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ARTICLE INFO ABSTRACT

Keywords: Background: Many COVID-19 patients develop a hyperinflammatory response which activates blood coagulation
Tocilizumab and may contribute to the occurrence of thromboembolic complications. Blockade of interleukin-6, a key
COVID-19 . cytokine in COVID-19 pathogenesis, may improve the hypercoagulable state induced by inflammation. The aim
?Lc;z(rin;t:;ig:lanon of this study was to evaluate the effects of subcutaneous tocilizumab, a recombinant humanized monoclonal
Prophylaxis antibody against the interleukin-6 receptor on coagulation parameters.
Methods: Hospitalized adult patients with laboratory-confirmed moderate to critical COVID-19 pneumonia and
hyperinflammation, who received a single 324 mg subcutaneous dose of tocilizumab on top of standard of care
were enrolled in this analysis. Coagulation parameters were measured before tocilizumab and at day 1, 3, and 7
after treatment. All patients were followed-up for 35 days after admission or until death.
Results: 70 patients (mean age 60 years, interquartile range 52-75) were included. Treatment with tocilizumab
was associated with a reduction in D-dimer levels (-56%); 95% confidence interval [CI], -68% to -44%), fibrin-
ogen (-48%; 95%CI, -60% to -35%), C-reactive protein (-93%; 95%CI, -99% to -87%), prothrombin time (-4%;
95%CI,-9% to 0.8%), and activated thromboplastin time (-4%; 95%CI,-8.7% to 0.8%), and an increase in platelet
count (34%; 95%CI, 23% to 45%). These changes occurred already one day after treatment with sustained re-
ductions throughout day 7. The improvement in coagulation was consistently observed in patients receiving
prophylactic or therapeutic dose anticoagulants, and was paralleled by a rapid improvement in respiratory
function.
Conclusions: Subcutaneous tocilizumab was associated with significant improvement of blood coagulation pa-
rameters independently of thromboprophylaxis dose.

1. Introduction (COVID-19) presents with a hypercoagulable state which may increase
the risk of thromboembolic complications [1]. The most typical coagu-
A considerable proportion of patients with Coronavirus Disease 2019 lation abnormalities reported in patients with COVID-19 are markedly

* Corresponding author at: Department of Medicine and Ageing Sciences, University G. D’Annunzio, via dei Vestini, 66100 Chieti, Italy.
E-mail addresses: mdinisio@unich.it (M. Di Nisio), leonardo.pieramati@tiscali.it (L. Pieramati), giovanna.ferrandu@ausl.pe.it (G. Ferrandu), silvio.dicarlo@ausl.
pe.it (S. Di Carlo), donatellaconcetta.cibelli@ausl.pe.it (D. Cibelli), marcel.levi@nhs.net (M. Levi), eporreca@unich.it (E. Porreca).
1 These authors equally contributed to the present work.

https://doi.org/10.1016/j.€jim.2020.10.020
Received 29 July 2020; Received in revised form 16 September 2020; Accepted 25 October 2020

Available online 3 November 2020
0953-6205/© 2020 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.


mailto:mdinisio@unich.it
mailto:leonardo.pieramati@tiscali.it
mailto:giovanna.ferrandu@ausl.pe.it
mailto:silvio.dicarlo@ausl.pe.it
mailto:silvio.dicarlo@ausl.pe.it
mailto:donatellaconcetta.cibelli@ausl.pe.it
mailto:marcel.levi@nhs.net
mailto:eporreca@unich.it
www.sciencedirect.com/science/journal/09536205
https://www.elsevier.com/locate/ejim
https://doi.org/10.1016/j.ejim.2020.10.020
https://doi.org/10.1016/j.ejim.2020.10.020
https://doi.org/10.1016/j.ejim.2020.10.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejim.2020.10.020&domain=pdf

M. Di Nisio et al.

elevated D-dimer levels, modest reductions in platelet count, and a small
prolongation of the prothrombin time [1]. In severe cases, these coag-
ulation changes may progress to disseminated intravascular coagula-
tion, which is associated with a high mortality [2]. The average
incidence of venous thromboembolic events (VTE) in COVID-19 is about
16%, and up to 35% of patients admitted to intensive care units are
diagnosed with pulmonary embolism (PE) [3,4]. In addition to the
systemic activation of blood coagulation, patients with COVID-19
develop inflammatory-related abnormalities of the lung microvascula-
ture, which include widespread thrombosis with microangiopathy,
intra-alveolar fibrin deposits, and alveolar capillary microthrombi [5].
Reports from autopsy studies suggested that the development of pul-
monary thrombosis may contribute to the rapid respiratory deteriora-
tion and death in COVID-19 patients [5].

The excessive activation of blood coagulation may be triggered by
the hyperinflammatory response and increased levels of pro-
inflammatory cytokines which have been observed in patients with se-
vere COVID-19 [1,6]. Interleukin-6 (IL-6) is one of the key mediators
involved in the cytokine storm that complicates COVID-19, and IL-6
blood levels have been correlated to the severity of lung injury and
mortality in these patients [7,8]. IL-6 upregulates tissue factor expres-
sion on mononuclear cells and induces thrombin generation and,
therefore, it may contribute to the hypercoagulable state observed in
COVID-19 patients [9]. Blockade of IL-6 activity in COVID-19 could
potentially modulate the exuberant hyperinflammatory response and
reduce the activation of coagulation.

Tocilizumab is a recombinant humanized anti-human IL-6 receptor
monoclonal antibody approved for the treatment of rheumatoid
arthritis, juvenile idiopathic arthritis, cytokine release syndrome, idio-
pathic multicentric Castleman’s disease, and giant cell arteritis. Recent
studies have suggested that high-hose intravenous tocilizumab may
rapidly reduce fever and inflammatory markers, and improve oxygen-
ation in severe to critical COVID-19 [10-16]. However, data on the ef-
fects of subcutaneous tocilizumab on blood coagulation are lacking.

The aims of this study were to evaluate the effects of subcutaneous
tocilizumab on blood coagulation parameters in patients hospitalized for
COVID-19.

2. Materials and methods

Consecutive hospitalized adult patients with moderate to critical
COVID-19 who were treated with subcutaneous tocilizumab at the In-
fectious Diseases Unit, Pescara General Hospital, Italy, between March
28 and April 21, 2020 were eligible. In all patients, the diagnosis of
COVID-19 was confirmed by real-time reverse-transcriptase-polymer-
ase-chain-reaction on nasopharyngeal swabs. COVID-19 disease severity
was assessed according to the World Health Organization (WHO) clas-
sification criteria: moderate disease was defined as clinical signs of
pneumonia, but no signs of severe pneumonia, including oxygen satu-
ration > 90% on room air; severe pneumonia was defined as clinical
signs of pneumonia plus one of the following: respiratory rate >30
breaths/min, severe respiratory distress, or oxygen saturation < 90% on
room air; critical disease was defined as pneumonia with at least one of
the following: a) acute respiratory distress syndrome; b) sepsis; or (c)
septic shock [17].

Tocilizumab was administered as a single subcutaneous injection of
324 mg on top of standard of care. Patients were eligible for subcu-
taneous tocilizumab in case of interstitial pneumonia involving at least
20% of the lung parenchyma on chest computed tomography and C-
reactive protein (CRP) levels > 20 mg/dL. Both these features were
associated with higher risk of disease progression in previous observa-
tional studies [18,19].

Patients were not eligible for tocilizumab treatment in case of sus-
pected or confirmed concomitant bacterial or fungal systemic infection,
active diverticulitis or gastrointestinal tract perforation, neutrophil
count <0.5 x 10° cells/L, platelets count < 50 x 10°/L, creatinine
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clearance < 30 ml/min, serum levels of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) > 5 times the upper limit of the
normal range, or pregnancy.

The study was approved by the local institutional review board, and
all patients provided written informed consent for the off-label use of
tocilizumab.

2.1. Data collection

The following data were collected: patient characteristics (e.g. age,
sex), signs and symptoms on hospital admission, past medical history,
risk factors for thrombosis (e.g. cancer, prior venous thromboembolism,
cardiovascular disease), routine laboratory parameters, and concomi-
tant treatment received during hospitalization including pharmacolog-
ical thromboprophylaxis (type, dose, and duration). In addition, routine
clotting assays (prothrombin time and activated partial thromboplastin
time), platelet count and plasma levels of D-dimer, fibrinogen, anti-
thrombin, and CRP, and respiratory parameters (e.g. FiO2, peripheral
oxygen saturation, and the PaO2/ FiO2 ratio) were collected before
tocilizumab administration and at day 1, 3, and 7 after treatment.

The primary endpoint was the change in the levels of coagulation
and inflammatory parameters before tocilizumab to day 7 after treat-
ment. Secondary endpoints included the improvement of coagulation
parameters in patient subgroups defined according to the dose of
thromboprophylaxis (prophylactic, intermediate, or therapeutic anti-
coagulation) and COVID-19 severity (moderate, severe, critical).

All patients were followed until discharge or death. All survivors who
were discharged prior to day 35 after admission, were contacted at 35
days to verify patient status and development of symptomatic VTE (i.e.
PE and deep vein thrombosis [DVT]). The occurrence of tocilizumab-
related serious adverse events, including injection-site reactions, ALT
elevation > 5 times the upper limit of the normal range, neutropenia
(defined as a neutrophil count < 0.5 x 10° cells/L), and development of
bacterial sepsis were recorded.

2.2. Statistical analysis

Continuous variables were expressed as mean (standard deviation)
or median (interquartile range), and categorical variables as counts
(percentage). Differences between groups were evaluated with the use of
one-way analysis of variance, Wilcoxon test, Mann-Whitney U test, and
the chi-squared test, as appropriate. The Shapiro-Wilk test was used to
verify normality and variables without normal distribution were square
root transformed before the analysis. Linear mixed effects regression
models were used to assess the variations in coagulation and inflam-
matory parameters in the repeated measures from pre-tocilizumab to
day 7 after treatment. Post-hoc analysis for significance was performed
through ANOVA for each model.

The variation in coagulation and inflammatory parameters was
evaluated in the overall study population and in subgroups of patients
defined by dose of thromboprophylaxis and disease severity. No sample-
size calculation was performed. The analysis population included all
patients who received tocilizumab during the study period and for
whom coagulation and inflammatory data for at least 2 subsequent
timepoints were available. Differences with p values <0.05 were
considered statistically significant. All analyses were performed using
RStudio, Version 1.1.423 — © 2009-2018 RStudio, Inc.

3. Results

A total of 70 patients who received subcutaneous tocilizumab were
included. Median age was 60 years (IQR 52, 75), and 29 (41%) were
females. Disease severity was moderate in 11 (15.7%) patients, severe in
40 (57.1%), and critical in 19 (27.1%). Six (8.6%) patients had prior
cardiovascular or cerebrovascular disease, 2 (2.9%) had a history of
previous VTE, and 3 (4.3%) had active cancer. Fifty-nine (82.9%)
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patients received supplemental oxygen by nasal cannulas or mask, 28
(40%) required non-invasive mechanical ventilation, and 2 (2.9%)
invasive mechanical ventilation.

Subcutaneous tocilizumab was administered after a median of 2 days
(IQR 1, 5) since hospitalization and 8 days (IQR 6, 11) after symptom
onset. Before admission, 4 (5.7%) patients were on anticoagulant pro-
phylaxis with direct oral anticoagulants for atrial fibrillation, and 5
(7.1%) were receiving low-molecular-weight heparin (LMWH) for VTE
prevention. During hospitalization, 63 (90%) patients received throm-
boprophylaxis with LMWH or fondaparinux (n=61) or direct oral anti-
coagulants (n=2), whereas 7 (10%) patients received no
thromboprophylaxis. The anticoagulant dose was prophylactic in 48
(68.6%) and therapeutic in 15 (21.4%) patients.

The main patient characteristics upon admission and concomitant
treatment received during hospitalization are shown in Tables 1 and 2.

3.1. Coagulation and inflammatory parameters

Table 1 shows the median levels of coagulation and inflammatory
parameters before subcutaneous tocilizumab and the normal range for
the assays. The median level of D-dimer was 1.09 mg/dL (IQR 0.63,
2.33) and of fibrinogen was 5.54 g/L (IQR 4.72, 6.98). Prothrombin time
and activated partial thromboplastin time were only mildly prolonged
(12.55 seconds [IQR 12.10, 13.67] and 30.90 seconds [IQR 28.80,
32.70], respectively). After tocilizumab administration, levels of D-
dimer and fibrinogen significantly decreased by -56% (95% CI, -68% to
-44%) and -48% (95% CI, -60% to -35%), respectively, with sustained
reductions from day 1 throughout day 7 (Fig. 1 and Supplementary
Table 1). Following tocilizumab treatment, mean values of prothrombin
time and activated partial thromboplastin time decreased both by 4%
from day 1 throughout day 7 (Fig. 1 and Supplementary Table 1). Me-
dian platelet count increased from 219 x 10°/L (IQR 170, 257) before
tocilizumab to 294 x 10%/L (IQR 232, 371) at day 7 after treatment.
There was no significant change in antithrombin concentrations before
(99.00; IQR 82.00, 106.50) and after (93.00; IQR 82.25, 105.75)

Table 1
Baseline patient characteristics.
N=70
Age, years, median (IQR) 60 (52, 75)
Sex, female, n (%) 29 (41.4)
Smoker, n (%) 9 (12.9)
Any comorbidity, n (%) 57 (81.4)
Obesity, n (%) 7 (10.0)
Hypertension, n (%) 38 (54.3)
Diabetes, n (%) 17 (24.3)
Chronic kidney disease, n (%) 6 (8.6)
Respiratory disease, n (%) 13 (18.6)
Malignancy, n (%) 3(4.3)
Cirrhosis, n (%) 2 (2.9
Atrial fibrillation, n (%) 4 (5.7)
Coronary artery disease, n (%) 6 (8.6)
Prior venous thromboembolism, n (%) 2 (2.9
Coagulation and inflammatory parameters, Normal
median [IQR] values
Platelet count, x10°/L 219 (170, 257) 130-400
White blood cells, x10%/L 6.2 (4.8, 8.5) 4.8-10.8
PT, seconds 12.55 (12.15, 9-12
13.67)
aPTT, seconds 30.9 (28.80, 0-38
32.70)
D-dimer, mg/dL 1.09 (0.63, 2.33) 0.00-0.50
Fibrinogen, g/L 5.54 (4.72, 6.98) 180-400
Antithrombin III, % 99.00 (82.00, 75-125
106.50)
C reactive protein, mg/dL 76.3(52.3,138.2)  0.0-5.0
Interleukin-6, pg/mL 43.23 (26.30, 5.3-7.5
62.32)
Pro-calcitonin, ng/mL 0.12 (0.06, 0.19) <0.5

aPTT: activated partial thromboplastin time; PT: Prothrombin time.
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Table 2
Treatment during hospitalization.
N=70

Hydroxychloroquine, n (%) 67 (95.7)
Antiviral therapy, n (%) 22 (31.4)

Darunavir/Cobicistat 20 (28.6)

Lopinavir/Ritonavir 2(2.9
Systemic corticosteroids, n (%) 47 (67.1)
Antibiotic therapy, n (%) 68 (97.1)
Oxygen via cannulas/mask, n (%) 59 (84.3)
Noninvasive ventilation, n (%) 28 (40.0)
Invasive mechanical ventilation, n (%) 2 (2.9
Continuous renal replacement therapy, n (%) 2(2.9)
Anticoagulant treatment, n (%)

Enoxaparin 37 (52.9)

Nadroparin 11 (15.7)

Fondaparinux 13 (18.6)

Direct oral anticoagulant 2(2.9)
Dose anticoagulant, n (%)

Prophylactic 48 (68.6)

Therapeutic 15 (21.4)
Antiplatelet therapy, n (%) 5(7.1)

tocilizumab. The levels of CRP decreased rapidly after tocilizumab by
-93% (95% CI, -99% to -87%).

The change in D-dimer and fibrinogen levels was paralleled by an
improvement in oxygenation as reflected by the rapid and progressive
increase in Pa02/FiO2 ratio from 201.00 (IQR 120.25, 287.75) before
tocilizumab to 289.00 (243.00, 365.00) at day 7 after treatment (Fig. 1
and Supplementary Table 1).

Tocilizumab improved coagulation parameters independently of
thromboprophylaxis dose. Supplementary Table 2 shows the variation in
coagulation parameters, CRP, and PaO2/FiO2 ratio according to the use
and dose of thromboprophylaxis. In patients who received prophylactic
dose anticoagulation, median D-dimer and fibrinogen were respectively
1.14 mg/dL [IQR 0.66, 3.02] and 5.52g/L [IQR 4.80, 6.63] before
tocilizumab, and were reduced by -57% (95% CI, -71% to -43%) and
-51% (95% CI, -66% to -36%) after treatment, respectively (Supple-
mentary Table 2). The corresponding levels in patients on therapeutic
dose anticoagulation were 1.08 mg/dL [IQR 0.54, 1.47] and 6.10 g/L
[IQR 4.39, 7.96] with significant reductions at day 7 after tocilizumab
(D-dimer -52% [95% CI, -78% to -26%] and fibrinogen -38% [95% CI,
-65% to -12%]), respectively. Similar changes of coagulation parameters
were observed in moderate, severe, and critical COVID-19 (data not
shown).

3.2. Clinical outcomes

Twelve (17.1%) patients met the ISTH criteria for disseminated
intravascular coagulation, which resolved 12 days after tocilizumab
treatment in all but one case. No supportive or specific treatment for
disseminated intravascular coagulation was provided in these cases and
the dose of anticoagulation was similar to that received by patients
without the coagulopathy. None of the patients developed symptomatic
VTE during the study period. Nine (12.9%) patients died in hospital and
61 (87.1%) were discharged after a mean hospitalization of 16.5 days
(IQR 10, 25) and none reported acute complications or bacterial in-
fections at the 35-day phone contact visit. Tocilizumab was well-
tolerated, with no related serious adverse events. Two (3.6%) patients
had transient ALT elevation > 5 times the upper limit of the normal
range, which decreased by day 7 after treatment. After tocilizumab,
absolute neutrophil count was mildly decreased although none of the
patients developed severe neutropenia. Two (2.8%) patients developed
bacterial sepsis while on invasive mechanical ventilation.

4. Discussion

In this study subcutaneous tocilizumab administration was
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Fig. 1. Changes in coagulation and inflammatory parameters after tocilizumab treatment.

associated with a rapid and sustained improvement of coagulation and
inflammation parameters in adult patients hospitalized for moderate to
critical COVID-19. These changes were accompanied by an improve-
ment in respiratory function and were consistently observed in patients
receiving prophylactic or therapeutic dose anticoagulation.

In agreement with previous observations, we found that COVID-19
patients had high D-dimer and fibrinogen levels, mild thrombocyto-
penia, and slight prolongation of prothrombin time and activated partial
thromboplastin time at hospital admission [1,2]. Treatment with sub-
cutaneous tocilizumab improved all these coagulation parameters
typical of COVID-19 with effects that were maintained at day 7. In
addition, improved coagulation activity with resolution of the coagul-
opathy was observed within 12 days from tocilizumab in 11 of 12 pa-
tients with disseminated intravascular coagulation. We included eleven
patients with moderate COVID-19 who were at risk of disease progres-
sion based on extensive lung involvement and high CRP levels [18,19].
These patients had similar coagulation abnormalities as severe
COVID-19 patients and experienced similar improvement of the coag-
ulation activity following tocilizumab, which suggests that rapid in-
flammatory control could be valuable to prevent disease progression.
Due to the lack of a control group, we cannot exclude that the
improvement of coagulation parameters followed the natural course of
these milder forms of the disease. Previous studies reported substantial
clinical improvement in patients with severe COVID-19 receiving
high-dose intravenous tocilizumab, however, results remain conflicting
with some reports showing no significant change [10-16,20-26].
Consistently with our findings, two of these studies found a significant
reduction in D-dimer levels [12,13]. In contrast, a cohort of critical
COVID-19 patients with acute respiratory distress syndrome, showed no
significant effects on D-Dimer levels despite the substantial improve-
ment in inflammatory activity [10]. Taken together, these data seem to
suggest that the effects of tocilizumab on coagulation may be attenuated
in advanced stages of the disease.

In line with previous reports, subcutaneous tocilizumab was
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associated with a rapid and marked reduction in CRP levels [10,12,13].
IL-6 may play a dominant role in the systemic hyperinflammatory
response secondary to SARS-CoV-2 infection, and contribute to the hy-
percoagulable state observed in COVID-19 patients [8]. Therefore,
blockade of IL-6 activity in COVID-19 might have beneficial effects on
both coagulation and inflammatory activity [1]. The combination of
systemic hyperinflammatory response, excessive activation of the
coagulation system, and pulmonary thrombo-inflammation with local
vascular damage caused by COVID-19 may increase the risk of VTE and
pulmonary artery thrombosis. In the current study, there were no cases
of symptomatic VTE and it may be speculated that subcutaneous toci-
lizumab attenuated the inflammatory and coagulation activity both
systemically and at the level of the lung microvasculature, reducing the
risk of thrombosis.

Previous studies evaluating intravenous tocilizumab lacked infor-
mation about concomitant anticoagulant therapy, which may have
confounded the association with the coagulation changes [10,12,13]. In
the present study, the effects of subcutaneous tocilizumab on coagula-
tion parameters were observed independently of thromboprophylaxis
dose. D-dimer and fibrinogen levels were more than halved both in
patients on prophylactic and therapeutic dose anticoagulation. The
clinical relevance of these findings requires further evaluation. Several
studies showed that VTE develops in COVID-19 patients despite higher
than prophylactic doses of anticoagulant, suggesting overwhelming in-
flammatory and blood coagulation activity. The efficacy and safety of
higher-dose thromboprophylaxis is currently being investigated in
several  randomized trials (NCT04366960, NCT04372589,
NCT04345848, NCT04367831). IL-6 receptor blockade with tocilizu-
mab in addition to thromboprophylaxis may provide an alternative
option to control coagulation activation.

The current study has some limitations. We included a relatively
small number of patients in whom subcutaneous tocilizumab appeared
well-tolerated with no serious or clinically relevant adverse events.
While these data seem reassuring, larger studies are needed to confirm
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the safety and efficacy profile of tocilizumab. Previous and current
findings suggest that critically ill patients requiring mechanical venti-
lation may have a higher risk of serious infections with tocilizumab
which warrants further investigation [20,21]. Patients were admitted to
general wards and the proportion of those with critical disease was
relatively small, therefore conclusions may not apply to patients
admitted to intensive care units receiving intravenous tocilizumab. The
lack of a randomized control group may have confounded the effects
observed. However, the close temporal association between tocilizumab
administration and change of coagulation parameters both in the overall
study population and in the subgroups of patients receiving prophylactic
or therapeutic anticoagulation seems to support our findings. The
identification of the best patient candidate and timing for tocilizumab
administration require further evaluation.

In conclusion, treatment with subcutaneous tocilizumab was asso-
ciated with a rapid and persistent improvement of coagulation activity
in hospitalized adult patients with COVID-19 pneumonia and hyper-
inflammation. If confirmed in other large studies, our findings may
further support IL-6 receptor blockade with subcutaneous tocilizumab as
promising therapeutic strategy to quench the hyperinflammatory
response secondary to SARS-CoV-2 infection and modulate the hyper-
coagulative state observed in COVID-19 patients.
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