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Abstract

Background: Tocilizumab, through the blocking of interleukin-6 receptors, is hypothesized to be effective in the treatment of severe
coronavirus disease 2019 (COVID-19). However, data on tocilizumab use in this setting is conflicting.

Objective: To evaluate the effect of tocilizumab treatment on the outcomes of patients with severe COVID-19 pneumonia.

Methods: A retrospective case-control study including 168 patients hospitalized with severe COVID-19 pneumonia at Al-Jahra hospital,
Kuwait, from April 1st to June 30th. All patients received standard of care treatment. Patients in the tocilizumab group received tocilizumab
infusion. The primary outcomes were death, need for mechanical ventilation and the proportion of patients with clinical improvement. The
incidence of adverse events was monitored.

Results: Need for mechanical ventilation was higher in the tocilizumab group (48% vs. 24.3%, p=0.002). Clinical improvement was lower
(54.1% vs. 71.4%) and number of deaths were higher (29.6% vs. 10%) in the tocilizumab group (p=0.009). There was no difference in the mean
survival time between tocilizumab and control group (17.7 days vs. 19.2 days). There was no significant difference between the two groups
regarding the incidence of infections (6.1% vs. 2.9%, p=0.471).

Conclusion: Our results suggest that use of tocilizumab in severe COVID-19 pneumonia does not provide clinical or mortality benefit.
However, further research is needed to determine the ideal utilization of tocilizumab in the setting of severe COVID-19 disease.

Keywords: Tocilizumab; COVID-19; SARS-CoV-2; Pneumonia; Mechanical ventilation

Abbreviation: ALT: Alanine Aminotransferase; ARDS: Acute Respiratory Distress Syndrome; BCRSS: Brescia COVID-19 Respiratory Severity
Scale; CI: Confidence Interval; COVID-19: Coronavirus Disease 2019; CRP: C-Reactive Protein; CSS: Cytokine Storm Syndrome; HFNC: High Flow
Nasal Cannula; HR: Hazard Ratio; ICU: Intensive Care Unit, IL-6: Interleukin-6; IQR: Interquartile Range; LMWH: Low Molecular Weight Heparin;
MV: Mechanical Ventilation; NIV: Non-Invasive Ventilation; PCR: Polymerase Chain Reaction; SARS-COV-2: Severe Acute Respiratory Syndrome
Coronavirus-2; SD: Standard Deviation; SO2: Oxygen Saturation; SoC: Standard Of Care; SPSS: Statistical Package for the Social Sciences; TCZ:
Tocilizumab

Introduction
It started as a cluster of pneumonia cases in Wuhan, at the end of

2019, spreading to cause an epidemic throughout China, followed
by an increasing number of cases all over the world creating

Coronavirus disease 2019 (COVID-19) is a new disease caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
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a global pandemic [1]. The spectrum of COVID-19 symptoms is
wide including asymptomatic, mild, severe, and critical disease.
The proportion of severe infections is higher among hospitalized
patients [2]. Severe disease is defined as infections associated
with respiratory rate 230/min, oxygen saturation <93% while
breathing ambient air, and/or lung infiltrates >50% on imaging.
Critical disease is usually associated with respiratory failure,
septic shock, and/or a syndrome of multiple organs dysfunction

(3]-

Among those with severe disease, one of the major
complications and the leading causes of death is acute respiratory
distress syndrome (ARDS) and the associated hypoxemic
respiratory failure. In those who are critically ill, around half
of cases will need invasive mechanical ventilation [4]. Another
serious complication of severe COVID-19 is the cytokine storm
syndrome (CSS) and the vigorous inflammatory response,
characterized by elevated inflammatory markers (e.g., D-dimer,
ferritin, and C-reactive protein [CRP]), and increased levels of
proinflammatory cytokines including interleukin-6 (IL-6). A
higher concentration of IL-6 was found to be associated with
higher in-hospital mortality [5,6]. IL-6 has a central role in acute
inflammation. It stimulates widespread hematopoiesis, T-cell
population expansion, activation and differentiation of B-cells,
and induces the hepatic acute phase response with release of
CRP, fibrinogen, and hepcidin [7]. IL-6 is a key component in the
pathogenesis of the CSS. The cytokine storm and the elevated levels
of IL-6 damage the lungs and play a major role in the pathogenesis
of ARDS and the multiple-organ failure syndrome in COVID-19
patients. Therefore, suppressing the IL-6 pathway is presumed to
hinder the deterioration of patients and save patients’ lives [8].

Tocilizumab (TCZ), a recombinant humanized IL-6 receptor
monoclonal antibody, when administered to patients with severe
COVID-19, was hypothesized to prevent the cytokine storm by
blocking the IL-6 signal transduction pathway and reduce disease
severity [9]. At the time of this manuscript preparation, data
describing the use of TCZ in severe COVID-19 disease was limited
to case series and observational studies. Some retrospective
cohort studies found lower death and/or Intensive care unit (ICU)
admissions [10] and shorter duration of vasopressor support [11]
among patients treated with TCZ. Other observational studies
found that TCZ reduced mortality in non-intubated patients [12]
and in patients who needed invasive mechanical ventilation [13].
In a retrospective observational study (179 patients in the TCZ
group vs. 365 patients in the control group), TCZ (intravenous or
subcutaneous) was associated with a decreased risk of invasive
mechanical ventilation and death (adjusted hazard ratio 0-61;
p=0-020), but at the expense of higher risk of infections (13% vs.
4%, p<0-0001) [14].

However, other observational studies did not identify a
clinical improvement or a mortality benefit with TCZ usage
[15,16]. On the contrary, results from ongoing randomized

trials, mostly have been reported as a press release, showed no
benefit of TCZ in COVID-19 pneumonia. Preliminary results from
the first randomized, double-blind, placebo-controlled phase
[II trial investigating use of TCZ in COVID-19 pneumonia were
disappointing. TCZ did not result in improvement of clinical status
or reduction in mortality [17]. In this study we aim to compare the
outcomes of patients with severe COVID-19 pneumonia treated
with TCZ in addition to standard of care (SoC) management, with
those who received SoC management only.

Methods
Patients and setting

We retrospectively included patients with laboratory-
confirmed SARS-CoV-2 infection (defined as a positive polymerase
chain reaction [PCR] from nasopharyngeal swab) who were
hospitalized with severe COVID-19 pneumonia (defined as
clinical and/or radiological evidence of pneumonia and Oxygen
saturation (SO2) <93% while breathing ambient air) at Al-Jahra
hospital, Kuwait, from April 1st to June 30th. Demographic,
clinical, and laboratory data were retrieved from the patients’
electronic records at baseline and reassessed on day 14 (+7 days).
All patients received SoC treatments, as per the local COVID-19
management protocol, which included: 1) oxygen therapy to
maintain SO2 294%, 2) corticosteroids, 3) anticoagulation
prophylaxis, and 4) antibiotics (doses and details are included in
Table 2). Other treatment options were available (e.g., lopinavir/
ritonavir, hydroxychloroquine, colchicine,
plasma treatment) but not considered as a SoC treatments and
were prescribed on case-by-case basis according to the best

and convalescent

available evidence.

In relation with the increasing literature data on the off-label
use of TCZ to treat severe COVID-19 pneumonia, local treatment
protocols were updated with escalation of treatment with TCZ
(8mg/kg, 60 min intravenous infusion, max 800mg) in patients
who lacked clinical improvement with worsening in respiratory
status over 24-48 hours and requiring >5 L/min to keep SO2
294%. A second administration within 24 hours was given if no
clinical improvement was observed. Pregnant females, children,
patients with contraindications or known allergy to TCZ, and
patients with poor prognosis (unlikely to survive >48 hours) were
excluded from the TCZ treatment protocol. Contraindications to
TCZ included known active tuberculosis, known active hepatitis
B and/or hepatitis C infection, known active diverticulitis,
known inflammatory bowel disease, systemic bacterial or
fungal co-infection, concomitant immunosuppressive therapies,
transaminases >5 times above reference values, neutropenia
(<500X109/L), and thrombocytopenia (<50,000 109/L).

This retrospective study compared two groups of patients:
the “TCZ group” which included all patients who received SoC
treatment plus TCZ, and the “control group” which included age,
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sex, and severity matched patients who received SoC treatment
without TCZ. The control group patients were potentially
eligible to TCZ treatment but did not receive the drug either
because they were admitted before TCZ treatment protocol was
in effect or because of the drug unavailability due to the high
local requirements that created an intermittent shortage. All
patients’ data were anonymous. The study was approved by the
institutional ethical and research committee.

Outcomes

Patients’ clinical status was assessed using a seven-category
ordinal scale. The primary outcomes were death, need for invasive
mechanical ventilation (MV) and the proportion of patients with
clinical improvement in each group. Clinical improvement was
defined as live discharge from the hospital or decrease of points
(22) on the seven-category scale at end of follow-up compared
with baseline. The scale stages are 1) discharged home alive;
2) hospitalized and not requiring supplemental oxygen; 3)
hospitalized and requiring low-flow oxygen (<5L/min); 4)
hospitalized and requiring high-flow oxygen (>5L/min by face
mask or non-rebreather mask); 5) hospitalized and requiring high
flow nasal cannula (HFNC) or non-invasive ventilation (NIV); 6)
hospitalized and requiring invasive mechanical ventilation; and
7) death.

Patients with scales 2-3 were stratified as having low oxygen
requirements, while patients with scales 4-6 were considered

Results

as having high oxygen requirements. Outcomes were assessed
when the patient was discharged, at the end of follow- up period
which is 21days, or when the patient died. The occurrence of
adverse events was monitored with a focus on microbiologically
confirmed infections.

Statistical analysis

The target sample size required for this cohort study was 150
patients to ensure a confidence level of 95% and a study power
of 80%, when the anticipated incidence of outcome in control
and tocilizumab groups is set at 20% and 5% respectively. We
collected 180 patient records. After data validation and removal
of duplicate data (n=12), we ended up with 168 patient records.
Validated data was tabulated, entered, and analyzed using
Statistical Package for the Social Sciences (SPSS), version 21.0
(SPSS Inc., Chicago, IL, USA).

Numerical data were expressed as mean + standard deviation
(SD) or median and interquartile range (IQR) as appropriate. Chi-
square x2 or Fisher Exact test was used to test for categorical
variables. Independent Samples Student t-test was used for
normally distributed numerical variables while Mann-Whitney
test was used for analysis of non-parametric variables. Kaplan-
Meier curve was used to perform survival analysis and hazard
ratio (HR) was calculated using Cox regression after control
of confounders. The threshold of significance in our study was
defined as p value <0.05.

Table 1: Baseline demographics, comorbidities, clinical characteristics, laboratory, and radiological findings.

Tocilizumab Group (n = 98) Control Group (n = 70) P value
Age (years), Mean (+ SD) 57.21 (£ 12.45) 55.7 (£ 14.38) 0.472
Sex, number (%)
Male 76 (77.6) 48 (68.6)
0.19
Female 22 (22.4) 22 (314)
Comorbidities, number (%)
Hypertension 48 (49) 38 (54.3) 0.498
Diabetes mellitus 45 (45.9) 41 (58.6) 0.1
Respiratory disease 10 (10.2) 15 (21.4) 0.04*
Cardiac disease 20 (20.4) 18 (25.7) 0.41
Immunosuppressed (transplantation and/or immuno- 3(3.1) 6 (8.6) 0166
suppressive drugs)
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Active cancer 2(2) 1(1.4) 0.625

Chronic kidney disease (GFR <60ml/min) 9(9.2) 16 (22.9) 0.014*
Smokers 22 (22.4) 19 (27.1) 0.48

Days of symptoms prior to admission, mean (+ SD) 5.8+3.67 5.56 +2.76 0.64

Symptoms at baseline, number (%)

Fever 48 (49) 53 (75.7) <0.001*
Cough 73 (74.5) 43 (61.4) 0.07
Dyspnea 76 (77.6) 50 (71.4) 0.36
Sore throat 13(13.3) 11 (15.7) 0.65
Headache 60 (61.2) 42 (60) 0.87
Myalgia 62 (63.3) 35 (50) 0.08
Nausea and/or vomiting 25 (25.5) 15 (21.4) 0.54
Diarrhea 50 (51) 36 (51.4) 0.95
Anosmia and/or loss of taste 43 (43.9) 38 (54.3) 0.18

Vital signs at baseline, mean (+ SD)

Oxygen saturation % (breathing ambient air) 87.6(x7) 88 (+5.8) 0.67
Temperature (°C) 37.7 (£ 0.8) 37.8(+0.8) 0.72

Heart rate (beat per minute) 96 (£ 17) 94 (£ 19) 0.68
Respiratory rate (breath per minute) 25(x6) 27 (= 6) 0.06
Systolic blood pressure (mmHg) 130 (£ 19) 129 (£ 19) 0.7
Diastolic blood pressure (mmHg) 75 (¢ 11) 74 (x11) 0.65
Mean arterial pressure (mmHg) 93 (£ 11) 92 (x12) 0.62

Laboratory results at baseline, median (IQR)

White cell count (NR: 4-10 X10°/L) 6.9 (5.4-9.5) 8 (5.8-11.5) 0.15
Neutrophils (NR: 2-7 X10°/L) 5.3 (4-7.7) 5.8 (3.8-9) 0.64
Lymphocytes (NR: 1-3 X10°/L) 0.9 (0.6-1.2) 0.9 (0.7-1.7) 0.04*
Platelets (NR: 150-410 X10°/L) 209 (168-255) 247 (183-330) 0.03*
C-reactive protein (NR: 0-0.8mg/dl) 9.7 (5.3-16.2) 10 (5.1-14.7) 0.78
Procalcitonin (NR: <0.15ng/ml) 0.2 (0.05-0.5) 0.18 (0.07-0.5) 0.92
Creatinine (NR: 44-120umol/L) 81 (67-103) 76.8 (66-101) 0.45
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Uric acid (NR: 150-400umol/L) 275.5 (207-365.3) 259 (186-363.8) 0.51

ALT (NR: 10-60 IU/L) 36 (27-68) 37 (21.5-60.5) 0.42

AST (NR: 10-42 IU/L) 47.5 (34.5-75.3) 41 (25-70.5) 0.07
Lactate dehydrogenase (NR: 95-200 IU/L) 404.5 (307-582.5) 330.5 (251.5-432.3) 0.002*
Creatine kinase (NR: 22-269 1U/L) 169.5 (75.8-364) 82 (32-245.8) 0.002*

Ferritin (NR: 14-310ng/ml) 619.7 (350.5-935) 563.7 (248.15-1020) 0.73

D-dimers (NR: 0-231ng/ml) 457.5 (309.3-678.8) 450 (295.3-735.8) 0.72

Chest X-ray abnormality, number (%)
Normal 1(1) 2(3)
0.57
Abnormal (bilateral infiltrates and/or consolidation) 97 (99) 68 (97)

* P value significant <0.05; SD, standard deviation; GFR, glomerular filtration rate; IQR, interquartile range; NR, normal range; ALT, Alanine

aminotransferase; AST, Aspartate Transaminase.

A total of 168 patients were included in this retrospective
analysis, 98 patients in the TCZ group and 70 patients in the control
group. Mean age in the TCZ group was 57.21 years (SD +12.45)
and in the control group was 55.7 years (SD +14.38). Age and sex
distribution were similar between the two groups as shown in
Table 1. The mean duration between the onset of symptoms and
hospitalization was 5.8 days (SD #3.67) in the TCZ group and 5.56
days (SD £2.76) in the control group. The mean oxygen saturation
while breathing ambient air was 87.6% (SD +7) in the TCZ group
and 88% (SD +5.8) in the control group. (Table 1) shows variables
that describe the make-up of each group at baseline.

In general, the distribution of variables across groups was
balanced, including comorbidities, smoking status, symptoms,
vital signs, oxygen saturation, laboratory, and radiological
findings. However, few differences were noticed between the two
groups. Respiratory disease and chronic kidney disease were more
common among the controls (p=0.04 and 0.014, respectively).
Markers of inflammation (e.g., CRP, D-dimer, and ferritin) were
high in both groups with no statistically significant difference
between the two groups. However, the TCZ group patients tended
to have lower lymphocyte count (p=0.04), lower platelet count
(p=0.03), and higher levels of lactate dehydrogenase and creatine
kinase (p=0.002 and 0.002, respectively) (Table 1).

All patients received background SoC treatments during
hospitalization as detailed in Table 2. All patients in both groups
received low molecular weight heparin (LMWH). Almost 90% of
the patients received steroids in both groups. Antibiotics were
used more frequently in the control group (97% vs. 80.6%,
p=0.001). Although no major differences were observed in terms
of clinical features and oxygen saturation between the two groups

at baseline, the need for high flow oxygen therapy (>5L/min) at
baseline was significantly higher in the TCZ group (82.7% vs.
54.3%, p <0.0001).

Non-standard treatments included: colchicine which was
prescribed in a majority of patients in both groups (TCZ group
83.7% vs. control group 74.3%, p=0.135), convalescent plasma
treatment which was used more commonly in the control group
(22.9% vs. 10.2%, p=0.025), and other treatments as shown
in (Table 2). Among the patients who received TCZ, the most
frequently prescribed dosage was 600mg (69 patients, 70.4%)
and nine patients (9.2%) required a second dose of TCZ.

(Table 3) shows the outcomes at the end of the follow-
up period. Need for mechanical ventilation was higher in the
TCZ group (48% vs. 24.3%, p=0.002). The median duration of
mechanical ventilation was higher among patients in the TCZ
group (10 days vs. 8 days, p=0.028). Fifty-three patients (54.1%)
achieved clinical improvementin the TCZ group versus 50 (71.4%)
in the control group and thirty-six patients died, 29 (29.6%) in
the TCZ group and 7 (10%) in the control group. The difference
between the two groups was statistically significant (p=0.009). As
compared to the control group, more patients treated with TCZ
needed ICU admission (56.1% vs. 40%, p=0.039) and vasopressor
support (48% vs. 24.3%, p=0.002). The median length of hospital
stay was longer in patients receiving TCZ treatment (12.5 vs. 10
days, p=0.018).

We observed an improvement in the level of CRP, but not in
ferritin or D-dimer levels after TCZ treatment as shown in (Figure
1). However, this laboratory improvement was not associated
with a clinical benefit. We identified 37 patients with laboratory
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not associated with benefit regarding need for MV or clinical
improvement (57.1% vs. 37.5%, p=0.236; 42.9% vs. 62.5%,

criteria suggesting CSS, defined as any two out of the following
three criteria: serum ferritin >900ng/ml, CRP >10mg/dl, and D-

dimer level >1500ng/ml [18], 16/70 in the SoC group and 21/98

p=0.236, respectively).

in the TCZ group. Among those patients, treatment with TCZ was

Table 2: Treatments received during hospitalization.

Tocilizumab Group (n = 98) Control Group (n = 70) P value
Standard of care treatments, number (%)
Low oxygen requirements (scale 2-3) 17 (17.3) 32 (45.7) <0.001*
High oxygen requirements (scale 4-6) 81 (82.7) 38 (54.3)
Antibiotics! 79 (80.6) 68 (97) 0.001*
Corticosteroids? 88 (89.8%) 64 (91.4%) 0.72
LMWH? 98 (100) 70 (100) NA
Non-standard treatments, number (%)
Hydroxychloroquine* 6(6.1) 3(4.3) 0.736
Lopinavir-ritonavir® 6 (6.1) 2(2.9) 0.471
Colchicine® 82 (83.7) 52 (74.3) 0.135
Convalescent plasma’ 10 (10.2) 16 (22.9) 0.025*

*P value significant <0.05; LMWH, low molecular weight heparin; NA, not applicable; 'if suspected bacterial infections, given for 5 days or until
bacterial infection is excluded by negative cultures and/or normal procalcitonin levels, whichever comes first; 2dexamethasone 6 mg as a standard
dose or 15myg if patient had evidence of moderate-to-severe acute respiratory distress syndrome (PaO,/FiO, <200 mmHg), with equivalent dose
of methylprednisolone used if dexamethasone was not available; 3standard prophylactic dose adjusted according to renal function (enoxaparin
40mg daily) or intermediate dose (usual daily dose twice daily) for patients with very high D-dimer levels (>1500ng/ml), extreme weight >120kg, or
patients who are critically ill; *Dose is 400mg twice on day 1, followed by 200mg twice per day on days 2-5; ’Dose is 400/100 mg twice per day for
7 days; ®Dose is 0.5mg twice per day for 7 days; "Transfusion of 2 units, 12 hours apart.

Table 3: Outcomes at the end of the follow-up period.

Tocilizumab Group (n = 98) Control Group (n = 70) P value

Mechanical ventilation
Need for MV, number (%) 47 (48) 17 (24.3) 0.002*
Duration of MV! (days), median (IQR) 10 (7-14) 8 (5.5-15.5) 0.028*

Clinical outcomes, number (%)
Clinical improvement? 53 (54.1) 50 (71.4)
No clinical improvement 16 (16.3) 13 (18.6) 0.009*
Hospital mortality 29 (29.6) 7 (10)
ICU admission

Need for ICU, number (%) 55 (56.1) 28 (40) 0.039*
Duration of ICU stay® (days), median (IQR) 12 (8-15) 8 (6-16.75) 0.227
Need for vasopressor support, number (%) 47 (48) 17 (24.3) 0.002*
Length of hospital stay (days), median (IQR) 12.5 (8.75-18) 10 (7.75-14) 0.018*

* P value significant <0.05; MV, mechanical ventilation; IQR, interquartile range; ICU, intensive care unit; 'In those who needed MV; 2Live discharge
from hospital or decrease of points (= 2) on the seven-category scale at end of follow-up compared with baseline; ®In those who needed ICU

admission.
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Figure 1: Changes in the values of CRP, ferritin, and D-dimer at baseline and after treatment in SoC and TCZ groups. Follow-up of
laboratory parameters was done at discharge, death, or at the end of follow- up period which is 21days. *Significant <0.05; IQR,
interquartile range; CRP, C-reactive protein; TCZ, tocilizumab; SoC, standard of care.
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Few unfavorable effects were observed following tocilizumab
treatment. No tocilizumab infusion reactions were observed.
Among patients treated with TCZ, 6 patients (6.1%) developed
microbiologically confirmed bacterial infections compared to
2 patients (2.9%) in the SoC group, and the difference was not

statistically significant (p=0.471). Sites of infections are shown
in (Figure 3). Follow-up of Alanine aminotransferase (ALT) levels
were higher among patients treated with TCZ as shown in (Figure
3).

e N
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H
200 - Tota F
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TCZ group SoC group P value
ALT, baseline 36 (27-68) 3T (21.5-60.5) 042
ALT, after treatment 65(31.5-100.3) 49.5(24-75.3) 0.005**
Figure 3: Adverse events observed with TCZ vs. SoC group. (A) level of ALT, (B) Sites of infections. *Tracheal secretion culture in the
SoC group and wound swab culture in the TCZ group; ** Significant <0.05; ALT, alanine aminotransferase; IQR, interquartile range; TCZ,
tocilizumab; SoC, standard of care.
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Discussion Different weight-based dosing was used in other studies e.g.,

In the absence of a clear evidence-based recommendation,
anti-inflammatory treatments (e.g., tocilizumab) are frequently
offered to patients with severe COVID-19 pneumonia aiming not
to overwhelm MV and ICU resources and to improve survival. It
can be ethically appropriate to offer patients an investigational
intervention outside clinical trials, provided that no established
effective treatment exists, the use of the intervention is monitored,
and the outcomes are recorded and shared [19]. This study
describes our real-world experience with the use of tocilizumab
in severe COVID-19 pneumonia.

We examined the clinical characteristics and outcomes of 98
patients with severe COVID-19 pneumonia who received TCZ
added to SoC treatment compared to 70 patients with severe
COVID-19 pneumonia receiving SoC alone. The TCZ treatment
protocol we used to consist of a dose of 8mg/kg (max 800mg),
given as a 60 min intravenous infusion. A similar weight-based
treatment protocol was used in many studies of COVID-19 patients
[16,18,20-22].

4-8mg/kg (max400mg) [11]. Some studies used the subcutaneous
formulation in a dose of 324 mg if the intravenous formulation was
not available [14,23,24], while other studies used a low dose of
400mg regardless of the body weight [15,23] or if the body weight
was less than 60kg [25]. The variability in dosing regimens makes
it difficult to compare these studies and to assess the impact of
this treatment.

All retrospective studies on TCZ used cohorts of hypoxic
patients with severe COVID-19 infection. COVID-19 patients can
be categorized, based on their oxygen needs, into mild disease
with no need for oxygen to maintain target saturation; moderate
disease with needs up to 5L/min; severe disease with needs up to
10L/min; very severe disease if patient needs a non-rebreather
mask or high-flow nasal cannula to maintain target saturation;
and critical disease in patients on mechanical ventilation [12].
We used an ordinal scale to express these categories and we
considered patients who need >5L/min as having high oxygen
requirements. In spite of our attempts to match the 2 groups at
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baseline regarding their age, sex, comorbidities, baseline oxygen
saturation, laboratory, and radiological findings, the need for
high flow oxygen therapy was higher in the TCZ group (82.7% vs.
54.3%, p<0.001). This difference is due to the probable presence
of unmeasured confounding variables.

Previous studies on TCZ tested populations of diverse
categories of oxygen therapy at baseline. In a cohort of patients
treated with TCZ, 30% of patients required invasive or noninvasive
ventilation and 53% required high flow oxygen therapy [16]. In
another study, 93.7% of patients who received TCZ was on high
flow oxygen therapy and 63% of patients needed mechanical
ventilation [12]. In a large case series including 100 patients
treated with TCZ, all of them had acute respiratory failure requiring
ventilatory support (Brescia COVID-19 Respiratory Severity Scale
[BCRSS] 23), 57% treated with NIV, and 43% required invasive
MV [21]. Another study including 28 patients who received TCZ
reported a baseline invasive MV rate of 75% and around 80% of
the TZC group patients were on high flow oxygen therapy [11].
On the other hand, some studies included only patients with
severe COVID-19 pneumonia and respiratory failure, not needing
invasive mechanical ventilation [15,23].

The heterogeneity of baseline oxygen needs and MV status of
TCZ studies is another reason of the difficulty encountered when
comparing these studies and their impact on clinical outcomes.
We used SoC treatment protocol including corticosteroids,
anticoagulation prophylaxis,
lacking supporting evidence were considered as a non-standard
intervention as illustrated in (Table 2). Retrospective studies
comparing TCZ add to SoC vs. SoC alone used various protocols of
SoC management. Hydroxychloroquine was used as background
treatment in many studies, but in our study, it was not considered
a part of SoC [11-15,21,22]. Unlike our study, other studies used
lopinavir/ritonavir as part of SoC management [14,15,21,23].

and antibiotics. Treatments

Similar to our protocol, some studies used prophylactic dose
of anticoagulation as SoC [14,15,22], while others used full
anticoagulation in around half of the study population [12].

We used 2 dosing regimens of LMWH, the prophylactic
dose and the intermediate dose. Our local practice is in accord
with the recommendation that all hospitalized patients with
COVID-19 should get thromboprophylaxis with LMWH with dose
adjustment for renal functions and body weight. For critically ill
patients, intermediate-intensity dose strategy may be used (usual
daily LMWH dose twice daily). This recommendation is based
mainly on expert opinion. However, intermediate-intensity or a
therapeutic-intensity dose strategy should be practiced as a part
of ongoing epidemiologic studies or clinical trials [26].

Immunomodulatory agents are potentially effective for
the treatment of severe COVID-19 infection associated with a
cytokine storm or a vigorous inflammatory response. However,
the combination of these agents is still not clearly recommended.

No randomized trials till now addressed this issue. Some studies
used steroids with TCZ, but had different protocols e.g., tapering
dose of methylprednisolone (mg/kg) [22], dexamethasone
(20mg/ day) [21], or high- dose intravenous methylprednisolone
(250mg on day 1 followed by 80mg on days 2-5) [18].

A non-randomized study comparing TCZ and combination
therapy of steroids and TCZ found that TCZ was associated with
lower hazard for the primary outcome (death and need for MV),
while combination therapy was not associated with a significant
hazard difference. There was no difference seen in the rates of
gastrointestinal bleeding or bacterial infections [27]. Another
observational study found that adjunctive treatment with
tocilizumab, steroids, or both added to SoC can improve outcomes
in non-intubated patients with COVID-19 pneumonia. However,
the rate of microbiologically documented infections was higher
among patients who received TCZ/steroids when compared to
SoC treatment alone [28]. We used a dose of 6 mg dexamethasone
as a standard and a higher dose for patients with evidence of
moderate-to-severe ARDS (Pa02/Fi02 <200mmHg) [29].

It is now recommended to use dexamethasone 6 mg daily for
10 days or until discharge for all COVID-19 patients who are on
supplemental oxygen or ventilatory support [30]. The variable
treatment regimens used with TCZ make it difficult to assess the
benefits of TCZ based on the results of these studies. Further data
are needed for tocilizumab in patients receiving corticosteroids.
Randomized studies are necessary to establish the safest
treatment options.

Our study revealed no clinical improvement or mortality
benefit in patients who received tocilizumab in the setting of
severe COVID-19 pneumonia. Although the observational study
design cannot prove causation, the higher oxygen needs at baseline
in the TCZ group could partially contribute to the worse outcome.
Most observational studies’ data support the notion that TCZ use
is associated with a benefit in severe COVID-19 infections. For
example, a large case series found improvement of inflammatory
parameters, clinical and respiratory condition at 10 days after TCZ
treatment [21]. One study found that combined death and/or ICU
admission was lower with TCZ treatment (25% vs. 72% P=0.002),
with less need for MV (0% vs. 32%, P=0.006) [10]. Mortality
benefit only for non-intubated patients was reported in one study
(6% vs. 27%, P=0.024) [12]. While others reported mortality
benefit only for intubated patients (45% reduction in hazard of
death) [13]. Shorter duration of vasopressor support with TCZ
treatment was described in another observational study [11].

These reports are not comparable largely as a consequence
of the various tocilizumab dosage used, the different baseline
characteristics of the population studied, and the different
concomitant medications. In our study, none of these outcomes
were noticed, apart from improvement of CRP after TCZ treatment.
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A meta-analysis of observational studies including 1358
patients found a 12% lower mortality for COVID-19 patients
treated with TCZ compared to patients who were not treated with
TCZ [31]. Another analysis of a multicenter cohort study including
3924 1CU critically ill COVID-19 patients found that treatment with
tocilizumab in the first 2 days of ICU admission reduces hospital
mortality (HR, 0.71; 95% confidence interval [CI], 0.56-0.92) [32].

Quite the opposite, earliest results from randomized trials
do not show a clear clinical benefit of TCZ. Preliminary results
from the COVACTA trial were disappointing as TCZ did not result
in improvement of clinical status or reduction in mortality [17].
Another randomized trial showed no effect of TCZ on preventing
intubation or death (HR, 0.83; 95% CI, 0.38 to 1.81; P=0.64) [33].
In another open-label randomized trial that included non-ICU
COVID-19 patients, TCZ did not reduce 28-day mortality compared
with usual care. (adjusted HR, 0.92; 95% CI 0.33-2.53) [34].

The discrepancy between observational and randomized
trials underscores the complexities in interpreting observational
data because of the effect of unmeasured confounders. Of interest
was the observation that in spite of improvement in CRP levels
after TCZ treatment, this was not associated with a clinical benefit.
In our study, subgroup group analysis showed no benefit of TCZ in
patients with laboratory evidence of CSS, perhaps suggesting that
the treatment of disease severity based on different criteria, rather
than CSS, may play a role in survival. No major adverse events
were observed after TCZ treatment in our study. The higher ALT
level after TCZ treatment was reported in other studies [20,25].
The observed higher level of ALT after TCZ treatment cannot be
merely attributed to TCZ. The role of concomitant medications
and the nature of the COVID-19 infection itself cannot be ignored.

The main concern about tocilizumab treatment is the
occurrence of severe infections. In our study, there was no
significant difference between the two groups regarding rates
of infection. While some observational studies showed higher
rates of infection associated with TCZ treatment [13,14], other
observational studies did not [15]. Early data from randomized
trials did not reveal higher rates of infection [33,34]. Long-term
studies of TCZ in patients with rheumatoid arthritis showed that
TCZ has a good safety profile [35].

Our study has limitations including the retrospective nature
of the study, the short follow-up duration, and the presence of
concomitant therapies. These considerations preclude a clear
assumption on the efficacy of tocilizumab use in severe COVID-19
patients. Strengths include the presence of a control group and
the homogeneity of the baseline characteristics of the population
studied. Finally, our findings suggest that use of tocilizumab
in severe COVID-19 pneumonia does not provide a clinical
benefit. However, we need to highlight that some factors may be
confounding in the analysis of the direct effect of TCZ, thus our
results should be considered with caution.

Conclusion

In our study, we did not detect improvement in the clinical
status or survival benefit in patients receiving tocilizumab
compared to standard management. Rate of infectious adverse
events requires vigilant monitoring to assess long-term hazards.
The results of ongoing randomized trials are awaited to establish
the role of TCZ in the treatment of severe COVID-19 pneumonia.
Research is needed to determine the ideal timing, the optimal dose
and route of administration for TCZ. Other immunomodulators,
including glucocorticoids, combined with TCZ should be assessed
for additional benefit in larger studies.
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