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ABSTRACT

OBJECTIVE: Some anti-cytokine treatments are being used to control the hyperinflammatory condition defined as cytokine
storm that develops during COVID-19 infection. In this study, we aim to investigate the effects of anakinra, an IL-1 antago-
nist, on the clinical status and laboratory values of hospitalized patients with the COVID-19 infection. The aim of the study
was to investigate the effects of anakinra, an IL-1 antagonist, on the clinical and laboratory results of hospitalized patients
with COVID-19 infection.

METHODS: This study was planned as a retrospective study. The age, gender, and current comorbidities of a total of 66
patients who were treated with anakinra for COVID-19 infection from November 2020 to January 2021 were analyzed. The
amount of oxygen demand (L/s), the type of oxygen supplementation, oxygen saturation, radiological findings, WBC count,
lymphocyte count, neutrophil count, C-reactive protein, LDH, ferritin, fibrinogen, D-dimer levels were monitored before the
treatment, and after the anakinra treatment, newly gathered results were compared. Patients’ hospitalization period, oxygen
need, and their clinical status at discharge were evaluated. The effects of early anakinra treatment (9 days before and after
the onset of symptoms) on the prognosis were evaluated. SPSS version 21.0 provided by IBM Company in the USA, Chicago,
IL was used for statistical analysis and p<0.05 was considered significant.

RESULTS: Sixty-six patients were included in the study. There was no significant gender difference in the prognosis of the pa-
tients. There was a significant difference in the statistical deterioration in patients with comorbidities (p=0.004). Patients who
started the anakinra treatment at an early stage developed less need for intensive care and low mortality ratios (p=0.019).
There were significant improvements on the levels of WBC (p=0.045), neutrophils (p=0.016), lymphocyte (p=0.001), LDH
(p=0.005), ferritin (p=0.02), and fibrinogen (p=0.01) after the administration of anakinra therapy.

CONCLUSION: We found that earlier and appropriate use of anakinra therapy in COVID-19 patients with the signs of
macrophage activation syndrome reduces the need for oxygen support in patients and contributes to improvement in labora-
tory results and radiological findings, and most importantly reduces the need for intensive care.
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Despite numerous interventions, there is no proven
cure for COVID-19 yet.

Chloroquine, a widely used anti-malarial drug, has
been reported as a potential broad-spectrum anti-viral
drug. This effect was thought to be an immune modula-
tion provided by the inhibition of membrane fusion and
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the binding receptor of the virus. Consequently, chloro-
quine is added to the guidelines by a group of experts [1].

Lopinavirin-Ritonavir is an antiviral agent that has
been determined to have inhibitory activity in vitro
against Sars-CoV. However, in studies conducted on
COVID-19 patients, it has been shown that lopinavir-
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ritonavir treatment does not reduce mortality and does
not accelerate clinical recovery [2].

Studies of Remdesivir in Sars-CoV-2 infection have
shown that patients in the Remdesivir group have shorter
recovery and hospital stay compared to the placebo
group [3]. However, studies are continuing to reveal its
effectiveness.

Favipiravir is an antiviral agent that is an RNA-de-
pendent RNA polymerase inhibitor. In a study on 80 pa-
tients diagnosed with COVID-19 in China, a significant
reduction in Sars-CoV-2 disease duration was found in
patients treated with favipiravir [4].

Cytokines are at the heart of the pathophysiology of
COVID-19. While some of these cytokine responses,
such as IL-7, are beneficial for the healing process, es-
pecially cytokines such as IL-1, IL-6, and TNF-alpha
are particularly damaging to the organism. Considering
this information, several anti-cytokine therapies have
been introduced in treating patients diagnosed with
COVID-19. Benefits of anti-cytokine therapies such
as IL-6 receptor inhibitors (tocilizumab and sarilumab)
and IL-6 inhibitors (siltuximab, clazakizumab, and
sirukumab), IL-1 receptor inhibitors (anakinra), and a
monoclonal antibody targeting IL-1 (canakinumab)
have been demonstrated [5].

Cytokine storm syndrome that develops in the course
of COVID-19 infection is reviving research on this. As
a result of these studies, it was determined that the ris-
ing intetleukin level in patients with severe COVID-19
infection was associated with a poor prognosis, and then
the research on anti-inflammatory and anti-cytokine
therapies accelerated [6]. In light of the increasing ev-
idences, anti-cytokine therapies are considered to be
promising options. Numerous studies have been con-
ducted specifically for anti-cytokine therapies  inhibition
of IL-6 and IL-1, and promising results have emerged
(5]. In many clinics, more tocilizumab and less anakinra
are used to treat COVID-19 patients, but insufhicient in-
formation is available to guide patient selection, dosing,
and monitoring of treatment response.

In this study, we aimed to evaluate the effects of
anakinra treatment on the prognosis of patients hospi-

talized with COVID-19.

MATERIALS AND METHODS

This study was carried out retrospectively between
November 2020 and January 2021 in patients.

Highlight key points
e Early and appropriate use of anakinra treatment reduces the
need for intensive care.

e Cytokine storm that develops during COVID-19 infection can
be controlled.

e Anakinra treatment showed improvement in WBC, neu-
trophil, lymphocyte count, CRP, LDH, ferritin, and fibrinogen
levels, which are considered prognostic markers.

Study Design and Population

Our study was designed as a retrospective study. Our
study included 66 patients who were diagnosed with
COVID-19 and admitted to pandemic services. Criteria
for inclusion of patients in the study were: (1) to have
been hospitalized in the pandemic service of our hospital
(2) to have received anakinra treatment. Detailed history
and physical examination findings of all patients were
retrospectively obtained from the system. The results
of biochemical blood tests (WBC, lymphocyte count,
neutrophil count, CRP, LDH, D-dimer, ferritin, and
fibrinogen) were examined. Pre-admission thoracic to-
mography involvements of the patients were categorized
as mild, moderate, and severe, as well as bilateral and
unilateral. The dose of corticosteroids received by the pa-
tients during their hospitalization and the total duration
of treatment was determined as days. The duration of
onset of the patient’s symptoms, the number of days af-
ter admission to take anakinra, oxygen saturations before
and after anakinra treatment, and the time elapsed in be-
tween (days) were recorded. In this study, we recorded
the duration of onset of the patient’s symptoms, the
number of days between the admission and the start of
anakinra treatment, and oxygen saturations before and
after anakinra treatment. Patients were divided into three
groups based on how they exited the clinic: Discharged
to home, intensive care unit (ICU) referral, and exitus.
In our study, the way the patients were discharged from
the hospital as a result of anakinra treatment, L/min we
aimed to investigate how the prognostic markers change
in the need for oxygen support and laboratory values. At
the same time, the prognosis of patients with early anti-
cytokine therapy, we aimed to evaluate the effect on.

Statistical Method

In the statistical analysis, the data were expressed as
mean+SD, the normal distribution was confirmed by
the Kolmogorov—Smirnov test, one-way ANOVA
(Tukey), Kruskal-Wallis test was used for differences



Siyer et al., Anakinra and COVID-19 191
TABLE 2. Comparison of parameters with the bad course
TABLE 1. Distribution and percentage of parameters T ] e e e ———
n % Bad situation Good situation p
Gender n % n %
Female 21 31.8 Gend 0.714
ender .
Male 45 68.2
o Female 7 35 14 30.4
Comorbidity
Male 13 65 32 69.6
Yes 51 77.3 o
Comorbidity 0.004
No 15 22.7
Yes 20 100 31 67.4
Home treatment
No 0 0 15 32.6
Yes 35 53
Home treatment 0.199
No 31 47
. No 7 35 24 52.2
Form of discharge
) Yes 13 65 22 47.8
Exitus-ICU 21 31.8 o " 0.064
Xygen suppo .
Discharged 45 68.1 ygen supp
High flow 9 50 15 33.3
Oxygen support
. Mask 9 50 19 42.2
High flow 26 39.3
Nasal 0 0 11 24.4
Mask 28 42.4 o
Application method 0.727
Nasal 12 18.1
. Iv 16 80 35 76.1
Lung involvement S 4 20 i1 23.9
o .
Mid-dual 20 30.3 .
Form of involvement 0.074
Heavy-dual 46 69.7
Heavy 17 85 29 63
ICU: Intensive care unit. .
Mid 3 15 17 37

between groups, and Pearson r coefficient was used for
univariate correlations. SPSS 21.0 was used and the
statistical significance was accepted as p<0.05. Power
analysis was performed using G*Power (v3.1.9) pro-
gram to determine the sample size. The power of the
study is expressed as 1-f (B=II type error probability)
and has 80% power. According to the effect size coefhi-
cients determined by Cohen (d=0.311); it was deter-
mined that at least 66 patients were required.

RESULTS

Sixty-six patients were included in the study. Twenty-
one (31.8%) were female and 45 (68.2%) were male.
There were 51 patients (77.3%) with comorbidity. The
number of those who received treatment at home was
35 (53%), and the number of those who started treat-
ment at the hospital for the 1% time was 31 (22.7%).
The number of patients who died or had been referred
to the was 21 (31.8%) and those who were discharged
home were 45 (68.1%). 26 (39.3%) patients received

ICU: Intensive care unit.

high flow, while 28 (42.4%) patients received oxy-
gen by mask, and 12 (18.1%) patients received nasal
oxygen. The number of patients with bilateral severe
lung involvement was 46 (69.7%), and the number of
patients with moderate bilateral involvement was 20
(30.3%). The distribution of parameters according to
gender, comorbidity, whether to receive home treat-
ment, mode of exit, the form of oxygen support, and
severity of lung involvement are given in Table 1.

There were comorbidities in 20 (100%) patients
with poor prognosis and p=0.004 was statistically sig-
nificant. There was no significant difference between
both sexes in the course of the disease (Table 2).

The mean age of the patients in the poor prognosis
group was found to be significantly higher (p=0.045)
than in the good prognosis group. It was observed that
a statistically significant higher dose of anakinra treat-
ment was needed in patients with a poor prognosis.
Nonetheless, according to this analysis, the more days
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TABLE 3. Mean — standard deviation data and p values of the parameters

Course condition Mean+SD p
Age (years) 0.045
General 62116
Bad 67.9+10.8
Good 59.5+16.8
Hospital stay (days) 0.208
General 17+7
Bad 15+£7.5
Good 17+6.3
Administered dose (mg) 0.000
General 332+134
Bad 425+125
Good 291+117
Number of days implemented 0.110
General 5+2
Bad 4.6+2.5
Good 5.6+2.2
Temperature (°C) 0.578
General 36.6+0.4
Bad 36.6+0.25
Good 36.6+£0.43
Steroid dose (mg) 0.331
General 301+200
Bad 264+140
Good 316+220
Number of days between anakinra treatment and first symptom date 0.019
General 10.2+5.0
Bad 12.4+6.4
Good 9.3+3.9
SD: Standard deviation.
between the date of the first symptom and the date of DISCUSSION

the first anakinra administration, the worse the prog-

nosis (Table 3).

According to the correlation analysis, WBC and
neutrophil (r=0.976, p=0.000), lymphocyte and
WBC (£=0.439, p=0.000), neutrophil and lymphocyte
(r=0.295, p=0.016), CRP and fibrinogen (r=0.455,
p=0.000), a positive correlation was found between
LDH and ferritin (r=0.480, p=0.000), and ferritin and
D-dimer (r=0.497, p=0.000) (Table 4).

The graphic and numerical progress of the param-
eters in different groups after the treatment is given

in Figures 1-6.

In this study, we aimed to evaluate the results of anakinra
treatment in COVID-19 patients with macrophage ac-
tivation syndrome symptoms. We have determined that
the use of anakinra treatment at an early and accurate
stage reduces the need for oxygen, and it contributes to
laboratory and radiological recovery, and most impor-
tantly, reduces the need for intensive care.

In our study, 65% of the patients with poor progno-
sis were men and 35% were women. In a study of 8916
people in China, it was seen that men have a high rate
of disease severity. In the same study, comorbidities such
as hypertension, diabetes, malignancy, cardiovascular
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TABLE 4. Correlation analysis of parameters before treatment

WBC Neutrophil Lymphocyte CRP LDH D-Dimer Ferritin Fibrinogen

WBC

r 1.000 0.976%* 0.439*%* 0.047 0.123 0.095 -0.066 0.145

p 0.045 0.000 0.000 0.705 0.495 0.461 0.623 0.256
Neutrophil

r 0.976** 1.000 0.295* 0.114 0.132 0.132 -0.069 0.150

p 0.000 - 0.016 0.362 0.463 0.304 0.606 0.241
Lymphocyte

r 0.439** 0.295* 1.000 -0.086 -0.149 -0.065 0.103 0.093

p 0.000 0.016 - 0.494 0.409 0.615 0.443 0.470
CRP

r 0.047 0.114 -0.086 1.000 0.286 0.211 0.060 0.455**

p 0.705 0.362 0.494 - 0.106 0.097 0.653 0.000
LDH

r 0.095 0.132 -0.065 0.211 0.497** 1.000 0.480** 0.045

p 0.461 0.304 0.615 0.097 0.003 - 0.000 0.733
D-dimer

r 0.123 0.132 -0.149 0.286 1.000 0.497** 0.211 0.009

p 0.495 0.463 0.409 0.106 - 0.003 0.280 0.959
Ferritin

r -0.066 -0.069 0.103 0.060 0.211 0.480** 1.000 -0.007

p 0.623 0.606 0.443 0.653 0.280 0.000 - 0.956
Fibrinogen

r 0.145 0.150 0.093 0.455** 0.009 0.045 -0.007 1.000

p 0.256 0.241 0.470 0.000 0.959 0.733 0.956 -

*: p=0.016; **: p=0.000; WBC: White blood cell; CRP: C-reactive protein; LDH: Lactate dehydrogenase.
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disease, coronary artery disease, cerebrovascular disease,
chronic kidney disease, and especially respiratory system
diseases, were found to be significantly associated with

FIGURE 1. Graphical and numerical course of lymphocyte val-
ues in different groups after treatment.
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FIGURE 3. Graphical and numerical course of D-dimer values
in different groups after treatment.
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FIGURE 5. Graphical and numerical course of ferritin values
in different groups after treatment.

the severity of the disease [7]. In our study, comorbidity
was found in 100% of the patients with a poor prognosis,
and comorbidity was found in 67.4% of the group with
a good prognosis.

In the analysis of our study, the time between the first
symptom date and the date of receiving anakinra treat-
ment was 12.4 days in patients with a bad prognosis and
it was 9.3 days in patients with a good prognosis. Th-
ese data indicate that initiation of the treatment at the
early stage in the course of the disease reduces mortal-
ity and morbidity. In a study conducted in France that
compares with 22 patients with acute respiratory failure
and systemic inflammation, 10 of them received standard
care and 12 of them started eatly anakinra treatment. A
comparison of these two groups revealed that eatly use

FIGURE 4. Graphical and numerical course of LDH values in
different groups after treatment.
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FIGURE 6. Graphical and numerical course of fibrinogen val-
ues in different groups after treatment.

of anakinra prevented the poor outcome [8]. Therefore,
early prediction of the severity of the disease and the
timely initiation of anti-cytokine treatments such as IL-1
antagonists, without delay, directly affect the prognosis
of the disease. The data in our study also support this.

In the study of 5700 people conducted in New York in
March—April 2020, one of the largest case series consisting
of hospitalized COVID-19 patients; 14.02% of the patients
were treated in the ICU, 12.2% underwent mechanical in-
vasive ventilation, and 9.7% died [9]. In our study, 30.3%
of the patients included in the study were either deceased
or transferred to ICU, and 69.7% of them were discharged.

In a study examining the underlying diseases in hos-
pitalized COVID-19 patients, it was determined that
the most common comorbidity was hypertension [10].
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Inlight of the current data regarding the COVID-19
pandemic, experts believe that patients with any co-
morbidities may be severely affected. Many studies have
been published concerning this subject. In a review in-
cluding 27 studies, one of them revealed, 57.7% of pa-
tients diagnosed with COVID-19 had at least one of
the comorbidities classified as cardiovascular diseases,
hypertension, diabetes, chronic kidney failure, chronic
obstructive pulmonary disease, malignancy, and oth-
ers. It was observed that 42.3 of them did not have any
comorbidity. Comorbidity distribution cardiovascu-
lar diseases (10.7%), hypertension (33.1%), diabetes
(21%), chronic obstructive pulmonary disease (9.1%),
malignancy (3%), chronic kidney disease (4.3%), and
other (18.8%). One or more comorbidities were associ-
ated with a 2.57-fold increased risk of death. As a result
of this review, the relationship between comorbidity
and COVID-19 death was evaluated and it was shown
that there is a strong relationship between having one
or more comorbidities and death [11]. In our study, it
was observed that 100% of the patients with a poor
prognosis had at least one comorbidity, on the other
hand patients with a good prognosis and discharged
from the clinic, 64.4% of them have comorbidities.

Severe hematological, biochemical, and inflamma-
tory markers have been identified in COVID-19 pa-
tients. High WBC neutrophil count, low lymphocyte
and platelet count, T, B, and NK cell count as hemato-
logical markers in COVID-19 patients, high ALT, AST,
bilirubin, blood urea nitrogen, creatinine, creatine kinase
(CK), LDH, myoglobin as biochemical markers, low al-
bumin level, high prothrombin time as a clotting marker,
and high D-dimer levels as an inflammatory marker,
high ESR, CRBD ferritin, IL-1, IL-2, IL-6, IL-8, and IL-
10 levels were detected [12].

In a single-center study in Wuhan, it was reported
that severe cases had lower lymphocyte, monocyte,
eosinophil and basophil counts, higher leukocyte counts,
and neutrophil/lymphocyte ratio than mild cases [13].

In another study, lymphocyte count <500/mL was asso-
ciated with death [14].

In our patient group, the mean leukocyte count
before the treatment was 11100/mm?, the neutrophil
count was 9800/mm’, and the lymphocyte count was
800/mm’ before the treatment in patients who were
treated with anakinra. Total WBC and neutrophil
counts of the patients were high throughout the treat-
ment course, and lymphocyte counts improved with

anakinra treatment. This shows similarity with other
studies based on the severity of the disease.

When biochemical markers were examined, ALT,
AST, creatinine, CK, LDH, and D-dimer levels were
found to be significantly higher in patients with a poor
prognosis than in those with a good prognosis in the
study of Chen et al. [15] with 799 patients. In our study,
D-dimer levels were higher in deceased patients com-
pared to discharged patients from the 1* day.

RESULTS

In our study, we found that the application of anakinra
treatment in patients with a diagnosis of COVID-19
who showed cytokine storm symptoms had a positive ef-
fect on both laboratory results and clinical recovery and
reduced the need for intensive care.

We found improvement in WBC, neutrophil, lym-
phocyte count, CRP, LDH, ferritin, and fibrinogen levels,
which are considered prognostic markers, after anakinra
treatment.

As a result of our research, we found that gender did
not play a role in the good or bad prognosis of the pa-
tients, but the presence of one or more comorbidities was
directly related to the poor prognosis.

In the patient group included in the study, the mean age
of the patients with a poor course (exitus-ICU) was higher
than the mean age of the patients with a good course.

Another crucial point is that the time elapsed from the
first symptom date to the date of receiving anakinra treat-
ment was longer in patients with a poor prognosis than in
patients with a good prognosis. We found that those who
received early anakinra treatment had a better prognosis.

Anakinra is used to treat patients with COVID-19,
but insufficient information is available to guide pa-
tient selection, dosing, and monitoring of treatment
response. Our study is retrospective; supportive, con-
trolled, prospective, and clinical studies are needed for
these treatments.

Conclusion

We found that eatlier and appropriate use of anakinra
therapy in COVID-19 patients with the signs of
macrophage activation syndrome reduces the need for
oxygen support in patients and contributes to improve-
ment in laboratory results and radiological findings, and
most importantly reduces the need for intensive care.
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