereas this difference disappeared at twelve months and at
the last available evaluation. Overall, these findings suggest that during
the first 3-6 months of treatment, early IL-1 inhibition allows for faster
glucocorticoid tapering and discontinuation, while differences between
early and late treatment initiation become less pronounced over time,
likely reflecting a slower but ultimately comparable efficacy in patients
treated later, as previously demonstrated for anakinra [6].

Taken together, these results indicate that early initiation of cana-
kinumab may facilitate adherence to current EULAR/PReS recommen-
dations for SD, which advocate for a marked reduction in glucocorticoid
dosage within three months and, whenever possible, complete discon-
tinuation by six months [15]. However, it is important to emphasise
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that, although the data presented in this study are of clinical interest, the
implementation of early IL-1 inhibition in routine clinical practice is not
without challenges. In the early phases of SD, diagnostic uncertainty is
common, as the clinical presentation may overlap with infectious, ma-
lignant, and other inflammatory conditions, often requiring longitudinal
follow-up before a definitive diagnosis can be established [18]. In
addition, access to biotechnological therapies such as canakinumab is
frequently influenced by regulatory and reimbursement pathways,
which may delay treatment initiation even after the diagnosis has been
confirmed. These factors, together with the need for careful differential
diagnosis and patient-tailored treatment escalation strategies, may
partly explain why early IL-1 blockade is not consistently implemented
in real-world practice, despite its potential benefits.

Notably, early IL-1 blockade was not restricted to patients initiating
canakinumab within three months, as 5 patients in the early-treatment
group and 23 patients in the late-treatment group had received ana-
kinra prior to canakinumab administration. However, anakinra had
been administered at a fixed dose of 100 mg/day in all adult patients
included in this study, as it was considered a likely suboptimal regimen
toward adequate IL-1 inhibition. Accordingly, these patients subse-
quently required switch to canakinumab as a more effective IL-1-
targeted therapy. This rationale also underlies the study design, which
focused on patients treated with on-label canakinumab rather than
anakinra, in order to reduce the potential bias associated with under-
dosing and consequently inadequate IL-1 inhibition. Indeed, in adult
patients with Still’s disease, the on-label dosing of anakinra is 100 mg/
day regardless of body weight, whereas canakinumab is administered at
4 mg/kg every 4 weeks, up to a maximum of 300 mg every 4 weeks.

This study has limitations, including its observational design, which
precludes causal inference and may be affected by residual confounding
despite multivariable adjustment. The small proportion of patients
initiating canakinumab within three months may have limited power for
some outcomes, particularly cDMARD use. Given the sample size
imbalance between the early (n=35) and late (n=155) treatment
groups, the study provides adequate precision to detect moderate-to-
large differences between groups, whereas smaller effect sizes may not
be reliably detected. This is reflected in the width of confidence intervals
for several outcomes. Therefore, findings should be interpreted in terms
of effect size estimates and their precision rather than statistical signif-
icance alone. Heterogeneous follow-up after treatment discontinuation
limits conclusions on long-term disease remission. The three-month cut-
off, although clinically reasonable, is partly arbitrary. Noteworthy,
additional residual confounding may be present due to unmeasured
variables, including prior treatment exposure, temporal changes in
therapeutic strategies, and centre-level effects, which could not be
formally accounted for due to sample size constraints and the multi-
centre structure of the registry. In particular, the comparison between
early and late treatment groups inherently reflects differences in prior
treatment exposure and disease stage, which may have influenced both
treatment decisions and outcomes. However, despite the more acute
disease presentation in patients treated early, no clear signal of worse
outcomes was observed in this group. We also acknowledge that mul-
tiple endpoints were assessed without adjustment for multiplicity. This
reflects the exploratory nature of the study within a real-world registry
framework. Therefore, the risk of type I error should be considered when
interpreting statistically significant findings, particularly those with
borderline p values, and results should be regarded as hypothesis-
generating. Missing data varied across time points and reflect the real-
world nature of registry-based data collection. Although analyses were
conducted on available cases, the possibility of informative missingness
cannot be excluded. It is noteworthy that follow-up duration differed
between groups, with shorter follow-up in the early-treatment group
reflecting more recent treatment practices. This may have limited the
ability to fully capture long-term outcomes, including disease course
classification and treatment discontinuation, and may have led to pro-
visional classification in some patients. Nevertheless, despite the study
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limitations, the large real-world cohort and consistent patterns across
outcomes provide supportive evidence for the clinical relevance of early
IL-1 inhibition in SD.

In conclusion, canakinumab is highly effective in SD regardless of the
timing of treatment initiation in relation to disease onset. However,
early initiation may be associated with treatment discontinuation due to
long-term remission and appears to be linked to a greater frequency of a
monocyclic disease course. Moreover, early treatment improves the
ability to reduce and discontinue glucocorticoids in the short term.
Future studies are warranted to clarify whether later initiation of can-
akinumab is more frequently associated with the need for concomitant
c¢DMARD therapy.
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