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ABSTRACT

Objective: During the COVID-19 pandemic, a subset of patients developed COVID-19-
associated hyperinflammation (HIC), which resulted in increased mortality. While early and
effective anti-inflammatory therapies, such as glucocorticoids and tocilizumab, improved
survival, tools to predict treatment response remained lacking. This study aimed to identify

predictors of clinical outcomes in patients who received tocilizumab for HIC. Corresponding Author:

Materials and Methods: We retrospectively analyzed the records of hospitalized adult pa- Shirkhan Amikishiyev

tients with COVID-19 treated between March and December 2020. Patients who received

tocilizumab for HIC constituted the study cohort. Dynamic changes in the laboratory pa- Eemailk .
. . shirkhan.amikishiyev@istanbul.
rameters were analyzed, and the HIC scores (>35) were calculated to assess disease severity odutr

and treatment response.
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Results: Out of 961 hospitalized COVID-19 patients, 150 who received tocilizumab were
identified. Among them, 124 were treated with only tocilizumab in the first phase of the
pandemic (from March to September 2020). After this period, 26 patients also received

glucocorticoids, typically initiated 2-3 days prior to tocilizumab administration. Anakinra
treatment was given to 22 patients whose inflammatory parameters did not resolve with
tocilizumab. Findings of HIC were treated in 122 patients (84%), with a significant reduction
in C-reactive protein (CRP) levels (from 121.8 + 8.2 to 9.8 + 2.8 mg/L). Despite tocilizum-
ab treatment, no effective resolution of the CRP response was observed (from 172 + 22.8
to 53 + 8 mg/L by Day 5) among non-survivors, alongside increasing trends in neutrophil
count, D-dimer, lactate dehydrogenase (LDH), troponin, and creatine kinase. The composite
HIC scores progressively decreased in survivors until the last day of hospitalization but in-
creased in non-survivors (33.8 + 0.14 vs. 72.3 + 0.13).
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COVID-19 and Tocilizumab

Conclusion: Analysis of this cohort indicated that neutrophil count, CRP, D-dimer, LDH,
troponin, and creatine kinase levels may serve as predictors of tocilizumab efficacy on Day
5. The score developed to diagnose HIC can also be used for monitoring treatment response.

Keywords: COVID-19, hyperinflammation, tocilizumab, glucocorticoids, prognosis, treat-

ment response, HIC score

INTRODUCTION

oronavirus disease 2019 (COVID-19), caused

by the SARS-CoV-2 virus, typically presents

with mild to moderate course in the majority
of infected individuals. During the pandemic, near-
ly 30% of patients required hospitalization, and a
subset developed a severe disease characterized by
respiratory failure and needed intensive care sup-
port (1). This subset of patients had clinical findings
such as persistent fever and dyspnea, with paren-
chymal lung involvement at a median of 13.0 days,
frequently resulting in acute respiratory distress
syndrome (ARDS) (2).

The pathogenesis of this process remains unclear.
SARS-CoV-2 has direct cytopathic effects on the re-
spiratory epithelium and vascular endothelial cells.
In addition, activated intracellular innate immune
responses including the NOD-like receptor protein 3
(NLRP3) inflammasome and increased expression of
proinflammatory cytokines such as interleukin (IL)-
1B, IL-18, IL-6, IL-8, granulocyte colony-stimulating
factor (G-CSF), growth-regulated oncogene alpha
(GROa), monocyte chemoattractant protein-3 (MCP-
3), IL-1a, MCP-1, and tumor necrosis factor-alpha
(TNF-a) contribute to the pathology (3-5). A hyperin-
flammatory response, characterized by the features
of a cytokine storm, develops in a group of patients
with laboratory findings of neutrophilia, lympho-
penia, elevated C-reactive protein (CRP), abnormal
liver function tests, elevated lactate dehydrogenase
(LDH), ferritin, and D-dimer levels, accompanied by
fever and signs of ARDS. The parameters associated
with this type of cytokine storm have been defined
by different groups as the COVID-19-associated hy-
perinflammation (HIC) criteria, the Manson criteria,
and the Webb criteria (6-8).

Despite the lack of evidence for the efficacy of an-
tiviral therapies in this relatively late phase of the
disease, anti-inflammatory treatments, including
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glucocorticoids and anti-cytokine drugs, have been
found to decrease mortality in patients with respi-
ratory failure and hyperinflammatory response (9-
13).

Tocilizumab, a humanized monoclonal antibody
of the immunoglobulin G1k subclass, is directed
against both soluble and membrane-bound IL-6
receptors (IL-6R) and is effective in several im-
mune-mediated inflammatory conditions, including
COVID-19-associated hyperinflammatory respons-
es. Several open-label or randomized controlled
studies have been published, yielding conflicting
results. However, the results of the RECOVERY tri-
al and two meta-analyses of available studies have
documented the efficacy of tocilizumab (14-16).

In this study, we aimed to analyze the laboratory
parameters of patients who received tocilizumab
for COVID-19-associated HIC to identify potential
predictors of treatment response and clinical out-
comes. Additionally, we investigated the potential
use of the HIC score in monitoring the treatment
response.

HIGHLIGHTS

e This study shows relatively lower mortality in
patients treated with tocilizumab compared to
mortality rates reported with a severe course of
COVID-19 in the earlier periods of the pandemic.

¢ Time-dependent changes in neutrophil, lympho-
cyte, and monocyte counts, as well as levels of
ferritin, D-dimer, lactate dehydrogenase (LDH),
C-reactive protein (CRP), procalcitonin, troponin,
and creatine kinase may serve as early predictors
of tocilizumab treatment efficacy.

e The composite HIC score, developed to diagnose
COVID-19-associated hyperinflammation, can
be used to predict early response to tocilizumab
treatment.
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MATERIALS AND METHODS

Study design and participants

We conducted a retrospective study in patients
diagnosed with COVID-19 between March 13 and
December 18, 2020, at the Istanbul Faculty of Med-
icine, Istanbul University. Clinical and laboratory
data were obtained from hospital records and in-
cluded demographic characteristics, comorbidities,
baseline and follow-up clinical and laboratory pa-
rameters, antiviral and anti-inflammatory treat-
ments for COVID-19, and clinical outcomes.

COVID-19 diagnosis was confirmed with re-
verse-transcriptase polymerase chain reaction
(RT-PCR) positivity for SARS-CoV-2 on a nasopha-
ryngeal swab and/or clinical plus computed tomog-
raphy (CT) findings of the pulmonary involvement.
We accepted only the categories of CO-RADS 4
(high suspicion), CO-RADS 5 (very high suspicion),
and CO-RADS 6 (PCR-proven cases) according to the
COVID-19 Reporting and Data System for the diag-
nosis (17).

Eligibility for tocilizumab administration was de-
termined using criteria established by an expert
group based on dynamic changes in laboratory
and clinical parameters. This group later defined
the COVID-19-associated hyperinflammation (HIC)
criteria using 12 parameters: fever (>37.0°C), CRP
concentration (240 mg/L), lymphopenia (<900 cells/
mm?3), neutrophil-lymphocyte ratio (=5), mono-
cyte count (<390 cells/mm?3), ferritin concentration
(=680 ng/mL), >2.5-fold increase in ferritin within 7
days of disease onset, D-dimer concentration (>885
ng/mlL), 22-fold increase in D-dimer within 7 days
of disease onset, LDH concentration (>360 U/L), al-
anine aminotransferase (ALT) or aspartate amino-
transferase (AST) concentration (270 U/L), and pro-
calcitonin concentration (<0.8 ng/mL). A diagnosis
of HIC was made in patients with a total score of
>35 (6). We adjusted the dose and the route of ad-
ministration of tocilizumab according to the clini-
cal and inflammatory parameters. We made total
dose adjustments between 400 and 800 mg given
over one or two days.

Exclusion criteria included patients under 18 years
of age, evidence of concomitant bacterial infection
confirmed with primarily blood or urine cultures
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and/or procalcitonin concentration (>1.2), history
of diverticular disease, neutropenia (<1500 cells/
mm?®), and elevated levels of ALT or AST (=5 times
higher than the upper limit of normal range).

Analyses of treatment response parameters

All laboratory and clinical data were recorded us-
ing a standardized form. We collected data for fe-
ver, neutrophil (normal range, 1.3-7.0 cell/mm?),
lymphocyte (1.2-3.6 cell/mm?), monocyte (0-0.8
cell/mm?), thrombocyte (160-390 cell/mm?) counts,
levels of ferritin (30-400 ng/mL), D-dimer (0.0-550
ng/mL), CRP (0.0-5.0 mg/L), LDH (135-250 U/L), AST
and ALT (5-45 U/L), procalcitonin (0-0.5 ng/mL), tro-
ponin (0-14 pg/mL), creatine kinase (30-220 U/L), fi-
brinogen (180-350 mg/dL), and creatinine (0.7-1.4
mg/dL). These values were collected at three time
points: baseline, at the time of tocilizumab admin-
istration, and on the day of exit (either discharge or
death), and were analyzed separately for survivors
and non-survivors (Table 2).

Subsequently, we analyzed these values on the day
of tocilizumab administration (Day 1) and the fifth
day of treatment (Day 5) in all patients (Table 3).
Finally, we calculated and compared the HIC scores
between survivors and non-survivors on the first
day of hospitalization (baseline), on Day 1, Day
5, and the final day of hospitalization (either dis-
charge or death).

Statistical analysis

Data from surviving and deceased patient groups
were comparatively analyzed. Statistical analyses
were performed using IBM SPSS Statistics version
28 (IBM Corp., Armonk, NY, USA). Categorical vari-
ables were presented as percentages (%) and com-
pared using the chi-square test.

The laboratory parameters collected on the rele-
vant days (baseline, tocilizumab administration,
and discharge or death days) were analyzed using
analysis of covariance (ANCOVA); mean values
were presented in Table 2.

The temporal variation (Days 1 and 5 of tocilizum-
ab administration) was compared using analysis of
variance (ANOVA); mean values are presented in
Table 3. HIC scores were calculated according to the

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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published criteria (6). Comparisons of HIC scores
between survivors and non-survivors were per-
formed on the relevant days (baseline, Days 1 and 5
of tocilizumab administration, and the final day of
discharge or death). The statistical significance (o)
was set as 5%.

RESULTS

Baseline characteristics

A total of 961 patients were hospitalized because
of COVID-19 during the study period. Of these, 150
patients who received tocilizumab for hyperinflam-
mation were included in the study cohort. Most pa-
tients were male, and the mean age was 57.9 = 1.1
years. The baseline characteristics and comorbidi-
ties of the patients are presented in Table 1. Of the
150 patients, 47 (31.3%) were followed up in inten-
sive care unit (ICU), and 35 (23.3%) were intubated.
Tocilizumab was administered in the ICU in 28 pa-
tients (18.6%), while 122 patients (81.4%) received
the treatment in the ward.

Antiviral and anticoagulant treatments

In total, 149 patients received favipiravir, adminis-
tered orally at a dose of 1600 mg twice daily on the
first day, followed by 600 mg twice daily from the
second day to the fifth or tenth day, according to
the local guidelines during the study period. Only
one patient was treated with remdesivir in a dose
of 200 mg intravenously once, followed by 100 mg
intravenous for 10 days. The decision to start an-
tibiotics was made by the infectious disease spe-
cialist in cases with strong clinical suspicion and/
or a positive culture result. Enoxaparin was pre-
ferred as the anticoagulant therapy. The dose of
enoxaparin was 2 mg/kg/day, administered twice
daily if the D-dimer level was over 1000 mg/L, and
1 mg/kg/day if the D-dimer level was lower than
1000 mg/L.

Anti-inflammatory treatments

The patients were treated with tocilizumab between
March and September 2020 without glucocorticoids
according to the standard protocol. During the early
stages of the pandemic, all patients with a positive
PCR result were hospitalized, regardless of the se-
verity of their symptoms. Tocilizumab was admin-
istered to those who developed signs of HIC during
follow-up. Following the results of the RECOVERY
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Table 1. Baseline characteristics of COVID-19 patients
treated with tocilizumab.

Patient characteristics n (%)
Mean age (+SD), years (range) 57.9 1.1 (29.0-90.0)
Sex

Male 120 (80)
Female 30 (20)
Comorbidities

Hypertension 55 (36.7)
Diabetes mellitus 37 (24.7)
Coronary artery disease 16 (10.7)
Chronic pulmonary disease 9 (6)
Congestive heart failure 5(3.3)
Chronic kidney disease 3(2)
Renal transplantation 3(2)
Cerebrovascular disease 2(1.3)
Dementia 2(1.3)
Peripheral artery disease 2(1.3)
Systemic lupus erythematosus 2(1.3)
Rheumatoid arthritis 2(1.3)
Familial Mediterranean fever 2(1.3)
Dermatomyositis 1(0.7)
Solid-organ malignancy 10 (6.7)
Hematologic malignancy 5(3.3)
Outcomes

Ward admission 103 (68.7)
Intensive care unit admission 47 (31.3)
Mechanical ventilation 35(23.3)
Death 24 (16)
Discharge 126 (84)

trial (14), a smaller group of patients (n=26) was
initially treated with dexamethasone 6 mg/day (or
with equivalent doses of other glucocorticoids). Pa-
tients who did not show improvement in at least
2-3 days in both clinical and inflammatory param-
eters received tocilizumab during the period from
September to December 2020. The tocilizumab dose
was determined based on the severity of clinical and
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laboratory findings, including body temperature, ox-
ygen requirement levels (such as a nasal cannula,
nasal mustache, non-rebreather mask, high-flow
nasal oxygen or mechanical ventilation), and all pa-
rameters assessed in the HIC criteria.

The time from symptom onset to diagnosis of
COVID-19 and hospitalization was 5.8 + 0.42 days,
and this duration was similar in both surviving
and deceased patients (5.8 + 0.46 vs. 6.0 + 1.0 days,
p=0.86). Tocilizumab was administered at a mean
of 5.4 + 0.2 days of hospitalization. The total intra-
venous dose of tocilizumab varied among patients:
400 mg (n=77), 600 mg (n=26), and 800 mg (n=47).
The mean total dose was similar in survivors and
non-survivors (560 + 178 vs. 558 + 204 mg; p=0.96).

Anakinra was added to the treatment regimen in
22 patients whose clinical and laboratory findings
did not improve after tocilizumab treatment. The
anakinra dose was individualized based on oxygen
requirements and the severity of inflammatory pa-
rameters, ranging from 100-300 mg/day subcutane-
ously to 200-600 mg/day intravenously.

Survival and clinical outcomes

A total of 24 patients (16%) died during the study
period. Among those who received tocilizumab in
the ward, two patients died because of sudden car-
diopulmonary arrest, and six patients (%4) died af-
ter being transferred to the ICU. Of the 28 patients
who were followed up in the ICU and treated with
tocilizumab, 16 (10.6%) died during their ICU stay.
Among the 22 patients who needed anakinra after
tocilizumab treatment, nine were managed in the
ward and 13 in the ICU; 10 of these patients were
intubated, and six died during this period.

Fever and laboratory parameters

There was no statistically significant difference
in the fever values of the surviving and deceased
patients. However, baseline laboratory measure-
ments taken at hospital admission revealed signifi-
cantly higher levels of troponin (14.5 + 20.3 vs. 53.8
+ 88.3; p=0.001) and creatine kinase (CK) (245.2 =
318.6 vs. 1057.3 + 2128.4; p=0.001) in patients who
subsequently died. Although other parameters did
not show significant differences between the two
groups, lymphocyte and monocyte counts were
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generally low, and ferritin, D-dimer, LDH, and CRP
levels were elevated in all patients.

On the day of tocilizumab administration (mean
Day 5 of hospitalization), patients who died had
lower counts of lymphocytes (0.95 + 0.63 vs. 0.68
+ 0.28; p=0.038) and monocytes (0.43 + 0.3 vs. 0.3
+ 0.17; p=0.045). They also had significantly higher
levels of D-dimer (1709 + 3076.9 vs. 4873.8 + 6226.7;
p=0.001), LDH (392.5 + 139 vs.519.7 = 198.3; p=0.001),
CRP (120.6 = 83.5 vs. 172.2 + 107.7; p=0.009), procal-
citonin (0.38 £ 0.62 vs. 0.72 + 0.72; p=0.018), troponin
(16.6 + 26 vs. 95.2 + 154.1; p=0.001), and CK (222.3
+ 363.2 vs. 1012.1 + 1955.2; p=0.001) compared to
survivors. On the day of discharge or death, all pa-
rameters except fever were significantly differen-
tiated between the two groups. These parameters
improved in survivors following tocilizumab treat-
ment (Table 2).

We evaluated the changes in these parameters on
Day 5 of tocilizumab therapy. On Day 5, neutrophil
values were in the normal range, and lymphocyte
and monocyte values showed improvement in the
surviving patients. Deceased patients exhibited a
two-fold increase in neutrophil counts, while the
lymphocyte and monocyte counts showed no im-
provement. The levels of D-dimer, LDH, troponin,
and creatine kinase showed a trend of increase, and
there was no effective resolution of the increased
CRP levels (172 = 22.8 to 53 = 8) in the deceased
patients. Mean CRP levels showed a meaningful
decrease (121.8 + 8.2 to 9.8 + 2.8) only in the sur-
viving patients. The increase of D-dimer following
treatment was slower in survivors than in non-sur-
vivors (2054 + 388.3 vs 6963 + 1057.4). Similarly, pro-
calcitonin levels were found to be increased in the
deceased patients (0.67 + 0.17 to 0.99 + 0.24). The
level of ferritin, liver function tests, fibrinogen, and
creatinine did not differentiate between the two
groups (Table 3).

The data from the two groups were compared
based on HIC scores at baseline, on Day 1 and Day 5
of tocilizumab treatment, and on the final day (dis-
charge or death). Baseline HIC scores were similar
between surviving and deceased patients (54.0 +
0.29 vs. 56.0 + 0.23). However, composite HIC scores
diverged during follow-up with treatment. On Day

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 2. Baseline characteristics of COVID-19 patients treated with tocilizumab.

Baseline Tocilizumab Administration Final Day
Variable
Survived Died p* Survived Died p* Survived Died p*
Fever (°C) 37.8x1.1 3751 0.232 37.4+09 3741 0.945 36.6+04 369+06 0.206
Neutrophil (109/L) 5.4+3.6 46124 0.265 59+38 6.7 %35 0.339 4731 9.6+7.1 0.001
Lymphocyte (109/L) 1.01 £ 0.6 0.82£0.32 0.134 0.95 +0.63 068028 | 0038 | 171072 072044 | 0.001
Monocyte (109/L) 048031 037015 0.101 043+03 03+0.17 0.045 | 0.67+035 039+037 | 0.002
Thrombocyte (10%/L) 2125+91.2 196.6 + 66.3 0419 | 280.7+118.2 2525+889 | 027 | 347.5:1456 2035+102 | 0.001
Ferritin (ng/mL) 114221081 | 10266+950 | 0.646 | 1588.6+1356.3 | 1960.5%1696.7 | 0242 | 954.1+663.1 | 5344.8 +8597.3 | 0.001
D-dimer (ng/mL) 1435.6£2695 | 2030.9+3394 | 0353 | 1709+3076.9 | 4873.8%6226.7 | 0.001 | 1259.3+2442 | 6755.7 +7361.7 | 0.001
CRP (mg/L) 101.8 + 85.2 127.8 +89.4 0.175 120.6 + 83.5 1722£107.7 | 0009 | 11.4x27.2 17451335 | 0.001
LDH (U/L) 3433x146.1 | 3897+2272 | 0201 3925+139 51971983 | 0.001 | 290.6+82.1 | 1304.3+1502.7 | 0.001
ALT (U/L) 395+33.8 29.2+183 0.15 60.661.8 43£325 0184 | 1004 +76.1 4588+910.7 | 0.001
AST (U/L) 413+268 51.4+383 0.121 572+61.4 713524 | 0304 | 495327 760.6 = 1430.8 | 0.001
Procalcitonin (ng/mL) 072+2.84 0.45+0.75 0.643 0.38+0.62 072+072 | 0.018 | 0.07 +0.08 197 £2.4 0.001
Troponin (ng/mL) 14.5+20.3 53.8+883 0.001 16.6 £ 26 952+154.1 | 0.001 207 51 1222+1315 | 0.001
Creatinine kinase (U/L) | 2452+318.6 | 105732128 | 0.001 | 222.3+363.2 | 1012.1+1955.2 | 0.001 | 785x177.3 3162+2833 | 0.001
Fibrinogen (ng/mL) 604.6+ 1604 | 5887=1344 | 0671 634+ 1753 592.1£2012 | 033 347.9£125 504.6£1885 | 0.001
Creatinine (ng/mL) 1.17 £1.56 1.1£05 0.827 1.02 091 124+064 | 0289 | 0.99+0.64 1.6 £0.96 0.001
CRP: C-reactive protein, LDH: Lactate dehydrogenase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase.
*p<0.05
1 of tocilizumab treatment, HIC scores increased in  the RECOVERY trial results supporting the use of
both groups compared to baseline (58.3 + 0.22 vs. dexamethasone, a subgroup of 26 patients initially
74.1 £0.15), with a more pronounced rise among de-  received glucocorticoids. Tocilizumab was subse-
ceased patients. By Day 5, overall HIC scores showed quently administered to these patients because of
a decreasing trend (46.0 £ 0.16 vs. 65.1 £ 0.14), butin  the lack of clinical and laboratory improvement af-
patients who died, scores increased again after Day ter 2-3 days of glucocorticoids. In the whole cohort
5 (72.3 £ 0.13). In contrast, HIC scores in surviving of tocilizumab-received COVID-19 patients with
patients continued to decline, reaching below the HIC findings, the mortality rate was 16%.
threshold of 35 at discharge (33.8 £ 0.14).
At the beginning of the COVID-19 pandemic, the
DISCUSSION mortality rates in severe patients were reported
as high as 40-50% (18). There was no standardized
In this retrospective cohort of 961 hospitalized treatment approach for patients presenting with a
COVID-19 patients, tocilizumab was adminis- severe course, HIC findings, and respiratory failure.
tered to 150 patients who developed HIC over an The earlier results about the efficacy of tocilizumab
11-month study period. The initial group, which  were controversial. In a meta-analysis of eight early
constituted the majority of patients (82.6%), did trials (19-26) without the RECOVERY study, tocili-
not receive glucocorticoids before tocilizumab zumab was found to be associated with a non-sig-
according to the treatment protocols in place be- nificant reduction in mortality, and with the com-
fore September 2020. Following the publication of pletion of the RECOVERY tocilizumab study, the
Amikishiyev S et al. 190
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Table 3. The effect of tocilizumab in patient groups on drug day 1 and day 5.

Survived Died
Variable
Day 1 Day 5 Day 1 Day 5 p*

Fever (°C) 37.2+0.1 36.5 +0.04 369+04 36.6 £0.1 0.538
Neutrophil (109/L) 6.1+0.35 5.6 +0.40 57 +£097 102 +£1.1 0.026
Lymphocyte (10%/L) 0.9 +0.05 1.357 +0.064 0.797 +0.15 0.855+0.176 0.051
Monocyte (10%/L) 0.44 +0.02 0.57 £ 0.02 0.20 + 0.07 0.33+0.07 0.001
Thrombocyte (109/L) 279.1 +10.9 374 £12.7 237.6+30 249.7 + 34.9 0.08
Ferritin (ng/mL) 1640 £128.4 1573.4 + 221.8 1940 + 348.3 1827.6 + 601.8 0.54
D-dimer (ng/mL) 1501.9 + 309.7 2054 + 388.3 4713 + 843.4 6963 + 1057.4 0.005
CRP (mg/L) 121.8+8.2 9.8+28 172+22.38 53+8 0.001
LDH (U/L) 390 +14.3 360.7 +17.3 532 +40.3 593 +48.8 0.005
ALT (U/L) 593 %55 111.8 £ 8.9 53.9+15.9 126.9 £25.5 0.80
AST (U/L) 56.7 £ 5.7 66.7 £ 4.8 76.5+16.3 91.6 £13.9 0.107
Procalcitonin (ng/mL) 0.39 + 0.063 0.15+0.09 0.67 £0.17 0.99 £ 0.24 0.003
Troponin (ng/mL) 19.5+6.8 225+54 823+17.7 453+ 14 0.008
Creatinine kinase (U/L) 203 £67.3 789 +36.4 7523 +171.2 779.7 £ 92.6 0.002
Fibrinogen (ng/mL) 639.4 +18.7 396.5+12.2 570.7 + 48 401.3+31.2 0.425
Creatinine (ng/mL) 1.02 £ 0.08 0.9 £ 0.07 1.09+£0.2 1.05+0.2 0.782

CRP: C-reactive protein, LDH: Lactate dehydrogenase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase.

*p<0.05

overall mortality rate ratio from the nine trials was
0.86 (0.78-0.94) (14). The 28th-day mortality in the
tocilizumab arm of the RECOVERY trial was 31%
and 35% in the placebo arm.

Two meta-analyses of the randomized controlled
trials for severe COVID-19 revealed significant-
ly decreased mortality with tocilizumab (15, 16).
In contrast, a multicenter retrospective study
from Turkiye revealed more frequent intubation
or death in tocilizumab users, possibly associat-
ed with indication bias. However, repeat analyses
with a propensity-score-matched control group,
adjusted for gender, ferritin, and procalcitonin
levels, showed results in favor of tocilizumab
use overall (27). Two other studies from Tirkiye
also reported the effectiveness of tocilizumab in
COVID-19 (28, 29). The results of our study were
consistent with studies that have proven the effi-

cacy of tocilizumab. The data from the earlier pe-
riod of the pandemic were particularly valuable in
demonstrating the efficacy of tocilizumab without
initial or concomitant use of glucocorticoids in a
relatively larger group of COVID-19 patients with
findings of HIC.

Despite progress in understanding and managing
the severe disease course and HIC, several ques-
tions remain unanswered. These include the opti-
mal timing and dose of initial treatment, follow-up,
and whether there are any biomarkers for predict-
ing response to treatment to inform the selection of
alternative treatments.

Specific clinical and laboratory parameters can
help decide whether to select early anti-cytokine
treatments or ‘supportive care only’ for patients
with a worse prognosis (30). The results of this study
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showed that daily evaluation of certain parameters
and the use of composite scores can be helpful not
only in diagnosing HIC but also in predicting the ef-
ficacy of tocilizumab.

The time from the onset of symptoms to hospi-
talization was similar for both surviving and de-
ceased patients. The evaluation of baseline val-
ues revealed that non-survivors had higher levels
of troponin and CK values on the day of hospital
admission compared to survivors. Previous stud-
ies showed that myocarditis was another cause of
morbidity and mortality among COVID-19 patients.
Increased cardiac troponins are known biomarkers
for recognizing myocardial injury induced by var-
ious mechanisms, including direct damage to car-
diomyocytes, systemic inflammation, exaggerated
cytokine release, myocardial interstitial fibrosis,
coronary plaque destabilization, and hypoxia (31,
32). On the drug administration day (mean day 5
of hospitalization), lower levels of lymphocytes and
monocytes, higher levels of D-dimer, LDH, CRP, pro-
calcitonin, troponin, and CK levels can be used for
the prediction of severity of inflammation, which
could not be controlled entirely by the used doses
or isolated use of tocilizumab. Dynamic follow-up,
as assessed daily, revealed continuous differentia-
tion between the two groups from baseline to the
day of discharge or death (Table 2).

The evaluation of the response to tocilizumab on
the fifth day of treatment in non-survivors showed
that the neutrophil count increased twofold. In
contrast, the counts of lymphocytes and mono-
cytes did not improve. The levels of D-dimer, LDH,
CRP, procalcitonin, troponin, and creatine kinase
showed increased values. In particular, there was
no clinically meaningful regression in the CRP val-
ues. On Day 5, the survivors had normal numbers of
neutrophils, lymphocytes, and monocytes and had
an effective decrease in CRP values to near-normal
levels. Deceased patients had threefold increased
levels of D-dimer compared to survivors (Table 3).
These parameters are considered promising for the
early evaluation of the efficacy of tocilizumab on
Day 5. Following the tocilizumab therapy, contin-
uous increase in neutrophil counts, observation of
no effective recovery of lymphocytes, monocytes,
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D-dimer (increased 3-fold), LDH, CRP (especially
>50 mg/dL), procalcitonin (around 1 ng/mL), tropo-
nin, and CK values may indicate the ineffectiveness
of therapy, and it may give the physician to think
about using new treatment modalities or if the re-
sponse is partial, the possibility of administering
additional doses of tocilizumab. A good example
is the addition of anakinra treatment to patients
whose inflammation parameters did not decrease
enough, in which case a beneficial effect could be
achieved in a subset by increasing the survival of
these patients with inferior prognosis (22/6, 73%).

A comparison of HIC scores between surviving and
deceased patients demonstrated that HIC scores
can also be used to predict early response to tocili-
zumab treatment. The composite scores showed a
continuous downward trend in survivors compared
to the scores observed in non-survivors. On Day 5
of therapy, although both groups’ scores decreased,
the downward trend in deceased patients was less
prominent than in surviving patients (21.1% vs.
12.2%), and the scores started to increase afterward.
On the last evaluation day, the HIC score dropped
below the threshold value of 35 among survivors,
but the scores increased approximately twofold in
Nnon-survivors.

This study has several limitations, primarily be-
cause of its retrospective design and the number
of patients who used both tocilizumab and gluco-
corticoids. Despite these limitations, the findings
offer valuable insights into earlier periods of the
COVID-19 pandemic. The observed mortality rate
in patients who received tocilizumab treatment
was notably lower than the rates reported for pa-
tients with severe disease during the same period.
Secondly, using anakinra in patients with insuffi-
cient response to tocilizumab and dose titration for
the resolution of inflammation may be an option
for controlling the unfavorable disease course and
improving survival. Thirdly, the time-dependent
changes in some parameters such as the numbers
of neutrophils, lymphocytes, monocytes, and lev-
els of ferritin, D-dimer (increased 3-fold), LDH, CRP
(especially >50 mg/dL), procalcitonin (around 1 ng/
mL), troponin, and CK may have a potential for the
prediction of the efficacy of tocilizumab earlier.
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In conclusion, in addition to the baseline CK and
troponin values, dynamic changes in the compos-
ite HIC scores appear to be a reliable and practical
tool for monitoring patients with severe COVID-19.
Neutrophil count, CRP, D-dimer, LDH, troponin, and

Infect Dis Clin Microbiol. 2025; 2: 185-94

CK levels may serve as predictors of tocilizumab
efficacy on Day 5 of the treatment. The HIC score,
originally developed for diagnosing COVID-19-as-
sociated hyperinflammation, can also be used to
monitor treatment response.
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