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Abstract

Objective—To determine the efficacy of anakinra (recombinant interleukin-1 receptor
antagonist) in improving 28-day survival in sepsis patients with features of macrophage activation
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syndrome (MAS). Despite equivocal results in sepsis trials, anakinra is effective in treating MAS,
a similar entity with fever, disseminated intravascular coagulation (DIC), hepatobiliary
dysfunction (HBD), cytopenias, and hyperferritinemia. Hence, sepsis patients with MAS features
may benefit from IL-1 receptor blockade.

Design—Re-analysis of de-identified data from the phase 111 randomized interleukin-1 receptor
antagonist trial in severe sepsis (Opal, et. al. Crit Care Med. 1997 Jul;25(7):1115-24).

Setting—Multi-center study recruiting through 91 centers from 11 countries in Europe and North
America.

Participants—Sepsis patients with MODS and/or shock (original study) were re-grouped based
on presence or absence of concurrent HBD and DIC as features of MAS (HBD/DIC group). The
“non-HBD/DIC” group included patients with only HBD, only DIC or neither.

Intervention—Treatment with anakinra or placebo.
Main Outcome(s) and Measure(s)—28-day mortality.
Statistical analysis—descriptive statistics, chi-square, ANOVA, logistic and Cox regression.

Results—Data were available for 763 adults from the original study cohort, randomized to
receive either anakinra or placebo. Concurrent HBD/DIC was noted in 43 patients (5.6% of total,
ages 18-75; 47% women). The 28-day survival was similar in both anakinra and placebo-treated
non-HBD/DIC patients (71.4% vs. 70.8%, p=.88). Treatment with anakinra was associated with
significant improvement in the 28-day survival rate in HBD/DIC patients (65.4% anakinra vs.
35.3% placebo), with HR for death 0.28 (0.11-0.71, p=0.0071) for the treatment group in Cox
regression.

Conclusions and Relevance—In this subgroup analysis, IL-1 receptor blockade was
associated with significant improvement in survival of patients with sepsis and concurrent HBD/
DIC. A prospective randomized trial using features of MAS for mortality risk stratification should
be undertaken to confirm the role of IL-1 blockage.

Keywords

“Macrophage Activation Syndrome”; “multi-organ dysfunction syndrome”; “Sepsis mortality”;
“hepatobiliary dysfunction”; “disseminated intravascular coagulation”; anakinra; “IL-1 receptor
antagonist”

INTRODUCTION

“Sepsis” constitutes various degrees of systemic inflammation in the context of microbial
infection (1), with production of pro-inflammatory cytokines including interleukin-1 (I1L-1),
IL-6, IL-18, and tumor necrosis factor (TNF) (2,3). These cytokines may contribute to
development of sepsis induced “multi-organ dysfunction syndrome (MODS)” and/or “hypo-
perfusion”, identified as “severe sepsis” and “septic shock”, respectively, based on “SCCM/
ESIM/ACCP/ATS/SIS International Sepsis Definitions Conference” guidelines (1).

Following the discovery of IL-1 as “human leukocytic pyrogen” in1977 (4), IL-1 receptor
antagonist (IL-1Ra) was purified in 1981 (5) and was demonstrated to have an important role
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in regulating systemic inflammatory responses (3-6). IL-1Ra (3,7) is a 25 kilo-Dalton (KD)
naturally occurring plasma protein that binds to the type 1 IL-1 receptor, inhibiting both
IL-1a and IL-1p signal transduction (7). Anakinra is a 17 KD recombinant, non-
glycosylated human IL-1Ra. Prior to its approval to treat other inflammatory diseases (3),
anakinra was investigated in a series of clinical trials for treatment of patients with sepsis
and severe sepsis (9-12). An initial phase | study was conducted with intravenous doses as
high as 10 mg/kg/hr for 72 hours (9), which established the safety and tolerability of
anakinra at high doses. A subsequent phase Il open label clinical trial demonstrated dose
related efficacy in sepsis syndrome and septic shock without treatment related adverse
outcomes (10). In an ensuing phase 1l randomized double blind trial comparing 1 or 2
mg/kg/hr with placebo, anakinra failed to meet the primary endpoint of improved 28-day
survival (11), but did improve survival in patients with MODS, a predicted mortality
probability of >24% at study entry, or septic shock (11). Based upon these results, a
subsequent confirmatory Phase 111 trial was undertaken in patients with severe sepsis or
septic shock (12). This latter study was discontinued following an interim analysis, in which
no survival benefits could be demonstrated (12). This, and the other clinical trials of
anakinra in sepsis, did not reveal either increased mortality rate or serious/non-serious
adverse reactions in anakinra over placebo groups (9-12).

In contrast to its effects in sepsis, anakinra, either alone or in combination with other
treatments, has been reported to be effective in the management of macrophage activation
syndrome (MAS), previously termed secondary or reactive hemophagocytic
lymphohistiocytosis (HLH) (13). Clinically, MAS presents as a fulminant cytokine storm
and often fatal cause of MODS (13-17), associated with pancytopenia, tissue
hemophagocytosis, liver dysfunction, coagulopathy, and/or central nervous system
dysfunction (18-22), occurring as a complication of infection, malignancies, and
autoimmune disorders (13,15). The excessive inflammatory response in MAS is reflected in
the amplified transcription of ferritin, and tissue-bound and soluble CD163 (23-25), both of
which have also been demonstrated in severe sepsis (26-31).

Given the clinical and cytokine similarities of MAS and severe sepsis, together with the
observed favorable response of MAS to anakinra, the possibility that severe sepsis patients
with features of MAS may respond to IL-1 receptor blockade merits consideration. This
study revisits the data from the confirmatory phase Il randomized clinical trial of IL-1Ra
(anakinra) in severe sepsis (12), re-analyzing the data to investigate the response to anakinra
in patients with features of MAS [hepatobiliary dysfunction (HBD) and disseminated
intravascular coagulation (DIC)] (18-22).

PATIENTS AND METHODS

Data Source

The data from the previously published original confirmatory phase 111 placebo-controlled
trial of interleukin-1 receptor antagonist in severe sepsis (12) was reanalyzed. In this trial
906 patients with severe sepsis and septic shock were recruited from 91 centers in 11
countries across Europe and North America, randomly assigned to either treatment or
placebo (1:1 ratio). The primary end point was defined as 28-day survival; end organ
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dysfunction and/or failure were determined by consensus of a steering committee according
to the guidelines in the antecedent phase Il clinical trial (11) with additional modifications
(12). The original study was stopped at the second interim analysis for futility. At the time of
study termination, 58 patients had completed the three-day infusion (drug or placebo) and
were in various stages of 28-day follow up. A group of 143 patients were in various stages of
screening and infusion, without completing the full infusion course. This group was dropped
from the study and their data were not available for the current analysis.

Regulatory Process

Variables

Each participating center obtained Institutional Review Board (IRB) approval, and all
subjects gave written informed consent to participate in the original trial. The data set
included demographic, clinical, and outcome data for subjects in the study, each identified
by a study specific number. None of the personal identifiers were disclosed in the data set
that was used for this study.

The available data for each subject used for this study included: age, gender, presence or
absence of shock, DIC, HBD, or acute kidney injury (AKI), survival at day 28, predicted
mortality, and treatment. Definitions of DIC and organ dysfunction [HBD, shock, acute
respiratory distress syndrome (ARDS), AKI] were as described previously in the original
open-label trial (11) (Table 1). The definitions of shock and DIC were amended in the
confirmatory phase I11 clinical trial (12). Twenty-eight-day survival was the primary end
point of this study. The Acute Physiology and Chronic Health Evaluation (APACHE) 11
score was used to calculate predicted death, which strongly correlated with APACHE
11(11,12). The APACHE Il score and the specifics of infecting organisms were not available
as part of the dataset. All of the subjects with missing data for treatment, 28-day outcome or
both DIC and HBD domains, were excluded, as these were the main variables of interest in
this study.

“Disease” and “non-Disease” Groups

In keeping with the objective of the study, features of MAS were defined as the presence of
both HBD and DI C in this severe sepsis cohort. This choice of definition was guided by the
clinical characteristics of MAS as determined in major studies (18-22), and each patient was
classified into one of the two main groups of interest:

. HBD/DIC group: patients whose clinical presentation met the definitions of both
HBD and DIC and

. Non-HBD/DIC group: patients who did not have both HBD and DIC, and
included patients with only HBD, only DIC, or neither.

Treatment vs. Placebo

The original study was a randomized, placebo controlled study. Patients in each group had
therefore been randomly assigned at a 1:1 ratio to receive either placebo or anakinra,
administered intravenously at 2.0 mg/kg/hr for 72 hours continuously.
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Statistical Analysis

Statistical analysis was performed to compare demographic, clinical, and outcome variables
between 4 subgroups comprised of HBD/DIC and non-HBD/DIC patients who received
anakinra or placebo. Descriptive statistics was performed for the variables, using mean and
standard deviation for continuous variables (age, predicted death), or proportion and percent
for binomial variables. Comparative statistics included t tests for continuous variables, as
well as Fisher Exact test and Chi Square test for binomial variables. Kaplan-Meier survival
estimates were also compared between the drug and control groups who were HBD/DIC-
positive, negative, or equivocal. The possibility of post-randomization imbalances was
investigated by comparing pre-treatment variables in drug vs. control groups, using between-
group t test or chi-square. Drug effects were examined while controlling for potential
confounders using logistic regression, as well as Cox proportional hazards models. A
logistic regression model predicting 28-day survival was examined in the HBD/DIC
subgroup to determine the association of drug with outcome, after controlling for potentially
confounding covariates. In order to test whether the drug effect differed significantly across
patients who were HBD/DIC-positive, -negative, or —equivocal (defined as having either
HBD+ or DIC+ but not both), we also tested a logistic regression model in the full sample
using a drug x diagnosis interaction term in the model. To rule out the possibility that multi-
colinearity might have affected our multivariate models, we tested for this by examining
variance inflation (VIF) in weighted regression. SAS version 9.3 (Cary, NC) was used for all
analyses. A nominal pvalue of <0.05 between groups was considered statistically
significant.

RESULTS

Subject Group

De-identified data was available on 763 study patients who had completed the study. All of
these study patients were included in the analysis. The necessary variables for the current
subgroup investigation were available in all of the patients. Of these, 43 patients (46.6%
women) demonstrated both HBD and DIC; 26 (60.4%) were treated with anakinra (17
placebo). The remaining 720 subjects (40.7% women) were similarly distributed in anakinra
or placebo groups: 484 subjects (67.2%) on anakinra, 236 subjects receiving placebo (Table
2). Despite the planned 1:1 randomization of the patients in the original trial, the observed
ratio of anakinra to placebo group in the studied patient cohort was 2:1. A similar
distribution is observed in the HBD/DIC subgroup. This has been confirmed with the
investigators of the study to be merely a chance finding, likely related to early termination of
the study.

Patient Characteristics in HBD/DIC and Non-HBD/DIC Groups

Clinical and outcomes characteristics of the patients are reported in the original study
publication (12). The descriptive details of the subgroups reported herein are outlined in
Table 2. In comparative analysis, the HBD/DIC group subjects were significantly younger
than their non-HBD/DIC counterparts (p = 0.025) with significantly higher predicted
mortality scores at study entry (p= 0.0001). The HBD/DIC patients were less likely to be
alive at 28 days (53.5% vs. 70.0%, o= 0.027). Average survival duration in HBD/DIC
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patients was 16.5 days, significantly shorter than the 21.7 days in non-HBD/DIC patients (p
=0.0004). ARDS was noted in similar proportions in both groups, but AKI and shock were
both more frequent among the HBD/DIC patients (p = 0.0001 for AKI, p=0.0089 for
shock).

Mortality and Treatment with Anakinra

The outcome of death related to anakinra versus placebo treatment was determined over the
course of the study observation period for HBD/DIC and hon-HBD/DIC patients. As shown
in Figure 1, 28-day mortality was equivalent for the non-HBD/DIC patients who received
anakinra (29.7%) or placebo (30.5%, o= 0.999). However, the 28-day mortality in
HBD/DIC patients who received anakinra was significantly lower (34.6%) than was noted
for HBD/DIC patients who received placebo (64.7%, p= 0.0006), corresponding to a 47%
reduction in mortality associated with anakinra.

Confirmatory Analysis

Given the post hoc nature of this investigation, confirmatory statistical evaluations were
performed to identify any post-randomization imbalances or confounders. We confirmed that
the “predicted death probability score” was normally distributed with a mean 0.36 £ 0.21
and a median = 0.32, in the full sample. Probability of death was well balanced between
treatment and placebo groups [mean “predicted death” of 0.358 + 0.21 in the treated group
(n =510) and 0.354 £ 0.21 in the placebo group (n = 253; p value = 0.81)]. The risk of death
between HBD/DIC patients who received anakinra treatment (means 0.57 + 0.22) versus
placebo group (0.53 * 0.25) was also similar in t test comparison (p = 0.54). Other covariate
values are shown for HBD/DIC-positive patients stratified by treatment in Table 3. None of
these were statistically significant. Taken together, these findings indicate the treatment
groups are balanced on risk of death and other potential confounding variables.

To further confirm the results, the patients were divided into three groups including HBD/
DIC-positive (n = 43), HBD/DIC-negative (n = 470), who have neither HBD nor DIC, as
well as 217 who have either HBD or DIC positive but not both (HBD/DIC-equivocal). There
is a large significant difference in 28-day survival between these 3 groups, with HBD/DIC-
positive patients having the lowest survival rate (54%), followed by HBD/DIC-equivocal
patients (58%), and HBD/DIC-negative patients having the highest survival rate (77%; Chi-
square = 32.1, p < 0.0001, phi = 0.21).

In univariate analysis (using Chi-square for categorical variables and t-test for age), age (p <
0.0001), AKI (p <0.0001), and ARDS (p = 0.0066) are associated with 28-day mortality,
while gender (p= 0.73), infectious-cause (p= 0.66), shock (p=.22), and sepsis-cause (p=
0.21) are not. Therefore, age, AKI, and ARDS were used as covariates in examining the
association of drug with 28-day mortality in HBD/DIC patients.

In the logistic regression model in HBD/DIC-positive patients, the drug was associated with
a reduced rate of death in HBD/DIC patients, after controlling for covariates, with an
adjusted odds of 28-day mortality 87% lower than HBD/DIC patients on placebo [OR for
death 0.13 (0.03-0.71), p = 0.018].
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Also in the logistic regression model using all patients, the diagnosis x treatment interaction
was significant (p = 0.025), indicating different drug effects on mortality, depending on
HBD/DIC status. In HBD/DIC-equivocal patients, treatment with anakinra was associated
with increased incidence of 28-day mortality compared to controls, but anakinra therapy was
associated with reduced incidence of 28-mortality in HBD/DIC-positive patients, compared
with “non-HBD/DIC” controls.

The multi-colinearity test found all variance inflation factor (VIF) less than 1.2 for all
predictors, indicating no issue with multi-collinearity.

In the Cox regression analysis of HBD/DIC-positive patients only, treatment was
significantly associated with time to death (p = 0.0071) with a HR 0f0.28 (0.11-0.71) for
anakinra vs. placebo groups, after adjusting for age, AKI, ARDS, and death risk score. In
Cox regression in the full sample, using 6 groups of HBD/DIC x Treatment [HBD/DIC-
positive, -negative, or -equivocal by treatment (anakinra versus placebo)] with HBD/DIC-
positive placebo treated as the reference group, the hazard ratio (HR) for the HBD/DIC-
positive treatment group was 0.28 (0.12-0.68; £=0.0051) after adjusting for age, AKI,
ARDS, and risk score. This indicates that the HBD/DIC-positive patients who received the
drug had a significantly reduced likelihood of 28-day mortality, compared with HBD/DIC
patients in the placebo group. KM Survival estimates for the 6 combinations of HBD/DIC
and anakinra demonstrates the survival advantage for the HBD-positive/anakinra group over
the HBD-positive/placebo group begins on Day 1 and becomes more apparent on Day 5.

DISCUSSION

The benefits of IL-1 receptor blockade in modifying the detrimental effects of the
inflammatory process have been demonstrated since 1984 (3); yet, the appropriate target
population among sepsis/MODS patients who would benefit from treatment with anakinra
has remained elusive. The recent recognition of and development of treatments for MAS
may be informative, as MAS and severe sepsis share many clinical, laboratory, and
pathologic features, including elevated serum ferritin (28,29), cytopenias, hepatic
dysfunction, coagulopathy (28,29), CNS dysfunction (30), tissue hemophagocytosis (31),
and elevated macrophage expression of CD163+ cells throughout the reticuloendothelial
system (27,32). These shared clinical/laboratory features of MAS and severe sepsis occur in
the context of a “cytokine storm” in which IL-1 plays a major role (2,3,6,15).

Anakinra is a recombinant human IL-1 receptor antagonist with a short half-life of about 3—
4 hours (7), wide therapeutic range (7), and high safety profile (7). The use of anakinra as a
treatment option for MAS was initially reported in 2006 (33) with subsequent case reports/
series reporting the benefits of IL-1 receptor blockade, mainly in children with MAS
complicating systemic juvenile idiopathic arthritis and adults with Still disease (34-44). It is
therefore plausible that a subset of severe sepsis patients develop MAS, and that the
associated severe organ dysfunction is responsive to IL-1 blockade with anakinra.

In recent studies to develop validated case definitions for MAS, attributes of HBD (liver
enzyme elevation) and DIC (hypofibrinogenemia, thrombocytopenia) are consistently
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among the most prevalent clinical features encountered in patients with presumed MAS
(18,20). Both HBD and DIC were readily assessed in the original anakinra/sepsis phase 111
study data, permitting the use of the presence of HBD and DIC as a marker for possible
MAS in the current analysis.

Mortality rates of adult MAS have been reported as up to 60% in various studies (21,22),
comparable to the observed mortality rate noted in the HBD/DIC patients randomized to
placebo. Treatment with anakinra reduced mortality in HBD/DIC patients to the mortality
rate of non-HBD/DIC patients, but did not lead to a meaningful difference in survival in
non-HBD/DIC patients compared to placebo. These findings suggest severe sepsis patients
with HBD/DIC may represent a state of cytokine storm similar to MAS and high mortality
risk, who may be the most appropriate patients to receive immune modulating and cytokine-
targeted therapies. The identification of the appropriate sub-group of sepsis patients to target
for potentially life-saving anti-cytokine targeted therapy provides a rationale for future
prospective investigations to verify the utility of IL-1 blockade in sepsis associated with
features of MAS.

Compared to activated protein C (45) as an intervention for sepsis, anakinra has no
significant reported safety issues since introduction in the market in 2001 (46), with higher
survival benefits in the selected population in this study and a lower NNT. While the subset
analysis undertaken herein offers suboptimal power, these favorable findings merit future
randomized studies to establish the benefits of anakinra in sepsis patients with features of
MAS as well as MAS patients who have complicating sepsis.

CONCLUSION

The present findings support the possibility that anakinra treatment provides a survival
benefit in septic patients with features of MAS. The safety and wide therapeutic margin of
anakinra and the central role of IL-1 in the cytokine storm in severe sepsis patients merit
reconsideration of this therapeutic as a potential treatment option in carefully selected
groups of sepsis patients with attributes of MAS.
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Figure 1.
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Treatment with IL-1Ra significantly improves 28-day survival in HBD/DIC sepsis, but does

not change the outcome in non-HBD/DIC sepsis.
HBD: hepatobiliary dysfunction
DIC: disseminated intravascular coagulation

riL-1Ra: anakinra (abbreviation for recombinant interleukin-1 receptor antagonist)
HBD/DIC group: patients with severe sepsis who demonstrate BOTH HBD and DIC

features

Non-HBD/DIC group: patients with either HBD alone (no DIC), DIC alone (no HBD, or

neither.

Statistically significant pPvalue is set at 0.05.
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Table 1

Variable definitions used in the original study by Opal et al (12)

Variable | Definition
Shock Either of the following:

. Systolic blood pressure < 90 mm H, mean arterial pressure < 70 mm Hg, decrease in systolic blood pressure = 40

mmHg

. Persistent need for vasopressor agents to maintain blood pressure (excluding dopamine at dosages < 5.0

. ug/kg per minute) despite adequate fluid resuscitation.

. if vasopressor agents were administered and the systolic blood pressure was 120 mm Hg or greater: no shock
DIC Both criteria:

No anti-coagulation:
. PT or PTT = 1.2 x normal value
. Platelet count < 100xI09/L or = 50% decrease in platelet count.
With therapeutic doses of warfarin or heparin:

. Abnormal platelet counts (above) and

. Elevated fibrin split products or the D-dimer = 0.5 mg/L.
AKI Either of the following

. Serum creatinine concentration = 177 mmol/L (= 2.0 mg/dL)

. Need for dialysis

. Pre-existing renal dysfunction: = 177 mmol/L (= 2.0 mg/dL) increase in the serum creatinine concentration
HBD At least two of the following:

. Total serum bilirubin concentration = 43 mmol/L (= 2.5 mg/dL)

. Serum concentration of AST or ALT = 2 x upper limit normal

. PT= 1.5 x normal value
ARDS According to criteria of Murray, et al (47)

DIC: disseminated intravascular coagulation

PT: prothrombin time

PTT: partial thromboplastin time

HBD: hepatobiliary dysfunction

ARDS: acute respiratory distress syndrome

AKI: acute kidney injury

AST: aspartate aminotransferase

ALT: alanine aminotransferase
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Characteristics and associations of patients dichotomized based on presence or absence of HBD/DIC

Table 2

AIIN =763 HBD/DIC N=43 Non- HBD/DIC N=720 | p Value
Mean Age (range) 57.9 (17-95) 52.3 (18-75) 58.3 (17-95) 0.025
Female Sex (%) 313 (41) 20 (46.5) 293 (40.7) 0.523
rIL-1Ra treatment (%) 510 (66.8) 26 (60.4) 484 (67.2) NA
Mean Survival Day 21.4 16.5 21.7 0.0004
Predicated Death (range) | 0.346 (0.015-0.986) | 0.553 (0.143-0.986) 0.345 (0.015-0.95) 0.0001
Alive in Day 28 527 (69.1) 23 (53.5) 504 (70.0) 0.0273
Concurrent Dysfunctions (%)
ARDS 194 (25.4) 9 (20.9) 185 (25.7) 0.590
AKI 232 (30.4) 26 (60.5) 206 (28.6) 0.0001
Shock 613 (80.3) 41 (95.3) 572 (79.4) 0.0089

HBD: hepatobiliary dysfunction

DIC: disseminated intravascular coagulation

APACHE: Acute Physiology and Chronic Health Evaluation

ARDS: acute respiratory distress syndrome

AKI: acute kidney injury

rIL-1Ra: anakinra (recombinant interleukin-1 receptor antagonist)

Statistically significant pval

ue is set at 0.05.
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Values of pre-treatment variables in treatment vs. control groups in patients with HBD/DIC

Table 3

Variable Treatment (n=26) | Control (n=17) | pvalue
Age 49.6 £12.7 56.3+19.4 0.18
Female Sex 12 (46.2%) 8 (47.1%) 0.95
AKI 17 (65.4%) 9 (52.9%) 0.41
ARDS 6 (23.1%) 3 (17.7%) 0.28
Risk of death | 0.57 +0.22 0.53+0.25 0.54
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