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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was identified
as the cause of the COVID-19 pandemic that occurred in 2019 (1).

The disease had a broad clinical spectrum, ranging from asymptomatic to severe
with fatal outcomes. A quarter of the affected individuals presented with a severe
clinical picture, including complications and multiorgan damage, and were treated
in intensive care units (2).

Disease progression is conditioned by inflammatory and immune processes
mediated by Tumor Necrosis Factor, Janus Kinase (JAK), and interleukins, with
interleukin 6 (IL-6) playing the most significant role (3).

Studies have shown that a good therapeutic effect can be achieved with the
use of pro-inflammatory mediator blockers, such as tocilizumab (TCZ) (4). Safety
in application and good therapeutic response to TCZ was also demonstrated in the
example of a treated twin pregnancy (5).

Tocilizumab is a monoclonal antibody that binds to IL-6 receptors. In this way,
the transmission of the signal that activates Janus kinase is prevented. Janus kinase
activation is a condition for the onset of cytokine storm (6).

The aim of this research was to analyze the effects of tocilizumab administration
on the clinical course, laboratory parameters of inflammation and radiographic chan-
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ges of patients with COVID-19 pneumonia, as well as to determine the predictors of
unfavorable disease outcome.

PATIENTS AND METHODS

The study included 340 patients over the age of 18, with COVID-19 pneumo-
nia, treated in the ward or in the intensive care unit (ICU) of the General Hospital in
Uzice, during 2021.

ICU admission criteria were worsening respiratory function requiring non-in-
vasive ventilation (NIV) or mechanical ventilation (MV).

The diagnosis of COVID-19 was made based on the detection of SARS-CoV-2
virus in the nasopharyngeal swab.

Patients were treated according to the National COVID-19 treatment protocol.
Oxygen therapy, anticoagulant therapy, corticosteroid therapy (methylprednisolone),
gastro-protective, antiviral (favipiravir) and antibiotic therapy were administered to all
examined patients. All patients received TZC, too. The indication for the use of TCZ
was an IL-6 value over 40 pg/mL and/or an increase in C-reactive protein (CRP) over
50 mg/L, or a three-fold increase in co-concentration within 48 hours (if IL-6 cannot be
determined) with signs of extensive COVID-19 pneumonia followed by more than 25
respirations/minute, saturation (pulse oximetry) less than 93% without oxygen replace-
ment, pO2 less than 8.66 kPa. It was administered in a dose of 8 mg/kg intravenously,
divided into two doses with an interval of 12 hours (maximum up to 800 mg per dose).

The study excluded patients with tuberculosis, human immunodeficiency virus
infection, autoimmune diseases, viral hepatitis, malignancies, risk of gastrointestinal
bleeding, thrombocytopenia (<50x109/L), and neutropenia (<0.5x109/L), as these
were contraindications for the use of TCZ.

Oxygen was administered via nasal cannula, Venturi oxygen masks, NIV or MV.

Lung radiographs were obtained by digital anteroposterior bedside chest ra-
diography at full inspiration, using a portable radiography unit (Vision M, Visaris).
Pulmonary radiographic changes were described following the Fleischner Society
glossary (7).

Chest X-ray severity score (CXR-SS) is determined based on the Radiographic
Assessment of Lung Edema (RALE) score. The maximum score was obtained by
adding the scores of both lungs.Changes in each lung were scored from 0 to 4 (0 =
no involvement; 1 =<25%; 2 = 25-50%; 3 = 50-75%; 4 =>75%) (8).

Data on gender and age, clinical course and disease outcome, presence and type
of comorbidities, development of Healthcare associated infections (HAIs), respiratory
function assessment, laboratory parameters, and radiographic changes were collected.
Respiratory function data, laboratory and radiographic data were collected before and
5 days after TCZ administration.
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The obtained data were statistically analyzed using SPSS software v. 25.0. The
methods of descriptive statistics, Chi-square (y2) test, and for quantitative variables
unpaired t test and Mann-Whitney test were used for statistical processing of the
obtained values. Significant variables were entered into a univariate and multivariate
logistic regression model. A probability value of P <0.05 was considered significant.

RESULTS

Out of a total of 340 participants, 68.5% were over the age of 65 years. The
mean age was 66.22 + 11.37 years (range 24-95 years). The examined patients were
significantly more often male (66.4%) (Table 1).

A significant majority had comorbidities (65.4%). Healthcare associated infe-
ctions (HAIs) occurred in 29 (8.5%) (10 bacterial pneumonias, 10 urinary infections,
5 pseudomembranous colitis, 7 pulmonary embolisms, 5 cerebrovascular insults).
Acinetobacter baumannii was isolated in bronchial aspirate cultures in 5 patients,
Klebsiella spp. in 4, and Streptococcus pneumoniae in one patient. The most common
way of oxygenation was NIV (64.1%). MV was necessary for almost a quarter of
patients (24%). A significant majority (78.2%) were discharged from the hospital. In
21.8% of patients, the disease ended in death before discharge.

Age, sex, presence of comorbidities, HAIs, method of oxygenation, and disease
outcomes are presented in Table 1.

Table 1. Characteristics of patients with COVID-19 treated with tocilizaumab

Parameters N % P value
340 100
Age group >65 199 (58.5) 0.089
<65 141 (41.5)
Gender Men 226 (66.4) <0.001
Women 114 (33.5)
Comorbidity Yes 222 (65.3) 0.002
No 118 (34.7)
HAIs Yes 29 (8.5) 0.00
No 311 (91.5)
Method of Nasal prongs/face mask Noninvasive 41 (12.1)
oxygenation ventilation Invasive mechanical 218 (64.1) 0.00
ventilation 81 (23.8)
Treatment Dismissed 266 (78.2) 0.00
outcome In-hospital mortality 74 (21.8)

Figure 1 shows the types of comorbidities and their frequencies.
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Figure 1. Comorbidities in patients with COVID-19 treated with tocilizumab
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The most common comorbidity was hypertension (56.2%), followed by car-
diomyopathy (22.1%), diabetes mellitus (20.6%), atrial fibrillation (15%), asthma/
chronic obstructive pulmonary diseases (COPD) (10.3%), obesity (body mass index
>30) (6.5%), and chronic neurological, renal, psychiatric, gastrointestinal/liver, and
psychiatric disorders in 3.8%, 2.9%, 2.1%, and 1.8%, respectively.

Leukocyte count, platelet count, biochemical inflammatory parameters (lactate
dehydrogenase (LDH), CRP, IL-6), oxygenation parameter PaO2/FiO2 (P/F) ratio, and
chest X-ray (CXR) score were compared before and 5 days after TCZ administration,
as shown in Table 2.
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Table 2. Characteristics of patients with COVID-19 before and after tocilizumab

Parameters At the day of TCZ | The fifth day of P value

treatment TCZ treatment

N % N %

340 100 340 100

WBC <4 x 10°/L 98 (28.8) 50 (14.7) 0.130
>10x 10°/L 205 (60.3) 183 (53.8)

PLT <100 x 10°/L 42 (12.4) 21(6.2) 0.156
LDH >245 U/L 304 (89.4) 187 (55.0) 0.004
CRP >50 mg/L 309 (90.9) 191(56.2) 0.004
IL-6 >40 pg/mL 340 (100) 149 (43.8) <0.001
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HAIs yes 29 (8.5) 31 (9.1) 0.888
P/F ratio 250-300 39 (11.5) 87 (25.6)
200-250 220 (64.7) 111 (32.6) <0.001
<200 81 (23.8) 54 (15.9)
CXR-SS 1 0 0
2 0 0
3 0 10 (2.9)
4 5(1.5) 69 (20.3)
5 28 (8.2) 73 (21.5) <0.001
6 215 (63.2) 128 (37.6)
7 42 (12.4) 41 (12.1)
8 50 (14.7) 19 (5.6)
CXR-SS Moderate (3, 4) 5(1.6) 79 (23.2)
(total) Severe (5, 6) 243 (71.5) 201 (59.1) <0.001
Very severe 92 (27.1) 60 (17.6)
(7,8)

There was no significant difference in leukocyte and platelet counts relative to
TCZ therapy. A significant regression of LDH, CRP, and IL-6 levels was observed
following TCZ administration.

All patients had peripheral oxygen saturation (SpO2) < 90% and a partial pressure
of oxygen in arterial blood (Pa02) < 60 mmHg prior to TCZ treatment. The control
values on day 5 showed a significant improvement in the P/F ratio.

The total CXR-SS was severe in 71.5% and very severe in 27.1% of patients
prior to TCZ therapy. A significantly higher proportion of patients had a moderate
CXR-SS after TCZ treatment. There was no statistically significant difference in the
frequency of very severe CXR-SS following TCZ therapy.

Further comparisons were made between the data prior to TCZ administration
and the disease outcome. The results are presented in Table 3.

Table 3. Characteristics of patients with COVID-19 treated with tocilizumab in relati-
on to the outcome of the disease

Parameters Dismissed Deceased P value
N (%) N (%)
266 100 74 100
Age group >65 141 (53.0) 58 (78.3) 0.027
Gender Men 178 (66.9) 48 (64.9) 0.862
Women 88 (33.1) 26 (35.2) 0.799
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Parameters Dismissed Deceased P value
N (%) N (%)
266 100 74 100
Comorbidity | Yes 167 (62.8) 73 (98.6) 0.005
HAIs Yes 15 (5.6) 14 (18.9) 0.007
Method of Invasive mechanical
oxygenation | ventilation 20 (7.5) 61(82.4) 0.00
WBC <4 x 10°/L 76 (28.6) 22 (29.7) 0.928
>10x 10°/L 158 (59.4) 47 (63.5)
PLT <100 x 10°/L 32 (12.0) 10 (13.5) 0.767
LDH >245 U/L 198 (74.4) 62 (83.8) 0.455
CRP >50 mg/L 243 (91.4) 66 (89.2) 0.869
IL-6 >80 pg/mL 217 (81.6) 72 (97.3) 0.240
CXR-SS Moderate (4) 5(1.9) 0
(total) Severe (5, 6) 225 (84.6) 18 (24.3) 0.00
Very severe (7, 8) 36 (13.5) 56 (75.7) 0.00

Regarding disease outcome, there was no significant difference in sex dis-
tribution. Mortality was higher in those over 65 years old (78.3%), with a higher
frequency of comorbidities (98.6%). Eleven (14.9%) patients had three or more
comorbidities. HAIs were also more common in the deceased group (18.9%) (9
pneumonias, 4 pulmonary embolisms, and 2 cerebrovascular insults). A significantly
higher proportion of deceased patients (82.4%) required mechanical ventilation.
Comparative values of CRP, LDH, and IL-6 did not show significant differences.
Regarding the CXR-SS, the severe score was most common in the surviving group
(84.6%), while the very severe score was significantly more frequent in the dece-
ased group (75.7%).

Table 4 presents the results of univariate linear regression for age, presence of
comorbidities, associated infections, mechanical ventilation, and radiographic severity
score as independent factors related to the fatal outcome of COVID-19 pneumonia
treated with TCZ.
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Table 4. Predictive factors of fatal outcome in patients with COVID-19 pneumonia
treated with tocilizumab

Parameters Fatal outcome
B S.E. Exp(B) 95% CI P
Age > 65 1.167 0.308 3.214 1.757-5.877 0.000
Comorbidities 3.768 1.015 43.275 5.922-316.248 0.000
Associated infection 1.362 0.398 3.904 1.788-8.525 0.001
Mechanical ventilation 3.743 0.372 42.234 20.372-87.555 0.000
CXS-SS 2.971 0.324 19.510 10.331-36.844 0.000

Multivariate analysis showed that the most significant predictors of a fatal out-
come were the need for mechanical ventilation (B = 3.195, SE = 0.454, P = 0.000)
and very severe radiographic changes (B =2.150, SE = 0.450, P = 0.000).

DISCUSSION

The clinical course and outcome of COVID-19 pneumonia are influenced by the
characteristics of the virus itself and the host’s immune responses. The spectrum of
different proteins of SARS-CoV-2 contributes to its high pathogenicity and virulence,
as well as its ability to evade the host’s immune defense. New variants of the virus,
arising from continuous mutations, increase its resistance to the humoral immune res-
ponse. A functional immune response ensures a milder clinical course and a favorable
disease outcome. Therefore, it is crucial to identify inadequate immune responses and
intervene with effective therapy (9).

In this study, we analyzed the effects of tocilizumab (TCZ) administration in
patients with COVID-19 pneumonia and various factors that may affect the course
and outcome of such treatment.

Our patients had an average age of 66 years. Consistent with other studies, we
also found that age over 65 years was a significant predictor of mortality (10, 11).

The majority of the subjects were male, although male sex was not a predictive
factor for fatal outcomes. Some authors report similar findings (11, 12). In other
studies, male sex was more frequently observed in COVID-19 infections and was
also a predictor of severe disease and fatal outcomes, explained by socio-economic
factors, habits, and nature of the workplace (13, 14). We did not analyze these factors,
but women in our cohort had significantly more comorbidities compared to men,
particularly three or more. Comorbidities were, as in other studies, present in most
patients with severe COVID-19 infection (15, 16). Since comorbidities contribute to
the severe clinical form of the disease, this finding was expected. The presence of
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comorbidities, especially two or more, was a significant predictor of mortality in our
patients, as reported in other studies. Accordingly, hypertension and heart disease
were the most common comorbidities in our cohort (10, 13, 17).

A fatal outcome was associated with the presence of hospital-acquired infections
(HAIs). Schmidt and colleagues also identified nosocomial infections as a significant
predictor of mortality, with patients most commonly having pneumonia caused by
Acinetobacter baumannii (10). Both Acinetobacter baumannii and Klebsiella pne-
umoniae were isolated from the sputum of our patients. This finding was expected,
given the proven high prevalence of multidrug-resistant strains of these bacteria in
intensive care units in our region (18).

Abnormal IL-6 production and other pro-inflammatory cytokines lead to a
cytokine storm, which plays a key role in the pathogenesis of severe pneumonia.
Destruction of alveolar cells increases permeability and results in pulmonary edema.
This impairs gas exchange and leads to hypoxemia (19). TCZ improves respiratory
function, particularly in severe cases of COVID-19 pneumonia (20).

Our experience confirms the improvement of respiratory function, assessed
based on the P/F ratio and methods of oxygenation. We did not observe the increased
incidence of concomitant bacterial and fungal infections, as reported by others (21).
Nearly a quarter of our patients were on mechanical ventilation prior to receiving
TCZ, which, as in other studies, was a significant predictor of mortality (22).

The effect of TCZ was also monitored by analyzing radiographic findings. We
observed a significant regression of pulmonary changes, consistent with the regre-
ssion of inflammatory parameters and improvement in respiratory function. Our
findings support those of Lacedonia and colleagues (23). The greatest regression was
noted in patients with lower CXR-SS values, suggesting a good effect of TCZ when
administered in the early stages of the disease. A CXR-SS of “very severe” was a
significant predictor of mortality in our cohort. Other authors also observed the utility
of radiography in predicting mortality. Survival was associated with less than 70%
or 50% lung involvement, and the analysis of consolidation dominance and pleural
effusion presence had even greater predictive value (10, 17, 24).

We observed a regression of 1L-6, CRP, and LDH values, but no significant
changes in leukocyte and platelet counts. Based on these hematological and bioche-
mical parameters, we could not predict the fatal outcome. This is in agreement with
other authors (12, 17, 25).

It is important to consider the impact of other medications used on these parame-
ters and the disease course. Corticosteroids and antiviral drugs have anti-inflammatory
effects and, in synergy with TCZ, reduce the hyperinflammatory response, leading to
a reduction in mortality (26).

The timely administration of TCZ has been discussed, particularly regarding
the good effect of [L-6 inhibition in the active phase of inflammation. Some authors
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suggest that TCZ has the best effects when given before the onset of severe respiratory
failure, estimating this to be between days 9 and 12 from the onset of symptoms, or
within the first five days of dyspnea onset (10, 27). Kaya H. and colleagues believe
that mortality is lower if TCZ is administered before day 6 of the disease (11).

All of our patients were treated with corticosteroids, antiviral drugs, and TCZ.
The mortality rate was 22%, compared to 18% in another Serbian study (13). Unlike
those studies, our patients were older, the majority had severe disease, and 24% requ-
ired MV for oxygenation. We work in a secondary hospital that receives patients in
critical condition from smaller hospitals in the region. Therefore, for many patients,
we did not have precise information about previous therapy, such as corticosteroid
doses and duration. Additionally, we lacked reliable data on symptom duration before
admission to our facility, which is an important predictive factor for disease outcome
(26). In contrast to some studies, we observed the benefits of TCZ (21, 28). It improves
clinical outcomes and reduces inflammatory markers. We agree that the decision on
therapy should be individualized, based on each patient’s clinical and biochemical
parameters (29, 30).

CONCLUSION

Severe COVID-19 pneumonia was more common in men with cardiovascular
comorbidities. The administration of tocilizumab had a beneficial effect on reducing
inflammatory biochemical parameters, improving respiratory function, and leading to
regression of radiographic pulmonary changes. Unfavorable disease outcomes were
associated with age over 65 years, the presence of comorbidities, and the develop-
ment of hospital-acquired infections. Pronounced radiographic changes and the need
for mechanical ventilation were the most important predictive factors for mortality.

The authors declare no relevant conflicts of interest.
The study was approved by the Ethics Committee of the Uzice Health Center,
decision No. 14560, adopted on December 9, 2024.
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