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Abstract
Early evidence during the COVID-19 pandemic indicated high levels of IL-6 in patients with severe COVID-19. This led to the
off-label use of tocilizumab (TCZ) during the �rst wave of the pandemic.

We aimed to monitor IL-6 and several in�ammatory cytokines in critically ill COVID-19 patients receiving off-label TCZ.
Fifteen critically ill SARS-CoV-2 PCR con�rmed cases were enrolled and serum samples were collected during 8 days, before
and following administration of a single dose of TCZ. In parallel, a control group consisting of 8 non-treated COVID-19
patients not receiving TCZ was established. Serum pro�le of 12 cytokines (IL-1β, -2, -4, -6, -8, -10, -12, -13, -17, -18, TNF-α and
INF-γ) and of IL-6R were assessed in these two groups.

Although the increased IL-6 concentrations after TCZ infusion were expected, we observed an unexpected increase in IL-1β,
-2, -4, -10, -12p70, -18 and IL-6R levels in the treated patients with maximal values reached 2 to 4 days after TCZ. In contrast,
no change in cytokine levels was observed in the control group. There was no signi�cant difference in cytokine levels
between survivors (TCZ/S) or non-survivors (TCZ/D).

This observation suggests that some in�ammatory pathways escape IL-6R blockade leading to an increase in several pro-
in�ammatory cytokines. Our �ndings could highlight an anti-in�ammatory role of IL-6 and may explain why TCZ has failed
to improve survival in critically ill COVID-19 patients when given alone.

Introduction
More than 30 years have passed since discovery, cloning and understanding of the biological role of interleukine-6 (IL-6) [1].
The IL-6 signaling and its role in pathologies is currently well established and follow two different pathways involving the IL-
6 receptor (IL-6R) and the glycoprotein130 (gp130) [1]. The role of IL-6 dysregulation in various auto-immunes and
in�ammatory diseases has been the rationale to target its pathway and led to the �rst antibody designed to block IL-6R:
Tocilizumab (TCZ) [2,3]. TCZ is a humanized monoclonal antibody directed against both the soluble form and membrane-
bound IL-6R and blocks the IL-6 signal pathway through competitive inhibition of the receptor [3,4]. It was �rst introduced in
Japan in 2008 followed by the European Union in 2009, under the name of RoActemra®, and the USA in 2010 as Actemra®,
now licensed for use in more than one hundred countries for treatment of rheumatoid arthritis, juvenile idiopathic arthritis or
Castleman’s disease [2,3,4].

From the beginning of the current pandemic, TCZ has been proposed in an off-label application to manage critical cases of
Coronavirus Disease 2019 (COVID-19) and has quickly been included in the Chinese treatment guidelines [5,6]. Numerous
clinical trials are ongoing to determine the most relevant target and therapeutic strategy in the management of COVID-19.
TCZ is the purpose of ongoing nationwide (COV-AID), European (TOCIVID-19 in Italy, TOCOVID-19 in Spain) and
international clinical trials (COVIDOSE in USA, TACOS in China), registered on clinicaltrials.gov. The optimal moment of
administration for maximal therapeutic effect and the e�cacy and safety of TCZ is still under investigation [7,8,9].
Furthermore, the genuine effect of this drug on the cytokine storm remains poorly described [9,10].

In this context, we aimed to monitor IL-6 and several other in�ammatory cytokines in critically ill COVID-19 patients before
and during 8-days following anti-IL-6 therapy administration.

Material And Methods
Study design

Fifteen patients admitted to the CHU Saint-Pierre and Brugmann (Brussels, Belgium) between 18 March and 6 May 2020
with a diagnosis of COVID-19 and who received TCZ were included in our study. TCZ treated patients were further divided in
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two categories, patients who survived (TCZ/S, n=6) and non-survivors (TCZ/D, n=9). We performed serum sample
collections and follow-up measurements during 8 days post TCZ infusion.

In parallel, baseline cytokine levels were measured at the admission and during the following 8 days in 8 patients with
COVID-19 who did not receive TCZ.

A median of 3 serum sample were analyzed for each patient.

Overall, 23 patients with a con�rmed diagnosis of COVID-19 by a real-time polymerase chain reaction (RT-PCR) assay on a
nasopharyngeal swab were enrolled.

Patients were classi�ed as severe or critical illness according to WHO guidelines (2020).

Demographics and clinical data were collected from the medical �le.

TCZ was administrated in a single intravenous dose of 8 mg/kg, except for one patient who bene�tted from a second one.
All patients were treated with the standard pharmacological protocol including 2400 mg of hydroxychloroquine in
monotherapy over 5 days [11].

The study was approved by the local Ethical Committee of the CHU Brugmann (CE 2020/63) and Saint-Pierre (Reference
CE/20‐03‐05) Hospitals and registered on clinicaltrials.gov as NCT04346017.

Cytokine measurements

The levels of 12 cytokines (IL-1β, -2, -4, -6, -8, -10, -12, -13, -17, -18, TNF-α and INF-γ) and of the IL-6R were assessed in the
serum of patients using an electrochemiluminescence plate-based assay (MSD, Meso Scale Discovery, MD, USA).

Laboratory �ndings

Circulating in�ammatory biomarkers levels (C-reactive protein (CRP), procalcitonin (PCT), ferritine, �brinogen, d-dimers and
neutrophils) were measured before TCZ administration and during 8 days following the treatment or admission using a
Cobas 8000 Platform (Roche Diagnostics), a Sysmex CS-5100 analyzer (Siemens Healthcare Diagnostics) and a Lumipulse
G600II analyzer (Fujirebio). 

Statistical analysis

A linear mixed model was used to analyze the evolution of cytokines over the time [12]. For each model, a group effect and
a time effect were tested. When the residuals of the model were not normally distributed, we used the bestNormalize R
package to transform the outcome, and reported the results of this last linear mixed model.

Results
Fifteen patients receiving TCZ further divided into two groups : survivors (TCZ/S group (n=6)) and non-survivors (TCZ/D
group (n=9)), and 8 controls were followed for cytokine measurement.

There was no statistically signi�cant difference according to the sex, the age and the state of illness between subgroups
(Table 2). The median delay time between symptoms onset and hospital admission was of 7 days in the three groups. The
median (min-max) time before administration of TCZ was of 9 days (5-23) since symptoms emergence, 5 days (1-10) since
hospital admission and 3 days (1-7) since intensive care unit (ICU) admission, without signi�cant difference between the
TCZ/S and TCZ/D group (Table 2).
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Kinetics of cytokines were assessed during 8 days before and after TCZ administration (Figure1). Longitudinal changes in
cytokines levels were analyzed using a linear mixed model and showed a signi�cant transient effect (time²effect) over time
with a peak value reached around day 2 to 4 for IL-2 (only in TCZ/D ), -4, -6, -6R (only in TCZ/S), -12, -13 and TNFα (only in
TCZ/D).

The maximum levels obtained for each cytokine were compared between groups (Table 1).

First regarding IL-6, concentrations rapidly rised in treated patients and remained high but gradually decreasing over the 8
days following the treatment injection. Moreover, signi�cantly higher levels of IL-1β, -2, -4, -6R, -10, -12p70, and -18 were
observed in patients receiving TCZ compared to the control group. These levels were elevated both in the TCZ/S group and
the TCZ/D group, except for IL-4 and -10 which reached signi�cantly higher values only in the TCZ/D group and for IL-6R.
However, no statistically signi�cant difference was observed in maximal values between the TCZ/S group and the TCZ/D
group for the different cytokines.

Furthermore, the time associated with the maximal values of cytokines levels was not signi�cantly different between the
TCZ/S and TCZ/D groups.

The laboratory baseline results revealed high levels of in�ammatory markers including CRP, ferritin, �brinogen and
neutrophils for all patients enrolled. Most of them remained stable in the non-treated group during the 8 days of follow-up.
In the treated patients, CRP and �brinogen levels improved and decreased toward the normal range while neutrophils and
ferritin remained high above normal values, and d-dimers even increased in the TCZ/D group (Table 2).

Discussion
The cytokine pro�le of some critically ill COVID-19 patients shares similarities to those observed in cytokine release
syndromes, characterized by an increased production of cytokines followed by the dysregulation of tissue repair
mechanisms, damages and, �nally, multiple organ failure leading to death [6,9,13]. Recently, levels of IL-6 have been
included to the criteria for COVID-19 associated hyperin�ammatory syndrome [14]. Cytokines IL-6 and TNF-α have revealed
to predict severity and mortality in COVID-19 [15]. Although the nature of the in�ammation in COVID-19 is still poorly
understood, immunomodulatory agents have rapidly been proposed and included into various clinical trials , most of them
focused on IL-1β, -6, -8 and TNF-α [2,8,15].

In this study, we explored the longitudinal cytokine pro�le in critically ill SARS-CoV2 infected patients receiving anti-IL6R
therapy. We focused on the trend of 12 in�ammatory cytokines (IL-1β, -2, -4, -6, -8, -10, -12, -13, -17, -18, TNF-α and INF-γ) and
of the IL-6R in the treated group compared to patients without anti-cytokine therapy (Figure 1).

In the non-treated group, the cytokines and IL-6R levels remained stable over the 8 days following of the disease course,
based on a longitudinal analysis, supporting previously reported results [15]. In the treated patients, we con�rmed the
expected rapid increase of IL-6 levels after TCZ injection followed by a gradual decrease [15]. This can be explained by the
drug saturation of the receptor resulting in the inhibition of IL-6R–mediated consumption of IL-6 by internalization [4,8]. This
elevation could also re�ect the endogenous IL-6 production related to the disease activity [16].

In parallel, the accumulation of TCZ/IL-6R complexes, may explain increased levels of IL-6R observed after TCZ injection as
compared to non-treated group (Table 1).

We also observed a transient but signi�cant increase in IL-2, -4, -6 -12, -13 (only in TCZ/D), TNF-α (only in TCZ/D) and IL-6R
(only in TCZ/S), for patients receiving a single dose of IL-6R blockade therapy. This observation highlights that
neutralization of the IL-6R pathway is not su�cient to completely prevent activation of all the in�ammatory pathways. Our
�ndings are in accordance with the Del Valle et al [15] previous observations on TCZ effect on IL-6 and -8 levels, whereas we
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diverge about the pro�le of TNF-α presenting a transient increase following the treatment injection, as seen only in the
TCZ/D group in our study.

IL-6 signal transduction acts through both a soluble and membrane-bound receptor involved in two different pathways with
divergent functions: the classical one promoting anti-in�ammatory responses and the trans-signaling pathway responsible
for the pro-in�ammatory effects [1,4,6]. TCZ acts by blocking both of them and thus inhibits pro- but also potentially
protective anti-in�ammatory IL-6 mediated responses.

In contrast to cytokines, circulating in�ammatory biomarkers such as CRP, �brinogen and ferritin baseline levels were
elevated but decreased shortly after TCZ administration, without any difference between survivors and non-survivors
patients (Figure 2). These laboratory �ndings corroborate with previous results of Toniati et al [17], with a decrease of these
biomarkers toward a normal range associated with a clinical improvement 10 days after TCZ. However, we noticed an
increase in neutrophils and d-dimer levels in our treated population and especially in non-survivors, comforting that IL-6
pathway blockers act only partially on the in�ammatory cascade. While the ferritin pro�le was stable over our follow-up time
in all three groups, it remained above normal values.

In summary, on one hand, some in�ammatory biomarkers rapidly decreased in the 8 days following TCZ infusion and, on
the other hand, levels of several in�ammatory cytokines signi�cantly increased after a single dose of TCZ, suggesting a
partial effect on hyperin�ammation. These �ndings enhance the pivotal role of the IL-6 pathway : it may have a down-
regulatory effect on several cytokines that disappears by blocking the binding of IL-6 to its receptor, resulting in an increased
production of these cytokines.

This incomplete inhibition of the in�ammatory response, shortly after one dose of TCZ, might explain why most clinical
trials failed to meet their primary endpoints of improved clinical status in COVID-19 patients [8,18]. Meanwhile, recent results
suggest that IL-6R blockade could decrease the mortality in critically ill patients especially when standard of care included
other anti-in�ammatory treatment such as dexamethasone [18,19,20]. The increased levels of several in�ammatory
cytokines observed after a single TCZ administration in SARS-CoV-2 infected patients might also explain why
immunomodulatory therapies with a wider range of targets proved to be more e�cient, as suggested by the bene�t of
dexamethasone use in the preliminary results of the RECOVERY study [20]. Combined to dexamethasone, TCZ has proved to
decrease the composite outcome of mechanical ventilation or death [21]. The nationwide Belgian COV-AID trial that
compares combination of anti-IL-6 and IL-1 blockade in patients with COVID-19 associated hyperin�ammatory syndrome
will provide an answer about the clinical bene�t of targeting multiple in�ammatory pathways [22].

Our work features several limitations and particularly the limited number of patients included in the study, which may
explain why we could not observe a difference between survivors and non-survivors TCZ-treated patients.

Recently Azmy et al. suggested that TCZ was unable to calm the in�ammatory storm by observing increased IL10 and IL2
receptor levels in patients receiving TCZ [23]. Our study is, to our knowledge, the �rst to monitor such a large panel of
in�ammatory cytokines immediately after administration of TCZ in patients with critical COVID-19. . Besides the predictable
peak of IL-6 concentration, we highlight an immune dysregulation worsening after TCZ injection as evidenced by the
increase of several others cytokines, among them some pro-in�ammatory and potentially harmful ones. These �ndings
suggest that the IL-6 inhibition alone may not be su�cient to completely block the hyperin�ammatory state described in
critically ill COVID-19 patients and that more investigations are required to correlate these biological results with a potential
clinical outcome. This observation may constitute an argument pleading for a treatment that target more broadly the
various pathways of in�ammation. It could also explain why most of the studies in which a positive effect of TCZ has been
observed included corticosteroids [5,11].
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Variable No TCZ
(N)

TCZ/dead
(D)

TCZ/survivor
(S)

p-
value
No
TCZ
(N)

p-value
TCZ/dead
(D)

p-value
TCZ
survivor
(S)

p-value
N-D

p-value
N-S

p-
value
D-S

IFN-g 81.5
[41.1-
191.1]

118.0
[34.6-
244.8]

137.92 [91.1-
157.9]

      0.9776 0.8580 0.9374

Time
IFN-g

1.6 ± 0.9 2.22 ±
1.64

1.2 ± 1.2       0.622 0.795 0.298

Time ²
IFN-g

-0.0277 -0.04545 -0.0505 0.4997 0.0941 0.0712      

IL-10 3.8 ± 2.8 7.7 ± 3.2 5.3 ± 2.1       0.0132 0.5351 0.1955

Time IL-
10

2 [1.8-
2.3]

1 [0 – 3] 0.5 [0 – 1]       0.7121 0.0197 0.3793

Time ²
IL-10

-0.0315 -0.0164 -0.0153 0.4798 0.5284 0.6854      

IL-
12p70

0.2 [0.1-
3]

2.8 [1.3-
4.1]

2.6 [1.3-3.0]       0.0014 0.0003 0.8928

Time IL-
12p70

4.0 ± 2.7 2.8 ± 1.6 2.5 ± 2.1       0.493 0.425 0.968

Time ²
IL-12

0.00232 -0.1054 -0.0804 0.9141 <0.001 0.0052      

IL-13 1.1 [0.9-
1.5]

3.2 [1.1-
8.4]

3.9 [2.7-10.5]       0.1693 0.8889 0.8190

Time IL-
13

3.0 ± 2.5 2.1 ± 1.7 2.3 ± 2.2       0.670 0.831 0.978

Time ²
IL-13

0.0401 -0.0606 -0.0783 0.2634 0.0440 0.0847      

IL-1b 0.2 [0.1-
0.4]

1.2 [1.1-
4.0]

1.7 [0.7-2.9]       0.0027 <0.0001 0.9632

Time IL-
1b

3.6 ± 2.8 3.0 ± 2.3 2.7 ± 2.0       0.854 0.743 0.962

Time ²
IL-1b

0.00708 -0.5643 -0.0503 0.4105 0.1413 0.2896      

IL-2 0.8 [0.5-
1.1]

4.3 [3.0-
10.2]

3.1 [1.8 –
4.3]

      <0.0001 0.0012 0.4991

Time IL-
2

4.3 ± 3.1 1.8 ± 1.8 2.3 ± 2.1       0.109 0.319 0.899

Time ²
IL-2

0.01871 -0.0800 -0.0486 0.5464 0.0180 0.1089      

IL-4 0.2 ± 0.4 0.9 ± 0.6 0.7 ± 0.4       0.0143 0.1308 0.7118

Time IL-
4

3.5 ± 2.9 3.4 ± 2.2 2.3 ± 2.1       0.999 0.656 0.669

Time ²
IL-4

0.0112 -0.0876 -0.07305 0.7414 0.0015 0.0118      

IL-6 31.9 1265.5 1307.2       <0.0001 <0.0001 0.7392
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[19.2-
55.4]

[854.9-
1703.9]

[731.0-
1555.2]

Time IL-
6

3.8 ± 2.1 3.6 ± 2.1 2.0 ± 1.3       0.977 0.242 0.304

Time ²
IL-6

0.30104 -550.488 -473.472 0.7894 0.0024 0.0058      

IL-8 89.1
[49.4-
209.6]

639.2
[165.4-
2008.3]

915.8 [124.7-
1829.9]

      0.0531 0.1164 0.9620

Time IL-
8

3.5 ± 2.6 2.9 ± 2.4 3.2 ± 2.3       0.867 0.966 0.975

Time ²
IL-8

0.04610 -0.0435 -0.0408 0.0767 0.0847 0.3051      

TNF-a 7.6 ± 5.4 18.6 ±
12.4

15.8 ± 7.6       0.0603 0.2509 0.8415

Time
TNF-a

2.9 ± 2.4 4.1 ± 1.8 4.5 ± 2.9       0.532 0.418 0.947

Time ²
TNFa

0.00262 -0.0698 -0.0463 0.9480 0.0029 0.0745      

IL-6R 78830.6
±
33553.27

118244.5
± 31209.7

164354.2 ±
59963.3

      0.1435 0.0028 0.1082

Time IL-
6R

5.5 [2-
6.3]

7 [6-7] 6 [6 – 6]       0.4699 0.9294 0.5904

Time ²
IL-6R

0.00231 -0.0196 -0.07014 0.8880 0.1749 0.0397      

IL-17 3.6 [3.4-
10.8]

3.9 [2.7-
4.3]

6.3 [5.2-12.6]       0.7736 0.5287 0.1789

Time IL-
17

3.5 [1.8-
6.3]

3 [1.0-6] 4.5 [2.3 – 6]       0.9882 0.9661 0.9234

Time ²
IL-17

-0.01560 -0.00660 -0.0238 0.6790 0.6804 0.3399      

IL-18 8620.0
[8253.1-
10238.9]

3487.3
[2711.8-
3962.9]

2670.9 [2535.4-4068.5]     0.0003 0.0007 0.9203

Time IL-
18

4.4 ± 2.3 4.3 ± 2.6 2.3 ± 2.2       0.999 0.267 0.264

Time ²
IL-18

-0.02105 -0.01652 -0.0181 0.5846 0.1189 0.2634      

Table 2. Demographic and clinical characteristics in the three groups
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Variable   NO TCZ
(N)

TCZ/dead
(D)

TCZ/survivors
(S)

 

  n=8 n=9 n=6  

Median age (years) 70 [31-91] 65 [44-84] 48,5 [41-74]  

 

Gender Male 6 (75%) 7 (77,8%) 4 (66,7%)  

 

State off illness Severe 3 (37,5%) - -  

Critical 5 (62,5%) 9 (100%) 6 (100%)  

Hospitalization days Total 43,5 [5-
137]

25 [5-57] 53,5 [24-134]  

ICU 7,5 [0-49] 27 [11-56] 43,5 [12-65]  

Time between onset of symptoms and hospital
admission

(days) 7 [1-21] 7 [4-14] 7 [1-13]  

Time between onset of symptoms and ICU admission (days) 10,5 [4-15] 9 [5-15] 11,5 [1-15]  

Time between onset of symptoms and TCZ infusion (days) - 11 [8-23] 14 [11-18]  

Time between hospital admission and TCZ infusion (days) - 4 [1-5] 6 [4-10]  

Time between ICU admission and TCZ infusion (days) - 2 [0-8] 3,5 [1-10]  

Data are expressed as median [min-max] or n (%). TCZ : tocilizumab; ICU : intensive care unit.

Figures
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Figure 1

Kinetics of cytokines in the three groups Kinetics of IL-1β, -2, -4, -6, -8, -10, -12, -13, -17, -18, TNF-α and INF-γ in non-treated
(NO TCZ, n=8) versus treated survivors (TCZ/S, n=6) or treated non-survivors (TCZ/D, n=9). Results were measured between
day 0 and day 8 after TCZ infusion, or from hospital admission for the NO TCZ group.
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Figure 2

Treatment effect on circulating in�ammatory biomarkers Kinetics of C-reactive protein (CRP), procalcitonin (PCT), ferritine,
�brinogen, d-dimers and neutrophils* levels in non-treated (NO TCZ, n=8) versus treated survivors (TCZ/S, n=6) and treated
non-survivors (TCZ/D, n=9). Results were measured between day 0 and day 8 after TCZ infusion, or from hospital
admission for the NO TCZ group. Results are presented as mean +/- SEM. *Not all patient received all relevant laboratory
tests.


