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a  b  s  t  r  a  c  t

Background:  Cytokine  storm  is a marker  of  severity  and  severe  mortality  in  patients  with  coronavi-
rus  disease  2019  (COVID-19)  pneumonia.  Immunomodulatory  treatments  may  reduce  morbidity  and
mortality.
Objectives:  To  determine  whether  a 7-day  course  of  methylprednisolone  (MP)  administered  with and
without  tocilizumab  improves  outcomes  in patients  with  severe  COVID-19  (SARS-CoV-2)  pneumonia
requiring  oxygen  therapy,  relative  to historical  controls.
Study  design  and  method:  In  this  randomized  controlled  study,  patients  hospitalized  with  severe  COVID-19
at  Rashid  Hospital,  Dubai,  in June  2020  were  randomized  1:1 to receive  intravenous  MP (40  mg  twice  daily
for  7 days)  with  or without  a single  dose  of  intravenous  tocilizumab  (400  mg).  While  data  from  the  control
arm, consisting  of  patients  administered  usual  care,  were  obtained  through  retrospective  review  of  their
electronic  medical  records.  The  patients  in  the  three  arms  were matched  by disease  severity  and  inclusion
and  exclusion  criteria.  The  primary  outcomes  were  day  45 all-cause  mortality  after  randomization,  rate
of admission  to the  intensive  care  unit  (ICU),  length  of  ICU  stay,  days  on  ventilators,  and  length  of  hospital
stay.
Results:  In  total,  76 patients  were  recruited,  including  23  treated  with  MP, 26  with  MP  plus  tocilizumab,
and  27 historical  controls.  The  rates  of admission  to  the  ICU  and  invasive  mechanical  ventilation  were
lowest  in  patients  treated  with  MP alone,  with  the rates  in  this  group  being  significantly  lower  than  the
rates  in the control  group  (p  = 0.04).  Time  on a ventilator  was  lowest  in  the  MP group  (1.09  ±  3.68  days)
and  highest  in  the  control  group  (7.93  ± 14.86  days).  The  number  of  days  in the  ICU  was  significantly
lower in  the  MP group  than  in  the  control  and  MP  plus tocilizumab  groups  (p  =  0.043).  One  patient
(4.3%)  in  the MP  group  and  five  (18.5%)  in the control  arm  died  within  45  days.  Survival  was  highest  in
patients  treated  with  MP  alone,  with  the  addition  of  tocilizumab  not  improving  survival  or  any  of the
other  outcomes  significantly.

Interpretation/conclusion:  In patients  with  severe  COVID-19  pneumonia  on oxygen  support,  administra-
tion  of MP  daily  for 7 days  had  reduced  mortality  at  45 days  and  was  associated  with  significantly  lower
ICU  admission  and  ventilation  rates  compared  with usual.  Adding  tocilizumab  to  MP did  not  improve  any
of the  studied  outcomes  significantly.
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Background

Since first reported, coronavirus disease 2019 (COVID-19)
infection has spread worldwide, prompting the World Health Orga-
nization (WHO) to characterize it as a pandemic on 11 March
2020 [1]. Although most patients with COVID-19 develop mild
to moderate disease, approximately 15% develop severe disease
that requires oxygen support, and around 5% have critical disease
with complications such as respiratory failure, acute respiratory
distress syndrome (ARDS), sepsis and septic shock, thromboem-
bolism, and/or multiorgan failure, including acute kidney injury
and cardiac injury [2,3]. Early retrospective data showed increased
mortality rates in patients with elevated inflammatory markers,
such as ferritin, C-reactive protein (CRP), lactate dehydrogenase
(LDH), interleukin-6 (IL-6), and D-dimer [4,5]. Uncontrolled and
persistent cytokine release and a hyperinflammatory response,
termed the COVID-19 cytokine storm (CCS), have been reported
to be major determinants of poor survival [5,6], suggesting that
immunomodulatory treatments may  reduce patient morbidity and
mortality.

Corticosteroids are commonly prescribed as adjuvant therapy
in acute respiratory distress syndrome because of their perceived
anti-inflammatory effects. However, for patients with severe viral
pneumonia, corticosteroid therapy remained highly controversial
[7–11]. The benefits of corticosteroids in improving outcomes of
COVID-19 pneumonia were realized when evidence started to
evolve in the form of retrospective data. In a systematic review
and meta-analysis of 73 comparative studies describing the expe-
rience of corticosteroids in COVID-19 in early 2020, severely ill
patients showed a statistically significant mortality benefit from
corticosteroids [12]. Randomized trials soon emerged to reveal
survival benefits of corticosteroids compared with usual care in
severe COVID-19 pneumonia [13–17]. For example, the UK RECOV-
ERY trial showed that treatment with 6 mg  dexamethasone once
daily reduced mortality rates by one-third in ventilated patients
with severe COVID-19 and by one-fifth in patients receiving oxygen,
when compared with usual care [13]. Several trials examining use
of corticosteroids for COVID-19 were halted after publication of the
RECOVERY trial results; however, a prospective meta-analysis from
the WHO  rapid evidence appraisal for COVID-19 therapies (REACT)
pooled data from 7 randomized clinical trials that totaled 1703 crit-
ically ill patients with COVID19 revealed that the administration of
corticosteroids was associated with lower all-cause mortality at
28 days after randomization. The ORs for the association between
corticosteroids and mortality were similar for dexamethasone and
hydrocortisone. Optimal dose and duration of treatment could not
be assessed in this analysis [14]. This led the WHO  to include corti-
costeroids in treatment guidelines for patients with severe COVID
19 [15].

In the meanwhile, observational studies have found that treat-
ment with other immunomodulator like IL-6 inhibitors was
associated with reduced risks of intubation and/or death in patients
with severe COVID-19 infection [18–21]. By contrast, the results of
randomized trials found that these agents did not have survival
benefits or other clear clinical benefits in these patients [22–24].

At the time we conducted our study, prospective data on steroid
use in patients with severe COVID19 on oxygen support but not
yet requiring mechanical respiratory support remained limited.
The RECOVERY trial results showed a modest benefit of corti-
costeroids in less severely ill patients receiving oxygen without
invasive mechanical ventilation [13]. Furthermore, the WHO  rapid
evidence appraisal for COVID-19 therapies (REACT) could not asses

steroid optimal dose and duration of treatment [14]. Therefore,
reporting the effect of steroids other than dexamethasone, identi-
fying their therapeutic doses and duration of treatment in severely
ill COVID-19 patients on oxygen support, and examining their
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ffectiveness when combined with other immunomodulators have
ecome important. This prospective randomised controlled study
ompared clinical outcomes in three groups of patients with severe
OVID-19 pneumonia requiring oxygen support: those treated
ith methylprednisolone (MP) alone, those administered MP  plus

ocilizumab, and patients receiving usual care alone.

bjectives

The primary objective of this prospective randomized controlled
tudy is to evaluate whether early intravenous MP at dose of 40
g  twice daily for 7 days is effective in improving clinical out-

omes in hospitalized patients with severe COVID-19 (SARS-CoV-2)
neumonia on oxygen support, relative to historical controls. The
econdary objective is to explore whether adding a single dose of
ntravenous tocilizumab (400 mg)  will lead to better clinical out-
omes compared to control in the same group of patients.

atients and methods

tudy design

This prospective study with a retrospective control arm was
erformed June 2020 at Rashid Hospital, the main designated hos-
ital for management of moderate, severe, and critical COVID-19
atients in Dubai. Patients were randomized 1:1 to receive intra-
enous MP,  with or without tocilizumab. Data from the control
rm, consisting of patients administered usual care, were obtained
hrough retrospective review of their electronic medical records.
atients in the three groups were matched by disease severity and
nclusion and exclusion criteria. The study was approved by the
ubai Health Authority ethics committee. Written informed con-

ent was obtained from each patient or from a legal representative if
atients in the prospective groups were unable to provide consent.

ligibility criteria

Patients aged ≥18 years were deemed eligible if they were hos-
italized at Rashid Hospital, Dubai, with clinically and laboratory
onfirmed severe acute respiratory syndrome coronavirus 2 (SARS-
oV-2) infection, as shown by positive results on real-time PCR
RT-PCR) of nasopharyngeal swab samples. Other eligibility crite-
ia included the development lung infiltrates involving >50% of the
ung fields, as shown on chest X-rays, within 48 h of admission;
nd O2 saturation <93% at rest on room air. Patients could receive
oncomitant antiviral and other usual care.

xclusion criteria

Women  of child-bearing age, patients with known hyper-
ensitivity to tocilizumab, and organ transplant recipients were
xcluded. Patients were also excluded if they had other active
nfections, bowel diverticulitis or perforation, heart failure, decom-
ensated liver cirrhosis, cancer, human immunodeficiency virus
HIV) positive, alanine aminotransferase (ALT) or aspartate amino-
ransferase (AST) >5 times the upper limit of normal, neutrophil
ounts <500/�l,  or platelet counts <50.000/�l.

ntervention

Patients were prospectively randomized 1:1 to receive intra-

enous MP  (40 mg  twice daily for 7 days), alone or with a single
ose of intravenous tocilizumab (400 mg). By review of their elec-
ronic medical records, patients in the historical control group
ere retrospectively matched with patients in the prospective
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Table  1
Baseline demographic and clinical characteristics of the patients with severe COVID-19 pneumonia. MP: methylprednisolone, CRP: C-reactive protein; SOB: shortness of
breath.  Results are presented as mean ± SD, unless otherwise indicated.

Variables Total (n = 76) Control group (n = 27) MP  group (n = 23) MP  plus tocilizumab group (n = 26) p-Value

Age, year 48 (23–77) 47.26 ± 12.5 45.04 ± 11.07 51.50 ± 10.75 0.07

Gender no. (%)
Male 65 (85.5) 25 (92.6) 18 (78.3) 22 (84.6)
Females 11 (14.5) 2 (7.4) 5 (21.7) 4 (15.3)

Duration of symptoms, days 5.364 ± 2.73 5.478 ± 2.428 6.307 ± 2.936 0.4

Comorbidities (diabetes and/or
hypertension)

All 42, 55.2% 10, 37.03% 12,52.17% 20, 76.92%
0  34, 44.7% 17, 62.96% 11, 47.83% 6, 23.08%

0.021  28, 36.8% 7, 25.93% 8, 34.78% 13, 50%
2  14, 18.4% 3, 11.11% 4, 17.39% 7, 26.92%

CRP  (mg/dl) on arrival 127 ± 88.17 148.91 ± 99.81 155.23 ± 100.13 0.06

Symptoms at
presentation

Fever 69 (90%) 24 (89%) 23 (100%) 22 (85%)
Cough 59 (77.6%) 22 (81.4%) 17 (74%) 20 (77%)
SOB 50 (65.8%) 19 (70%) 15 (65%) 16 (61.5%)

Chest  X-ray infiltrates involving >50% 75 (98.7%) 26 (96%) 23 (100%) 26 (100%)

Table 2
Primary and secondary outcomes in patients with severe COVID-19 pneumonia receiving methylprednisolone (MP) alone, MP combined with tocilizumab, or usual care
alone.  One-way ANOVA test for all, Kruskal–Wallis test, and Fisher’s exact test/Chi-square test of proportionality were used. Results are presented as mean ± SD,  unless
otherwise indicated. ICU: intensive care unit.

Variables Control group (n
= 27)

MP group (n =
23)

MP plus
tocilizumab
group (n = 26)

p-Values

Total (n = 76) MP  group versus
control

MP  plus
tocilizumab
versus control

Length of hospital stay, days 21 ± 19.85 20.83 ± 12.22 23.27 ± 8.96 0.800 0.9 0.5
Admission to ICU 9, 33.33% 2, 8.69% 6, 23.08% 0.116 0.04 0.4
Invasive mechanical ventilation 9, 33.33% 2, 8.69% 6, 23.08% 0.116 0.04 0.4
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Days  on ventilators 7.93 ± 14.86 1.09 ± 3.68 

Length of ICU stay, days 9.96 ± 16.73 2 ± 6.79 

Day  45 mortality 5, 18.5% 1, 4.35% 

groups by disease severity and the same inclusion and exclusion
criteria, except that they did not receive MP  or the combination
of MP  and tocilizumab. However, 11 patients in the retrospec-
tive control group received tocilizumab as part of their usual
care. All eligible patients in the three groups received usual care,
which included antiviral agents (chloroquine or hydroxychloro-
quine; lopinavir/ritonavir and/or favipiravir) and anticoagulants,
in addition to supportive care with oxygen and intravenous fluids.
Baseline data were obtained from the electronic medical records
maintained by the Dubai Health Authority.

Outcome measures

All patients were followed-up until day 45 after randomization.
The primary outcomes were all-cause mortality, rate of admission
to the intensive care unit (ICU), length of ICU stay, days on ventila-
tors, and length of hospital stay.

Statistical analysis

Continuous variables are reported as mean ± standard devi-
ation, and categorical variables as numbers and percentages.
Continuous variables in the three groups were compared by one-
way ANOVA (for normally distributed data) or the Kruskal–Wallis
nonparametric test (for non-normally distributed data). Categorical

variables in the three groups were compared by Chi-square tests or
Fisher’s exact tests, as warranted. Survival outcomes were deter-
mined by the Kaplan–Meier method and compared by log-rank
tests. p-Values <0.05 were considered statistically significant.

a
n
r
f

987
.38 ± 7.11 0.052 .03 0.1

.92 ± 7.99 0.043 0.03 0.1
, 7.69% 0.231 0.129 0.2

esults

A total of 76 patients were recruited, including 23 treated with
P alone, 26 treated with MP  and tocilizumab, and 27 in the histor-

cal control group; of the latter, 11 were treated with tocilizumab,
hereas 16 were not. The most common stratification factors at

aseline were comparable in the three groups (Table 1). The 76
atients included 65 (85.5%) men  and 11 (14.5%) women, of mean
ge 48 years (range, 23–77 years). Of these patients, 55% had at least
ne major comorbidity, including 47% who  had diabetes and 30%
ho had hypertension. At enrolment, all the participants had clin-

cally and laboratory confirmed SARS-CoV-2 infection, with chest
-rays showing lung infiltrates involving >50% of the lung fields
eveloping within 48 h, with O2 saturation <93% at rest on room
ir.

Table 2 shows the main study outcomes in the three groups.
he rates of admission to the ICU and of progression to invasive
echanical ventilation were lowest in patients treated with MP

lone, and were significantly lower in the MP  group than in the
ontrol group (p = 0.04 each). Mean time on a ventilator was  low-
st in the MP  group (1.09 ± 3.68 days) and highest in the control
roup (7.93 ± 14.86 days). Mean length of ICU stay was significantly
ower in the MP  group than in the control and MP  plus tocilizumab
roup (p = 0.04), whereas mean length of hospital stay was similar
n the three groups. Overall, one patient in the MP  group (4.3%) and
ve (18.5%) in the control group died within 45 days of study enrol-
ent. Kaplan–Meier analysis showed that the overall survival rate
as  highest in the MP  group, and that the addition of tocilizumab

o MP  did not significantly improve survival (Fig. 1). Kaplan–Meier

nalysis also showed that patients in the control group who  were
ot treated with tocilizumab showed the most precipitous early
eduction, indicating a higher early mortality rate, although the dif-
erence between these patients and those in the control group who
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Fig. 1. Kaplan–Meier probability of survival according to treatment assignment.
Kaplan–Meier survival curve showing the probabilities of survival in each treatment
group, including sub analysis of the usual care group. Arm 1A, patients adminis-
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tered usual care without tocilizumab; Arm 1B, patients administered usual care
plus tocilizumab; Arm 2, patients treated with methylprednisolone alone; Arm 3,
patients treated with methylprednisolone plus tocilizumab.

received tocilizumab was not statistically significant, likely because
the sample sizes were very small.

Discussion

The present study investigated the use of MP in a homogeneous
group of patients diagnosed with severe COVID-19 pneumonia who
received supplemental oxygen only at the time of randomization.
The results showed that the 45-day mortality rate was signifi-
cantly lower in patients treated with 40 mg  intravenous MP twice
daily for 7 days than in a matched group of patients treated with
usual care alone. These findings were comparable to those observed
in patients in the RECOVERY trial receiving oxygen and treated
with dexamethasone [12]. MP  reduced the requirement for inva-
sive mechanical ventilation to 8.7%, compared with 33.3% in the
control group. Moreover, patients on MP  spent less time on a ven-
tilator and less time in the ICU than control patients. The addition of
tocilizumab to MP  did not improve patient outcomes significantly,
including patient survival rates. This result is consistent with most
prospective randomized trials of tocilizumab and other IL6 blockers
[9–11], which found that these agents did not enhance survival or
have any other clear clinical benefits. However, comorbidity rates
at the time of enrolment were higher in the MP  plus tocilizumab
group than in the control or MP  groups, which may  have masked
any additive impact of tocilizumab on patient outcomes.

The results of the present study indicate that early use of MP  at
a dose of 40 mg  twice daily for 7 days may  benefit patients with
Covid-19 with severe pneumonia in need of supplemental oxy-
gen and prior to receiving respiratory support. Because this clinical
stage is dominated by immunopathological elements, timely and
appropriate application of glucocorticoid may  play a crucial role
in the treatment of these patients. Adding tocilizumab to pred-
nisolone did not improve any of the studied outcomes in this group
of patients.

Our study had several limitations. First, the control group was
selected retrospectively. Although the control group had simi-
lar disease severity and received the same usual care as patients
treated with MP,  with or without tocilizumab, the latter agent was
administered to 11 of the 26 patients in the control group as part
of their usual care. Furthermore, adverse events related to treat-
ment were not evaluated and the encountered comorbidities were
limited to diabetes and hypertensin. Unfortunately, the number of
diabetic patients in each arm were not large enough to be ana-

lyzed separately. Moreover, although patients in the MP  and MP
plus tocilizumab groups were randomized, treatment assignment
was open labelled. In addition, this was a modest-sized case series
of patients admitted to a single hospital. Therefore, the results of
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tatistical testing and the resultant p-values should be interpreted
ith caution. Specifically, non-significant p-values may not neces-

arily rule out differences between treatment modalities.
Our study findings show promising results and recommend the

se of methylprednisolone in the severe form of the disease; despite
hese promising results, further confirmation is still needed due to
he current study’s limitations.

onclusion

In patients with severe COVID-19 who required oxygen support,
reatment with 40 mg  MP  twice daily for up to 7 days reduced

ortality rates significantly at 45 days compared to a control group
eceiving usual care alone. Moreover, MP  treatment was  associated
ith significantly lower rates of ICU admission and ventilation and

 shorter length of stay in the ICU. Adding tocilizumab to MP did
ot improve any of the studied outcomes. Our results suggest that
ethylprednisolone therapy could be an efficient therapeutic agent

or hospitalized severe COVID-19 patients.
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