Tocilizumab treatment in COVID-19:
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Abstract

Background. The potential role of interleukin-6 (IL-6) in coronavirus disease 2019 (COVID-19) pneumonia
provides the rationale for investigating IL-6 signaling inhibitors.

Objectives. To evaluate and report treatment responses to tocilizumab (TCZ) in COVID-19 patients and
compare mortality outcomes with those of standard care.

Materials and methods. Patients hospitalized with a severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, diagnosed with reverse transcription polymerase chain reaction (RT-PCR) between
March 2020 and April 2021, were enrolled in this single-center retrospective cohort study. Propensity score
matching was performed in order to reduce confounding effects secondary to imbalances in receiving TCZ
treatment.

Results. Atotal of 364 patients were included in this study. Two hundred thirty-six patients received standard
care, while 128 patients were treated with TCZ in addition to standard care (26 (20.3%) patients received
a dose of 400 mg intravenously once, while 102 (79.7%) patients received a total dose of 800 mg intrave-
nously). In the propensity score-matched population, less noninvasive mechanical ventilation (p = 0.041)
and mechanical ventilation support (p = 0.015), and fewer deaths (p = 0.008) were observed among
the T(Z-treated patients. The multivariate adjusted Cox regression model showed a significantly higher survival
rate among TCZ patients compared to controls (hazard ratio (HR): 0.157, 95% confidence interval (95% CI):
0.026-0.951; p = 0.044). The hazard ratio for mortality in the TCZ group was 0.098 (95% Cl: 0.030—0.318;
p=0.0001 using log-rank test).

Conclusions. This study determined that TCZ treatment in COVID-19 patients was associated with better
survival, reduced need for mechanical ventilation and reduced hospital-associated mortality.
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Background

In December 2019, a novel coronavirus was identified
in Wuhan, China. It had clinical characteristics compara-
ble to those of severe acute respiratory syndrome coronavi-
rus 1 (SARS-CoV-1) and Middle East respiratory syndrome
coronavirus (MERS-CoV).! This new coronavirus form,
known as SARS-CoV-2, quickly spread around the globe,
with the first case discovered in Turkey on March 11, 2020.
As of September 12, 2021, there were 6,039,857 confirmed
coronavirus disease 2019 (COVID-19) cases and 52,860
COVID-19-related deaths.?

Coronavirus disease 2019 begins with a period of rapid vi-
ral replication, followed by a 2" phase controlled by the host
immunological response.! Cytokine storms mediated
by proinflammatory cytokine overproduction have been
recognized in the vast majority of critically ill COVID-19 pa-
tients.? Cytokine storms cause cardiovascular collapse, mul-
tiple organ dysfunction and death. Patients at this stage
have abnormal inflammatory markers, such as increased
levels of serum ferritin, interleukin-6 (IL-6), and C-reac-
tive protein (CRP).* Higher levels of serum IL-6 have been
linked to increased SARS-CoV-2 viremia, extended viral
RNA shedding, progression to mechanical ventilation, and
death.>6 These findings led us to hypothesize that blocking
the IL-6 receptor could terminate the inflammatory process
at a critical point. As a result, early detection, treatment
and prevention of cytokine storms may be vital for patients.

The significant role of IL-6 in COVID-19 pneumonia
justifies further research into IL-6 signaling inhibitors.”8
Tocilizumab (TCZ) is a monoclonal antibody that targets
the IL-6 receptor alpha and is used to treat inflamatory
diseases such as rheumatoid arthritis, giant cell arteritis,
and systemic sclerosis-associated interstitial lung disease.’

Patients hospitalized with a positive
SARS-CoV-2 RT-PCR diagnosis
(n=370)

[ Enrolled population ]
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In cases of severe COVID-19 pneumonia, patients who
received TCZ were shown to have better outcomes, and
retrospective observational cohort studies revealed an im-
mediate decrease in fever, decreased need for oxygen ther-
apy and mechanical ventilation, as well as an improvement
in lung symptoms.10-14

Obijectives

The goal of this retrospective cohort study was to de-
scribe the therapeutic response to TCZ in COVID-19 pa-
tients and compare mortality outcomes to those associated
with standard therapy.

Materials and methods

Between March 2020 and April 2021, adult patients
(18 years and older) hospitalized with a positive SARS-
CoV-2 reverse transcription polymerase chain reaction
(RT-PCR) diagnosis at the Uludag University Faculty
of Medicine in Bursa, Turkey, were enrolled in this sin-
gle-center retrospective cohort study. Pregnant women,
patients enrolled in other clinical trials and patients receiv-
ing TCZ for chronic rheumatic disorders were excluded.
The study protocol is summarized in Fig. 1.

Each patient provided written informed consent prior
to the inclusion in the study. The study followed the prin-
ciples of the Declaration of Helsinki and was approved
by the Uludag University Faculty of Medicine Clinical
Research Ethics Committee (approval No. 2020-23/11),
as well as the Ministry of Health’s of the Republic of Turkey
Ethical Committee.

Excluded:
Enrolled into another clinical
trial at the time (n = 3)
Receiving TCZ for chronic
rheumatological disorders
(n=1)

Pregnancy (n = 2)

(n = 236)

(n = 364)

[ Standard care group

Standard care + Tocilizumab
(n=128)

l

|

Propensity score matching 1:1

(age, sex, baseline oxygen saturation with ambient air, diabetes, chronic respiratory

disease, hypertension, neoplasms, chronic kidney disease, use of glucocorticoids,
CRP 150 mg/L or higher, and intubation or mechanical ventilator support)

Fig. 1. Study flowchart

SARS-CoV-2 - severe acute respiratory
l l syndrome coronavirus 2;
Standard care group Standard care + Tocilizumab RT-PCR - reverse transcription
- - polymerase chain reaction;
(n=52) (n=152) > )
TCZ - tocilizumab; CRP — Creactive

protein.
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Data collection

The electronic health records database at the hospital
included sociodemographic information, clinical presen-
tation, comorbid conditions, chest computed tomography
(CT) findings, laboratory results, therapies, and their vari-
ables. Comorbidities were defined as those diagnosed prior
to COVID-19 hospitalization.

Lymphocyte, eosinophil, ferritin, D-dimer, CRP, and
procalcitonin parameters were recorded at baseline, be-
fore the TCZ treatment, and on the 1%, 3¢, 5%, 7th and
14" day of treatment. The duration of hospitalization,
number of days from hospitalization to death and sec-
ondary infection rates were recorded. The main endpoint
was intubation or in-hospital mortality.

Definitions

Possible COVID-19 instances were diagnosed according
to the national guidelines of Turkish Ministry of Health.%'®
Nasopharyngeal swabs were taken for real-time RT-PCR
when patients were admitted. Chest X-rays taken at ad-
mission were reviewed, and chest CT patterns and distri-
butions characteristic of COVID-19 infection were care-
fully defined in accordance with the Radiological Society
of North America’s expert consensus statement, which
proposes 4 categories for standardized COVID-19 report-
ing (“typical appearance,” “indeterminate appearance,”
“atypical appearance,” and “negative for pneumonia”).'¢
A chest radiologist and an experienced pulmonologist re-
viewed each probable COVID-19 patient’s chest CT.

Hospital care and treatment of patients

From hospital admissions to treatment protocols, all
clinical decisions adhered to the national guidelines pub-
lished by the Turkish Ministry of Health.? Patients were
observed until the completion of the clinical monitoring
period, which was described as complete recovery, dis-
charge from hospital with SpO, greater than 94% on room
air, or death.

In the standard care group, the patients received favipiravir
(1600 mg twice daily as a loading dose, followed by 600 mg
twice daily as a maintenance dose); antibiotics were also
administered as an initial treatment to account for the pos-
sibility of a bacterial etiology. Convalescent plasma was
administered within 7 days of symptom onset in selected
patients. Severely ill COVID-19 patients who required sup-
plemental oxygen or ventilator support were administered
6 mg of dexamethasone daily for 10 days or until discharge.

Tocilizumab was added to standard therapy in patients
who had clinical and laboratory findings such as persistent
fever despite treatment, continuing to increase or con-
stantly high proinflammatory cytokines and inflammatory
markers, elevated ferritin, lymphopenia and thrombocy-
topenia, or elevated D-dimer.
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Statistical analyses

The IBM SPSS Statistics for Windows, v. 23.0 software
(IBM Corp., Armonk, USA) was used to conduct the sta-
tistical analyses. The Shapiro—Wilk test was used to as-
certain the distribution of the variables. When the data
were normally distributed, they were shown as mean
and standard deviation (SD). When the data were not
normally distributed, they were presented as median
(interquartile range (IQR)). The categorical characteris-
tics were given as numbers (%). To compare continuous
outcome variables between the groups, we used the inde-
pendent samples t-test for normally distributed data and
the Mann—Whitney U test for non-normally distributed
data. The Pearson’s x* test was used to compare categori-
cal variables. The Friedman tests were employed to iden-
tify if significant changes in the lymphocyte, eosinophil,
ferritin, D-dimer, CRP, and procalcitonin variables were
observed due to incorrect parametric test assumptions
(non-normal distribution).

We used propensity score matching to eliminate con-
founding effects caused by imbalances in TCZ treatment
approval, inherent in a retrospective cohort analysis.
To begin with, we calculated a propensity score for each
patient in order to receive TCZ treatment using multivari-
able logistic regression with the confounding variables
(age, sex, baseline oxygen saturation with ambient air,
diabetes, chronic respiratory disease, hypertension, ma-
lignancy, chronic kidney disease, use of glucocorticoids,
CRP 150 mg/L or higher, and intubation or mechanical
ventilator support). The Hosmer—Lemeshow test was
used to determine the multivariable logistic regression
model’s fit. Then, using NCSS 2019 statistical software
(NCSS, Kaysville, USA), we employed nonparametric
nearest neighbor matching of propensity scores to es-
tablish a matched cohort in a 1:1 ratio, pairing patients
treated with TCZ with those who were not. To identify
risk factors that are thought to be important in predicting
mortality, the variables reported in the univariate studies
were first investigated using univariate Cox regression.
Then, the variables meeting the p < 0.25 threshold were
included in the multivariate Cox regression model. When
the relevant variables were analyzed using Cox regression,
it was determined that age, hypertension, baseline SpO,
in ambient air, need for intubation, and receiving TCZ met
the p < 0.25 criterion.!” The enter selection method was
used to choose variables, and the results of the analysis
were shown. The hazard ratios (HRs) and 95% confidence
intervals (95% Cls) were summarized. The proportional
hazard assumption was checked by producing a time vari-
able (T-COV).

The survival rates of patients treated with TCZ in addi-
tion to standard therapy (TCZ group) and patients treated
with standard therapy alone (standard treatment group)
were determined using a Kaplan—Meier plot, with group
(TCZ compared to standard treatment) as the between
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factor, death as the event, and time to death or discharge
as the time variable. To determine statistical significance,
an overall 5% type I error threshold was applied.

Results

A total of 364 patients were included in this study. Two
hundred thirty-six patients received standard care, while
128 patients were treated with TCZ in addition to standard
care (26 (20.3%) patients received a dose of 400 mg intra-
venously once, while 102 (79.7%) patients received a total
dose of 800 mg intravenously). Baseline demographic de-
tails, clinical characteristics, and laboratory and radiology
findings are reported in Table 1 and Table 2, as unmatched
and propensity score-matched.

Tocilizumab was used more frequently in male patients
(93 (72.7%) compared to 124 (52.5%), p < 0.001). It was
administered for a median of 12 (5-36) days after the start
of patient-reported symptoms, a median of 6 days (1-23)
from the date of hospitalization, and a median of 1 day
(0-15) from the date of intensive care unit (ICU) support.
Of the 364 patients, 78 (21.4%) died, including 52 (40.6%)
of the 128 that received TCZ and 26 (11.0%) of the 236
that did not receive TCZ. Fifty-three (41.4%) of the 128 pa-
tients who received TCZ were started on it after intubation.
Of these, 52 (98.1%) died, while 1 (1.9%) required extracor-
poreal membrane oxygenation (ECMO) support and was
extubated during the follow-up.

In the unmatched population, patients who received
TCZ had significantly longer symptom duration, longer
hospital stay, lower baseline oxygen saturation, and more
dyspnea than patients who did not receive TCZ (median
(IQR): 5 (4) days) compared to 3 (5), p < 0.001; 16 11)
compared to 7 (6), p < 0.001; 92 (7) compared to 96 (6),
p < 0.001; 72 (56.3%) compared to 89 (36.9%), p < 0.001,
respectively). In the propensity score-matched population,
patients who received TCZ had significantly longer symp-
tom duration and longer hospital stay than patients who
did not (6 (3) compared to 3 (5), p = 0.002; 14 (9) compared
to 8 (5), p < 0.001, respectively).

Among both the unmatched and propensity score-
matched patients, there were significant differences be-
tween groups that did and did not receive TCZ in terms
of typical chest CT images (p = 0.008 and p = 0.033, respec-
tively). In addition, TCZ-treated patients had significantly
lower lymphocyte, eosinophil and platelet levels than pa-
tients who were not treated with TCZ (Table 2).

In the unmatched population, patients who received
TCZ had more noninvasive mechanical ventilation
(NIMYV), high-flow nasal oxygen (HFNO) and mechani-
cal ventilation requirements, as well as more deaths than
patients who did not recieve TCZ (p < 0.001 for each).
In the propensity score-matched population, conversely,
less NIMV (p = 0.041) and mechanical ventilation support
(p = 0.015) and fewer deaths (p = 0.008) were observed
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among the TCZ-treated patients. Additionally, in the pro-
pensity score-matched population, more TCZ-treated pa-
tients required HFNO than non-TCZ-treated patients (17
(32.7%) compared to 5 (9.6%), p = 0.004).

The multivariate adjusted Cox regression model (ad-
justed for age, hypertension, baseline oxygen satura-
tion with room air, and intubation) revealed that TCZ
patients had a significantly higher survival rate than
patients who did not receive TCZ (HR: 0.157, 95% CI:
0.026-0.951; p = 0.044; Table 3). Meanwhile, the risk
of death was 5.3 times higher (p = 0.017) due to hyper-
tension and 18.5 times higher (p < 0.001) when intubation
was required.

The Kaplan—Meier curves for time to death are shown
in Fig. 2. The hazard ratio for mortality in the TCZ group
was 0.098 (95% CI: 0.030—-0.318; p = 0.0001 using log-rank
test).

Considering the pharmacodynamics of TCZ, an im-
mediate effect on inflammatory indices is expected. Pa-
tients in the TCZ group were monitored for 14 days after
the beginning of therapeutic interventions. Distributions
of lymphocyte, eosinophil, ferritin, D-dimer, CRP, and
procalcitonin parameters at baseline, before TCZ treat-
ment, and on the 1%, 3¢, 5, 7th and 14" day of treatment
are shown in Table 4.

Of the 128 patients who received TCZ, 35 (27.3%) devel-
oped a bacterial infection, 4 (3.1%) a fungal infection and
2 (1.6%) a viral infection (cytomegalovirus viremia) during
hospitalization. Positive sputum cultures were identified
in 25 (19.5%) patients.

Discussion

This single-center retrospective cohort study aimed
to evaluate therapeutic responses to TCZ in COVID-19 pa-
tients and compare mortality outcomes to those associated
with standard therapy. Receiving TCZ was associated with
a decrease in hospital-related mortality in patients hospi-
talized with COVID-19. However, of the 53 patients who
received TCZ after intubation, 52 died. Among the gen-
eral population of the study, TCZ was only administered
to clinically severe cases. Therefore, in unmatched analy-
ses, the need for respiratory support and mortality rates
were found to be higher in TCZ-treated patients compared
to those who received standard care without TCZ. The pro-
pensity score-matched model adjusted for the factors such
as age, gender, basal oxygen saturation with room air, dia-
betes, chronic lung disease, hypertension, malignancy,
kidney failure, steroid use, CRP of 150 mg/L or more, and
intubation or mechanical ventilator support determined
that patients who received TCZ required less mechanical
ventilation support and had lower mortality rates.

Cytokine storm is a term that refers to an out-of-control
inflammatory response and impaired immune system
function induced by infection, certain drugs and other
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Table 1. Baseline characteristics of unmatched and propensity score-matched patients

Unmatched patients (n = 364) Propensity score-matched patients (n = 104)
Patient characteristics no tocilizumab | tocilizumab group no tocilizumab | tocilizumab group
(n=236) (n=128) (n=52) (n=52)
Age [years] 56 (27) 60 (19) UO1O§52;9 57.7 £12.9 594 £16.1 t01]2gag
Gender
Female 112 (47.5%) 35 (27.3%) 11 (21.2%) 11 (21.2%)
Male 124 (52.5%) 93 (72.7%) <000 41 (78.8%) 41 (78.8%) ~0%
Any comorbidity 94 (73.4%) 94 (73.4%) >0.99¢ 32 (61.5%) 32 (61.5%) >0.99¢
Comorbidities
Diabetes 52 (22%) 31(24.2) 0.635¢ 9 (17.3%) 9 (17.3%) >0.99
Hypertension 83 (35.2%) 48 (37.5%) 0.658¢ 14 (26.9%) 14 (26.9%) >0.99¢
Cardiovascular disease 25 (19.5%) 25 (19.5%) >0.99¢ 11 (21.2%) 11 (21.2%) >0.99¢
Chronic pulmonary disease 11 (4.7%) 6 (4.7%) 0.99¢ 1(1.9%) 1(1.9%) >(0.99¢
Chronic renal insufficiency 11 (4.7%) 10 (7.8%) 0.243¢ - - N/A
Cancer 25 (10.6%) 10 (7.8%) 0.390° 2 (3.8%) 2 (3.8%) >0.99¢
Disease duration

b b
Hospital stay [days] 7(6) 16 (1) Jggg}bs 8(5) 14 9) ﬁ'i?;b
Ejaéz grt%rr[w dr;‘;;pita”zation 9(12) 16 (10) u(?'gg?; 1136499 6.66 +5.85 t?'g 5237

Symptom severity at the time of hospital admission
Mild 0 (0%) 35(37.3%) 0(0%) 9(17.3%)
Moderate 0 (0%) 14 (10.9%) 0 (0%) 8 (15.4%)
Severe 160 (67.8%) 59 (46.1%) <o0or 17 32.7%) 27 (51.9%) <000t
Critical 76 (32.2%) 20 (15.6) 35 (67.3%) 8 (15.4%)
Signs and symptoms
Fever 100 (42.4%) 63 (49.2%) 0.210¢ 27 (48.1%) 27 (48.1%) >0.99
Cough 119 (50.4%) 61 (47.7%) 0.614¢ 23 (44.2%) 27 (51.9%) 0.432¢
Sputum 20 (8.5%) 9 (7%) 0.627¢ 3 (5.8%) 4(7.7%) 0.696¢
Shortness of breath 89 (36.9%) 72 (56.3%) <0.001¢ 20 (38.5%) 26 (50%) 0.236°
Myalgia 59 (20%) 22 (17.2%) 0.087¢ 8 (15.4%) 11 (21.2%) 0.446°
Fatigue 74 (31.4%) 44 (34.4%) 0.557¢ 14 (26.9%) 17 (32.7%) 0.520¢
Vomiting 33 (14%) 12 (9.4%) 0.202¢ 5 (9.6%) 3(5.8%) 0.462°
Diarrhea 26 (11%) 13 (10.2%) 0.861¢ 9(17.3%) 5(9.6%) 0.250¢
Headache 21 (8.9%) 11 (8.6%) 0.922¢ 1 (1.9%) 5 (9.6%) 0.093¢
Throat ache 21 (8.9%) 4(3.1%) 0.039¢ 2 (3.8%) 1(1.9%) 0.558¢
Smell and taste dysfunction 15 (6.4%) 4 (3.1%) 0.186¢ 2 (3.8%) 2 (3.8%) >0.99¢
Initial vital signs

Fever [°C] 36.6 (0.60) 36.8 (0.88) U()]gég; s 36.8 (0.70) 36.7 (0.95) UO]322 61:.5
;)i;q[/(%en saturation with room % (6) 920) L<JO§)30316b 92(5) 920) 6?2232
f’r{frt;’ﬁg?'oo‘j pressure 125 (20) 125 (26) u(;)'fjf?;z 120 (30) 125 (20) Sﬁ63632
ﬂasﬂg]b'OOd pressure 80 (15) 75 (10) U?']Oz]g; 75 (10) 70 (14) 8‘?%6;6
Heart rate [bpm] 88 (20) 90 (24) UO:'346771b] 90.23 £20.15 90.01 £15.48 tO_%SOBSaQ

Data are presented as mean =+ standard deviation (SD), median (interquartile range (IQR)) and n (%). Statistical significance was determined with the two-
sample t-test (%) for normally distributed continuous variables and the Mann-Whitney U test (°) for comparison of continuous non-normal data. Categorical
variables were compared using the Pearson's x? test (). N/A — not applicable.
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Table 2. Radiological and laboratory treatment and follow-up findings of unmatched and propensity score-matched patients

Unmatched patients (n = 364) Propensity score-matched patients (n = 104)
Patient characteristics no tocilizumab | tocilizumab group no tocilizumab tocilizumab group
(n=236) (n=128) (n=52) (n=52)
Chest CT images, n [%]
Typical 180 (77.3%) 112 (91.8%) 40 (78.4%) 47 (95.9%)
Indeterminate 26 (11.2%) 5 (4.1%) 6 (11.8%) 0 (0%)
0.008¢ 0.033¢
Atypical 18 (7.7%) 4(3.3%) 3 (5.9%) 2 (4.1%)
Negative 9 (3.9%) 1 (0.8%) 2 (3.9%) 0 (0%)
Initial laboratory findings
Leukocyte count [per mm?] 6470 (4630) 5570 (6810) ol 7340 (4822) 4970 (6965) oL
U: 12550.5 U: 852
5 <0.001° <0.001°
Lymphocyte count [per mm?] 1350 (1004) 457 (1118) U- 5569 1197 (1027) 375 (906) U503
) 0.002° <0.001b
3
Neutrophil count [per mm?] 4205 (4134) 3635 (6983) U- 121875 4310 (4081) 2898 (5391) U- 829
) ) 5 <0.001° <0.001°
Eosinophil count [per mm?] 18 (76) 0.006 (0.01) U- 956 8.50 (42) 0.007 (0.01) U- 1515
) 0.560° 0.038°
Hemoglobin [g/dL] 13.2(2.7) 13.3(2.3) U- 14545 13.2(2.2) 13.7(1.9) U 1033
9 <0.001° <0.001P
Platelet count [per 10%/L] 205500 (107600) 134750 (199235) U:8316 196300 (130300) 132550 (180484) U: 700.5
) 0.624° 0.603°
D-dimer [mg/L] 0.73(1.13) 0.72 (1.07) U- 13800 0.78 (0.98) 0.64 (0.79) U 11645
0.002° 0.607°
ALT [U/L] 23(21.7) 30 (20) U 12193 29 (26) 34 (35) U- 11035
<0.001° 0.679°
AST [IU/L] 26 (23.5) 36 (23.5) U- 10051 32(22) 31 (24) U 1076.5
- 0.884° 0.241°
Creatinine [mg/dL] 0.85 (0.35) 0.98 (0.41) U 12591 0.98 (0.43-6.9) 093 (0.61-2.33) U- 1226
- <0.001° 0.035°
Ferritin [ng/mL] 184 (500) 596 (883) U 7193 376 (453) 531(818) U: 8835
) ) <0.001° 0.840P
C-reactive protein [mg/L] 35.0(88.5) 92.8 (120) U: 9059 73.7 (88.6) 65.3(93.5) U- 13165
N <0.001° 0.139°
Procalcitonin [ng/mL] 0.06 (0.18) 0.09 (0.21) U- 10639 0.10(0.22) 0.08 (0.11) U- 1008
Concomitant medications
Hydroxychloroquine 129 (54.5%) 15 (14.6%) <0.001¢ 20 (38.5%) 6 (15%) 0.013¢
Remdesivir 3(1.3%) 2 (1.7%) 0.728¢ 2 (3.8%) 0 (0%) 0.174¢
Lopinavir/ritonavir 2 (0.8%) 2(1.7%) 0.460¢ 1 (1.9%) 0 (0%) 0.339¢
Favipiravir 171 (72.5%) 124 (96.9%) <0.001¢ 44 (84.6%) 51 (98.1%) 0.015¢
Dexamethasone 68 (28.8%) 90 (70.3%) <0.001¢ 32 (61.5%) 32 (61.5%) >0.99¢
Pulse steroid 7 (3%) 70 (54.7) <0.001¢ 4(7.7%) 29 (55.8%) <0.001¢
Convalescent plasma 49 (20.8%) 80 (66.1%) <0.001¢ 18 (34.6%) 36 (73.5%) <0.001¢
NIMV, yes 11 (4.7%) 22 (17.2%) <0.001¢ 4(7.7%) 0 (0%) 0.041¢
HFNO, yes 13 (5.5%) 62 (48.4%) <0.001¢ 5 (9.6%) 17 (32.7%) 0.004¢
Mechanical ventilation, yes 22 (9.3%) 53 (41.4%) <0.001¢ 8 (15.4%) 1(1.9%) 0.015¢
Death, yes 26 (11%) 52 (40.6%) <0.001¢ 11 (21.2%) 2 (3.8%) 0.008¢

CT - computed tomography; ALT — alanine transaminase; AST — aspartate aminotransferase; NIMV — noninvasive mechanical ventilation; HFNO — high-flow
nasal oxygen. Data are presented as mean + standard deviation (SD), median (interquartile range (IQR)) and n (%). Statistical significance was determined
by the two-sample t-test (¢) for normally distributed continuous variables and the Mann-Whitney U test (°) for comparison of continuous non-normal data.
Categorical variables were compared using the Pearson’s x? test (). Corticosteroid treatment: dexamethasone (DXM) 6 mg/day or methylprednisolone

40 mg/day; pulse steroid dose: 250 mg/day for 3 days; 500 mg/day for 3 days or 1000 mg/day for 3 days.
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Table 3. Multivariable Cox regression model of mortality in propensity score-matched coronavirus disease 2019 (COVID-19) pneumonia

Variable

Multivariable model

Tocilizumab (yes/no)

Age [years]

Hypertension (yes/no)

Percentage oxygen saturation with room air, baseline

Intubation (yes/no)

0.157
1.014
5.283
1.012

18.524

95% Cl
0.026-0.951 0.044
0.943-1.057 0.505
1.344-20.757 0.017
0.905-1.131 0.839
3.874-88.568 <0.001

HR - hazard ratio; 95% CI — confidence interval.

Fig. 2. Overall survival among propensity score-matched patients

Hazard ratio (HR) was 0.098, 95% confidence interval (95% Cl) was
0.030-0.318 and log-rank p < 0.001.

reasons such as malignant tumors or rheumatic diseases.
Severe acute respiratory syndrome coronavirus 2 attaches
to alveolar epithelial cells and subsequently activates
both the innate and adaptive immune systems, resulting
in the release of a variety of cytokines, including IL-6.
Additionally, these proinflammatory substances enhance
vascular permeability, resulting in a flood of fluid and
blood cells into the alveoli, which can lead to shortness
of breath and potentially, respiratory failure.!® Interleukin 6
isa critical component of the cytokine storm. It is typically
reported in individuals with severe COVID-19 infection
and found at significantly higher levels in these patients
than in patients with less severe forms of the disease.!®
In the propensity score-matched population, patients who

received TCZ had significantly longer hospital stays than
patients who did not receive it. Since TCZ is administered
to clinically severe patients, longer durations of hospital-
ization in this patient population are expected.

In both the unmatched and propensity score-matched
groups, patients who received TCZ had significantly lower
lymphocyte, eosinophil and platelet levels than those who
did not receive TCZ. The induction of cytokine storm
by IL-6 results in a robust inflammatory response man-
ifested by an increase in CRP and procalcitonin levels,
a decrease in lymphocyte counts and stimulation of the co-
agulation pathway, as demonstrated by elevated D-dimer
levels and hypoxia.!® It has been observed that eosino-
phils undergo considerable changes during the early stages
of COVID-19 and are more sensitive to disease diagnosis
than lymphocytes. Additionally, recovered patients experi-
ence a dynamic eosinophil recovery process, and periph-
eral blood eosinophils are significantly lower in deceased
patients.2° Patients in the TCZ group were monitored for
14 days from the beginning of therapeutic interventions.
Consistent with previous studies,?"?> CRP, ferritin and
D-dimer values decreased toward the normal range, while
lymphocyte and eosinophil counts increased. In the groups
of overall and discharged patients, a decrease was observed
in procalcitonin levels at the follow-up after the TCZ treat-
ment. Conversely, in the group of patients who died, there
was an initial decrease followed by an increase in procal-
citonin levels on the 14" day.

In a randomized clinical trial, TCZ administered with
remdesivir did not shorten the time to hospital discharge
in patients with severe COVID-19 pneumonia compared
to placebo plus remdesivir group.? It was reported that
in subjects with severe COVID-19, the use of both TCZ
and systemic corticosteroid therapy compared to no
TCZ treatment reduced the risk of mortality.?* For severe
COVID-19 patients, the addition of TCZ to the standard
of care may reduce mortality and the need for mechani-
cal ventilation.?> A meta-analysis that included 25 peer-
reviewed publications determined that TCZ treatment
is related to a decreased risk of mortality and the need
for mechanical ventilation, as well as a better prognosis
in COVID-19 patients, particularly those who are criti-
cally ill.2¢

In the unmatched population, patients who received
TCZ had greater NIMV, HENO, mechanical ventilation
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Table 4. Comparison of the course of biochemical parameters between stable and clinically worsening groups of patients treated with tocilizumab

The day before | 1tdayafter | 3'dayafter | 5t dayafter | 7t"dayafter | 14" day after

Patient group Baseline tocilizumab tocilizumab tocilizumab tocilizumab tocilizumab tocilizumab p-value
treatment treatment treatment treatment treatment treatment
Lymphocyte [per mm?]
All patients 457 (1118) 375 (739) 390 (769) 400 (749) 385 (867) 330 (768) 400 (1035) xgi04232
Discharged 0.004
o— 395 (1034) 420 (769) 399 (799) 415 (825) 558 (998) 530 (971) 580 (1298) 2 1892
Mechanically 0.787
ventilated patients 490 (1177) 350 (739) 370 (739) 366 (715) 368 (706) 302 (648) 119 (597) 2317
Dead patients 503(1194)  340(734) 345 (694) 350 (733) 368 (716) 296 (540) 150 (619) X?;Zs; '
Eosinophil [per mm?]
All patients 0.006 (0.01) 0.005 (0.02) 0.008 (0.03) 0.015 (0.08) 0.030(0.12) 0.026 (0.09) 0.039 (0.16) X§0430()19
Discharged <0.001
patients 0.006 (0.01) 0.005 (0.02) 0.008 (0.03) 0.013(0.07) 0.031(0.16) 0.026 (0.09) 0.074 (0.19) 23182
Mechanically 0.001
e — 0.004 (0.03) 0.005 (0.01) 0.008 (0.03) 0.033 (0.08) 0.025 (0.06) 0.032 (0.09) 0.014(0.13) 22339
Dead patients 0.005 (0.02) 0.005 (0.02) 0.008 (0.04) 0.034 (0.09) 0.027 (0.08) 0.03 (0.09) 0.01(0.14) XS '104223
Ferritin [ng/mL]
) 0.008
All patients 596 (883) 1187 (1272) 1029 (1372) 816 (1021) 717 (721) 667 (857) 507 (598) \2: 4057
Discharged <0.001
patients 663 (887) 1194 (1243) 1168 (1198) 775 (909) 731 (705) 657 (756) 516 (495) ¥ 30.20
Mechanically 0.008
ventilated patients 463 (832) 1128(1473) 969 (1845) 919 (1407) 703 (912) 667 (1001) 343 (722) 21727
Dead patients 498 (872) 1180 (1445) 969 (1506) 924 (1405) 703 (1135) 667 (1087) 176 (1444) XZO?;(;S
D-dimer [mg/L]
All patients 0.72 (1.07) 1.33(3.57) 241 (5.24) 2.75 (5.49) 3(7.93) 3.08 (5.05) 1.37 (1.44) X§'04%O3'14
Discharged 0.001
patients 0.61(0.76) 0.91(2.07) 1.13(1.98) 133(3.13) 1.31(4.13) 1.25(3.90) 1.24(1.38) 22352
Mechanically 0.003
Vel giced pe e 0.91 (1.45) 3.22(5.07) 542 (11.26) 6.06 (19.57) 8.05 (14.92) 548 (541) 149 (1.07) W2 1944
Dead patients 095 (145) 297 (5.64) 557(1075 | 656(1947) | 882(1534) | 548 (541) 15(179) ngggég
CRP [mg/L]
. <0.001
All patients 92.8(120) 98.1 (87.9) 55(76.2) 16 (21.8) 59(10.68) 2.7 (7.95) 2(31) X% 10939
Discharged <0.001
I ——— 79 (100.1) 80.6 (75.7) 36.6 (63.3) 13.1(20.0) 34(6.9) 2(1.45) 2(06) 29242
Mechanically <0.001
ventilated patients 105.8 (116.4) 116 (106.9) 67.2 (83.0) 18.65 (284) 10 (26.9) 9.15 (40.2) 38.4(99.6) \%:37.25
Dead patients 1294 (137.1) 116 (102.7) 67.2 (85.8) 18.65 (27.9) 10 (26.9) 9.15 (39.6) 384 (106.1) X§O3'(1)0717
Procalcitonin [ng/mL]
All patients 0.09 (0.21) 0.11(0.25) 0.08 (0.22) 0.06 (0.10) 0.04(0.12) 0.04(0.11) 0.02 (0.13) X§O4iogg17
Discharged <0.001
patients 0.07 (0.13) 0.07 (0.13) 0.05 (0.10) 0.03 (0.06) 0.02 (0.03) 0.02 (0.04) 0.02 (0.03) 2 44.22
Mechanically 0.330
I — 0.11(0.42) 0.23 (0.68) 0.19 (0.34) 0.12 (0.40) 0.12 (0.40) 0.15(042) 0.20(1.19) 42690
Dead patients 0.18 (0.45) 0.25 (0.60) 0.17 (0.34) 0.12 (0.34) 0.12 (0.40) 0.19 (0.44) 047 (3.19) XZO?;)31

CRP - Greactive protein. Data are presented as median (interquartile range (IQR)). Overall group comparisons were performed using Friedman’s test.
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requirements, and mortality. On the contrary, in the pro-
pensity score-matched population, less NIMV and me-
chanical ventilation support were required, and there were
fewer deaths in the TCZ-treated patients. In the propensity
score-matched population, there was a greater need for
HENO in patients who received TCZ treatment. Stone
et al. showed that TCZ was ineffective in preventing in-
tubation or death in moderately ill COVID-19 patients.?
Another study indicated that treating individuals who
have severe COVID-19 pneumonia with TCZ might re-
duce the risk of needing invasive mechanical ventilation
and mortality.?®

The multivariate adjusted Cox regression model showed
that TCZ was associated with an 84% reduction in the risk
of in-hospital death. However, the risk of death increased
5.3 times with hypertension and 18.5 times with intuba-
tion. The survival probability of TCZ-treated patients
was significantly higher than that of untreated patients.
In a meta-analysis, the administration of IL-6 antagonists
was found to be associated with lower all-cause mortal-
ity 28 days after randomization.?® It has been reported
that the relative risk of death is increased two-fold among
patients with hypertension compared to patients without
hypertension.3°

Of the 128 TCZ-treated patients, 35 (27.3%) developed
abacterial infection, 4 (3.1%) a fungal infection and 2 (1.6%)
aviral infection (cytomegalovirus viremia) while hospital-
ized. Positive sputum cultures were identified in 25 (19.5%)
patients. Keske et al. detected secondary bacterial infec-
tions among 9 (41%) of the 22 patients who were admit-
ted to the ICU and treated with TCZ.1* A meta-analysis
of serious adverse events from 23 clinical trials concluded
that the risk of secondary infection after 28 days was com-
parable between patients treated with IL-6 antagonists
(750/3428; 21.9%) and those treated with standard care
or placebo (330/1787; 17.6%).% A single-center investigation
found that patients treated with TCZ were more than twice
as likely to develop a superinfection as untreated controls
(54% compared to 26%), owing principally to a significant
increase in ventilator-associated pneumonia (45% com-
pared to 20%).3!

Limitations

Although these data are retrospective and observational,
we used propensity score matching to exclude confound-
ing effects caused by imbalances in TCZ treatment.
The limitations of this study include a lack of the evalu-
ation of the secondary infection in patients who did not
receive TCZ, and a lack of measurement of the IL-6 levels
of the patients. In addition to the administration of TCZ
according to the institutional guidelines, it was thought
that there might be an indication bias, because the clini-
cian plays an important role in the treatment decision.

1205

Conclusions

This study concluded that TCZ treatment in patients
with COVID-19 was associated with better survival, re-
duced need for mechanical ventilation and reduced hos-
pital-associated mortality.
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