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Purpose: The pathogenesis of coronavirus disease 2019 (COVID-19) is complicated, and in
addition to antiviral therapy and combating coagulopathy, treatment should also include
inhibition of the proinflammatory cytokines overproduction. The purpose of this study is to
compare the effectiveness of tocilizumab (TCZ) and dexamethasone (DEX) administered
alone or in combination in patients with severe COVID-19.
Patients and Methods: Patients were selected from the SARSTer database, containing
3330 individuals with COVID-19 treated between 1 March 2020 and 10 March 2021. The
current study included adult patients with baseline oxygen saturation (SpO2) ≤90%, requiring
regular or non-invasive high-flow oxygen supplementation.
Results: Among included 460 patients, 59 were treated with TCZ, 125 with TCZ and DEX,
169 with DEX, and 107 did not receive TCZ nor DEX. The groups were balanced regarding
demographics, coexisting diseases, baseline SpO2, and comedications with remdesivir or
low-molecular-weight heparin. The death rate of 6.8% was significantly lower in patients
receiving TCZ alone than each arm (19.6%–23.1%), particularly in patients with interleukin6 concentration exceeding 100pg/mL (5% vs 22.9%–51.7%, respectively). Analysis of
clinical improvement demonstrated doubled, significantly higher rate after 21 and 28 days
in patients treated with TCZ alone (60% and 75%, respectively) compared to DEX (27.6%
and 37.9%, respectively). The need for mechanical ventilation was similar in all arms.
Conclusion: In patients with severe course of COVID-19, particularly those developing
cytokine storm, administration of TCZ provides a significantly better effect than DEX
regarding survival, clinical improvement, and hospital discharge rate. The combination of
TCZ and DEX does not improve therapy effectiveness in patients with severe COVID-19
compared to the administration of TCZ alone.
Keywords: SARS-CoV-2, COVID-19, tocilizumab, dexamethasone, cytokine storm

Introduction
The 2019 coronavirus disease (COVID-19) outbreak posed a huge epidemiological,
diagnostic and therapeutic challenge. The availability of vaccines has given hope of
calming this global crisis but has not diminished the need for effective therapy. The
search for effective treatment options focused on repurposing approved drugs with
proven activity in other diseases. The main recommendations were remdesivir, lowmolecular-weight heparin, and dexamethasone. However, the pathogenesis of
COVID-19 is complicated, and in addition to its antiviral activity and combating
coagulopathy, therapy should also include inhibition of the proinflammatory
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cytokines overproduction. This so-called cytokine storm is
responsible for multiorgan damage and is believed to be
the leading cause of COVID-19-related deaths. The first
recommended method of cytokine storm control was dex
amethasone, which has some effect in advanced disease in
patients requiring mechanical ventilation.1 However, to
prevent the development of this stage of COVID-19,
which is characterized by high mortality, it is necessary
to reduce significantly elevated levels of proinflammatory
cytokines, including interleukin (IL)-6.2 It has been shown
that higher levels of IL-6 are significantly associated with
increased mortality in patients.3 Therefore, tocilizumab
(TCZ), an inhibitor of IL-6 receptors, was considered
a possible therapeutic option.2–5 Although some prelimin
ary studies have not confirmed the efficacy of TCZ, pos
sibly due to the heterogeneity of the studied populations,
the authors have not ruled out a possible benefit of IL-6
receptor blockade in some patient populations.6,7 Finally,
the most recent and largest study by Salama et al showed
a survival benefit in patients treated with TCZ. In addition,
it has recently been demonstrated that this regimen may be
particularly effective in reducing mortality and the need
for mechanical ventilation in patients with baseline IL-6
levels greater than 100 pg/mL, especially if they require
supplementation with oxygen.3,8
The purpose of this study is to compare the effectiveness
of tocilizumab and dexamethasone administered alone or in
combination in patients with severe COVID-19.

Patients and Methods
Patients included in the current analysis originated from the
SARSTer national database, which included 3330 patients
treated between 1 March 2020 and 10 March 2021 in 30
Polish centers. This ongoing project, supported by the
Polish Association of Epidemiologists and Infectiologists
(PTEiLChZ) and Medical Research Agency, is a national
real-world experience study assessing treatment in patients
with COVID-19. The study was conducted according to the
guidelines of the Declaration of Helsinki, and approved by
the Ethics Committee of Medical University of Białystok
(29 October 2020, number APK.002.303.2020).
Additionally, the local bioethics committees approved the
experimental use of tocilizumab in patients with COVID-19
and written informed consent was obtained from each
patient before the treatment initiation.
All the patients were diagnosed with COVID-19 based
on positive results of the real-time reverse transcriptase–
polymerase chain reaction (RT-PCR) from the
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nasopharyngeal swab specimen. The decision about the
treatment regimen was taken entirely by the treating phy
sician concerning current knowledge and recommenda
tions of the PTEiLChZ.9,10 Throughout the analyzed
period, tocilizumab and dexamethasone were recom
mended in patients with respiratory failure and cytokine
storm in accordance with these national guidelines. It was
conditionally possible to use dexamethasone in an earlier
phase of disease related to viral replication as long as the
patient was receiving remdesivir.9,10 The national COVID19 treatment guidelines, created by PTEiLChZ, were
stable with respect to the administration of DEX and
TCZ, and included these drugs in the first issue from
March 2020 and the most recent one from April 2021.
The current study included 460 adult patients with
baseline oxygen saturation (SpO2) ≤90%, classified
according to the ordinal scale as a hospitalized requiring
regular oxygen supplementation (score 5) or on noninvasive ventilation with high-flow oxygen equipment
(score 6). Patients with acute respiratory distress syndrome
(ARDS) at baseline and those receiving monoclonal anti
body directed against cytokine or viral receptors except
tocilizumab were excluded. Among included 460 patients,
59 were treated with TCZ, 125 with TCZ and dexametha
sone (DEX), 169 with DEX, and 107 did not receive TCZ
nor DEX. Tocilizumab (RoActemra, Roche Pharma AG)
was administered intravenously at 8 mg/kg (maximum
dose: 800 mg) in a single dose (1-h infusion) after exclu
sion of severe bacterial and HBV infection, in patients
with a neutrophil count ≥2×109/l, a platelet count
≥50×103/l and alanine aminotransferase levels below 5
times the upper limit of normal. If no improvement was
observed, the second dose was considered after 8–12
h according to the national recommendations.9,10 Data
were entered retrospectively and submitted online by
a web-based platform operated by Tiba sp. z o.o.
Baseline data included age, gender, body mass index
(BMI), coexisting conditions, other medication-related to
COVID-19, SpO2, and laboratory measures of inflamma
tion, including C-reactive protein (CRP), procalcitonin,
white blood cells (WBC), platelets, interleukin 6 (IL-6),
and d-dimers. To differentiate patients regarding survival
prognosis while on tocilizumab therapy, we applied
a threshold of baseline serum IL-6 concentration of 100
pg/mL, which we established previously.3
The end-points of treatment effectiveness were death
rate, need for mechanical ventilation, rate of discharge from
the hospital on day 14, 21, or 28, and rate of clinical
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improvement measured according to the ordinal scale. This
scale is based on WHO recommendations modified to fit the
specificity of the national health care system as applied
previously.11,12 Clinical improvement was defined as at
least a 2-point decrease from baseline to 14, 21, and 28
days of hospitalization. The ordinal scale was scored as
follows: 1) unhospitalized, no activity restrictions; 2) unhos
pitalized, no activity restrictions and/or requiring oxygen
supplementation at home; 3) hospitalized, does not require
oxygen supplementation and does not require medical care;
4) hospitalized, requiring no oxygen supplementation, but
requiring medical care; 5) hospitalized, requiring normal
oxygen supplementation; 6) hospitalized, on non-invasive
ventilation with high-flow oxygen equipment; 7) hospita
lized, for invasive mechanical ventilation or extracorporeal
membrane oxygenation (ECMO); and 8) death.

Statistical Analysis
The results were expressed as mean ± standard deviation
(SD) or n (%). P values of <0.05 were considered to be
statistically significant. The significance of difference was
calculated by chi-square or Fisher’s exact tests (as appro
priate) for nominal variables and by Mann–Whitney U and
Kruskal–Wallis ANOVA for continuous and ordinal vari
ables. Due to the variability in group size, the Fisher’s
p-values were accompanied by odds ratio (OR) as the
sample size-independent effect size measures. Survival
analyses were performed by Log rank (Mantel––ox) test

supported by the Mantel–Haenszel hazard ratio (MH HR)
and its 95% confidence interval as the effect size measure.
Survival analyses were depicted as Kaplan–Meier (KM)
plot. Statistical analyses were performed by GraphPad
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA).

Results
Patient Characteristics
Among 184 patients treated with TCZ alone or in combi
nation with DEX, 95 (52%) received a second dose of
TCZ. As shown in Table 1, groups were balanced regard
ing gender, age, BMI, accompanying diseases, and come
dications with remdesivir or low-molecular-weight
heparin. There were also no statistically significant differ
ences between particular groups regarding baseline SpO2
values, platelet counts, and D-dimers concentration. The
median time between diagnosis and medication was 3 and
2 days, respectively, whereas median time between the
symptoms onset and medication was 9 days for both regi
mens. The highest CRP and IL-6 were noticed in both
arms treated with TCZ (Table 1).

Treatment Effectiveness
As shown in Table 2, the death rate of 6.8% was significantly
lower in patients receiving TCZ alone than each arm, which
demonstrated rates between 19.6% and 23.1%. Further ana
lysis performed by Log rank Mantel–Cox test and depicted as
a Kaplan–Meier plot showed a significantly better survival

Table 1 Baseline Characteristics of Patients Included in the Study
TCZ

DEX

TCZ/DEX

No-TCZ/no-DEX

P

N=59

N=169

N=125

N=107

Females/males (n, %)

27/32, 46/54

65/104, 39/61

47/78, 38/62

41/66, 38/62

0.73

Age, years (mean, SD)

63.4, 12.5

64.4, 14.9

64.4, 14.9

67.0, 15.0

0.24

BMI (mean, SD)
Accompanying diseases (n, %)

29.7, 5.2
50, 84.7

29.1, 5.3
144.0, 85.2

29.6, 5.2
101, 80.8

29.7, 6.4
91, 85.0

0.79
0.75

Remdesivir (n, %)
Heparin (n, %)

22, 37.3
53, 89.8

71, 42.0
143, 84.6

40, 32.0
109, 87.2

42, 39.3
83, 77.6

0.37
0.12

Convalescent plasma (n, %)

7, 11.9

40, 23.7

29, 23.2

11, 10.3

0.01

Low-flow oxygen (n, %)
High-flow oxygen (n, %)

54, 92.5
5, 8.5

153, 90.5
16, 9.5

117, 93.6
8, 6.4

100, 93.5
7, 6.5

0.74
0.74

SpO2, % (mean, SD)

85.4, 6.0

84.9, 6.5

84.3, 5.8

85.1, 5.5

0.34

CRP, mg/l (mean, SD)
Procalcitonin, ng/mL (mean, SD)

129.6, 103.5
0.3, 0.5

104.9, 72.4
0.5, 2.1

142.3, 79.4
0.7, 3.1

110.0, 77.3
0.6, 2.0

<0.001
0.02

WBC, /µl (mean, SD)

6108, 2819

7792, 3482

8441, 4136

7855, 5835

<0.001

Platelets, ×103/µl (mean, SD)
IL-6, pg/mL (mean, SD)

207, 86
139, 239

228, 101
71, 141

223, 85
192, 253

224, 113
77, 116

0.52
<0.001

D-dimers,

1360, 2418

3823, 14,745

2884, 7296

2841, 6477

0.21

ng/mL (mean, SD)
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Table 2 Treatment Effectiveness Among All Patients Included in the Study
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TCZ

DEX

TCZ/

No-TCZ/no-

DEX

DEX

TCZ/DEX vs TCZ

no-TCZ/no-DEX vs
TCZ

N=59

N=169

N=125

N=107

n (%)

n (%)

n (%)

n (%)

Death

4 (6.8)

39 (23.1)

28 (22.4)

21 (19.6)

0.006, 0.24 (0.08–0.71)

0.01, 0.25 (0.09–0.76)

0.04, 0.30 (0.10–0.91)

Mechanical ventilation

4 (6.8)

15 (8.9)

18 (14.4)

10 (9.3)

0.79, 0.75 (0.24–2.35)

0.15, 0.43 (0.14–1.34)

0.77, 0.70 (0.21–2.36)

Improvement on day 14

21 (35.6)

81 (47.9)

50 (40.0)

43 (40.2)

0.12, 0.60 (0.32–1.11)

0.62, 0.83 (0.43–1.57)

0.62, 0.82 (0.42–1.59)

Improvement on day 21

34 (57.6)

111 (65.7)

73 (58.4)

67 (62.6)

0.28, 0.71 (0.39–1.30)

1.00, 0.97 (0.52–1.81)

0.62, 0.82 (0.42–1.55)

Improvement on day 28

44 (74.6)

122 (72.2)

87 (69.6)

75 (70.1)

0.86, 1.13 (0.58–2.22)

0.60, 1.28 (0.63–2.58)

0.59, 1.25 (0.61–2.56)

Discharged on day 14

16 (27.1)

76 (45.0)

46 (36.8)

37 (34.6)

0.02, 0.45 (0.24–0.87)

0.24, 0.64 (0.32–1.26)

0.39, 0.70 (0.35–1.42)

Discharged on day 21

30 (50.8)

110 (65.1)

73 (58.4)

64 (59.8)

0.06, 0.55 (0.30–1.01)

0.35, 0.74 (0.40–1.37)

0.32, 0.69 (0.37–1.32)

Discharged on day 28

43 (72.9)

119 (70.4)

87 (69.6)

73 (68.2)

0.87, 1.13 (0.58–2.19)

0.73, 1.17 (0.59–2.34)

0.60, 1.25 (0.62–2.53)

rate in patients treated with TCZ than others (Figure 1). In
patients with IL-6 ≥100pg/mL, treatment with DEX or noTCZ/no-DEX resulted in a significantly higher death rate
(51.7% and 45.5%, respectively) compared to TCZ alone
(5%), (Table 3). In contrast, patients with IL-6 <100pg/mL
death rate did not demonstrate significant differences
between particular regimen arms including no-TCZ/noDEX (Table 4).
The need for mechanical ventilation was similar in all
arms, but in patients with IL-6 ≥100 pg/mL treated with
DEX, a significantly higher percentage was shown (31%)
compared to no such cases among receiving TCZ alone
(Table 3). Analysis of clinical improvement rate carried
out in this population demonstrated doubled, significantly
higher clinical improvement rate after 21 and 28 days in
patients treated with TCZ alone (60% and 75%, respec
tively) compared to DEX (27.6% and 37.9%, respectively)
(Table 3). There were no such differences regarding clin
ical improvement while analysis was carried out either in
the whole population or in patients with IL-6 <100pg/mL

Figure 1 Kaplan–Meier plots of patients survival in particular arms by Log rank
Mantel–Cox test supported by the Mantel–Haenszel hazard ratio (HR) and its 95%
confidence interval.
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P, OR (±95% CI)

(Tables 2 and 4). The rate of discharge from the hospital
on day 14 was significantly higher in DEX- (45%) than
TCZ (27.1%)-treated patients, but the differences faded
away on days 21 and 28 (Table 2). A similar tendency
was observed in a population of patients with IL-6
<100pg/mL (Table 4). In contrast, among patients with
IL-6 ≥100pg/mL, these treated with TCZ demonstrated
on day 28 a significantly higher discharge rate (70%)
compared to patients treated with DEX (34.5%), (Table 3).

Discussion
Patients with COVID-19 who progress into cytokine storm
are at risk of death due to hyperactivation and dysregulation
of the immune response. Considering the pathogenesis of the
systemic hyperinflammatory syndrome, the benefits of the
immunomodulatory therapy at this stage of the disease were
studied in the randomized clinical trials and observational
RWE cohorts.1,3,4,6–8,13,14 Among drugs, the positive effect
of which was assumed, corticosteroids and tocilizumab, were
most often analyzed.
In the current real-world experience study, we evalu
ated and compared the impact of different immunomodu
latory management in patients hospitalized with severe
COVID-19 defined as baseline SpO2 ≤90% on air and
requirement of the regular or non-invasive high-flow oxy
gen supplementation. With no differences between treat
ment arms in terms of demographics, comorbidities, and
baseline severity status assessed by the rate of patients on
regular and high-flow oxygen support, we found
a significantly lower 28-day mortality rate among patients
treated with TCZ as compared to those receiving DEX,
combined therapy with TCZ/DEX and untreated indivi
duals. The difference in death rate between TCZ and
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Table 3 Treatment Effectiveness Among Patients with IL-6≥100pg/mL
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TCZ

DEX

TCZ/

No-TCZ

DEX

/no-DEX

N=20

N=29

N=70

N=22

n (%)

n (%)

n (%)

n (%)

DEX vs TCZ

TCZ/DEX vs TCZ

No-TCZ/no-DEX vs
TCZ

P, OR (±95% CI)

Death

1 (5.0)

15 (51.7)

16 (22.9)

10 (45.5)

<0.001, 0.05 (0.01–0.42)

0.11, 0.18 (0.02–1.43)

0.004, 0.06 (0.01–0.56)

Mechanical ventilation

0 (0)

9 (31.0)

10 (14.3)

5 (22.7)

0.007, 0.05 (0.01–0.97)

0.11, 0.14 (0.01–2.51)

0.05, 0.08 (0.01–1.50)

Improvement on day 14

6 (30.0)

3 (10.3)

25 (35.7)

3 (13.6)

0.13, 3.71 (0.80–17.2)

0.79, 0.77 (0.26–2.26)

0.27, 2.71 (0.58–12.8)

Improvement on day 21

12 (60.0)

8 (27.6)

41 (58.6)

7 (31.8)

0.04, 3.94 (1.17–13.2)

1.00, 1.06 (0.38–2.93)

0.12, 3.21 (0.91–11.4)

Improvement on day 28

15 (75.0)

11 (37.9)

49 (70.0)

10 (45.5)

0.02, 4.91 (1.39–17.3)

0.78, 1.29 (0.41–4.00)

0.07, 3.60 (0.97–13.4)

Discharged on day 14

4 (20.0)

3 (10.3)

24 (34.3)

2 (9.1)

0.42, 2.17 (0.43–10.9)

0.28, 0.48 (0.14–1.60)

0.40, 2.50 (0.40–15.4)

Discharged on day 21

10 (50.0)

8 (27.6)

41 (58.6)

7 (31.8)

0.14, 2.62 (0.79–8.69)

0.61, 0.71 (0.26–1.92)

0.34, 2.14 (0.61–7.51)

Discharged on day 28

14 (70.0%)

10 (34.5)

49 (70.0)

10 (45.5)

0.02, 4.43 (1.30–15.1)

1.00, 1.00 (0.34–2.96)

0.13, 2.80 (0.78–10.0)

TCZ/DEX vs TCZ

No-TCZ/no-DEX vs

Table 4 Treatment Effectiveness Among Patients with IL-6<100pg/mL
TCZ

DEX

TCZ/

No-TCZ/no-

DEX

DEX

N=39

N=140

N=55

N=85

n (%)

n (%)

n (%)

n (%)

DEX vs TCZ

TCZ
P, OR (±95% CI)

Death

3 (7.7)

24 (17.1)

12 (21.8)

11 (12.9)

0.21, 0.40 (0.11–1.41)

0.09, 0.30 (0.08–1.14)

0.54, 0.56 (0.15–2.14)

Mechanical ventilation

4 (10.3)

6 (4.3)

8 (14.5)

5 (5.9)

0.23, 2.55 (0.68–9.54)

0.75, 0.67 (0.18–2.41)

0.46, 1.83 (0.46–7.22)

Improvement on day 14

15 (38.5)

78 (55.7)

25 (45.5)

40 (47.1)

0.07, 0.50 (0.24–1.03)

0.53, 0.75 (0.32–1.73)

0.44, 0.70 (0.32–1.52)

Improvement on day 21

22 (56.4)

103 (73.6)

32 (58.2)

60 (70.6)

0.05, 0.46 (0.22–0.97)

1.00, 0.93 (0.41–2.13)

0.15, 0.54 (0.25–1.18)

Improvement on day 28

29 (74.4)

111 (79.3)

38 (69.1)

65 (76.5)

0.51, 0.76 (0.33–1.73)

0.65, 1.30 (0.52–3.25)

0.82, 0.89 (0.37–2.14)

Discharged on day 14

12 (30.8)

73 (52.1)

22 (40.0)

35 (41.2)

0.02, 0.41 (0.19–0.87)

0.39, 0.67 (0.28–1.59)

0.32, 0.63 (0.28–1.42)

Discharged on day 21

20 (51.3)

102 (72.9)

32 (58.2)

57 (67.1)

0.02, 0.39 (0.19–0.81)

0.53, 0.76 (0.33–1.73)

0.11, 0.52 (0.24–1.21)

discharged on day 28

29 (74.4)

109 (77.9)

38 (69.1)

63 (74.1)

0.67, 0.82 (0.36–1.88)

0.65, 1.30 (0.52–3.25)

1.00, 1.01 (0.42–2.41)

DEX treatment was even more remarkable when the com
parison was conducted in a population with baseline IL6≥100pg/mL corresponded to a hyperinflammatory state.
Despite a small number of patients (20 and 29), the statis
tical significance of difference was documented, 5% vs
51.7% (p<0.001).
Our findings on reducing the mortality rate with TCZ
are in line with the results of the most recent analysis from
a randomized trial RECOVERY.13 The improvement of
survival, probability of discharge from hospital within 28
days, and reduction in the risk of progressing to require
mechanical ventilation were reported among 2022 patients
treated with TCZ compared to usual care. The beneficial
effect of TCZ was documented in patients receiving both
non-invasive and invasive oxygen support. Although the
overall conclusions of the analysis are consistent with
ours, the positive impact of TCZ was larger in patients
who also received the systemic corticosteroids (82% of the
analyzed cohort), which is contrary to findings from the
current study. However, it should be noted that according
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to baseline characteristics, the studied population differs
from ours regarding oxygen requirement, 13% was at
baseline on the invasive mechanical ventilation, 41%
received non-invasive high-flow support, whereas the
majority of patients in our study received regular lowflow support, 92.5% and 93.6% in TCZ and TCZ/DEX
arms, respectively. Moreover, the assessment of the elig
ibility to randomization was based on the CRP level with
out the measurement of the IL-6 concentration, and these
disparities could affect the results and explain the differ
ences in the conclusions.
A significant proportion of patients on mechanical
ventilation was also included in the COVACTA trial com
paring TCZ and placebo in severe COVID-19 related
pneumonia.4 No improvement of clinical status and the
lower mortality rate was demonstrated for the use of TCZ
in 294 patients compared to 144 individuals in the placebo
group, but 19.4% and 28.5% of the participants also
received corticosteroids, which makes the comparison
with our results impossible.
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The EMPACTA trial studied a population more similar
to ours, which consisted of hospitalized patients with
COVID-19 pneumonia not receiving mechanical ventila
tion, of whom 249 were assigned to TCZ and 128 to
placebo.8 Although the likelihood of progression to the
composite outcome of mechanical ventilation or death
was reduced in the TCZ arm, no improvement of the
survival was documented. Noteworthy, in both TCZ and
placebo groups, more than 80% received systemic corti
costeroids, so detailed data on the effectiveness of TCZ
and corticosteroids separately and in combination was no
provided again. Also, the results from several randomized
trials, that included 60–67 patients, assessing the use of
TCZ did not support the findings on the significant reduc
tion in mortality.6,15,16 The small numbers of included
patients may reduce the statistical power to detect
a treatment effect on the outcome of the disease, while
the RECOVERY is the largest trial to date assessing the
efficacy of interventions of COVID-19.
Another therapeutic option evaluated within this study
in the large population of hospitalized COVID-19 patients
with different levels of respiratory support was DEX,
given in a dose of 6 mg once daily.1 Significantly lower
28-day mortality rates were demonstrated in 2104 indivi
duals treated with DEX compared to 4321 receiving the
usual care, 22.9% vs 25.7%, respectively. Interestingly, 8%
of those assigned to the usual care arm were treated with
DEX as part of their clinical care. According to the base
line characteristics, the studied cohort in both treatment
arms presented more severe clinical presentation compared
to our analysis with 15%, 16% of the patients on the
mechanical ventilation and 61%, 60% on the noninvasive oxygen supplementation in DEX and usual care
group, respectively. Since the greater impact on the death
rate and probability of discharge was reported for the
patients on the invasive mechanical ventilation, excluded
from our analysis, it could be a possible explanation for
the differences in the obtained results. The meta-analysis
performed to estimate the association between the admin
istration of corticosteroids, including DEX, and the mor
tality rate in critically ill patients with COVID-19
confirmed this population as the most beneficial from
DEX treatment regardless of the dose.17 On the other
hand, no effect of low dose DEX on the mortality rate
was documented in the large real-world cohort of 1311
Italian patients with baseline SpO2<90% not receiving
invasive mechanical ventilation, and these results are con
sistent with ours.18
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The current analysis demonstrated no benefit from com
bining TCZ with DEX. No randomized clinical trial has
evaluated the combined therapy with tocilizumab and corti
costeroids; only some RWE data, mainly with the use of
methylprednisolone (MPS), are available with inconclusive
results. The single-center retrospective study conducted
among 255 Spanish patients with severe COVID-19 pneu
monia, of whom 21 were assigned to TCZ, 38 to MPS, 78
were treated with both agents, and 118 did not receive
immunomodulators, documented the greatest reduction of
in-hospital mortality for the combination of corticosteroids
and TCZ, with death rates 33.3%, 44.7%, 29.5%, and
58.5%, respectively.19 Similar results were achieved in the
Italian single-center observational study performed by
Mikulska et al.20 Among 196 non-intubated individuals
with severe pneumonia included in the analysis, the lowest
mortality rate of 8.9% was demonstrated in patients treated
with combined therapy, whereas rates reported in those
treated with TCZ and MPS were 13.8% and 28.9%, respec
tively. The same corticosteroid formulation was also used in
the SAM-COVID study, which aimed to compare treatment
with TCZ, MPS, or combined therapy performed by
Rodriguez-Bano et al in patients with the hyperinflammatory
state.21 This RWE project included 434 patients receiving
treatment and 344 untreated individuals. Similarly to our
study, patients on mechanical ventilation at the admission
were excluded from the analysis, and the majority of parti
cipants in all therapeutic options required low-flow oxygen
supplementation, 92.8%, 95.7%, 97.4%, 91.3%, and 96.4%
in TCZ, corticosteroids applied in intermediate-high or pulse
dose, combined treatment and untreated population, respec
tively. The main endpoint was mechanical ventilation or
death, depending on what happened first, achieved by
11.4%, 23.1%, 15.4%, 25.6%, and 21.1% in the abovemen
tioned study arms. Based on the results of this study, very
similar in design to ours, the authors concluded that TCZ
might be useful in patients with a hyperinflammatory state
and therefore should be prioritized in the research, and this
summary supported our observations.
Comparing the results of our analysis to other studies,
the critical issue that requires further research is identify
ing the patients likely to benefit from TCZ and corticoster
oids and the timing to implement such therapies to
optimize the outcome.
The current study has several limitations that we are
aware of, and some of them are related to its observational
and retrospective nature. The choice of the immunomodula
tory treatment was made by treating physicians based on
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medical knowledge and national recommendations without
randomization. We did not evaluate the impact of the timing
of drug application on the outcome of the disease. Focusing
on the efficacy of the assigned medications, we did not
analyze the safety data for this report. And finally, the
electronic data capture could result in possible data entry
errors. Since our study is observational, we must consider
the possibility of an immortal time bias. However, in all
groups, observation was started at the admission to the
hospital, analyzed drugs were usually introduced during
the first days of hospitalization and median time between
symptom onset and drug administration was exactly the
same for tocilizumab and dexamethasone.
The major strength of the current analysis is the collection
of data from a real-world experience study, which is
a representative of routine clinical practice, but also the avail
ability of baseline serum IL-6 in all studied patients. However,
the final analysis was conducted on a relatively homogeneous
population of severely but not critically ill patients including
those entering the cytokine storm. Effective pharmacotherapy
at this stage of the disease can prevent mechanical ventilation,
which significantly affects the chances of survival.

Conclusions
In patients with severe course of COVID-19, particularly
those developing cytokine storm, administration of tocilizu
mab provides a significantly better effect than dexametha
sone regarding survival, clinical improvement, and hospital
discharge rate. The combination of tocilizumab and dexa
methasone does not improve therapy effectiveness in these
patients compared to the administration of tocilizumab alone.
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