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Potential Predictors of the Outcome of 
Tocilizumab Treatment in Patients with 
COVID-19-Associated Hyperinflammation

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.

Materials and Methods: We retrospectively analyzed the records of hospitalized adult pa-
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-
rameters were analyzed, and the HIC scores (≥35) were calculated to assess disease severity 
and treatment response. 

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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INTRODUCTION

Coronavirus 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)-
1β, IL-18, IL-6, IL-8, granulocyte colony-stimulating 
factor (G-CSF), growth-regulated oncogene alpha 
(GROα), monocyte chemoattractant protein-3 (MCP-
3), IL-1α, MCP-1, and tumor necrosis factor-alpha 
(TNF-α) 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 

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.

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

HIGHLIGHTS

•	 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.

•	 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 İstanbul Faculty of Med-
icine, İstanbul 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 (≥40 mg/L), lymphopenia (≤900 cells/
mm³), neutrophil-lymphocyte ratio (≥5), mono-
cyte count (≤390 cells/mm³), ferritin concentration 
(≥680 ng/mL), ≥2.5-fold increase in ferritin within 7 
days of disease onset, D-dimer concentration (≥885 
ng/mL), ≥2-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 (≥70 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 

and/or procalcitonin concentration (≥1.2), history 
of diverticular disease, neutropenia (<1500 cells/
mm3), 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/mm3), 
lymphocyte (1.2–3.6 cell/mm3), monocyte (0–0.8 
cell/mm3), thrombocyte (160–390 cell/mm3) 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 
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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 (α) 
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 

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 

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)

Table 1. Baseline characteristics of COVID-19 patients 
treated with tocilizumab.
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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 

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 
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Variable
Baseline Tocilizumab Administration Final Day

Survived Died p* Survived Died p* Survived Died p*

Fever (°C) 37.8±1.1 37.5 ± 1 0.232 37.4 ± 0.9 37.4 ± 1 0.945 36.6 ± 0.4 36.9 ± 0.6 0.206

Neutrophil (10⁹/L) 5.4±3.6 4.6 ± 2.4 0.265 5.9 ± 3.8 6.7 ± 3.5 0.339 4.7 ± 3.1 9.6 ± 7.1 0.001

Lymphocyte (10⁹/L) 1.01 ± 0.61 0.82 ± 0.32 0.134 0.95 ± 0.63 0.68 ± 0.28 0.038 1.71 ± 0.72 0.72 ± 0.44 0.001

Monocyte (10⁹/L) 0.48 ± 0.31 0.37 ± 0.15 0.101 0.43 ± 0.3 0.3 ± 0.17 0.045 0.67 ± 0.35 0.39 ± 0.37 0.002

Thrombocyte (10⁹/L) 212.5 ± 91.2 196.6 ± 66.3 0.419 280.7 ± 118.2 252.5 ± 88.9 0.27 347.5 ± 145.6 203.5 ± 102 0.001

Ferritin (ng/mL) 1142.2 ± 1081 1026.6 ± 950 0.646 1588.6 ± 1356.3 1960.5 ± 1696.7 0.242 954.1 ± 663.1 5344.8 ± 8597.3 0.001

D-dimer (ng/mL) 1435.6 ± 2695 2030.9 ± 3394 0.353 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 ± 83.5 172.2 ± 107.7 0.009 11.4 ± 27.2 174.5 ± 133.5 0.001

LDH (U/L) 343.3 ± 146.1 389.7 ± 227.2 0.201 392.5 ± 139 519.7 ± 198.3 0.001 290.6 ± 82.1 1304.3 ± 1502.7 0.001

ALT (U/L) 39.5 ± 33.8 29.2 ± 18.3 0.15 60.6 ± 61.8 43 ± 32.5 0.184 100.4 ± 76.1 458.8 ± 910.7 0.001

AST (U/L) 41.3 ± 26.8 51.4 ± 38.3 0.121 57.2 ± 61.4 71.3 ± 52.4 0.304 49.5 ± 32.7 760.6 ± 1430.8 0.001

Procalcitonin (ng/mL) 0.72 ± 2.84 0.45 ± 0.75 0.643 0.38 ± 0.62 0.72 ± 0.72 0.018 0.07 ± 0.08 1.97 ± 2.4 0.001

Troponin (ng/mL) 14.5 ± 20.3 53.8 ± 88.3 0.001 16.6 ± 26 95.2 ± 154.1 0.001 20.7 ± 51 122.2 ± 131.5 0.001

Creatinine kinase (U/L) 245.2 ± 318.6 1057.3 ± 2128 0.001 222.3 ± 363.2 1012.1 ± 1955.2 0.001 78.5 ± 177.3 316.2 ± 283.3 0.001

Fibrinogen (ng/mL) 604.6 ± 160.4 588.7 ± 134.4 0.671 634 ± 175.3 592.1 ± 201.2 0.33 347.9 ± 125 504.6 ± 188.5 0.001

Creatinine (ng/mL) 1.17 ± 1.56 1.1 ± 0.5 0.827 1.02 ± 0.91 1.24 ± 0.64 0.289 0.99 ± 0.64 1.6 ± 0.96 0.001

Table 2. Baseline characteristics of COVID-19 patients treated with tocilizumab.

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

*p<0.05

1 of tocilizumab treatment, HIC scores increased in 
both groups compared to baseline (58.3 ± 0.22 vs. 
74.1 ± 0.15), with a more pronounced rise among de-
ceased patients. By Day 5, overall HIC scores showed 
a decreasing trend (46.0 ± 0.16 vs. 65.1 ± 0.14), but in 
patients who died, scores increased again after Day 
5 (72.3 ± 0.13). In contrast, HIC scores in surviving 
patients continued to decline, reaching below the 
threshold of 35 at discharge (33.8 ± 0.14).

DISCUSSION 

In this retrospective cohort of 961 hospitalized 
COVID-19 patients, tocilizumab was adminis-
tered to 150 patients who developed HIC over an 
11-month study period. The initial group, which 
constituted the majority of patients (82.6%), did 
not receive glucocorticoids before tocilizumab 
according to the treatment protocols in place be-
fore September 2020. Following the publication of 

the RECOVERY trial results supporting the use of 
dexamethasone, a subgroup of 26 patients initially 
received glucocorticoids. Tocilizumab was subse-
quently administered to these patients because of 
the lack of clinical and laboratory improvement af-
ter 2-3 days of glucocorticoids. In the whole cohort 
of tocilizumab-received COVID-19 patients with 
HIC findings, the mortality rate was 16%. 

At the beginning of the COVID-19 pandemic, the 
mortality rates in severe patients were reported 
as high as 40–50% (18). There was no standardized 
treatment approach for patients presenting with a 
severe course, HIC findings, and respiratory failure. 
The earlier results about the efficacy of tocilizumab 
were controversial. In a meta-analysis of eight early 
trials (19-26) without the RECOVERY study, tocili-
zumab was found to be associated with a non-sig-
nificant reduction in mortality, and with the com-
pletion of the RECOVERY tocilizumab study, the 



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

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License. 191

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 Türkiye 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 Türkiye 
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 

Variable
Survived Died

Day 1 Day 5 Day 1 Day 5 p*

Fever (°C) 37.2 ± 0.1 36.5 ± 0.04 36.9 ± 0.4 36.6 ± 0.1 0.538

Neutrophil (10⁹/L) 6.1 ± 0.35 5.6 ± 0.40 5.7 ± 0.97 10.2 ± 1.1 0.026

Lymphocyte (10⁹/L) 0.9 ± 0.05 1.357 ± 0.064 0.797 ± 0.15 0.855 ± 0.176 0.051

Monocyte (10⁹/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 ± 2.8 172 ± 22.8 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) 59.3 ± 5.5 111.8 ± 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 22.5 ± 5.4 82.3 ± 17.7 45.3 ± 14 0.008

Creatinine kinase (U/L) 203 ± 67.3 78.9 ± 36.4 752.3 ± 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

Table 3. The effect of tocilizumab in patient groups on drug day 1 and day 5.

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

*p<0.05
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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, 

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 
non-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 

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. 

1	 Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn 
T, Davidson KW; the Northwell COVID-19 Research Consor-
tium; et al. Presenting characteristics, comorbidities, and out-
comes among 5700 patients hospitalized with COVID-19 in the 
New York City Area. JAMA. 2020;323(20):2052-9. Erratum in: 
JAMA. 2020;323(20):2098. [CrossRef]

2	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course 
and risk factors for mortality of adult inpatients with 
COVID-19 in Wuhan, China: a retrospective cohort study. 
Lancet. 2020;395(10229):1054-62. Erratum in: Lancet. 
2020;395(10229):1038. Erratum in: Lancet. 2020;395(10229):1038. 
[CrossRef]

3	 Dorgham K, Quentric P, Gökkaya M, Marot S, Parizot C, Sauce 
D, et al. Distinct cytokine profiles associated with COVID-19 se-
verity and mortality. J Allergy Clin Immunol. 2021;147(6):2098-
107. [CrossRef]

4	 Petrey AC, Qeadan F, Middleton EA, Pinchuk IV, Campbell RA, 
Beswick EJ. Cytokine release syndrome in COVID-19: Innate 
immune, vascular, and platelet pathogenic factors differ in 
severity of disease and sex. J Leukoc Biol. 2021;109(1):55-66. 
[CrossRef]

5	 Siu KL, Yuen KS, Castaño-Rodriguez C, Ye ZW, Yeung ML, 
Fung SY, et al. Severe acute respiratory syndrome coronavi-
rus ORF3a protein activates the NLRP3 inflammasome by 
promoting TRAF3-dependent ubiquitination of ASC. FASEB J. 
2019;33(8):8865-77. [CrossRef]

6	 Amikishiyev S, Gunver MG, Bektas M, Aghamuradov S, Ince B, 
Koca N, et al. Criteria for Hyperinflammation Developing in 
COVID-19: Analysis of 2 Cohorts From Different Periods of the 
Pandemic. Arthritis Rheumatol. 2023;75(5):664-72. [CrossRef]

7	 Webb BJ, Peltan ID, Jensen P, Hoda D, Hunter B, Silver A, et al. 
Clinical criteria for COVID-19-associated hyperinflammatory 
syndrome: a cohort study. Lancet Rheumatol. 2020;2(12):e754-
63. [CrossRef]

8	 Manson JJ, Crooks C, Naja M, Ledlie A, Goulden B, Liddle T, et 
al. COVID-19-associated hyperinflammation and escalation of 
patient care: a retrospective longitudinal cohort study. Lancet 
Rheumatol. 2020;2(10):e594-602. [CrossRef]

9	 Hassanipour S, Arab-Zozani M, Amani B, Heidarzad F, Fathali-
pour M, Martinez-de-Hoyo R. The efficacy and safety of Favip-
iravir in treatment of COVID-19: a systematic review and me-
ta-analysis of clinical trials. Sci Rep. 2021;11(1):11022. Erratum 
in: Sci Rep. 2022;12(1):1996. [CrossRef]

10	 Solaymani-Dodaran M, Ghanei M, Bagheri M, Qazvini A, Vahe-
di E, Hassan Saadat S, et al. Safety and efficacy of favipiravir in 
moderate to severe SARS-CoV-2 pneumonia. Int Immunophar-
macol. 2021;95:107522. [CrossRef]

11	 Özlüşen B, Kozan Ş, Akcan RE, Kalender M, Yaprak D, Peltek İB, 
et al. Effectiveness of favipiravir in COVID-19: a live systemat-
ic review. Eur J Clin Microbiol Infect Dis. 2021;40(12):2575-83. 
[CrossRef]

12	 Lai CC, Chen CH, Wang CY, Chen KH, Wang YH, Hsueh PR. 
Clinical efficacy and safety of remdesivir in patients with 
COVID-19: a systematic review and network meta-analy-
sis of randomized controlled trials. J Antimicrob Chemother. 
2021;76(8):1962-8. [CrossRef]

13	 Al-Abdouh A, Bizanti A, Barbarawi M, Jabri A, Kumar A, Fasha-
nu OE, et al. Remdesivir for the treatment of COVID-19: A sys-
tematic review and meta-analysis of randomized controlled 
trials. Contemp Clin Trials. 2021;101:106272. [CrossRef]

14	 RECOVERY Collaborative Group. Tocilizumab in patients 
admitted to hospital with COVID-19 (RECOVERY): a ran-
domised, controlled, open-label, platform trial. Lancet. 
2021;397(10285):1637-45. [CrossRef]

15	 Marko M, Pawliczak R. Assessment of the available ther-
apeutic approaches for severe COVID-19: a meta-analysis 
of randomized controlled trials. Sci Rep. 2023;13(1):17114. 
[CrossRef]

REFERENCES

Ethical Approval: The Ethics Committee of Istanbul University, 
School of Medicine approved the study on May 15, 2020, with 
decision number 2020/623.

Informed Consent: N.A.

Peer-review: Externally peer-reviewed

Author Contributions: Concept – S.A., M.B., M.G.G., B.İ., S.Ag., N.K., 
N.Ş., G.D., M.K., M.E., A.A.Ç., S.Ş.Y., S.K.B., F.E., A.G.; Design – S.A., 
M.B., M.G.G., B.İ., S.Ag., N.K., N.Ş., G.D., M.K., M.E., A.A.Ç., S.Ş.Y., 
S.K.B., F.E., A.G.; Supervision – S.A., M.G.G., A.G.; Materials – S.A., 

M.G.G., A.G.; Data Collection and/or Processing – S.A., M.B., M.G.G., 
B.İ., S.Ag., N.K., N.Ş., G.D.; Analysis and/or Interpretation – S.A., 
M.B., M.G.G., B.İ., S.Ag., N.K., N.Ş., G.D., M.K., M.E., A.A.Ç., S.Ş.Y., 
S.K.B., F.E., A.G.; Literature Review – S.A., M.B., M.G.G., B.İ., S.Ag., 
N.K., N.Ş., G.D., M.K., M.E., A.A.Ç., S.Ş.Y., S.K.B., F.E., A.G.; Writer – 
S.A., A.G.; Critical Reviews – A.G.

Conflict of Interest: The authors declare no conflict of interest.

Financial Disclosure: The authors declared that this study has 
received no financial support.

https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/j.jaci.2021.03.047
https://doi.org/10.1002/JLB.3COVA0820-410RRR
https://doi.org/10.1096/fj.201802418R
https://doi.org/10.1002/art.42417
https://doi.org/10.1016/S2665-9913(20)30343-X
https://doi.org/10.1016/S2665-9913(20)30275-7
https://doi.org/10.1038/s41598-021-90551-6
https://doi.org/10.1016/j.intimp.2021.107522
https://doi.org/10.1007/s10096-021-04307-1
https://doi.org/10.1093/jac/dkab093
https://doi.org/10.1016/j.cct.2021.106272
https://doi.org/10.1016/S0140-6736(21)00676-0
https://doi.org/10.1038/s41598-023-44463-2


COVID-19 and Tocilizumab 

Amikishiyev S et al. 194

16	 Keske Ş, Akyol M, Tanrıöver C, Özlüşen B, Akcan RE, Güler U, et 
al. Effectiveness of tocilizumab in non-intubated cases with 
COVID-19: a systematic review and meta-analysis. Infection. 
2023;51(6):1619-28. [CrossRef]

17	 Prokop M, van Everdingen W, van Rees Vellinga T, Quarles van 
Ufford H, Stöger L, Beenen L, et al; COVID-19 Standardized 
Reporting Working Group of the Dutch Radiological Society. 
CO-RADS: A categorical CT assessment scheme for patients 
suspected of having COVID-19-definition and evaluation. Ra-
diology. 2020;296(2):E97-E104. [CrossRef]

18	 Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors asso-
ciated with acute respiratory distress syndrome and death in 
patients with coronavirus disease 2019 pneumonia in Wuhan, 
China. JAMA Intern Med. 2020;180(7):934-43. Erratum in: JAMA 
Intern Med. 2020;180(7):1031. [CrossRef]

19	 Veiga VC, Prats JAGG, Farias DLC, Rosa RG, Dourado LK, Zamp-
ieri FG, et al; Coalition covid-19 Brazil VI Investigators. Effect 
of tocilizumab on clinical outcomes at 15 days in patients with 
severe or critical coronavirus disease 2019: randomised con-
trolled trial. BMJ. 2021;372:n84. [CrossRef]

20	 Rosas IO, Bräu N, Waters M, Go RC, Hunter BD, Bhagani S, et 
al. Tocilizumab in hospitalized patients with severe Covid-19 
pneumonia. N Engl J Med. 2021;384(16):1503-16. [CrossRef]

21	 Hermine O, Mariette X, Tharaux PL, Resche-Rigon M, Porcher 
R, Ravaud P; CORIMUNO-19 Collaborative Group. Effect of to-
cilizumab vs usual care in adults hospitalized with COVID-19 
and moderate or severe pneumonia: a randomized clinical 
trial. JAMA Intern Med. 2021;181(1):32-40. Erratum in: JAMA 
Intern Med. 2021;181(1):144. Erratum in: JAMA Intern Med. 
2021;181(7):1021. [CrossRef]

22	 Salvarani C, Dolci G, Massari M, Merlo DF, Cavuto S, Savoldi L, 
et al; RCT-TCZ-COVID-19 Study Group. Effect of tocilizumab 
vs standard care on clinical worsening in patients hospitalized 
with COVID-19 pneumonia: a randomized clinical trial. JAMA 
Intern Med. 2021;181(1):24-31. [CrossRef]

23	 Stone JH, Frigault MJ, Serling-Boyd NJ, Fernandes AD, Harvey 
L, Foulkes AS, et al; BACC Bay Tocilizumab Trial Investigators. 
Efficacy of tocilizumab in patients hospitalized with Covid-19. 
N Engl J Med. 2020;383(24):2333-44. [CrossRef]

24	 Salama C, Han J, Yau L, Reiss WG, Kramer B, Neidhart JD, et al. 
Tocilizumab in patients hospitalized with Covid-19 pneumo-
nia. N Engl J Med. 2021;384(1):20-30. [CrossRef]

25	 Soin AS, Kumar K, Choudhary NS, Sharma P, Mehta Y, Kataria 
S, et al. Tocilizumab plus standard care versus standard care 
in patients in India with moderate to severe COVID-19-asso-
ciated cytokine release syndrome (COVINTOC): an open-label, 
multicentre, randomised, controlled, phase 3 trial. Lancet Re-
spir Med. 2021;9(5):511-21. [CrossRef]

26	 Gordon AC, Angus DC, Derde LPG. Interleukin-6 receptor an-
tagonists in critically Ill patients with Covid-19. Reply. N Engl J 
Med. 2021;385(12):1147-9. [CrossRef]

27	 Mert A, Vahaboğlu H, Arslan F, Batirel A, Saraçoğlu KT, Bastug 
A, et al. Tocilizumab treatment in severe COVID-19: a multi-
center retrospective study with matched controls. Rheumatol 
Int. 2022;42(3):457-67. [CrossRef]

28	 Altunal LN, Aydın M, Özel AS, Çam G. Appropriate use of to-
cilizumab in COVID-19: early use is beneficial. Infect Dis Clin 
Microbiol. 2022;4(2):116-21. [CrossRef]

29	 Keske Ş, Tekin S, Sait B, İrkören P, Kapmaz M, Çimen C, et al. Ap-
propriate use of tocilizumab in COVID-19 infection. Int J Infect 
Dis. 2020;99:338-43. [CrossRef]

30	 Ramiro S, Mostard RLM, Magro-Checa C, van Dongen CMP, 
Dormans T, Buijs J, et al. Historically controlled comparison of 
glucocorticoids with or without tocilizumab versus support-
ive care only in patients with COVID-19-associated cytokine 
storm syndrome: results of the CHIC study. Ann Rheum Dis. 
2020;79(9):1143-51. [CrossRef] 

31	 Babapoor-Farrokhran S, Gill D, Walker J, Rasekhi RT, Bozorg-
nia B, Amanullah A. Myocardial injury and COVID-19: Possible 
mechanisms. Life Sci. 2020;253:117723. [CrossRef]

32	 Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, 
Khanji MY, et al. Recognizing COVID-19-related myocarditis: 
The possible pathophysiology and proposed guideline for di-
agnosis and management. Heart Rhythm. 2020;17(9):1463-71. 
[CrossRef]

https://doi.org/10.1007/s15010-023-02047-2
https://doi.org/10.1148/radiol.2020201473
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1136/bmj.n84
https://doi.org/10.1056/NEJMoa2028700
https://doi.org/10.1001/jamainternmed.2020.6820
https://doi.org/10.1001/jamainternmed.2020.6615
https://doi.org/10.1056/NEJMoa2028836
https://doi.org/10.1056/NEJMoa2030340
https://doi.org/10.1016/S2213-2600(21)00081-3
https://doi.org/10.1056/NEJMc2108482
https://doi.org/10.1007/s00296-021-04965-6
https://doi.org/10.36519/idcm.2022.116
https://doi.org/10.1016/j.ijid.2020.07.036
https://doi.org/10.1136/annrheumdis-2020-218479
https://doi.org/10.1016/j.lfs.2020.117723
https://doi.org/10.1016/j.hrthm.2020.05.001

