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Abstract: Background: Tocilizumab is a monoclonal antibody proposed to manage cytokine release
syndrome (CRS) associated with severe COVID-19. Previously published reports have shown that
tocilizumab may improve the clinical outcomes of critically ill patients admitted to the ICU. However,
no precise data about the role of other medical therapeutics concurrently used for COVID-19 on this
outcome have been published. Objectives: We aimed to compare the overall outcome of critically
ill COVID-19 patients admitted to the ICU who received tocilizumab with the outcome of matched
patients who did not receive tocilizumab while controlling for other confounders, including medical
therapeutics for critically ill patients admitted to ICUs. Methods: A prospective, observational,
multicenter cohort study was conducted among critically ill COVID-19 patients admitted to the
ICU of 14 hospitals in Saudi Arabia between 1 March 2020, and October 31, 2020. Propensity-score
matching was utilized to compare patients who received tocilizumab to patients who did not. In
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addition, the log-rank test was used to compare the 28 day hospital survival of patients who received
tocilizumab with those who did not. Then, a multivariate logistic regression analysis of the matched
groups was performed to evaluate the impact of the remaining concurrent medical therapeutics that
could not be excluded via matching 28 day hospital survival rates. The primary outcome measure
was patients’ overall 28 day hospital survival, and the secondary outcomes were ICU length of
stay and ICU survival to hospital discharge. Results: A total of 1470 unmatched patients were
included, of whom 426 received tocilizumab. The total number of propensity-matched patients was
1278. Overall, 28 day hospital survival revealed a significant difference between the unmatched
non-tocilizumab group (586; 56.1%) and the tocilizumab group (269; 63.1%) (p-value = 0.016), and
this difference increased even more in the propensity-matched analysis between the non-tocilizumab
group (466.7; 54.6%) and the tocilizumab group (269; 63.1%) (p-value = 0.005). The matching model
successfully matched the two groups’ common medical therapeutics used to treat COVID-19. Two
medical therapeutics remained significantly different, favoring the tocilizumab group. A multivariate
logistic regression was performed for the 28 day hospital survival in the propensity-matched patients.
It showed that neither steroids (OR: 1.07 (95% CI: 0.75-1.53)) (p = 0.697) nor favipiravir (OR: 1.08 (95%
CI: 0.61-1.9)) (p = 0.799) remained as a predictor for an increase in 28 day survival. Conclusion: The
tocilizumab treatment in critically ill COVID-19 patients admitted to the ICU improved the overall
28 day hospital survival, which might not be influenced by the concurrent use of other COVID-19
medical therapeutics, although further research is needed to confirm this.

Keywords: tocilizumab; COVID-19; outcome; propensity-matching

1. Introduction

Tocilizumab is a monoclonal antibody directed against the pro-inflammatory cytokine
interleukin 6 (IL-6), resulting in the blockage of IL-6 signaling and reduced inflammatory
mediators. It has been proposed to manage cytokine release syndrome (CRS) associated
with severe coronavirus disease (COVID-19) after being satisfactorily investigated for
treatment-related outcomes, including efficacy [1,2]. Previously published reports have
shown that tocilizumab may improve the clinical outcomes of critically ill patients admitted
to intensive care units (ICUs). However, although the international Randomized Embedded
Multifactorial Adaptive Platform for Community Acquired Pneumonia (REMAP-CAP)
trial showed favorable outcomes with IL-6 antagonists [3], the COVACTA trial showed
no statistically significant difference in clinical outcomes with tocilizumab [4]. Due to
these contradictory findings, precise data about the impact of other medical therapeutics
concurrently used to treat COVID-19 alongside tocilizumab are unavailable [5-7].

Therefore, we aimed to compare the overall outcome of critically ill COVID-19 patients
admitted to the ICU who received tocilizumab with the outcome of matched patients who
did not receive tocilizumab while controlling for other confounders, including medical
therapeutics for critically ill patients admitted to ICUs, using propensity-score matching
and other statistical analysis tools.

2. Methods
2.1. Study Design

This was a prospective, observational, multicenter cohort study conducted in 14 hospitals
in Saudi Arabia. We included critically ill COVID-19 patients admitted to the ICU between
1 March 2020 and 31 October 2020. The data included in this study were obtained from the
Saudi COVID-19 platform [8], and institutional review board (IRB) approval was obtained
from the Saudi Ministry of Health’s Central IRB on 20 February, 2020, with the code number
[20-80E] and from the ethical boards of each participating center. Informed consent was
obtained from all subjects and/or their legal guardian(s). Propensity-matching analysis was
utilized to compare patients who received tocilizumab to other patients who did not. In ad-
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dition, we used multivariable logistic regression on the propensity-matched patients to eval-
uate these therapeutics’ impact on survival. The study adhered to the Standards for Report-
ing Diagnostic Accuracy Studies (STARD) guidelines (http:/ /www.stard-statement.org/
accessed on 3 February 2023), the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines https://www.strobe-statement.org/ accessed on
3 February 2023), and the Helsinki Declaration of 1975.

2.2. Settings

The participating ICUs were located in accredited tertiary hospitals. The multidisci-
plinary treatment team adhered to Saudi Arabia’s Ministry of Health’s (and other inter-
nationally published) protocols and guidelines [9]. In addition, during the study period,
non-ICU physicians joined the critical care team under the supervision of intensivists after
receiving basic ICU management training.

2.3. Patients
2.3.1. Inclusion Criteria

1. All critically ill COVID-19 patients admitted to the ICU between 1 March 2020, and
31 October 2020 were included in the study. In each included patient, COVID-19
infection was confirmed by detecting SARS-CoV-2 using real-time polymerase chain
reaction (RT-PCR) using nasopharyngeal swabs or tracheal aspirate specimens;

2. Allincluded patients were adults (aged > 18 years).

2.3.2. Exclusion Criteria

1.  Patients with a Do-Not-Resuscitate (DNR) order on file;

2. Patients with a diagnosed active, intractable terminal malignancy;

3. Bedbound patients who were diagnosed as being in a vegetative state not conducive
to treatment;

4.  Patients who were adults <18 years old or children.

2.4. Data Collection

The data were collected manually in the CRF and entered into the electronic database
Research Electronic Data Capture (REDCap, Vanderbilt University, Nashville, TN, USA) [10].
Next, it was validated using secondary sources. The gathered data included patient demo-
graphics, comorbidities, signs and symptoms of COVID-19 illness, laboratory abnormalities,
mechanical ventilator (MV) utilization, supplementary therapies, drugs, complications,
and outcomes. The arterial oxygen partial pressure to fractional inspired oxygen ratio
(Pa0O,:FiO,) was calculated for each spontaneously breathing patient by converting O,
flow to an estimated FiO; [11]. An immunocompromised state was defined as solid organ
malignancy, leukemia, current steroid use (prednisone >7 mg daily for >2 weeks), post-
organ transplantation, or rheumatological disease with immunomodulator treatment (such
as azathioprine, methotrexate, infliximab, mycophenolate mofetil, or others). Infection
was defined as a positive culture in the blood or tracheal aspirate in compliance with the
2018 Declaration of Helsinki.

2.5. Outcomes
2.5.1. The Primary Outcome

The overall 28 day hospital survival of patients who received tocilizumab versus
matched patients who did not receive tocilizumab.

2.5.2. The Secondary Outcomes
The secondary outcomes include the length of ICU stay and survival to ICU discharge.
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3. Statistical Analysis

Continuous variables were calculated as medians with interquartile ranges (IQR) of
25-75%, and categorical variables were calculated as frequencies and percentages. Demo-
graphics, baseline clinical features, co-interventions, and outcome variables were compared
between patients who received tocilizumab in the ICU and those who did not. Student’s
t-tests or Wilcoxon rank-sum tests were used for continuous variables. For categorical
variables, the chi-square test or the Fisher’s exact test was used. The log-rank test was used
to compare the 28 day hospital survival of patients who received tocilizumab with those
who did not.

Propensity-score matching was used in a systematic, stepwise manner [11,12]. The
initial step was to address some variables’ missing values. Based on Rubin’s taxonomy [13],
we assumed that missing variables were missing at random (MAR). Multiple imputations
were applied using the mice package in R and the classification and regression trees
(CART) method with five runs of imputation and five iterations at each run (a total of
25 complete datasets) [14,15]. A new imputed full dataset was extracted and used to
calculate the propensity score using the Matchlt package in R [16,17]. The propensity
scores for receiving tocilizumab for all patients in our cohort were calculated, and the “full
matching” method results in a ratio of 1:2 (matching one patient receiving tocilizumab to
two patients with closely similar characteristics who did not receive tocilizumab), with the
following confounders: age in years, body mass index (BMI) in kg/m?, gender, diabetes
(DM), hypertension (HTN), chronic obstructive pulmonary disease (COPD) or asthma,
chronic kidney disease (CKD), need for intubation within the first 48 h from ICU admission,
oxygen saturation <90%, C-reactive protein level (CRP), ferritin level, white blood count
neutrophil to lymphocyte ratio (WBC N/L) at ICU, sequential organ failure (SOFA) score [§],
and PaO,:FiO, (Table 1).

Table 1. Characteristics, demographics, and combined interventions of tocilizumab and non-
tocilizumab patients.

Variable Unmatched Patients (1 = 1470) Propensity-Score-Matched Patients (n = 1278)
No I No I
Overall Tocilizumab Tocilizumab Value SMD Overall Tocilizumab Tocilizumab Value SMD
m=1470) OO (n = 426) P Unadjusted  (n = 1278) o = 852) (n = 426) P Adjusted
Age (years)
median (IOR) 56 (45-66) 55 (45-66) 57 (47.5-67) 0.031 0.105 56 (46-67) 56 (45-67) 57 (47-67) 0.186 0.052
Gender male, 11 (%) 382 (26.0) 249 (23.9) 133 (31.2) 0.008 —0.068 336 (26.3) 203 (23.8) 133 (31.2) 0.006 —0.561
(17(;8;’) 792 (75.9) 293 (68.8) 942 (737) 649 (76.2) 293 (68.8)
0,
BML';S(/") 761 (51.8) 571 (54.7) 191 (44.8) <0.001 0.293 686 (53.7) 495 (58.1) 191 (44.8) <0.001 0.168
>30 608 (41.4) 374 (35.8) 235 (55.2) 592 (46.3) 357 (41.9) 235 (55.2)
DM, 1 (%) 770 (52.4) 531 (50.9) 244 (57.3) 0.002 0.048 695 (54.4) 451 (52.9) 244 (57.3) 0.159 0.008
HTN, n (%) 676 (46.0) 457 (43.8) 225 (52.8) <0.001 0.058 627 (49.1) 402 (47.2) 225 (52.8) 0.066 0.009
THD, 1 (%) 184 (12.5) 125 (12.0) 64 (13.8) <0.001 183 (14.3) 119 (14.0) 64 (15.0) 0.672
CKD, 1 (%) 123 (8.4) 76 (7.3) 47 (11.0) 0.432 0.047 117 (9.1) 72 (8.4) 45 (10.5) 0.551 0.007
BA or COPD, n (%) 149 (10.1) 84 (8.0) 66 (15.5) <0.001 0.061 152 (11.9) 86 (10.1) 66 (15.5) 0.007 0.048
Immune def, 1 (%) 72 (4.9) 27 (2.6) 45 (10.6) <0.001 72 (5.6) 27 (3.2) 45 (10.6) <0.001
Admitted to the
hospital already 128 (8.7) 98 (9.4) 30 (7.0) 0.167 109 (8.5) 79 (9.3) 30 (7.0) 0.215
intubated, n (%)
SOF’(*IS‘Igdm 5(3-8) 5(2-8) 5(3-7) 0.144 —0.125 5(3-8) 5(2-8) 5(3-7) 02 —0.049
ROX, median (IQR) 4 (3-6) 4 (3-5) 4(3-6) 0.422 4(3-6) 4(3-7) 4(3-6) 0.532
Mean arterial 135 (9.2) 92 (8.8) 43 (10.1) 0.241 126 (9.9) 83(9.7) 43 (10.1) 0.921

pressure, 1 (%) <65
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Table 1. Cont.
Variable Unmatched Patients (1 = 1470) Propensity-Score-Matched Patients (1 = 1278)
No o1s No .
Overall Tocilizumab Tocilizumab p-Value SMD Overall Tocilizumab Tocilizumab p-Value SMD
(n = 1470) (1 = 1044) (n = 426) Unadjusted (1 =1278) (1 = 852) (n = 426) Adjusted
1296 1152
>65 (mmHg) 882) 920 (88.1) 383 (89.9) 90.1) 769 (90.3) 383 (89.9)
Need for
vasopressors in the
firat 3 days of ICU, 395 (26.9) 288 (27.6) 107 (25.1) 0.366 355 (27.8) 248 (29.1) 107 (25.1) 0.151
n (%)
PO2:FiO2 ratio
(mmHg) 101 105 94.8 _ 97.5 98.6 94.8 _
(ICU admission) ~ (705-163)  (72.2-171) 669-133) <0001 0610 (g4 148)  (69.1-151) (66.9-138) 0.265 0.054
median (IQR)
Intubation within
the first 48 h of ICU 594 (40.4) 443 (42.4) 151 (35.4) 0.016 —0.069 509 (39.8) 358 (42.0) 151 (35.4) 0.028 —0.075
admission 1%
Laboratory data on
ICU admission: 10.66 10.65
WBC (10071), 629) 11.03 (6.04) 9.83 (6.77) 0.001 69) 11.04 (6.02) 9.83 (6.77) 0.002
mean (£SD)
WBC NL ratio, 10.30 10.44
mean (46D) 858) 1017 (8.33)  10.47 (9.14) 0.465 0.012 @6 1043 (8.38)  10.47 (9.14) 0.937 —0.076
Creatinine (mmol), 139.58 149.16 118.69 0.002 134.89 143.22 118.69 0.007
mean (+SD) (166.59) (180.7) (130.27) : (157.1) (169.47) (130.27) :
CRP (mg/L), 121.82 118.18 125.65 124.20 123.47 125.65
mean (-.SD) (98.78) (100.9) (93.31) 0.17 0.048 (99.25) (102.13) (93.31) 0.712 0.059
D-dimer (mg/L),
mean (+50) 150(1.07) 158 (1.12) 1.88 (1.15) 0.005 177 (1.14) 154 (1.07) 1.88 (1.15) <0.001
Ferritin (mcg/L), 1006 985.64 1012.91 _ 1071.70 1012.91 _
mean (+SD) (781.10) (788.61) (775.00) 0.362 0007 10521(8025)  (g95 g (775.00) 0217 0.047
IMV, 11 (%) 778 (52.9) 562 (53.8) 217 (50.9) 0.302 677 (52.9) 460 (54.0) 217 (50.9) 0.294
ECMO, 1 (%) 71 (4.8) 43 (4.1) 28 (6.6) 0.116 66 (5.2) 38 (4.5) 28 (6.6) 0.14
Steroids, 1 (%) (17(;8;) 694 (66.5) 359 (84.3) <0.001 977 (76.4) 618 (72.5) 359 (84.3) 0.001
Convalescent
plasma, 1 (%) 53 (3.6) 7(0.7) 46 (10.8) <0.001 54 (4.2) 7(0.7) 46 (10.8) <0.001
Chloroquine, 7 (%) 429 (29.2) 288 (27.6) 141 (33.1) 0.001 384 (30.0) 241 (28.3) 141 (33.1) 0.061
Favipiravir, n (%) 316 (21.5) 152 (14.6) 164 (38.5) <0.001 302 (23.6) 136 (16.0) 164 (38.5) <0.001
Ramdesivir, 1 (%) 13 (0.9) 7(0.7) 6(1.4) 0.001 12 (0.9) 6(0.7) 6 (1.4) 0.356
Ribavirin, 1 (%) 241 (16.4) 160 (15.3) 83 (19.5) 0.001 219 (17.1) 136 (16.0) 83 (19.5) 0.135
Interferon, 11 (%) 152 (10.3) 97 (9.3) 55 (12.9) 0.001 141 (11.0) 85 (10.0) 55 (12.9) 0.107
IVIG, 1 (%) 51 (3.5) 39 (3.7) 12 (2.8) 0.001 46 (3.6) 34 (4.0) 12 (2.8) 0.367

SMD: standard mean difference; BMI: Body mass index; DM: Diabetes mellitus; HTN: Hypertension;
IHD: Ischemic heart disease (def: known based on a coronary angiogram, cardiac CT, non-invasive diag-
nosis, or previous clinical diagnosis); CKD: Chronic kidney disease (def: GFR <60 mL/min per 1.73 m?);
BA: Bronchial asthma; COPD: Chronic obstructive pulmonary disease, immunocompromised: (def: solid organ
malignancy, leukemia, on steroids (prednisone >7 mg daily for >two weeks), post organ transplant at any time);
SOFA: Sequential organ failure; ROX: Respiratory rate-oxygenation; PO, /FiO,: Partial oxygen pressure to fraction
inspired oxygen ratio; WBC: White blood cells; ECMO: Extracorporeal membrane oxygenation; CRP: C-reactive
protein; IMV: Invasive Mechanical Ventilation; and IVIG: Immunoglobulin therapy.

The initial analysis of the original dataset was repeated on the propensity-matched
dataset (PS dataset). In addition, we used multivariable logistic regression on the propensity-
matched patients to evaluate the therapeutics’ impact on survival. All statistical analyses
were performed using R software version 4.1.1 (R Foundation for Statistical Computing,
Vienna, Austria). All statistical tests were two-sided and deemed significant when the
p-values were <0.05.
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4. Results
4.1. Patient Characteristics

Table 1 shows that the total number of unmatched patients was 1470, and 426 patients
received tocilizumab. The patients in the tocilizumab group were significantly older than
those in the non-tocilizumab group (57 years (IQR 47.5-67) vs. 55 years (IQR 45-66),
respectively, p = 0.031). The total number of patients with propensity-matching was
1278 (Figure 1). After propensity-matching, age was no longer significantly different be-
tween the tocilizumab and non-tocilizumab groups (57 years (IQR 47-67) vs. 56 years
(IQR 46-67), respectively, p < 0.186).

7 1470
Total Patients

269 (63.1%) 592 (56.7%)

Alive < > Alive

426 P " 1044
Patients . Patients did not
received Toci No matching received Toci

157 (36.9%

died < 1 > died

Propensity score matching 1:2 192
i »
(Total patients 1278) Patients excluded after matching
M 1 *
426 ) 852
matched patients Matching matched patients did not
received Toci received Toci
AN
" 4 X )

157 (36.9%) 269 (63.1%) 466 (54.7%) 386 (45.3%)
died Alive Alive died

Figure 1. The flowchart of patients’ recruitment and propensity-matching.

4.2. Medical Therapeutics Combined with Tocilizumab

While the model successfully matched common medical therapeutics seen in COVID-
19 between the two groups, two medical therapeutics remained significantly different in
favor of the tocilizumab group in the unmatched and propensity-matching analyses. In the
non-matched analysis, steroids were given to 694 (66.5%) patients in the non-tocilizumab
group and 359 (84.3%) patients in the tocilizumab group (p < 0.001), while after propensity
matching, they were found to be received by 618 (72.5%) patients in the non-tocilizumab
group and 359 (84.3%) patients in the tocilizumab group (p = 0.001). Similarly, favipiravir
was given to 152 (14.6%) patients in the non-tocilizumab group and 164 (38.5%) patients in
the tocilizumab group (p < 0.001) in the non-matching analysis, while after the propensity-
matching analysis, 136 (16%) patients in the non-tocilizumab group and 164 (38.5%) patients
in the tocilizumab group (p < 0.001) received it. (Table 1).

5. Outcome

Overall, 28 day hospital survival showed a significant difference in survival be-
tween the unmatched non-tocilizumab (586, 56.1%) and tocilizumab (269, 63.1%) groups
(p =0.016), and in the propensity-matched analysis between the non-tocilizumab (466,
54.6%) and tocilizumab (269, 63.1%) groups (p = 0.005). (Table 2). The log-rank test showed
a significant difference in overall 28 day hospital survival with increasing ICU days between
the propensity-matched tocilizumab and non-tocilizumab groups (p < 0.001), as is shown in
Figure 2. Multivariable logistic regression analysis in the full propensity-matched patients
that includes tocilizumab as an independent factor showed (OR: 1.38 (95% CI: 0.75-1.53))
(p = 0.0332) remained a predictor for 28 day survival and showed also that neither steroids
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nor favipiravir remained predictors for survival (OR: 1.07 (95% CI: 0.75-1.53)) (p = 0.697)
and (OR: 1.08 (95% CI: 0.61-1.9)) (p = 0.799), respectively, (Table 3).

Table 2. Complications and patient outcomes.

Unmatched Patients (n = 1044) Propensity-Score-Matched Patients (1 = 1278)
. No No
Variable Overall - Tocilizumab Overall - Tocilizumab
_ Tocilizumab _ p-Value _ Tocilizumab - p-Value
(n = 1470) (n = 1044) (n = 426) (n =1278) (1 = 852) (n = 426)
ICU length of stay,
median (IQR) 9 (5-16) 8 (4-15) 12 (7-21) <0.001 10 (5-17) 9 (4-15) 12 (7-21) <0.001
Hospital length of stay,
median (IQR) 15 (9-24) 14 (8-23) 18 (12-30) <0.001 15 (10-25) 15 (9-23) 18 (12-30) <0.001
MYV duration (days)
median (IQR) 7 (0-14) 6 (0-13) 8 (0-15) 0.538 3(0-12) 3(0-11) 3(0-13) 0.288
DVT, n (%) 33(22) 20 (1.9) 14 (3.3) 0.304 31(2.4) 17 (2.0) 14 (3.3) 0.222
PE, 1 (%) 44 (3.0) 33(3.2) 11 (2.6) 0.241 39(3.1) 28 (3.3) 11 (2.6) 0.605
Pneumothorax, 1 (%) 89 (6.1) 57 (5.5) 32(7.5) 0.114 84(6.6) 52 (6.1) 32(7.5) 0.402
MI, 1 (%) 64 (4.4) 50 (4.8) 16 (3.8) 0.255 52(4.1) 36 (4.2) 16 (3.8) 0.802
Cardiac arrest, 1 (%) 379(25.8) 280 (26.8) 99 (23.2) 0.267 332 (26.0) 232 (27.2) 100 (23.5) 0.169
RRT, 1 (%) 227(15.4) 148 (14.2) 79 (18.5) 0.058 202 (15.8) 123 (14.4) 79 (18.5) 0.069
Stroke, 11 (%) 32(22) 23(2.2) 9(2.1) 0.431 29 (2.3) 20 (2.3) 9(2.1) 0.947
ICH, n (%); 33(22) 23(2.2) 10 (2.3) 0.986 31(24) 21 (2.5) 10 (2.3) 1
ICU survival to
discharge, 1 (%) 868 (59.0) 592 (56.7) 276 (64.8) 0.005 748 (58.5) 472 (55.4) 276 (64.8) 0.002
28 day hospital overall
855 (58.2) 586 (56.1) 269 (63.1) 0.016 735 (57.5) 466 (54.7) 269 (63.1) 0.005

survival, n (%)

MV: Mechanical ventilation; DVT: Deep venous thrombosis; PE: Pulmonary embolism; MI: myocardial infarction;
RRT: Renal replacement therapy; and ICH: intracerebral hemorrhage.

KSA COVID-19 ICU Allover Cox-Regression Model
stratified by Tocilizumab on matched data
using Propinsity Score full match at 2 to 1 ratio

Tocilizumab == No =+ Yes
100%
90%
80%
70%

60%

50%

Survival

40% HR= 0.67 (95% CI=0.55-0.81)

30% log-rank test p= <0.001

20%

o

Adjusted for: Age 60, Male Gendar,

P-F ratio <100, Need intubation in ICU,

10% nesd Vasopressors Positive blood culturs
o

0%

0 10 20 30 40 50 60 70 80 90
Days

Figure 2. COVID-19 ICU Cox regression model of overall 28 day survival stratified by tocilizumab
on propensity-matched data with a 2:1 ratio.
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Table 3. Multivariate logistic regression for the overall 28 day hospital survival in the fully propensity-
matched patients.

Univariate Multivariate
Variable Units g:t?: CI.95 p-Value g;lt(lls CI.95 p-Value
1 Age >60 Ref Ref
<60 1.57  [1.26;1.97] <1 x107* S 1.63 [1.21,2.19] 0.001175 S
2 Gender Male Ref Ref
Female 1 [0.78;1.28] 0.9919 NS 18 [0.82;3.96] 0.141482 NS
DM Yes Ref Ref
3 No 125  [1.00;1.57] 0.04802 S 0.9 [0.64;1.24] 0.510627 NS
4 HTN Yes Ref Ref
No 148  [1.18;1.85] 0.000616 S 1.56 [1.12;2.18] 0.008437 S
5 COPD Yes Ref Ref
No 0.8 [0.57;1.12] 0.1905 NS 073 [0.48;1.11] 0.136765 NS
6 CKD Yes Ref Ref
No 1.28  [0.89;1.85] 0.1822 NS 092 [0.59;1.44] 0.710813 NS
” PO,:FiO;. <100 Ref
>100 1.34 [1.07;1.68] 0.01072 S 1.41 [1.07;1.85] 0.01503 S
3 MV Yes Ref Ref
No 9.94 [7.59;13.02] <1 x107* S 7.05 [5.22;,9.54] <1 x107% S
9 Vasopressors ~ Yes Ref Ref
No 4.99 [3.81;6.52] <1 x107* S 2.68 [1.97;3.65] <1 x107* S
10 Tocilizumab No Ref Ref
Yes 1.36 [1.07;1.73] 0.01164 S 1.38 [1.03;1.85] 0.033253 S
1 Steroids Yes Ref Ref
No 1.32 [0.99;1.75] 0.05849 NS 1.07 [0.75;1.53] 0.697434 NS
12 Favipiravir Yes Ref Ref
No 0.99 (0.78-1.28) 0.99 NS 1.08 (0.61-1.9) 0.799 NS
13 WBC.NLratio >8.5 Ref Ref
<85 1.45 [1.16,1.81] 0.001215 S 1.08 [0.82;1.43] 0.573611 NS
14 Ferritin >1400 Ref Ref
<1400 148 [1.16,1.89] 0.001493 S 1.41 [1.04;1.91] 0.025717 S
15 Ddimer >1.5 Ref Ref
<15 1.81 [1.45;2.27] <1 x107* S 1.45 [1.10;1.91] 0.008396 S
CRP >150 Ref Ref
16 <150 1.12 [0.89;1.40] 0.3541 NS 0.86 [0.64;1.14] 0.286094 NS
No 2.47 [1.92,3.17] <1 x 107* S 1.38 [1.02;1.87] 0.036575 S

DM: Diabetes mellitus; HTN: Hypertension; CKD: Chronic kidney disease (def: GFR <60 mL/min per 1.73 m2);
COPD: Chronic obstructive pulmonary disease; PO, /FiO,: Partial oxygen pressure to fraction inspired oxygen
ratio; IMV: Invasive Mechanical Ventilation; WBC: White blood cells; and CRP: C-reactive protein.

6. Discussion

In this prospective, observational, multicenter cohort study, we found that tocilizumab
use increased 28 day survival in critically ill COVID-19 patients; this finding was obtained
from analysis of the matching of the dataset (Table 2) and confirmed by multivariable
logistic regression (Tables 3 and S1) and Cox regression (Figure 2). Nevertheless, this study
found no effect of medical therapeutics commonly used in COVID-19 on the survival of
tocilizumab use.
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We used a propensity-score analysis to match the non-tocilizumab and tocilizumab
groups to compare outcomes and successfully mitigate the influence of different medical
therapeutics on COVID-19 when paired with tocilizumab except for steroids and favipiravir.
Thus, we performed a multi-variable logistic regression for overall 28 day hospital survival
in the fully propensity-matched patients to eliminate the effects of favipiravir and steroids
on the tocilizumab outcome.

Numerous COVID-19 treatments have been evaluated separately for efficacy and have
provided inconsistent results for various reasons. There is no consensus regarding their
use, as multiple studies conducted in the past have given contradictory results [18-23].
Tocilizumab, a recombinant humanized anti-human IL-6 antagonist, is one of these thera-
peutics that has been extensively investigated, with increasing evidence of its use [22,23].
The drug was introduced in the early 2000s to treat autoimmune disorders such as refrac-
tory rheumatoid arthritis and systemic juvenile idiopathic arthritis [24]. Later on, in 2017, it
was approved by the FDA for CRS treatment. During the COVID-19 pandemic, the drug
significantly improved patient outcomes [25]. A large, randomized trial concluded that
tocilizumab is an effective treatment for enhancing the survival outcomes of hospitalized
COVID-19 patients with evidence of cytokine release [23]. In their study, Petrak R et al.
found that each additional day of delay from admission to tocilizumab administration
independently increased the odds of receiving mechanical ventilation by 21% (95% CI:
(1.08-1.38), p = 0.002) [26]. However, studies have not evaluated combined therapies with
tocilizumab. A study conducted by Zhao H et al. found that the combination of an antivi-
ral drug (favipiravir) and an IL-6 receptor blocker (tocilizumab) can significantly reduce
mortality in COVID-19 patients [27]. In this trial, we searched for other therapeutics that
may contribute to the outcomes of tocilizumab patients. Next to steroids, favipiravir was
the second therapeutic that may be associated with the outcomes of tocilizumab patients.
Nevertheless, the multiple logistic regression did not retain this effect (OR = 2.46).

Mikulska et al. was an early study that provided a hint of the favorable outcome of the
combined therapy of steroids with tocilizumab, in which the methylprednisolone + tocilizumab
treatment arm demonstrated a superior outcome in averting death and intubation compared
to single therapy arms [28]. A recently published systematic review and meta-analysis by
Lim et al. showed that the concurrent use of a corticosteroid such as methylprednisolone
was a significant influencer of tocilizumab efficacy in reducing mortality and improving
survival [29]. This is especially visible in the excellent outcomes demonstrated by the CHIC
study, which used 3-6 days of methylprednisolone in combination with tocilizumab in the
late stages of the disease [30]. RECOVERY [23] and REMAP-CAP [3] have also confirmed
the efficacy of combined therapy with corticosteroids and tocilizumab. Unlike previously
mentioned cohorts, corticosteroids had no role in tocilizumab increasing 28 day survival in
our cohort; this could be because the patients received corticosteroids in the late stage of
the disease when they were already very sick.

More than three years after the first cases of COVID-19 were reported, multiple
treatment options have been investigated for short-term outcomes; evidence gaps exist
for long-term outcomes and quality of life. The REMAP-CAP trial investigators most
recently closed these gaps by evaluating six treatment classes for 4689 patients admitted to
the intensive care unit with COVID-19 from March 2020 through June 2021 for long-term
outcomes (180 days) and quality of life. One of the main findings is that IL-6 receptor
antagonists like tocilizumab again showed a very high >99.9% posterior probability of
superiority over a placebo (adjusted hazard ratio, 0.74 [95% credible interval CrI, 0.61-0.90]).
In addition, this 180 day outcome provides reassurance that the early mortality benefit
from IL-6 receptor antagonists did not result in longer-term adverse outcomes like late
opportunistic infection and others [31].

The strength of the study is the prospective and multicenter design of the trial, which
provides a relatively big cohort to be evaluated. In addition, the research was conducted
according to a registered protocol with a propensity score matching design.
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Limitations

The findings of the current study should be interpreted while considering its limita-
tions. Firstly, prospective observational studies cannot draw cause-and-effect inferences
due to known and unknown confounders. Secondly, misclassifying the data is possible
as the data were collected from electronic health records in some hospitals and manually
in others. Third, this cohort enrolled patients at a relatively early stage of the pandemic,
when there were only a few small variations in the usual clinical management of COVID-19
patients in general and the indications for tocilizumab in particular that were independent
of interleukin 6 levels, leaving confounders unaccounted for. Furthermore, the median
time of tocilizumab administration was not collected, but it was administered within 48 h
of ICU admission. Finally, our study focused on Saudi Arabian patients. However, the
country’s population is diverse, and only 14 hospitals were included in the study, which
may limit its applicability to other geographical areas.

7. Conclusions

The tocilizumab treatment in critically ill COVID-19 patients admitted to the ICU
improved the overall 28 day hospital survival rate with favorable outcomes on the length
of ICU stay and the survival to ICU discharge that might not be influenced by the concur-
rent use of other COVID-19 medical therapeutics, although further research is needed to
confirm this.
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