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Comparison of Early vs. Delayed Anakinra Treatment in Patients With Adult Onset Still's Disease and Effect on Clinical and Laboratory Outcomes
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Background: Aim of this study was to search for any difference in the outcome of patients with adult onset Still's disease (AOSD) treated with anakinra (ANK) in relation with the interval between disease onset and the start of anti-interleukin(IL)-1 treatment and according with the different lines of ANK treatment.

Patients and Methods: One hundred and forty-one AOSD patients treated with ANK have been retrospectively assessed. Statistically significant differences (p < 0.05) were analyzed in the frequency of ANK effectiveness, primary or secondary inefficacy to ANK and rate of resolution of clinical and laboratory AOSD manifestations after 3, 6, and 12 months since ANK treatment according with different lines of treatment and different times between AOSD onset and start of ANK.

Results: No significant differences were identified in the ANK effectiveness and frequency of primary or secondary inefficacy for patients starting ANK within 6 months (p = 0.19, p = 0.14, and p = 0.81, respectively) or 12 months (p = 0.37, p = 0.23, and p = 0.81, respectively) since AOSD onset compared with patients starting ANK thereafter; no significant differences were identified in ANK effectiveness and primary or secondary inefficacy according with different lines of ANK treatment (p = 0.06, p = 0.19, and p = 0.13, respectively). Patients starting ANK within 6 and 12 months since AOSD onset showed a significantly quicker decrease of erythrocyte sedimentation rate and C-reactive protein than observed among patients undergoing ANK treatment after 6 and 12 months. The number of swollen joints at the 3 month follow-up visit was significantly lower among patients undergoing ANK within 6 months since AOSD onset (p = 0.01), while no significance was identified at the 6 and 12 month assessments (p = 0.23 and p = 0.45, respectively). At the 3 and 6 month visits, the number of swollen joints was significantly higher among patients previously treated with conventional and biological disease modifying anti-rheumatic drugs (DMARDs) compared with those formerly treated only with conventional DMARDs (p < 0.017).

Conclusions: Clinical and therapeutic outcomes are substantially independent of how early ANK treatment is started in AOSD patients. However, a faster ANK effectiveness in controlling systemic inflammation and resolving articular manifestations may be observed in patients benefiting from IL-1 inhibition as soon as after disease onset.
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INTRODUCTION

Adult onset Still's disease (AOSD) is a systemic multifactorial autoinflammatory disorder considered as the adult counterpart of systemic onset juvenile idiopathic arthritis (SOJIA) (1–6). According with the predominant symptoms, clinical presentation of AOSD can be classified into two main different patterns represented by a “systemic” type and a “chronic articular” type. Specifically, the systemic type includes patients mainly suffering from daily spiking fevers, typical salmon-like maculopapular rash, serositis, hepatosplenomegaly, and lymphadenopathy. Conversely, the chronic articular type includes patients mainly suffering from arthritis with less pronounced systemic inflammatory features. In turn, the systemic type can be distinguished into a monocyclic and polycyclic course, with the monocyclic form defined as a single flare lasting from 2 months to 1 year and the polycyclic type characterized by recurrent flares with asymptomatic intercritical periods (7).

Laboratory investigations typically show an elevated white blood cell count with neutrophil predominance, increased inflammatory markers, and high levels of serum ferritin. Serum liver enzymes are also increased in some patients (8). Currently, AOSD diagnosis is clinical and requires the exclusion of infectious, neoplastic and autoimmune diseases. Different sets of criteria have been developed for diagnostic and classification purposes, with Yamaguchi's criteria and Fautrel's criteria being the most frequently employed in the clinical practice (9, 10). To date, disease severity is assessed with the Pouchot's score modified by Pouchot et al. (8) and Rau et al. (11), which has also a prognostic impact and is useful in identifying patients at risk of AOSD-related death (12).

During the past years, non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids represented the first-line treatment approach for AOSD patients, while conventional disease modifying anti-rheumatic drugs (cDMARDs), especially methotrexate, were used in resistant cases or as corticosteroid-sparing agents. Hydroxychloroquine and cyclosporine A represent additional cDMARDs usually employed in AOSD patients (13, 14). Among biotechnological agents, tumor necrosis factor (TNF)-α blockers have shown inadequate efficacy in controlling AOSD activity (15). On the other hand, interleukin-1 (IL-1) has proven to be a critical cytokine for the pathogenesis of both SOJIA and AOSD, thus inducing to include these disorders among multifactorial autoinflammatory diseases (16–19). On this basis and following the general improvement obtained in SOJIA patients, the IL-1 inhibitors anakinra (ANK) and canakinumab have been recently used in AOSD patients, leading to excellent clinical results even in cases resistant to conventional treatments (20–24). In particular, both clinical and laboratory manifestations resolve within a few days from the start of anti-IL-1 treatment in the majority of patients, also when a monotherapy approach is followed.

Despite the promising clinical results, not all patients are responsive to this treatment choice. Therefore, the identification of clinical or laboratory predictors of response currently accounts for a primary need to establish when and to whom IL-1 inhibitors should be started. In this regard, an early treatment with IL-1 blockade has been associated with a better outcome in the pediatric context (25–28).

The main aim of the present study is to identify any difference in the outcome of AOSD patients treated with ANK in relation with the interval between disease onset and start of the IL-1 inhibitor and according with the different lines of ANK treatment.



PATIENTS AND METHODS


Patients and Data Collection

Patients included in this study have also been presented in other studies providing information about effectiveness of anti-IL-1 agents in AOSD patients, long-term drug retention rate of ANK, and predictive factors of response to ANK (24, 29).

Patients have been enrolled in 18 Italian tertiary Centers and had been diagnosed with AOSD basing on Yamaguchi's criteria (9). Before starting ANK, all patients had undergone a careful laboratory and radiologic screening in order to exclude infections, neoplasms and other rheumatologic disorders possibly inducing fever. Patients treated with ANK have been closely monitored with daily or weekly clinical and laboratory evaluations during the first month of treatment and then every three months or in case of either disease relapse or safety concerns.

A retrospective analysis of medical charts related to patients with AOSD was performed to evaluate any differences in the outcome of AOSD after treatment with ANK in relation with the time interval between disease onset and start of the IL-1 inhibitor and according with the different lines of ANK treatment. In particular, endpoints of the study were to identify any statistically significant difference in the frequency of global ANK effectiveness, primary or secondary inefficacy to ANK and in the resolution rate of clinical and laboratory AOSD manifestations after 3, 6 and 12 months of ANK treatment between: (i) patients starting treatment within 6 months since disease onset and patients undergoing treatment afterwards; (ii) patients starting ANK within 12 months since AOSD onset and patients undergoing treatment thereafter; (iii) patients treated with ANK before cDMARDs and/or other biologics; (iv) patients undergoing ANK after cDMARDs and before other biologics; (v) patients previously treated with both cDMARDs and other biologic agents. A further endpoint was to identify any statistically significant difference in the drug retention rate of ANK between patients treated with ANK before cDMARDs and other biologic agents, patients undergoing ANK after cDMARDs and before other biologics, and patients previously treated with both cDMARDs and other biologics.

The time cut-offs at 6 and 12 months after AOSD onset were chosen in order to accommodate the retrospective design of the study (patients were generally seen every three months in routine clinical practice) and the assessment of treatment outcomes based on how early IL-1 inhibition had been introduced.

Clinical variables considered in the statistical computation were: presence of fever, skin rash, pharyngodynia, arthritis, arthralgia, myalgia, pleuritis, pericarditis, liver involvement (hepatomegaly with increased liver enzymes), lymphadenitis (laterocervical and/or inguinal and/or axillary), lung involvement (non-infectious pneumonia), number of tender joints, number of swollen joints, disease activity score in 28 Joints-C-reactive protein (DAS28-CRP), baseline Pouchot score (hereinafter referred to as “systemic score”), decrease of systemic score at 3-month, 6-month and 12-month follow-up visits, daily corticosteroid dosage at the start of ANK, decrease in daily steroid dosage at 3-month, 6-month and 12-month follow-up visits.

Laboratory variables considered for the statistical computations were: total white blood cell counts, ferritin serum levels, erythrocyte sedimentation rate (ESR) and CRP.

The study protocol was conformed to the tenets of the Declaration of Helsinki and was approved by the local Ethics Committee of the University of Florence (reference number: 364-16OCT2013). Informed consent was obtained from each patient for the retrospective evaluation of her/his medical chart.



Definitions

For diagnosis, fever was defined by a temperature higher than 39°C. At the 3-month, 6-month and 12-month follow-up visits patients were considered fever-free when body temperature was persistently lower than 37°C during the previous four weeks. Diagnosis of pleuritis, pericarditis and pneumonia was based on echographic-radiological documentation; hepatomegaly was documented by ultrasound, CT scan or magnetic resonance imaging (MRI). Regarding laboratory variables, white blood cell counts, ferritin, ESR and CRP were considered normal or increased according with the local laboratory normal ranges.

The concept of effectiveness was defined as “complete resolution or patient and physician's reported satisfactory resolution of clinical and laboratory AOSD manifestations”. A “complete resolution of arthritis” corresponded to the achievement of a DAS28-CRP <2.6, while the patient's reported satisfactory resolution corresponded to a patient global assessment ≤ 2.0 (scale 0–10) related to the overall disease activity and to the global health, separately; physician's reported satisfactory resolution corresponded to an evaluator global assessment ≤ 1.5 (scale 0–10) (30, 31). Primary inefficacy was considered as “no satisfactory improvement of clinical manifestations during the first four weeks of ANK treatment according with physician's judgment”. A secondary inefficacy was defined as “reappearance of AOSD manifestations for at least four weeks leading to ANK withdrawal despite a previous global response lasting at least 3 months”.



Statistical Analysis

Descriptive statistics has included sample size, percentages, means, interquartile range (IQR), and standard deviations. After having assessed normality distribution with Shapiro-Wilk test, three-group comparisons of quantitative variables were performed by using ANOVA or Kruskall-Wallis test, as appropriate; qualitative variables were analyzed employing Chi-square test with 2x3 contingency tables. Unpaired two-tailed t test or Mann-Whitney two tailed U test with Bonferroni correction, as appropriate, were used for post-hoc analysis when global significance had been reached. Similarly, two-group comparisons were performed using two-tailed t test or Mann-Whitney two tailed U test for quantitative variables and by employing Chi-square test with 2x2 contingency tables for dichotomous data. When expected frequencies were less than five, Chi-square test was changed with Fisher exact test.

Drug retention rates (DRR) were assessed using the Kaplan-Meier plot, with “time 0” corresponding to the start of ANK treatment and the “event” being the discontinuation of therapy because of primary or secondary inefficacy. Log-rank (Mantel-Cox) test and Breslow test were used to compare differences in the initial and terminal part of different Kaplan-Meier curves, respectively.

In order to verify any role for the therapeutic interval between AOSD onset and the start of ANK and to search for confounding factors related to patients' features, AOSD activity and concomitant treatments, binary stepwise regression analysis was performed by using the following demographic, clinical and therapeutic features at the start of IL-1 inhibition as independent variables: disease duration (in months) between AOSD onset and the start of ANK, age at AOSD onset, AOSD type (systemic vs. chronic articular pattern), AOSD severity assessed with the systemic score, the daily corticosteroid dosage (mg/day of prednisone or equivalent), the concomitant use of cDMARDs, the number of tender joints, the number of swollen joints, the DAS28-CRP value, the sex of patients enrolled. The following outcomes were used as dependent variables: ANK effectiveness (established according to our definition) at 6- and 12-month follow-up visit; a systemic score equal to zero at 6 and 12 month follow-up visits; a DAS28-CRP <2.6 at 6- and 12-month assessments; the complete normalization of inflammatory markers (both ESR and CRP) at 6- and 12-month laboratory assessments.

Statistical Package for Social Science (SPSS) 24.0 package was used for statistical analysis. Two tailed p-values < 0.05 were considered statistically significant.




RESULTS

One hundred and forty-one patients (48 males, 93 females) diagnosed with AOSD according with Yamaguchi criteria and treated with ANK were enrolled in the study. Tables 1, 2 summarize demographic, clinical and therapeutic data of all patients recruited.


Table 1. General features of patients with AOSD at the start of treatment with anakinra.
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Table 2. Treatment choices preceding and accompanying anakinra in the patients evaluated in our study.
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Treatment with ANK was started in 40 patients (28.4%) within 6 months since AOSD onset and in 65 patients (46.1%) during the first 12 months of disease. In 19 cases (13.5%) ANK represented the first treatment approach soon after NSAIDs and corticosteroids; in 93 cases (66%) ANK treatment had been introduced as first-line biologic agent soon after cDMARDs failure, while other than anti-IL-1 biologic agents had been previously employed in 29 cases (20.6%). None of the patients had been treated with canakinumab before starting ANK.

The median disease duration at the start of ANK was: i) 2 (IQR = 3) months among patients starting ANK during the first 6 months of disease activity and 28.5 (IQR = 71.25) months among patients treated with ANK thereafter; ii) 5 (IQR = 7) months among patients starting ANK during the first 12 months from AOSD onset and 56 (IQR = 84) months among patients undergoing ANK afterward; iii) 3 (IQR=8) months among patients undergoing ANK as first treatment approach soon after NSAIDs and corticosteroids, 15 (IQR = 51) months among subjects treated with ANK after cDMARDs introduction and 69.5 (IQR = 164.75) months among patients undergoing ANK after cDMARDs and other biologics.

Dosages employed corresponded to ANK standard posology of 100 mg/day in 128 (90.8%) patients, while 4 (2.8%) patients were treated with higher dosages (200 mg/day), and 9 (6.4%) with lower than standard dosages (100 mg every other day or less).


ANK Started Within 6 Months From Disease Onset

When analyzing differences in clinical outcome between patients starting treatment with ANK before and after 6 months of disease duration, no significant differences were identified in ANK effectiveness (p = 0.19) and in the frequency of primary (p = 0.14) or secondary (p = 0.81) inefficacy.

The systemic score at the start of treatments was significantly higher among patients undergoing ANK within 6 months since AOSD onset (6.3 ± 1.8 vs. 5.23 ± 1.9, p = 0.006). The decrease of systemic score at 3-, 6- and 12-month assessment was significantly higher among patients presenting a less than 6 months disease duration at the start of ANK (p = 0.006, p < 0.001 and p = 0.001, respectively). As reported in Table 3, the systemic score at 6-month assessment was significantly higher among patients starting ANK within six months from AOSD onset (p = 0.06), while no statistically significant differences were identified in the systemic score at 3- and 12-month assessments between the two groups (p = 0.67 and p = 0.89, respectively).


Table 3. Information about different responses in the articular manifestations between patients treated with anakinra no later than 6 months (upper part) and no later than 12 months (lower part) since AOSD onset compared with those starting the treatment thereafter.

[image: Table 3]

The number of swollen joints at the 3-month follow-up visit was significantly lower among patients undergoing ANK within 6 months since disease onset (p = 0.01), while no significant differences were identified at the start of ANK and at 6- and 12-month follow-up visits (p = 0.63, p = 0.23 and p = 0.45, respectively). No differences were identified in the number of tender joints and in the DAS28-CRP value among the two groups at the start of ANK (p = 0.81 and p = 0.50, respectively) and after 3 months (p = 0.91 and p = 0.66, respectively), 6 months (p = 0.47 and p = 0.65, respectively) and 12 months (p = 0.23 and p=0.27, respectively). Table 3 provides details about the different responses in joints between patients treated no later than 6 months since AOSD onset and those starting the treatment thereafter.

Baseline corticosteroid dosage was significantly higher among patients treated early with ANK (p < 0.0001). The decrease in the steroid dosage was not statistically significant between groups at the 3-month assessment (p = 0.064); conversely, it was significantly higher at both 6- and 12-month visits (p = 0.002 and p = 0.011, respectively) among patients starting ANK as early as 6 months since AOSD onset.

At the start of ANK, no differences were identified in the number of patients showing increased ESR (p = 0.86), while CRP was significantly more frequently increased among patients undergoing ANK within 6 months since AOSD onset (p = 0.023). At the 3-month evaluation ESR normalized in a significantly higher number of patients treated with ANK within the first 6 months since AOSD onset (p = 0.004). A similar trend was identified also for CRP without reaching a statistical significance (p = 0.054).

No statistically significant differences were identified in the frequency of serum ferritin normalization at the 3-month (p = 0.86), 6-month (p = 0.24) and 12-month (p = 0.47) assessments. No statistically significant differences were found between groups regarding leukocytosis at the 3-month (p = 0.30), 6-month (p = 0.16) and 12-month (p = 0.33) assessments. As detailed in Figure 1, no significant differences were identified in the frequency of resolution of specific clinical manifestations between the two groups of patients.


[image: Figure 1]
FIGURE 1. Radar graphics highlight the frequency of resolution of laboratory and clinical manifestations of adult onset Still's disease between patients starting anakinra (ANK) within the first 6 months since disease onset (<6 months) and those starting ANK thereafter (>6 months); (A–C) refer to the 3-month, 6-month and 12-month follow-up assessments, respectively. P-values were obtained by employing Chi square test. Alternatively, Fisher exact test was employed when expected frequencies were less than 5. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.




ANK Started Within 12 Months From Disease Onset

No statistically significant differences were identified in the effectiveness of ANK (p = 0.37) and in the frequency of primary (p = 0.23) or secondary (p = 0.81) inefficacy between patients starting ANK during the first year since AOSD onset and those treated with ANK afterward.

At the start of treatment, systemic score was significantly higher among patients treated with ANK as soon as the first 12 months since the start of AOSD (6.2 ± 1.8 vs. 5.0 ± 1.8, p < 0.001). Similarly, the decrease of systemic score was significantly higher among patients treated with ANK as early as the first 12 months since disease onset at the 3-month visit (p = 0.012), 6-month visit (p = 0.001) and 12-month assessment (p = 0.002).

The baseline corticosteroid dosage was significantly higher among patients treated with ANK as soon as the first 12 months since AOSD onset (p = 0.001). Likewise, the decrease of steroid dosage was significantly higher among patients undergoing the earlier ANK treatment at the 3-month (p = 0.001), 6-month (p = 0.007) and 12-month (p = 0.032) follow-up visits.

Table 3 provides details about different responses in articular features between patients treated with ANK no later than 12 months since AOSD onset and those starting the treatment thereafter.

At the start of ANK no differences were identified in the number of patients showing increased ESR (p = 0.56) between the two groups of patients; conversely CRP was significantly more frequently increased among patients starting ANK during the first year of disease (p = 0.032). Among subjects treated with ANK during the first 12 months since AOSD onset, ESR normalized in a significantly higher number of patients at the 3-month assessment (p = 0.017), while no statistically significant differences were identified at the 6-month (p = 0.19) and 12-month (p = 0.58) follow-up visits. In the same group, CRP normalized in a significantly higher number of patients at the 3-month (p = 0.03) and 6-month (p = 0.014) visits, while no differences were found at the 12-month assessment (p = 0.83). No differences were disclosed in the frequency of leukocytosis resolution and serum ferritin normalization at the 3-month (p = 0.87 and p = 0.66, respectively), 6-month (p = 0.89 and p = 0.08, respectively) and 12-month (p = 0.92 and p = 0.13, respectively) assessments.

As shown in Figure 2, no significant differences were identified in the frequency of resolution of specific clinical AOSD manifestations between the two groups of patients.
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FIGURE 2. Radar graphics highlight the frequency of resolution of laboratory and clinical manifestations of adult onset Still's disease between patients starting anakinra (ANK) within the first 12 months since disease onset (<12 months) and those starting ANK thereafter (>12 months); (A–C) refer to the 3-month, 6-month and 12-month follow-up assessments, respectively. P-values were obtained by employing Chi square test. Alternatively, Fisher exact test was employed when expected frequencies were less than 5. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.




Different Lines of ANK Employment

No statistically significant differences were identified in ANK effectiveness (p = 0.06) and in frequency of primary (p = 0.19) or secondary (p = 0.13) inefficacy between patients treated with ANK after NSAIDs and corticosteroids, patients undergoing ANK as first-line biologic agent after cDMARDs failure and those previously treated with cDMARDs and other biologics. Table 4 describes clinical outcomes about systemic score, articular involvement and corticosteroid sparing effect between the three groups of patients.


Table 4. Differences about Pouchot score modified by Rau et al. (Systemic Score), articular involvement and corticosteroid sparing effect between patients undergoing anakinra (ANK) as first treatment approach and patients previously treated with conventional disease modifying anti-rheumatic drugs (cDMARDs) or with cDMARDs plus other biologic agents.

[image: Table 4]

No differences were identified in the serum ferritin levels between the three groups of patients at the 3-month, 6-month, and 12-month assessments. Figure 3 describes the frequency of resolution of laboratory and clinical AOSD manifestations at the 3-month, 6-month and 12-month follow-up visits. Table 5 provides details about the clinical manifestations at the start of ANK among patients starting treatment before and after 6 months since AOSD onset, before and after 12 months since AOSD onset and according with different lines of ANK employment.
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FIGURE 3. Radar graphics highlight the frequency of resolution of laboratory and clinical manifestations of adult onset Still's disease between: i) patients starting anakinra (ANK) before both conventional disease modifying anti-rheumatic drugs (cDMARDs) and other than anti-IL-1 biologic agents (ANK first); ii) patients treated with ANK after cDMARDs failure and before any other biologic agent (cDMARDs → ANK); and patients previously administered both cDMARDs and other biologics (cDMARDs → biologics → ANK). (A–C) refer to the 3-month, 6-month and 12-month follow-up assessments, respectively. P-values were obtained by employing Chi square test. Alternatively, Fisher exact test was employed when expected frequencies were less than 5. Significances at the post-hoc analysis: A = “ANK first” group vs. “cDMARDs → biologics → ANK” group; B = “cDMARDs → ANK” group vs. “cDMARDs → biologics → ANK” group. The sign “*” indicates a lack of significance at the Bonferroni correction (p>0.017).



Table 5. Clinical and laboratory manifestations at the start of anakinra (ANK) treatment among patients undergoing ANK within and after 6 months since adult onset Still's disease (AOSD) onset, patients starting ANK within and after 12 months since AOSD onset, patients treated with ANK before both conventional disease modifying anti-rheumatic drugs (cDMARDs) and biologics (ANK first), patients treated with ANK after cDMARDs failure and before any other biologic agent (cDMARDs→ANK), and patients previously administered both cDMARDs and other biologics (cDMARDs→biologics→ANK).

[image: Table 5]

Supplementary Table 1 provides details about the frequency of effectiveness to anakinra, primary and secondary inefficacy in the different subgroups of patients identified in the study. Similarly, supplementary Tables 2, 3 respectively add information about the mean values of the systemic score [according to Rau et al. (11)] and the mean daily corticosteroid dosage at 3-, 6- and 12-month assessments in the different subgroups of patients identified in the study. The mean decrease of the systemic score and of the daily corticosteroid dosage compared to the start of ANK are also reported.



Drug Retention Rates Analysis

Figure 4 shows the different drug retention rates of ANK obtained including patients discontinuing treatment because of primary or secondary inefficacy.
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FIGURE 4. Kaplan-Meier survival curves of anakinra (ANK) obtained by distinguishing: i) patients starting ANK during the first 6 months since onset of adult onset Still's disease (AOSD) and patients starting ANK thereafter (A); ii) patients starting ANK during the first 12 months since AOSD onset and patients starting ANK afterward (B); patients starting ANK before both conventional disease modifying anti-rheumatic drugs (cDMARDs) and biologics (soon after non steroidal anti-inflammatory drugs and/or corticosteroids, blue line) from patients treated with ANK after cDMARDs failure (green line) and patients previously administered both cDMARDs and other biologics (red line) (C). In order to focus attention to ANK efficacy, survival analysis excluded patients discontinuing ANK because of adverse events (25 cases), long-term disease remission (20 patients), lack/loss of compliance or other non-medical reasons (19 patients). One patient was also excluded owing to the lack of information about the overall treatment duration.


After excluding patients who discontinued ANK because of adverse events, long-term disease remission, lack/loss of compliance or other non-medical reasons and 1 patient with no information about the overall treatment duration, no differences were identified in the drug retention rate of ANK between: (i) 23 patients treated with ANK as soon as the first 6 months since the start of AOSD manifestations and 53 patients starting ANK afterward (Log-rank test, p = 0.79; Breslow test, p = 0.52); (ii) 38 patients treated with ANK as soon as the first 12 months since the start of AOSD manifestations and 38 patients starting ANK afterward (Log-rank test, p = 0.34; Breslow test, p = 0.44); (iii) 10 patients treated with ANK as first treatment approach soon after NSAIDs and/or corticosteroids, 49 patients treated with ANK soon after cDMARDs failure and 15 patients treated with ANK after cDMARDs and other biologics failure (Log-rank test, p = 0.30; Breslow test, p = 0.08).

The median follow-up while on ANK treatment duration was: 4 (IQR = 34) months among patients undergoing ANK within 6 months from AOSD onset and 48 (IQR = 67) months among patients starting the treatment thereafter; 15.5 (IQR = 57) months among patients treated with ANK within 12 months from disease onset and 5.5 (IQR = 56) months in the group of patients starting the IL-1 inhibitor afterward; 7.5 (IQR = 62) months among patients treated with ANK as first treatment line, 10.5 (IQR = 55) months among patients treated with ANK after cDMARDs failure and 4 (IQR = 33) months among patients starting ANK after cDMARDs and other biologics.



Regression Analysis

At binary stepwise regression analysis the therapeutic delay between AOSD onset and the start of ANK along with the age at AOSD onset, the AOSD pattern (systemic vs. chronic articular), the baseline systemic score, the daily dosage of corticosteroids, the concomitant use of cDMARDs, the number of tender joints, the number of swollen joints and the DAS28-CRP at the start of ANK did not predict the therapeutic outcomes consisting of: ANK effectiveness at 6- and 12-month follow-up visit; a systemic Pouchot score of zero at 6 and 12 month assessments; DAS28-CRP <2.6 at 6- and 12-month assessments; complete resolution of both ESR and CRP at 6- and 12-month visits. Supplementary Table 4 provides p-values obtained at the regression analysis.




DISCUSSION

During the last decade, the inhibition of IL-1 has been proven to be an effective treatment choice in different autoinflammatory disorders (6, 29, 32) and also in the majority of patients with AOSD, in whom a complete clinical and laboratory control of inflammatory manifestations is reached within a few days since the start of IL-1 blockers. Furthermore, anti-IL-1 therapy is associated with a significant corticosteroid sparing effect and a reduced need of concomitant cDMARDs. As a whole, such drug-sparing effect leads to a significant reduction of side effects, contributing to the improvement of patients' compliance, prognosis and long-term outcome (20–24, 33).

Based on different clues mainly reported in pediatric patients, some authors have suggested that early use of anti-IL-1 agents should be also considered for the initial treatment of SOJIA in order to reduce or avoid long-term complications, including severe joint damage and corticosteroid dependency. In this regard, pediatric patients could benefit from a “window of opportunity”, namely as a period of time after the disease onset during which the inhibition of IL-1 may effectively alter the course of disease and maybe induce disease remission or even disease resolution (25–28, 34, 35). In this regard, we conducted the present study to identify any effect on clinical and laboratory outcomes in relation with the time delay between disease onset and the start of the IL-1 inhibitor. Similarly, we searched for any difference in the therapeutic outcome of ANK administered in different timepoints of disease course with respect to other treatment choices.

According with our results, no significant differences are recognized in both the overall ANK effectiveness and frequency of primary or secondary inefficacy on the basis of the different intervals analyzed (6 and 12 months) as well as according to the different treatment lines. Similarly, the time delay between AOSD onset and the start of ANK did not represent a predictor of treatment outcome considered as ANK effectiveness, complete AOSD control according to the systemic score, achievement of a DAS28-CRP <2.6 and complete resolution of inflammatory markers.

On the other hand, a higher decrease of the systemic score and a more evident corticosteroid sparing effect were observed among patients treated earlier with ANK and in patients undergoing ANK as a first-line treatment approach. This statistical significances may be partially addressed to a more aggressive therapeutic decision making of physicians in the more severe cases, as revealed by the significantly higher baseline systemic score and daily corticosteroid dosage among patients treated with ANK within 6 and 12 months from disease onset compared with patients starting the treatment thereafter. Nevertheless, while no statistical differences were observed in the baseline systemic score according to different treatment lines (Table 4), the decrease of the score was significantly higher at 3-, 6-, and 12-month assessments among patients undergoing ANK as first treatment line compared to subjects previously treated with both cDMARDs and other biologics. This could be related to a more resistant inflammatory condition among patients experiencing several treatment failures, but it could also suggest a higher ANK effectiveness in controlling systemic disease activity when used early.

Conversely, the significantly higher systemic score identified at 6-month visit among patients starting ANK within the first six months from AOSD onset is hardly clinically significant, given the absence of statistical significances at both the previous and at the next time point, as well as in relation to the very modest mean values assumed by the score in the two groups (0.64 vs. 0.52).

Notably, patients starting ANK within six or twelve months since AOSD onset showed a quicker reduction of the inflammatory markers ERS and CRP than observed among patients undergoing ANK treatment after six and twelve months, respectively. This finding is even more pronounced when the 12-month time point is considered. However, statistical significance in the rate of ESR and CRP resolution between groups tends to disappear over time. In detail, while increased inflammatory markers were significantly more frequent at the 3-month assessment among patients starting ANK after both 6 and 12 months of disease duration, at the 6-month assessment the significance was solely limited to CRP, which was found more frequently increased among patients starting ANK after one year of disease duration. Lastly, no differences among groups were observed at the 12-month assessment. As a whole, these results suggest a slower activity of ANK in controlling systemic inflammation when employed later.

A similar trend was observed in the ability of ANK to control articular involvement. This is especially interesting, as joint affection has been frequently found less responsive to IL-1 inhibition than other AOSD manifestations (22, 23). Moreover, we recently found that the risk for a loss of efficacy of ANK increases along with the number of swollen joints at the start of treatment (29).

In the present study, the number of swollen joints at the 3-month follow-up visit was significantly higher among patients starting ANK after 6 months of AOSD duration compared with patients starting the biologic agent earlier. Conversely, no statistically significant differences were observed in the number of swollen joints at the 6- and 12-month follow-up visits. On the other hand, no statistical significances were observed about the number of tender joints and the DAS28-CRP at the three follow-up visits, neither considering the 6-month nor the 12-month time points.

Of note, the rate of arthritis resolution did not show statistical differences between patients starting ANK before and after 6 months or 12 months since AOSD onset. Conversely, as observed in Table 4, at the 3- and 6-month assessment the number of swollen joints was significantly lower among patients starting ANK soon after cDMARDs than those previously treated with cDMARDs and other biologics. In addition, at the 6-month visit the number of swollen joints was significantly lower among patients starting ANK as first-line treatment than among subjects treated with cDMARDs first. This finding seems to reconnect with a previous experience in SOJIA patients supporting a better treatment outcome among patients with no previous anti-TNF-α medications (27). In this regard, since a higher number of treatment lines generally reflects a longer disease history, the results obtained in our study seem to highlight a faster resolution of articular involvement in patients undergoing ANK during the first months of treatment.

The DRR analysis did not disclose statistically significant differences between patients treated with ANK during the first 6 or 12 months of AOSD duration compared to those undergoing IL-1 inhibition thereafter. Similarly, no differences were observed between patients treated with ANK soon after NSAIDs and/or corticosteroids failure and those previously treated with other treatment choices. No differences were identified in the DRR of ANK by stratifying patients according with ANK treatment line. Taken together, these findings support that long-term therapeutic outcome is independent of how early ANK treatment is started.

The results emerging from the present study highlight the overall lack of differences in ANK effectiveness based on different time intervals between AOSD onset and ANK introduction as well as according to the different treatment lines. Nevertheless, a faster ANK effectiveness in controlling systemic inflammation and resolving articular manifestations has been identified when patients benefit from IL-1 inhibition as soon after AOSD onset. Differences in articular manifestations and laboratory response tend to settle over time and therapeutic long-term outcome is similar regardless of how early ANK treatment is started. In this perspective, long-term outcome to ANK treatment appears independent of how early IL-1 inhibition is started in AOSD patients. On the other hand, the slower articular response identified in patients treated with ANK in a non-early stage of the disease could explain why articular involvement has been frequently described as less or slowly responsive than other AOSD manifestations. Actually, currently available studies addressing ANK efficacy in AOSD patients deal with a mean delay of 3.5 to 9.3 years from disease onset to the start of ANK treatment (21–23, 36). For these reasons, future studies will have to verify whether this finding reflects a more resistant joint disease in patients failing other treatment strategies or underlies the need for an earlier ANK introduction in order to better manage joint manifestations.

Beyond joint involvement, no other single AOSD manifestations showed significant difference in the rate of resolution at the three follow-up visits, as almost all statistical significances did not overcome Bonferroni correction at the post-hoc analysis (Figures 1–3). As regards stratification for different treatment lines, these findings seem to contradict the higher decrease of the systemic score observed among patients treated with ANK as first line treatment approach compared to those previously treated with cDMARDs and other biologics. In this context, no statistically significant differences were observed in the frequency of each clinical manifestation taken individually, while the systemic score seems to highlight a general higher response to ANK administered early.

The main limitation of this study is represented by its retrospective nature. In this regard, initiation of ANK was not made at random and the groups of patients were essentially not comparable at baseline; actually, our experience reflects the real-life world, as more difficult cases probably started ANK earlier, as suggested by the higher systemic score and the higher baseline daily corticosteroid dosages employed when IL-1 inhibition was started earlier. However, baseline differences does not seem to compromise results, as the overall ANK effectiveness did not change between groups despite initial differences, while the frequency of resolution of systemic inflammation resulted faster especially in groups with more severe conditions (higher systemic score and corticosteroid dosage) at the start of ANK. In further support of this, regression analysis did not identify any role for possible baseline confounding factors related to patients' features, AOSD activity and concomitant treatments including the type of AOSD (systemic vs. chronic articular), baseline corticosteroid dosage, the concomitant use of cDMARDs, the systemic score and the severity of joint involvement assessed with the DAS28-CRP, the number of tender joints and the number of swollen joints. Among study limitations, some interesting quantitative variables, including white blood cell count, ferritin serum levels, ESR and CRP, were only available as qualitative data (increased/not increased). Similarly, radiographic progression could not be assessed because of the lack of information.

As no defined criteria are currently applicable for starting or stopping IL-1 inhibition in AOSD patients, the real-life enrollment has allowed statistical analysis including data obtained from subjects treated with ANK in different therapeutic lines and at different moments from AOSD onset. In this regard, the study has been conducted using time cut-offs at 6 and 12 months from disease onset. We could have chosen higher time limits (24, 36 or 48 months since disease onset), but this would not have been helpful in addressing how early IL-1 inhibition should be introduced for treating patients with AOSD.

In conclusion, our results highlight that clinical and therapeutic outcomes are substantially independent of how early ANK treatment is started. However, a faster effectiveness of ANK in controlling systemic inflammation and resolving articular manifestations may be described in patients benefiting from IL-1 inhibition as soon as after AOSD onset. In addition, a lower decrease in the systemic Pouchot score is observed in patients treated with ANK only after the use of cDMARDs and other biologics. These findings could suggest an early introduction of treatment with ANK specifically in patients with articular involvement.
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DAS28-CRP, Group <6months | 4617 050 1.8+09 066 1.7£1.0 0.65 1.6+09 027
mean + SD Group >6 months 46+ 1.4 256+09 18408 19+14

Systemic score, | Group <12 months | 6218 | <0001 | 1.00+£106 | 078 067 +1.4 0.22 057+12 037
mean  SD Group > 12 months | 5.0 1.8 093+ 123 053 £1.01 0.48+1.04

Tender joints, Group <12 months | 5352 0.03 20£32 094 09:£24 0.76 0.4%09 014
mean & SD Group > 12 months | 7.8+6.7 19+28 14 £8.1 1.4+45

Swollen joints, | Group <12 months | 2132 0.03 07£15 009 04%12 054 0206 073
mean  SD Group >12 months | 384.9 04%10 03%15 03%15

DAS28-CRP, Group <12 months | 43:1.4 0.04 23%12 075 18£1.0 077 1.6+09 014
mean & SD Group > 12 months | 48%1.6 24% 1.1 19£1.0 1812

DAS28-CRP, disease activity score in 28 Joints-C-Reactive Protein; SD, standard deviation.
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ANK preceded only by cDMARDs | ANK preceded by cDMARDs and |  p-value
(group 1) (group 2) other biologics (group 3)

Systemic Score Baseline 58%14 5519 52%1.0 0.17

A Systemic Score 3-month 53420 (91.4%) 4.6+ 2.0 (83.6%) 3.3 2.1 (63.5%) 0.014
6-month 5.4%1.5(93.1%) 4922 (89.1%) 4.5 1.0 (86.5%) 0.02%
12-month 5.7 1.2 (98.3%) 4.9+ 25(89.1%) 5.0+ 1.2 (96.2%) 0.04*

Tender joints Baseline 69460 6149 4534 091
3-month 0.8 + 1.4 (88.4%) 2.1 £ 2.4 (65.5%) 2.0 + 1.8 (65.5%) 0.50
6-month 024 0.7 (97.1%) 2.0+ 3.1 (67.2%) 1.0+ 1.4 (77.7%) 0.049
12-month 1.5 + 3.9 (78.2%) 0.8 + 3.1(86.8%) 0.5+ 1.0 (88.8%) 085

Swollen joints Baseline 38+42 34445 3538 036
3-month 03+ 0.7 (921%) 0.4 + 1.3 (88.2%) 2.0+ 1.8 (42.8%) 0.001%
6-month 0.0 + 0.0 (100%) 0.2 4 1.0 (94.1%) 0.8+ 1.5 (77.1%) <0.0001A8
12-month 0.7 & 2.6 (81.5%) 0.1 0.2 (97.0%) 0.5 1.0 (85.7%) 0.08

DAS28-CRP Baseline 50%15 43415 3408 059
3-month 1.9 £ 09 (62.0%) 2.4+ 1.0 (44.1%) 2.4 %06 (29.4%) 022
6-month 1.6 £ 0.8 (68.0%) 21409 (51.1%) 2.1 % 0.6 (38.2%) 0.047*
12-month 1.4 £ 0.6 (72.0%) 1.8+ 0.8 (58.1%) 1.8 £ 0.6 (47.0%) 050

Corticosteroids, mg/day | Baseline 329+ 14.4 168+ 15.1 8138 0.00148

A Steroids, mg/day 3-month 22.1 £ 11.0 (67.2%) 7.9+ 15.8 (47.0%) 0.6+ 1.2(7.4%) <0.0001°
6-month 29.2 £ 14.3 (88.8%) 1.7 & 16.6 (69.6%) 3.3 4.7 (40.8%) <0.000148
12-month 31.1 £ 14.2 (94.5%) 13.8 4 159 (82.1%) 5.1 4.5 (63%) 0.004%

Each bracketed percentage provides the reduction compared with baseline values.
DAS28-CRP, disease activity score in 28 Joints-C-Reactive Protein; the sign “A” indicates the mean decrease of Pouchot score or the daily corticosteroid dosage t the 3 follow-up

visits compared with baseline.

P-value were obtained by employing ANOVA or Kruskal-Wallis tests; for variables reaching global significance, post-hoc analysis was applied by using Mann-Whitney U test or Student

test, as appropriate, with Bonferroni correction (p<0.017). Significances at post-hoc analysis: A = group 1 vs. group 3; B = group 2 vs. group 3; C = group 1 vs. group 2. The sign
“* indicates the lack of significances at post-hoc analysis after Bonferroni correction (p=>0.017). In the last column, the bold text was used to highlight p-values < 0.05.
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