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The use of tocilizumab for the management of COVID-19 emerged since it modulates inflammatory
markers by blocking interleukin 6 receptors. Concerns regarding higher thrombosis risk while using
tocilizumab were raised in the literature. The aim of this study is to investigate the association
between tocilizumab therapy and the development of thromboembolic events in critically ill COVID-
19 patients. A propensity score-matched, multicenter cohort study for critically ill adult patients with
COVID-19. Eligible patients admitted to ICU between March 2020 and July 2021 were categorized into
two sub-cohorts based on tocilizumab use within 24 h of ICU admission. The primary endpoint was to
assess the incidence of all thrombosis cases during ICU stay. The secondary endpoints were 30-day
mortality, in-hospital mortality, and the highest coagulation parameters follow-up (i.e., D-dimer,
Fibrinogen) during the stay. Propensity score matching (1:2 ratio) was based on nine matching
covariates. Among a total of 867 eligible patients, 453 patients were matched (1:2 ratio) using
propensity scores. The thrombosis events were not statistically different between the two groups

in crude analysis (6.8% vs. 7.7%; p-value =0.71) and regression analysis [OR 0.83, 95% Cl (0.385,
1.786)]. Peak D-dimer levels did not change significantly when the patient received tocilizumab (beta
coefficient (95% Cl): 0.19 (- 0.08, 0.47)), while there was a significant reduction in fibrinogen levels
during ICU stay (beta coefficient (95% Cl): - 0.15 (- 0.28, - 0.02)). On the other hand, the 30-day

and in-hospital mortality were significantly lower in tocilizumab-treated patients (HR 0.57, 95% CI
(0.37,0.87), [HR 0.67, 95% ClI (0.46, 0.98), respectively). The use of tocilizumab in critically ill patients
with COVID-19 was not associated with higher thrombosis events or peak D-dimer levels. On the other
hand, fibrinogen levels, 30-day and in-hospital mortality were significantly lower in the tocilizumab
group. Further randomized controlled trials are needed to confirm our findings.
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The Coronavirus disease 2019 (COVID-19) pandemic has affected more than six hundred million cases and
killed more than six million people globally'. Approximately 20% of COVID-19 cases progress to the moderate-
to-severe disease stage’. These patients need hospitalization and oxygen support, and up to 5% of them may
need admission to the intensive care unit (ICU)?. These patients present with severe inflammatory response
also referred to as a “cytokine storm,” which is one of the hallmarks of severe COVID-19 case; this condition is
distinguished by the elevated levels of inflammatory cytokines such as interleukin 1 (IL-1), IL-6, tumor necrosis
factor, and other cytokines®. The cytokine storm is associated with several life-threatening complications, includ-
ing coagulopathy and failure of multiple organs*. Thus, several treatment modalities, such as immunomodulator
drugs like Tocilizumab (TCZ) have been proposed and investigated to manage severe cases of COVID-19°.

The available evidence supports the mortality benefit of using TCZ in severe cases of COVID-195"1%. Despite
the mortality benefit of using TCZ in patients with COVID-19, safety concerns are still associated with its
use!!1°. Moreover, there were concerns about increased d-dimer and mortality secondary to thrombosis risk
with tocilizumab administration!’. The association between IL-6 and venous thromboembolism is complex.
Several experimental studies including non-COVID-19 patients reported that IL-6 elevation can increase the
risk of deep vein thrombosis through various mechanisms'®'°.

The IL-6 elevation was greater in patients who died and were not on therapeutic anticoagulation'”. In addition,
a case series reported four cases of venous thromboembolism (VTE) and one case of an arterial thrombotic event
in which TCZ has been used as an adjunct therapy to the standard of care to treat patients with SARS-CoV-2
despite using prophylactic anticoagulants®.

In contrast, a systematic review and meta-analysis that evaluated the efficacy and safety of TCZ in the treat-
ment of COVID-19 illustrated no significant difference in pulmonary thrombosis rates between TCZ and the
control group?'. An additional systematic review and meta-analysis demonstrated a tendency toward fewer
VTEs in individuals using IL-6 inhibitors. However, this rate was not statistically significant??. Therefore, the
relationship between the use of IL-6 antagonists and the occurrence of thromboembolic events in patients with
COVID-19 remains unclear'”?* In light of this, the purpose of this study is to investigate the association between
TCZ therapy and the development of thromboembolic events in critically ill patients with COVID-19.

Methods

Study design

This study is part of the Saudi Critical Care Pharmacy Research (SCAPE) platform, which has undertaken vari-
ous studies to assess the safety and effectiveness of a range of treatments and therapies for patients in critical
condition (Saudi Critical Care Pharmacy Research (SCAPE), 2023). This is a multicenter retrospective cohort
study included five centers located in various regions in Saudi Arabia between March 1, 2020, and July 31, 2021.
Eligible critically ill COVID-19 patients during the study period were categorized to two sub-cohorts based
on early Tocilizumab use within 24 h of ICU admission (Tocilizumab versus Control). Control was defined as
patients who did not receive Tocilizumab during ICU stay. Reverse transcriptase-polymerase chain reaction
(RT—PCR) was used for COVID-19 diagnosis confirmation. All included patients were followed until they were
discharged from the hospital or died during the hospital stay. The study was conducted in accordance with the
World Medical Association Declaration of Helsinki—Ethical Principles for Medical Research Involving Human
Subjects (adopted 1964; updated 2013), national ethical regulations, and local institutional guidance of study
centers. The study was approved by King Abdullah International Medical Research Center (KAIMRC) institu-
tional review board in February 2021 (Ref.# NRC21R.024.01). The IRB committee waived informed consent
from the study patients due to the retrospective observational nature of the study.

Settings

We included patients from five centers in Saudi Arabia. Centers selected based on research feasibility, data avail-
ability and geographical location. Data obtained from five hospitals, two of which were in Riyadh city, two in
Jeddah and one hospital in Hail city. Participated institutions were King Abdulaziz Medical City (Riyadh, Jed-
dah), King Abdulaziz University Hospital (Jeddah), King Abdullah bin Abdulaziz University Hospital (KAAUH)
(Riyadh), and King Salman Specialist Hospital (Hail). The primary site for this multicenter study was King
Abdulaziz Medical City (KAMC- Riyadh), a tertiary care center. The initial IRB approval originated from King
Abdulaziz Medical City (Riyadh).

Study participants

Patients who were admitted to ICUs between March 2020 and July 2021 in participating hospitals were screened
for inclusion. Patients included if they were adult with age of > 18 years and confirmed COVID-19 infection
with polymerase chain reaction (PCR) testing. To minimize confounding factors, patients who had history of
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Inclusion:
Patients with confirmed COVID-19 by Reverse Transcriptase—Polymerase Chain
Reaction (RT-PCR) on nasopharyngeal or throat swabs who were admitted to ICUs
at five centers.

N=1592

E ion: N=725

Patients Age < 18 y/o (n=7)

Death or no code patients within 24

hours of ICU admission (n=16)

ICU LOS < I day (n=9)

Late use of Tocilizumab (>24 hours)

(n=234)

History/active any case cancer (n=68)

History of VTE, stroke, LV clot,

APS, CAD and/or SLE (n=237)

History of atrial fibrillation (n=37)

Unknown Medical History (n=45)

e No pharmacological VTE prophylaxis
within 24 hours of admission (n=59)

® Thrombosis pre-Tocilizumab use
(n=13)

N =867

Figure 1. Flow diagram showing patients recruited with COVID-19. COVID-19, Coronavirus disease;
ICU, intensive care unit; LOS, length of stay.

thrombosis, known to have risk of thrombosis (i.e. CAD, SLE, APS), atrial fibrillation prior to ICU admission,
had history/active cancer, labled as DNR, deceased with 24 h of ICU admission, delayed tocilizumab start>24 h
of ICU admission, or omitted from chemo-prophylactic anticoagulation were excluded (Fig. 1).

Outcomes

This study aims to evaluate the association between Tocilizumab use and thrombosis in critically ill patients
with COVID-19. The primary endpoint was to assess the incidence of all thrombosis cases during ICU stay. The
secondary endpoints were 30-day mortality, in-hospital mortality, and the coagulation parameters follow-up
(i.e., D-dimer, Fibrinogen) during the stay.

Outcomes definition

o All cases of thrombosis (arterial and venous) were confirmed with radiological studies including ultrasound
and computed tomography scans and/or chart documentation (i.e., myocardial infarction (MI), ischemic
stroke, pulmonary embolism, deep vein thrombosis).

e The 30-day mortality was defined as a death occurring for any cause within 30 days of the admission date
during hospital stay; patients who were discharged from the hospital alive before 30 days were presumed to
be survivors.

e In-hospital mortality is defined as death occurring for any cause date the hospital stay.

Data collection

The database was created utilizing Research Electronic Data Capture (REDCap®) platform hosted by King Abdul-
lah International Medical Research Center (KAIMRC). All collaborators were trained on the use of the REDCap®
as well as data variables. Demographic variables were collected in addition to clinical ICU variables such as
APACHE and SOFA scores, mechanical ventilation needs, and settings. Moreover, comprehensive laboratory
variables, radiological findings, comorbidities, and the use of DVT prophylaxis and inflammatory markers were
also captured for eligible patients. Lastly, the peak levels of D-dimer and fibrinogen during ICU stay were also
collected to assess the effect of tocilizumab on these markers.

Sample size

Expecting a 12% prevalence of thrombosis among hospitalized patients, we anticipate a reduction to 3.7% in the
tocilizumab group*?. Using this assumption, we determined a sample size of 446 to achieve a statistical power
of 90% and maintain an alpha error below 5%.

Statistical analysis

Continuous variables were reported using mean and standard deviation (SD), or median with lower and upper
quartile (Q1, Q3), and categorical variables as number (percentage) when appropriate. We compared two study
groups by using either Chi-square or Fisher exact test for categorical variables. Continues variables were com-
pared using Student t-test to compare (normally distributed continuous data) and Mann-Whitney U test to
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compare (non-normally distributed continuous variables). In addition, statistical test (the Shapiro-Wilk test)
and graphical representation (i.e., histograms and Q-Q plots), were evaluated the normality assumptions for
all numerical variables.

Multivariable logistic and negative binomial regression analysis were used for binomial and continuous
outcomes included in this study, respectively. Multivariable Cox proportional hazards regression analyses were
generated to determine the 30-day and in-hospital mortality. Regression analysis was made by considering the
PS score as one of the covariates in the model. The odds ratios (ORs), estimates, or hazard ratios (HRs) with
95% confidence intervals (CIs) were reported for the associations. We assessed the model fit using the Hos-
mer-Lemeshow goodness-of-fit test.

In the propensity score-matched analysis, we selected nine matching covariates, including age, body mass
index (BMI), APACHE II score, baseline INR, early use of dexamethasone, acute kidney injury at admission,
chronic kidney disease, heart failure and liver disease as a comorbid condition. Those factors were selected for
their possible association with the study outcomes. A greedy nearest-neighbor matching method was used in
which one patient who received Tocilizumab was matched with two patients in the control group (1:2 ratio). This
eventually produces the smallest within-pair difference among all available pairs with treated patients. These
patients were matched only if the difference in the logits of the propensity scores for pairs of patients from the
two groups was less than or equal to 0.1 times the pooled estimate of the standard deviation. We used a caliper
width of 0.1 and the standardized mean difference (SMD) was used to examine the degree of PSM. Less than 0.1
was considered an acceptable threshold. The primary outcome was further verified using inverse probability of
treatment weighted (IPTW), which was created using the estimated propensity scores as weights. The details of
propensity score matching results are included in the appendix. We considered a p value of < 0.05 statistically
significant and used SAS version 9.4 for all statistical analyses.

Ethics approval and consent to participate

The study was approved in February 2021 by King Abdullah International Medical Research Center (KAIMRC)—
Institutional Review Board (IRB), Riyadh, Saudi Arabia (Ref.# NRC21R.024.01). Informed consent was waived
KAIMRC-IRB due to the retrospective nature of the study. Participants’ confidentiality was strictly observed
throughout the study by using anonymous unique serial number for each subject and restricting data only to
the investigators.

Results

Demographic and clinical characteristics

Among 867 patients who met the inclusion criteria (Fig. 1), Tocilizumab was given to 256 patients during the
study period. A total of 453 patients were included in the study after being matched by propensity score (1:2
ratio). In the overall cohort and before PS matching, the majority of patients were males (61.1%) with an average
age of 61.2. (£14.99). Diabetes mellitus was the most common comorbid condition in the whole cohort (58.4%),
followed by hypertension (55.4%) and dyslipidemia (21.1%). Before PS matching, patients who received early
Tocilizumab were younger, had a lower APACHE II score, serum creatinine, baseline AKI, total WBCs, INR,
aPTT, total bilirubin, D-dimer, and lower PaO2/FiO2. In contrast, the control group had a lower BMI and early
use of Dexamethasone within 24 h of ICU admission. Post PS score matching, both groups had comparable
baseline variables except for baseline INR, C-reactive protein, and ferritin levels. The intensity of pharmacologi-
cal DVT prophylaxis was similar between the two groups after PS matching. Table 1 summarizes all the baseline
characteristics before and after PS matching in patients who received Tocilizumab compared with the control.

All thrombosis cases

In crude analysis, the incidence of all thrombosis cases during ICU stay was 23 (7.7%) in the control group
compared to 10 (6.8%) in the tocilizumab group, p-value =0.71. Patients who received Tocilizumab within 24 h
of ICU admission had lower odds for all thrombosis cases; however, it was not statistically significant (OR 0.83;
CI 0.39, 1.79; p-value =0.63) (Table 2). On the other hand, the fibrinogen levels during ICU stay were lower in
patients who received early Tocilizumab compared with the control group (beta coefficient — 0.15; CI — 0.28,
- 0.02; p-value=0.03); but D-dimer levels were not statistically significant between the two groups (beta coef-
ficient 0.19; CI — 0.08, 0.47; p-value=0.17) (Table2).

30-day and in-hospital mortality

After applying PS matching and at crude analysis, the 30-day and in-hospital mortality were lower in patients
who received early Tocilizumab (20.8% vs. 35.6%; p-value =0.003, and 26.6% vs. 39.2%; p-value=0.01, respec-
tively). Moreover, the 30-day mortality and the in-hospital mortality were statistically significantly lower in
the Tocilizumab group compared with the control group at multivariable Cox proportional hazards regression
analyses (Table 2).

Discussion
Continuous efforts to find potential therapies for the management of COVID-10 suggested that TCZ might be a
potential therapy for COVID-19-related hyperinflammation. This retrospective propensity score-matched study
was conducted to investigate the risk of thrombotic events in critically ill patients with COVID-19. The results of
the study did not find any statistically significant difference in the risk of thromboembolic events among critically
ill patients with COVID-19 who were treated with TCZ in comparison to the standard of care.

Previously, Atallah et al., in a case series study noticed an increase in thrombotic events in critically ill patients
with COVID-19 who had acute respiratory distress syndrome and were treated with TCZ. They reported four
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Before propensity score (PS)

After propensity score (PS)

Overall (N=867)

Control (N=611)

Early tocilizumab
(N=256)

p-value

Overall (N=453)

Control (N=302)

Early tocilizumab
(N=151)

p-value

Age (Years), mean
(SD)

61.2 (14.99)

61.9 (15.35)

59.3 (13.97)

0.0171A

59.1 (14.48)

59.4 (14.96)

58.4 (13.50)

0.4804*

Gender—male,
n (%)

511 (61.1)

365 (62.1)

146 (58.9)

0.3854AN

289 (64.8)

190 (64.0)

99 (66.4)

0.6065A1

BMI, mean (SD)

31.7 (9.75)

31.0 (8.64)

33.4(11.85)

0.0008~

31.9(9.25)

31.6 (9.52)

32.5(8.68)

0.22531

APACHE II score,
median (Q1, Q3)

12.0 (8.00, 19.00)

13.0 (8.00, 20.00)

12.0 (8.00, 15.00)

0.0082/

11.0 (7.00, 16.00)

11.0 (7.00, 17.00)

11.0 (8.00, 15.00)

0.87361

SOFA score, median

(Q1,Q3)

4.0 (2.00, 7.00)

4.0 (2.00, 7.00)

4.0 (2.50, 6.00)

0.12684

4.0 (2.00, 6.00)

4.0 (2.00, 6.00)

4.0 (2.00, 6.00)

0.88401

Vasoactive-Ino-
tropic score, mean
(SD)

5.8 (40.5)

7.1 (45.0)

2.8(27.2)

0.07A

43(332)

4.1(234)

4.5 (34.9)

0.641

Early use of dexa-
methasone within
24 h of admission,
n (%)

564 (66.6)

355 (59.5)

209 (83.6)

<0.0001AA

346 (77.4)

228 (76.5)

118 (79.2)

0.5223A7

Serum creatinine
(mmol/L) at admis-
sion, median (Q1,

Q3)

82.0 (66.00, 120.00)

85.3 (66.00, 127.00)

77.0 (64.00, 103.00)

0.02174

78.0 (65.00, 105.00)

78.0 (65.00, 109.00)

76.0 (63.00, 101.20)

0.65721

Acute Kidney Injury
(AKI) within 24 h
of ICU admission,

n (%)

207 (24.8)

165 (28.1)

42 (16.9)

0.0007AA

93 (20.8)

65 (21.8)

28 (18.8)

0.4584/1

Mechanical ventila-
tion within 24 h

of ICU admission,
n (%)

581 (69.1)

415 (69.9)

166 (67.2)

0.4473/N

304 (68.0)

201 (67.4)

103 (69.1)

0.7200/A

Lowest MAP at
admission, median

(Q1,Q3)

73.0 (63.00, 83.00)

73.0 (63.00, 83.67)

73.0 (65.00, 80.50)

0.7683/

75.0 (65.00, 83.00)

75.0 (64.00, 84.00)

75.0 (66.50, 81.00)

0.6671A

Lactic acid baseline,
median (Q1, Q3)

1.7 (1.27, 2.35)

1.7 (1.24,2.38)

1.7 (1.32,2.34)

0.8343/

1.6 (1.29,2.17)

1.6 (1.30,2.17)

1.6 (1.28,2.18)

0.8539/

Platelets count
baseline, median

(Q1,Q3)

250.0 (193.00,
319.00)

248.0 (190.00,
320.00)

253.0 (201.50,
317.00)

0.4271A

253.0 (198.00,
318.00)

249.0 (191.00,
315.00)

256.0 (204.00,
323.00)

0.1778A

Total WBC baseline,
median (Q1, Q3)

9.0 (6.46, 12.50)

9.4 (6.57, 12.60)

8.3 (6.21,11.65)

0.02881

8.7 (6.27, 12.00)

8.9 (6.29, 12.00)

8.2(6.22,11.40)

0.6567/

International nor-
malized ratio (INR),
median (Q1, Q3)

1.1 (1.00, 1.15)

1.1 (1.01, 1.19)

1.0 (0.97, 1.10)

0.0001*

1.1 (1.00, 1.13)

1.1 (1.00, 1.14)

1.1 (0.99, 1.11)

0.0322A

Activated partial
thromboplastin
time (aPTT)
baseline, median

(Q1,Q3)

29.3 (26.10, 32.80)

29.6 (26.40, 33.10)

28.3 (26.00, 31.60)

0.01731

29.3 (26.10, 32.60)

29.3 (26.25, 32.80)

29.1 (26.10, 32.00)

0.5399/

Total bilirubin,
median (Q1, Q3)

9.0 (6.30, 13.00)

9.1 (6.70, 13.50)

8.6 (6.00, 12.00)

0.03641

8.9 (6.60, 12.90)

8.5 (6.45, 12.80)

9.2 (6.80, 13.10)

0.2629/

Alanine ami-
notransferase
(ALT), median (QI,
Q3)

36.0 (24.00, 58.00)

36.0 (24.00, 60.00)

38.0 (25.00, 56.00)

0.69741

37.0 (24.00, 60.00)

36.0 (24.00, 61.00)

38.0 (24.00, 56.00)

0.8013/

Aspartate ami-
notransferase
(AST), median (QI,
Q3)

50.0 (33.00, 75.00)

49.5 (32.00, 75.00)

50.0 (36.00, 74.00)

0.44111

48.0 (31.00, 72.00)

47.0 (31.00, 72.00)

49.0 (35.00, 70.00)

0.8091~

Albumin baseline,
median (Q1, Q3)

33.0 (29.00, 36.00)

32.8 (28.00, 36.00)

33.0 (30.00, 36.00)

0.1037A

33.0 (29.00, 36.00)

32.0 (29.00, 36.00)

33.0 (29.00, 35.50)

0.8286*

Creatine phospho-
kinase (CPK) base-
line (U/L), Median
(Q1,Q3)

163.5 (75.00,
384.00)

153.0 (75.00,
373.00)

188.0 (76.00,
448.00)

0.3188~

160.5 (74.00,
375.50)

153.0 (72.00,
373.00)

175.0 (76.00,
421.00)

0.3987A

C-reactive protein
(CRP) baseline
(mg/)m median

(Q1,Q3)

127.0 (73.00,
201.00)

123.0 (71.00,
196.20)

140.0 (81.00,
225.10)

0.0721A

130.0 (75.00,
205.00)

123.0 (72.00,
188.00)

144.5 (86.00,
246.00)

0.03541

Fibrinogen level
baseline (gm/1),
Median (Q1, Q3)

5.4 (3.99,7.04)

5.4 (3.89,7.02)

5.4 (4.55,7.36)

0.2595/

5.4 (3.99,7.23)

5.4 (3.75,7.13)

5.4 (4.08,7.27)

0.7919/

D-dimer level
baseline, median

(Q1,Q3)

1.2 (0.67, 2.62)

1.3(0.71, 3.19)

0.9 (0.61, 1.98)

0.0007A

1.1(0.62,2.21)

1.1 (0.62, 2.34)

0.9 (0.62, 1.96)

0.34541

Continued
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Before propensity score (PS) After propensity score (PS)
Early tocilizumab Early tocilizumab
Overall (N=867) | Control (N=611) | (N=256) p-value Overall (N=453) Control (N=302) | (N=151) p-value
|0 S0 e[ g |stamon S0 a0 | oo,
Blood glucose level
gif‘%‘l’ixﬂ:‘gfﬁ b 109(7.70,1530) | 112(7.75,15.60) | 10.1(7.60, 14.80) 0.2785A | 10.9(7.70,14.80) | 11.0(7.70,14.80) | 10.3(7.70, 14.70) 0.6074A
median (Q1, Q3)
Lowest PaO2/FiO2
;?;‘:i:‘s'iginhigd}i’a‘;f 80.4 (61.00, 131.50) | 85.1 (62.61,140.80) | 73.2(55.25,103.20)|  0.0001A | 78.6 (58.60, 124.00) | 78.3 (60.00, 131.30) | 78.9 (56.60, 113.40) |  0.36347
(Q1,Q3)
Intensity of DV'T prophylaxis, n (%) #
Low intensity 62 (7.4) 52(8.8) 10 (4.1) 21(4.7) 17 (5.7) 4(2.7)
Standard intensity | 457 (54.5) 316 (53.4) 141 (57.3) 0.0564AA | 222 (49.9) 141 (47.3) 81 (55.1) 0.1692AA
High intensity 319 (38.1) 224 (37.8) 95 (38.6) 202 (45.4) 140 (47.0) 62 (42.2)
Comorbidities
Heart failure 47 (5.5) 39 (6.5) 8(3.2) 0.0533A7 | 12(2.7) 8(2.7) 4(27) >0.9999*
g’;?};;emio" 469 (55.4) 334 (55.9) 135 (54.0) 0.6032A7 | 235 (52.6) 163 (54.7) 72 (48.3) 0.2032/A
Chronic kidney 79 (9.3) 68 (11.4) 11 (4.4) 0.0014A7 | 20 (4.5) 14 (4.7) 6 (4.0) 0.74637A
disease (CKD)
%‘;‘;ﬁ“ mellitus 495 (58.4) 365 (61.1) 130 (52.0) 0.0138/ | 255 (57.0) 176 (59.1) 79 (53.0) 0.22397A
I()gilgidemia 179 (21.1) 118 (19.8) 61 (24.4) 0131877 | 94(21.0) 59 (19.8) 35 (23.5) 0.3666AA
Chronic obstruc-
tive pulmonary 17 (2.0) 14 (2.3) 3(1.2) 0.2784AA 6(1.3) 4(1.3) 2(1.3) >0.9999*
disease (COPD)
Asthma 71 (8.4) 50 (8.4) 21(8.4) 0.9905AA | 35 (7.8) 25 (8.4) 10 (6.7) 0.5336A 1
fy‘]‘f} disease (any 19(2.2) 17 (2.8) 2(0.8) 006647 | 2(0.4) 1(03) 1(0.7) 0.6163*
Table 1. Baseline characteristics of patients admitted to the ICU. *T Test/AWilcoxon rank sum test is used to
calculate the p-value. AAChi square/**Fisher’s Exact teat is used to calculate p-value. # Patients who received
either Enoxaparin 40 mg daily or UFH 5000 Unit three times daily were grouped under the “standard dose
VTE prophylaxis. Any patient who received higher than standard dose but not as treatment dose (Enoxaparin
1 mg/kg q12hr or 1.5 mg/kg q24hr or UFH infusion) was categorized as receiving “High VTE prophylaxis
dose”. On the other hand, lower VTE prophylaxis considered for patient who received Enoxaparin <40 mg/day
or Unfractionated heparin (UFH) <5000 Units three times daily/day).
Number of outcomes/Total number of patients
Outcomes Control Tocilizumab p-value | Odds ratio (OR) (95%CI) p-value $
All thrombosis cases, n (%) 23(7.7) 10 (6.8) 0.71AA | 0.83(0.39,1.79) 0.63
Hazard ratio (HR) (95%CI) p-value $*
30-day mortality, n (%) 99 (35.6) 26 (20.8) 0.003A7 | 0.57 (0.37, 0.87) 0.009
In-hospital mortality, n (%) 113 (39.2) 34 (26.6) 0.01AA | 0.67 (0.46, 0.98) 0.04
beta coefficient (Estimates) (95%CI) | p-value $**
D-dimer level (mg/l), median (Q1, Q3) A 3.0 (1.00, 8.06) 2.4 (1.20, 9.59) 0.894 0.19 (- 0.08, 0.47) 0.17
Fibrinogen level, mean (SD) A 5.8 (2.07) 5.0 (2.42) 0.02% —0.15 (- 0.28, - 0.02) 0.03
Ferritin level, median (Q1, Q3) A 634.7 (374.1,1582.0) | 941.4 (516.7,1701.0) | 0.007A 0.17 (- 0.07, 0.40) 0.17
CRP level, median (Q1, Q3) A 138.0 (72.0, 240.0) 141.8 (71.0, 293.0) 0.20A 0.20 (0.00, 0.39) 0.05
Procalcitonin level, median (Q1, Q3) A 0.3 (0.10, 1.45) 0.3 (0.13, 1.53) 0.427 0.20 (- 0.33,0.72) 0.47

Table 2. Primary and secondary outcomes after Propensity score matching. AAChi-square test is used to
calculate the p-value/** Fisher’s Exact teat is used to calculate p-value. AWilcoxon rank sum test is used to
calculate the p-value. $Logistic regression is used to calculate the OR and p-value. **Cox proportional hazards
regression analysis used to calculate HR and p-value. #**Generalized linear model is used to calculate estimates

and p-value.
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cases of VTE and one case of an arterial thrombotic event while being on recommended thromboprophylaxis
therapy®®. On the contrary, Sagris et al’s did not find this increased risk of thrombosis in their meta-analysis of
randomized clinical trials. In their meta-analysis, they investigated the risk of thromboembolic events in hospi-
talized patients with COVID-19 who received different immunomodulatory agents, including IL-6 antagonists
such as tocilizumab. They found that there was no significant difference in the risk of VTE between patients
with COVID-19 who received immunomodulatory agents and those who received standard care (OR 0.52,
95%CI 0.22-1.20; 2= 6%)?. In addition, Viswanatha et al.?! in a meta-analysis that included 5686 patients with
COVID-19 has shown a non-significant difference in the occurrence of pulmonary embolism during the TCZ
therapy compared to the standard of care (OR 1.01, 95%CI 0.45-2.26, I?=0%). Likewise, our analysis did not
find any significant increase in the risk of thrombosis for patients with COVID-19 who were treated with TCZ.

A single retrospective cohort study by Campochiaro et al., evaluated 65 patients with a median PaO,:FiO,
ratio at baseline of 107 (82-181) in the tocilizumab group and 124 (91-172) in the control group. They found
that the higher median PaO,:FiO, ratio at baseline to be a predictor for clinical improvement at day 28 in the
multivariable analysis. However, there was no statistical difference in the rate of pulmonary thrombosis cases
between patients in the tocilizumab group compared to patients in the control group in the study'*. Most of
these patients presented with a median of PaO,:FiO, ratio above 100, while in our cohort the lowest median
Pa0,:FiO, ratio within 24 h of admission was 78.6 (58.6-124.0) with a mean SOFA and APACHE II scores of
4 and 12 respectively. Although we had more patients with severely impaired oxygenation at baseline, we still
observed the mortality benefit for the use of TCZ, yet further investigations are needed to address the impact of
higher SOFA and APACHE II score on patients’ outcomes.

Besides that, some of the literature implied that the risk of TCZ-induced thrombosis could be serious. Chan
et al. in a retrospective cohort study that included 24 patients with COVID-19 who were treated with TCZ
reported a tendency for increased thromboembolism-related mortality. However, in their study they included
both patients who were on anticoagulation for thromboprophylaxis and those who were not on any thrombo-
prophylaxis while being on TCZ therapy. Moreover, they only reported one case of death out of 17 treated with
TCZ while being on thromboprophylaxis'’. In addition, Kimming et al., compared the risk of death in critically
ill patients with COVID-19 when treated with TCZ or the standard of care. In contrast to our findings, they
reported higher mortality in the TCZ group compared to the standard of care (35.2 vs. 19.3%; p =0.020). How-
ever, Kimming et al.'® included five post-transplantation patients in the TCZ group versus none in the control
group (9.5% vs. 0%; p=0.025), and more patients were on other immunosuppressive agents in the TCZ compared
to the other group (13.0% vs. 1.8%; p=0.029).

While the suggested risk was based on small observational studies with major limitations in the design of
these studies, there were some studies that indicated the survival benefits for TCZ. The RECOVERY trial indi-
cated that TCZ was associated with a lower risk of death in hospitalized patients with COVID-19. The study
also demonstrated that the use of TCZ reduced the need for mechanical ventilation and the length of stay before
being discharged alive from hospital. Mortality as an objectively measured outcome most probably would not be
affected by the fact that the RECOVERY did not blind patients or investigators during the trial. While outcomes
that were more subjectively measured, such as disease activity, were thought to be susceptible to bias?>. Moreo-
ver, the Viswanatha et al.?! meta-analysis found that TCZ therapy was associated with a lower risk of mortality
compared to the standard of care (OR - 0.11, 95%CI — 0.18 to — 0.04), but with significant heterogeneity among
studies (I>=88%, p=0.001). Similarly, our study revealed that the use of TCZ was associated with a lower risk
of mortality in critically ill patients when compared to the standard care; patients treated with TCZ had a 43%
lower risk of 30-day mortality and a 33% lower risk of in-hospital mortality.

In addition, the current literature reports conflicting results about the impact of TCZ on inflammatory
markers in patients with COVID-19 in critical care. Sami Ullah et al., conducted an open-label, randomized
clinical trial to investigate the impact of TCZ in patients with COVID-19 while focusing on the remission of
the cytokine release syndrome. The study did not reveal any statistically significant difference between the TCZ
and control group in inflammatory markers (CRP, ferritin, D-dimer or LDH) while the coagulation parameters
showed a significant difference in the median change from baseline between the TCZ and control group (INR
0.12 vs. — 0.07; p<0.001; aPTT 0.42 vs. — 1.16; p<0.001; prothrombin time (PT) 0.31 vs. — 0.96; p<0.001; and
platelet count — 12.34 vs. — 1.47; p=0.012)*. In the Atallah et al.?° case series, they observed a decline in inflam-
matory markers, such as D-dimer and fibrinogen, in hospitalized patients with COVID-19 while being on TCZ
therapy. While Chan et al.'” observed a transient elevation in D-dimer during the TCZ therapy. In comparison
to the previous studies, the peak D-dimer levels did not significantly change when patients received TCZ in our
study (B 0.19; 95%CI — 0.08 to 0.47), while there was a significant reduction in the fibrinogen levels when these
patients were receiving care in ICU ( — 0.15; 95%CI — 0.28 to — 0.02). Since it is not significant in our study,
it is possible that the impact of the TCZ on the coagulation profile (INR, aPTT, and PT) caused the previously
observed risk of thrombosis.

The results of this study add to the available evidence about TCZ, but it has some limitations that need to be
taken into consideration. The study’s retrospective nature and the restrictions posed by COVID-19 on access
to invasive diagnostic techniques at the onset of the pandemic may have limited the accurate capture of the
number of thrombosis events. While the majority of baseline characteristics were similar between the groups,
some were slightly different; thus, the propensity score matching technique was used in an effort to minimize
the impact of these characteristics and other unmeasured confounders on the evaluated outcomes. Additionally,
this study included clear reports on the antithrombotic treatment modalities used in these patients and classified
them according to the standard VTE prophylaxis doses. In comparison to other previous studies, we focused
our investigation on critically ill patients with COVID-19 who were on thromboprophylaxis and treated with/
without TCZ. Our findings may help healthcare practitioners to decide on using TCZ in critically ill patients
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with COVID-19 who are adequately managed with anticoagulation for thromboprophylaxis and encourage their
risk and benefit balanced decision.

Conclusion

The use of tocilizumab in critically ill patients with COVID-19 was not associated with higher thrombosis events
or peak D-dimer levels. On the other hand, fibrinogen levels, 30-day and in-hospital mortality were significantly
lower in the tocilizumab group. Further randomized controlled trials are needed to confirm our findings.

Data availability
The datasets supporting the conclusions of this article are available from the corresponding author on reason-
able request.
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