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ABSTRACT
Anakinra is a recombinant human interleukin-1 receptor antagonist
approved for the treatment of inflammatory diseases. Kineret is avail-
able as a solution prepared in a borosilicate glass syringe. For imple-
menting a placebo-controlled double-blind randomized clinical trial,
anakinra is commonly transferred into plastic syringes. However,
there is limited data on anakinra’s stability in polycarbonate syringes.
We described the results of our previous studies on the use of ana-
kinra in glass (VCUART3) versus plastic syringes (VCUART2) com-
pared with placebo. These studies were conducted in patients with
ST-segment elevation myocardial infarction (STEMI), and we as-
sessed the anti-inflammatory effects of anakinra versus placebo by
comparing the area under the curve for high-sensitivity cardiac reac-
tive protein (AUC-CRP) levels during the first 14 days of STEMI, its
clinical effects on heart failure (HF) hospitalization, cardiovascular
death, or new diagnosis of HF as well as adverse events profile be-
tween groups. The levels of AUC-CRPwere 75 (50–255mg·day/l) for
anakinra in plastic syringes versus 255 (116–592mg·day/l) in placebo
and 60 (24–139 mg·day/l) and 86 (43–123 mg·day/l) for anakinra

once and twice daily in glass syringes, respectively, compared with
placebo 214 (131–394 mg·day/l). The rate of adverse events was
also comparable between groups. There were no differences in the
rate of HF hospitalization or cardiovascular death in patients who re-
ceived anakinra in plastic or glass syringes. Fewer cases of new-
onset heart failure occurred in patients receiving anakinra in plastic or
glass syringes compared with placebo. Anakinra stored in plastic
(polycarbonate) syringes provides comparable biologic and clinical
effect to glass (borosilicate) syringes.

SIGNIFICANCE STATEMENT
Anakinra (Kineret) 100 mg administered subcutaneously in pa-
tients with ST-segment elevation myocardial infarction (STEMI)
for a duration of up to 14 days appears to have comparable
safety and biological efficacy signals when delivered in prefilled
glass or transferred into plastic polycarbonate syringes. This
may have important implications for the feasibility of designing
clinical trials in STEMI and other clinical conditions.

Introduction
Anakinra (Kineret; Swedish Orphan Biovitrum, Stockholm,

Sweden) is a nonglycosylated recombinant human interleukin-
1 (IL-1) receptor antagonist approved by the US Food and
Drug Administration (FDA) for the treatment of rheumatoid
arthritis and other autoinflammatory conditions. Anakinra
blocks the IL-1 receptor and prevents IL-1a and IL-1b from
transducing a proinflammatory signal. (Dinarello, 2019; Abbate
et al., 2020a) Originally approved for the treatment of rheuma-
toid arthritis, anakinra showed potential benefits in diseases
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not only limited to the joints (Furst, 2004) but also skin (Berk
and Bayliss 2008; Tzanetakou et al., 2016), lung and respira-
tory tract (Rogliani et al., 2015; Calverley et al., 2017), heart
and pericardium (Brucato et al., 2016; Correia et al., 2020;
Imazio et al., 2020), blood vessels (Johnston et al., 2014), and
multisystem complicated disorders such as COVID-19 (Huet
et al., 2020; Kyriazopoulou et al., 2021), Behcet’s syndrome, (Fa-
biani et al., 2017), Still’s disease (Vastert et al., 2019), and Sjog-
ren Syndrome. (Norheim et al., 2012) Anakinra is available in a
single formulation as 100 mg in a 0.67-ml solution prepared in
a glass syringe to be administered through the subcutaneous
route.
During the past two decades, since the initial FDA approval

in 2001, anakinra has been used in more than 150 clinical tri-
als testing whether inhibition of IL-1 would favorably affect
outcomes in a variety of diseases. In some instances, anakinra
was administered through a different route (i.e., intravenous),
in which case the content of the anakinra syringe was diluted
in an infusion bag (Isambert et al., 2018; Monteagudo et al.,
2020; Charlesworth et al., 2021). The conduct of clinical trials
commonly requires the use of placebo. Obtaining matching
anakinra and placebo syringes from the manufacturer is, how-
ever, often not possible, and therefore the investigators need
to create matching syringes by transferring the content of the
anakinra (Kineret) solution into different syringes, and syrin-
ges in plastic polycarbonate tend to be more widely available
than glass syringes. There is, however, limited data on ana-
kinra’s stability in plastic polycarbonate syringes. Given the
widespread use of anakinra in clinical investigations in pa-
tients with acute and chronic inflammatory conditions, com-
paring the safety and efficacy of anakinra dispensed in glass
versus plastic syringes may help the design of future studies
in terms of potential cost reductions.
The aim of the current analysis was to compare whether ad-

ministering anakinra from the content of the Kineret glass sy-
ringes after transfer and storage in plastic polycarbonate
syringes provides the same biologic activity as administering
directly from the Kineret glass syringes.

Materials and Methods
Clinical Trial Identifiers. We retrieved individual patient data

from two clinical trials: VCUART2 (Abbate et al., 2013) and VCUART3
(Abbate et al., 2020b) (https://www.clinicaltrials.gov NCT00175018 and
NCT01950299, respectively).

Inclusion and Exclusion Criteria. Both VCUART2 (Abbate
et al., 2013) and VCUART3 (Abbate et al., 2020b) studies were pur-
posefully designed with overlapping inclusion and exclusion criteria of
patients with ST-segment elevation myocardial infarction (STEMI),
defined as chest pain (or equivalent) with an onset within 12 hours
and ST-segment elevation (>1 mm) in two or more anatomically con-
tiguous leads on the electrocardiogram that is new or presumably
new, adult age, presenting within 12 hours of pain onset, and enrolled
within 12 hours of reperfusion. The exclusion criteria shared between
the two studies included cardiac arrest, unsuccessful percutaneous
coronary intervention, hemodynamic instability, preexisting severe
congestive heart and/or severe left ventricular dysfunction [left ven-
tricular ejection fraction (LVEF) <20%], severe aortic or mitral valve
disease, pregnancy, chronic infections, autoinflammatory or auto-
immune disease, or cancer. As the VCUART2 study incorporated
cardiovascular magnetic resonance studies, individuals with con-
traindications to magnetic resonance imaging were excluded from
VCUART2, whereas VCUART3 did not include magnetic reso-
nance imaging.

Enrollment Period. Patients were enrolled at Virginia Com-
monwealth University (VCU) Health (Richmond, VA) for VCUART2
(September 2010 to May 2012) and at three clinical sites for
VCUART3 (July 2014 to December 2017), including VCU Health,
Virginia Cardiovascular Specialists (Richmond, VA), and Medstar
Washington Hospital Center (Washington, DC).

Investigational Treatment. Patients in VCUART2 were ran-
domly assigned in a 1:1 ratio to anakinra (Kineret) 100 mg per day in
0.67 ml or matching NaCl (0.9%) placebo injected subcutaneously for
14 days. The content of the Kineret syringe was transferred to a plas-
tic polycarbonate syringe to create a matching colorless placebo NaCl
0.9% solution. Individual syringes were aseptically prepared according
to USP 797 standards by the Investigational Pharmacy and dispensed
daily during the inpatient phase, and the patient received the remain-
ing syringes at discharge to complete the 14 days of treatment. The
polycarbonate syringe was drawn back to a volume of 0.67 ml with no
syringe attached, and the anakinra solution was expelled from the
needle tip of the glass prefilled syringe into the open tip of the polycar-
bonate syringe. A sterile plastic needle cover was then placed on the
polycarbonate syringe.

Patients in VCUART3 were randomized 1:1:1 to anakinra 100 mg
twice daily, anakinra 100 mg once daily, alternating with placebo once
daily or placebo twice daily for 14 days. The syringes containing ana-
kinra, Kineret, or matching placebo were purchased from Swedish
Orphan Biovitrum, so no transfer in plastic syringes was necessary.

Inflammatory Response after STEMI. High-sensitivity C-reac-
tive protein (hsCRP) was measured at baseline, 72 hours, and 14 days
in both studies (LabCorp). The area under the curve of CRP (CRP-
AUC) after 14 days was estimated using the linear trapezoidal method
for each subject and compared between the anakinra group and pla-
cebo group using three time points: one for baseline (before treat-
ment), one for 72 hours (discharge), and one for outpatient follow-up
at 14 days, allowing for variance in time to sampling but assuming a
fix time for data calculation. To calculate the high-sensitivity C-reactive
protein area under the curve (hsCRP-AUC), we used the following for-
mula: (A 1 B)*1.5 1 (B 1 C)*5.5, where A is the baseline hsCRP, B is
the hsCRP level at 72 hours, and C is the hsCRP level at the end of
treatment (14 days).

Efficacy and Safety Outcomes. Patients had in-person clinical
follow-up at 14 days and 12 weeks in both studies and at 6 and
12 months for VCUART3. Events included assessing adverse events
related to treatment and the incidence of death and heart failure (HF)
events, including HF hospitalization, new HF, and cardiovascular
death.

Statistical Analysis. Continuous variables are reported as me-
dian and interquartile range (IQR) and were compared between
groups using a Mann-Whitney U test. Categorical data are reported
as number and percentage and were compared using the v2 test or
Fisher’s exact test as appropriate. The analyses were completed using
SPSS version 27.0 (SPSS, Chicago, IL).

Results
Patients’ Characteristics. The individual characteristics

of the patients are presented in the initial reports for VCUART2
(Abbate et al., 2013) and VCUART3 (Abbate et al., 2020b).
VCUART2 included 30 patients randomly assigned 1:1 to ana-
kinra or placebo, with a median age of 57 years and 22 (73%)
males. VCUART3 included 99 patients randomly assigned 1:1:1
to anakinra twice daily, anakinra once daily, or placebo, with a
median age of 55 years and 80 (80%) males.
Area under the Curve for High-Sensitivity C-Reactive

Protein. Treatment with anakinra led to a significant reduc-
tion in AUC-CRP in both VCUART2 and VCUART3 and inde-
pendent of whether plastic or glass syringes were used (Fig. 1;
Table 1). The levels of AUC-CRP were 75 (50–255 mg�day/l)
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for anakinra in plastic syringes versus 255 (116–592 mg�day/l)
in placebo in VCUART2 and 60 (24–139 mg�day/l) and 86
(43–123 mg�day/l) for anakinra once and twice daily in glass syrin-
ges, respectively, compared with placebo 214 (131–394 mg�day/l)
in VCUART3.
Efficacy Outcomes. There was one (7%) HF hospitalization

and four (27%) HF events in the placebo group and no hospital-
izations for HF and one event (7%) in the anakinra group using
plastic syringes in VCUART2 (Table 2). In VCUART3, using
glass syringes, there were four (11%) hospitalizations for HF in
the placebo group and none in either anakinra groups; nine
(26%) had HF events in the placebo compared with three (9%)
and three (10%) in the anakinra once daily and twice daily,
respectively (Table 2).
Safety Outcomes. There were two (13%) injection site re-

actions and two (13%) serious infections in the placebo group

and three (20%) injection site reactions and two (13%) serious
infections in the anakinra group using plastic syringes in
VCUART2 (Table 2). In VCUART3, using glass syringes, there
was one (3%) injection site reaction in the placebo group and
six (18%) and eight (26%) in anakinra once daily and twice
daily groups, respectively; five (14%) had serious infections in
the placebo compared with three (9%) and six (19%) in the
anakinra once daily and twice daily, respectively (Table 2).

Discussion
We herein compare for the first time the biologic effects of

anakinra provided in Kineret borosilicate glass syringes com-
pared with plastic polycarbonate syringes by comparing the ef-
fects of treatment on AUC-CRP and HF events versus placebo
in VCUART2 and VCUART3 studies. These studies evaluated
the role of anakinra in reducing inflammation in patients with
STEMI. Using polycarbonate instead of borosilicate syringes
did not significantly impact the 14-day anti-inflammatory re-
sponse (assessed by AUC-CRP) nor the clinical effects of ana-
kinra in this population. This finding suggests that anakinra
is stable in plastic polycarbonate syringes and has implica-
tions for designing future randomized clinical trials, including
a placebo arm, using biologic agents such as anakinra.
There is a significant inflammatory response even after suc-

cessful revascularization in patients with STEMI, which pre-
dicts adverse cardiac remodeling and overall risk of new onset
HF (Seropian et al., 2014; Seropian et al., 2016; Toldo and
Abbate 2018; Bellis et al., 2021; Frantz et al., 2022). The result
of targeted anti-inflammatory treatment with IL-blockade has
shown great promise. (Abbate et al., 2010; Abbate et al., 2013;
Abbate et al., 2015; Ridker et al., 2017; Van Tassell et al.,
2018; Everett et al., 2019; Abbate et al., 2020b). The benefits
of IL-1 blockade is not limited to patients with STEMI, as ana-
kinra also improves cardiac function and cardiorespiratory fit-
ness in patients with HF (Van Tassell et al., 2012; Van Tassell
et al., 2017; Buckley et al., 2018; Trankle et al., 2018; Abbate
et al., 2020a). Considering the potential benefit of IL-1 block-
ade in patients with STEMI and HF, assessing the stability/
compatibility of anakinra in glass versus plastic syringes
would be helpful for designing future randomized clinical
trials.
Anakinra is available as a solution prepared in a borosili-

cate glass syringe. For implementing a placebo-controlled
double-blind randomized clinical trial, anakinra is commonly
transferred into plastic syringes. Similarly, in VCUART2
study, plastic syringes of anakinra were prepared daily for in-
patient use and in batch at the day of discharge, dispensed for
up to a 9-day use. An unanswered question has been regard-
ing the stability of anakinra in a nonglass (plastic, polycarbon-
ate) container in a situation where the original containers
would not feasible or expensive for use in clinical trials. No
significant change was observed for the visual appearance of

Fig. 1. Comparison of the anakinra effects on AUC-CRP at 14 days be-
tween VCUART2 and VCUART3 studies.

TABLE 1
Effects of anakinra on hsCRP-AUC at 14 days during STEMI

VCUART2 (Plastic Syringes) VCUART3 (Glass Syringes)

hsCRP-AUC (mg�day/l) Placebo Anakinra Placebo Anakinra once daily Anakinra twice daily

Median 256 75 214 60 86
Interquartile Range 116–592 50–255 131–394 24–139 43–123

140 Talasaz et al.
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any syringes while kept in the refrigerator and protected from
light. Proteins are labile and their long-term preservation in
solution can be challenging, as they may lose their activity be-
cause of proteolysis and aggregation (Hovorka and Sch€oneich
2001; Berkowitz et al., 2012; Lopalco and Stella, 2016). There-
fore, the extent of storage shelf life can vary from a few days
to years. Kineret supplied as prefilled glass syringes contains
recombinant IL-1Ra (100 mg) in a 0.67-ml solution (pH 6.5)
containing disodium EDTA (0.12 mg), sodium chloride (5.48 mg),
anhydrous citric acid (1.29 mg), and polysorbate 80 (0.70 mg) in
water. This formulation has shown stability in prefilled syrin-
ges for up to 10 years in a recent in vitro biophysical and cellu-
lar characterizations assessment (Peng and Wang, 2018). The
available in vivo data on anakinra characteristics are limited.
Nevertheless, there are few published studies on the short-term
intravenous infusions of anakinra (4–6 hours) in intravenous
bags (Wohlfarth et al., 2019; Mehta et al., 2020; Phadke et al.,
2021; Pontali et al., 2021). Although it is questionable whether
the quantitative analysis of protein substances in samples
taken from the solution admixture is needed, biologic response
can aid in finding the answer to the stability concern for longer
durations of use in nonglass syringes. In the VCUART2 study,
transferring anakinra to plastic syringes did not affect the bio-
logic response compared with placebo measured as the reduc-
tion in AUC-CRP or clinical outcomes, including cardiovascular
death, HF hospitalization, or new onset HF. Furthermore, the
reduction in the AUC-CRP was comparable to when used in
the prefilled glass syringes in the VCUART3 study. These data
suggest that anakinra maintains its anti-inflammatory and
clinical activity when used as described, including being stored
in polycarbonate syringes for up to 9 days. Although the results
of this study should be translated to other biologic compounds
with caution, it may support the use of this and other agents
for the design of future clinical trials, obviating the need for
glass syringes in placebo preparations. This may allow cost re-
ductions associated with research on these widely studied
agents in patients with acute and chronic inflammatory condi-
tions as well as cardiovascular diseases.

Limitations
In this study, we compared the clinical findings of VCUART2

and VCUART3 studies to assess the difference between the ap-
plication of glass versus plastic syringes in clinical practice. Al-
though this approach appears sufficient to show comparable
AUC-CRP values between groups and clinical events, it may
have some limitations. Firstly, different populations of patients

were studied in these two trials, and patients were not random-
ized between groups. Secondly, we did not measure the concen-
tration of anakinra levels in the plastic versus glass syringes
nor its pharmacokinetic levels in the patients. There is a lack of
formal stability and compatibility studies for anakinra, and our
data are limited to comparing its clinical effects in VCUART2
and VCUART3 clinical trials. Finally, we only compare the AUC
of CRP values as the only pharmacodynamic parameter between
groups that, although a strong and independent predictor of out-
comes in STEMI, is influenced by multiple variables such as the
initial CRP value, the extent of the infarct, the time of peak
measurement, the value of the peak, the time of follow-up
assessments, and its value and may therefore be affected by
variables other than the anakinra concentration in the syringes.

Conclusions
Anakinra 100 mg administered subcutaneously in patients

with STEMI for a duration of up to 14 days with up to 9 days
self-administered as an outpatient appears to have a compara-
ble safety and efficacy when stored in the prefilled borosilicate
glass or transferred into plastic polycarbonate syringes. Al-
though we cannot exclude minor differences between using
glass versus plastic syringes, these results may be important
implications for the feasibility of designing clinical trials in
STEMI and other clinical conditions.
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