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Abstract

Coronavirus disease-2019 (COVID-19) associated pneumonia may progress into acute respiratory distress syndrome (ARDS).
Some patients develop features of macrophage activation syndrome (MAS). Elevated levels of IL-6 were reported to be
associated with severe disease, and anti-IL-6R tocilizumab has been shown to be effective in some patients. This retro-
spective multicenter case—control study aimed to evaluate the efficacy of tocilizumab in hospitalized COVID-19 patients,
who received standard of care with or without tocilizumab. Primary outcome was the progression to intubation or death.
PSMATCH (SAS) procedure was used to achieve exact propensity score (PS) matching.Data from 1289 patients were
collected, and study population was reduced to 1073 based on inclusion—exclusion criteria. The composite outcome was
observed more frequently in tocilizumab-users, but there was a significant imbalance between arms in all critical parameters.
Primary analyses were carried out in 348 patients (174 in each arm) after exact PS matching according to gender, ferritin, and
procalcitonin. Logistic regression models revealed that tocilizumab significantly reduced the intubation or death (OR 0.40,
p=0.0017). When intubation is considered alone, tocilizumab-users had > 60% reduction in odds of intubation. Multiple
imputation approach, which increased the size of the matched patients up to 506, provided no significant difference between
arms despite a similar trend for intubation alone group. Analysis of this retrospective cohort showed more frequent intubation
or death in tocilizumab-users, but PS-matched analyses revealed significant results for supporting tocilizumab use overall
in a subset of patients matched according to gender, ferritin and procalcitonin levels.

Keywords COVID-19 - Tocilizumab - Interleukin-6 (IL-6) - Macrophage activation syndrome - Cytokine storm -
Pneumonia - Acute respiratory distress syndrome

Introduction

Coronavirus disease 2019 (COVID-19), a newly emerged
infectious disease caused by SARS-CoV-2, has evolved into
pandemic rapidly after its first appearance in Wuhan, China
in December 2019. Its clinical features range from asymp-
tomatic cases to a fatal disease course, and older age, male
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gender, diabetes, and hypertension were found to be associ-
ated with a higher mortality [1-4]. Severe disease course can
be seen in about 20% of COVID-19 patients, and it is associ-
ated with the development of pneumonia and coagulopathy.
COVID-19 pneumonia may progress into acute respiratory
distress syndrome (ARDS), mainly due to diffuse alveolar
damage, bronchial epithelial necrosis, neutrophilic and lym-
phomonocytic over recruitment, and vascular endotheliitis,
which is complicated with thrombosis and hemorrhage
[3-5].

@ Springer


http://orcid.org/0000-0001-8945-2385
http://orcid.org/0000-0001-8554-7651
http://orcid.org/0000-0002-6005-636X
http://orcid.org/0000-0001-9470-7418
http://orcid.org/0000-0002-8831-4877
http://orcid.org/0000-0002-3051-8199
http://orcid.org/0000-0001-5230-1575
http://orcid.org/0000-0001-8195-3345
http://orcid.org/0000-0003-4794-9283
http://orcid.org/0000-0003-2182-4693
http://orcid.org/0000-0002-4933-4445
http://orcid.org/0000-0001-6475-3894
http://orcid.org/0000-0002-8603-5145
http://orcid.org/0000-0003-4231-3753
http://orcid.org/0000-0001-8239-2455
http://orcid.org/0000-0002-3131-442X
http://orcid.org/0000-0002-1054-5034
http://orcid.org/0000-0002-7387-5057
http://orcid.org/0000-0003-3510-9703
http://orcid.org/0000-0002-0563-6900
http://orcid.org/0000-0002-9991-814X
http://orcid.org/0000-0001-7455-1049
http://orcid.org/0000-0001-8219-3720
http://crossmark.crossref.org/dialog/?doi=10.1007/s00296-021-04965-6&domain=pdf

458

Rheumatology International (2022) 42:457-467

In addition to direct cytopathic effects of SARS-CoV-2
on respiratory epithelium and vascular endothelial cells, a
group of patients develop a hyperinflammatory state associ-
ated with cytokine storm with features of macrophage acti-
vation syndrome (MAS), such as lymphopenia, elevated fer-
ritin and p-dimer levels, which may contribute to the ARDS
and fatal outcomes [4, 6]. Uncontrolled activation of innate
immunity with increased expression of proinflammatory
cytokines and dysregulated cellular immunity have been
described in association with this hyperinflammatory stage
[7, 8], and especially elevated levels of interleukin-6 (IL-6)
were reported to be associated with severity of COVID-19
[9, 10].

IL-6 cytokine has pleiotropic effects on inflammation and
hematopoiesis and plays a critical role in immune response
by the stimulation of acute phase responses; however, its
dysregulated production contributes to chronic inflamma-
tion, autoimmunity, and cytokine storm [11, 12]. Tocili-
zumab, a humanized monoclonal antibody against IL-6
receptor (IL-6R), has been shown to be effective in several
immune-mediated inflammatory conditions where exces-
sive production of IL-6 was documented [11]. Similarly,
following a favorable report with tocilizumab in 21 patients
with severe COVID-19 pneumonia [13], several open-label
or randomized controlled studies were initiated with tocili-
zumab and other biologic agents blocking IL-6 activity, and
conflicting results were reported so far [14, 15].

Tocilizumab was authorized in the treatment of severe
COVID-19 patients with findings of MAS by Ministry of
Health in Medipol starting from late March 2020, and its
use was later limited those patients inadequately responding
to glucocorticoids following the publication of the RECOV-
ERY trial [16]. We herein aimed to analyze retrospectively
the outcomes of the tocilizumab treatment in hospitalized
patients with severe COVID-19 pneumonia using a compos-
ite outcome of either progression to mechanical ventilation
or death based on the data collected from 12 centers involved
in the management of the COVID-19 during the early phase
of the pandemic to be able to identify parameters affecting
the tocilizumab efficacy.

Patients and methods
Study design and participants

This study was designed as a retrospective multicenter
case—control study to evaluate the efficacy of tocilizumab
treatment in PCR-confirmed COVID-19 patients followed-
up in the participating pandemic hospitals in Medipol from
March 20 to June 15, 2020 by comparing the data of the
Study Group (patients receiving tocilizumab) and the Con-
trol Group (patients treated without tocilizumab).
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In total 12 centers were involved in this study. Seven
centers contributed only to the “Study Group” by sharing
the data of the tocilizumab-received patients, and 4 centers
contributed to both the “Study” and “Control” groups. One
center did not used tocilizumab during this period and pro-
vided the data of their all hospitalized patients treated with
the available standard of care (SOC) to the “Control Group”.

Clinical and laboratory parameters including demograph-
ics, comorbidities, baseline-observation period clinical fea-
tures, initial-observation period laboratory tests, treatments
for COVID-19 and outcomes were collected from the hos-
pital records at the hospital admission and on the day of
tocilizumab administration, or at a matching period of hos-
pitalization with the worst clinical parameters for those who
were not treated with tocilizumab.

The study group consisted of hospitalized adult patients
(= 18 years) with COVID-19 pneumonia, confirmed by PCR
on nasopharyngeal swap, who received SOC with or without
tocilizumab. All patients had bilateral pulmonary involve-
ment on chest imaging that was not fully explained by other
causes. Severe pneumonia was defined as the presence of at
least one of the following: respiratory rate > 30 breaths/min,
Sp02 <£93%, PaO2/Fi02 <300 mmHg at breathing room air
and lung infiltrates of more than 50% within 24-48 h [17,
18].

Exclusion criteria for the use of tocilizumab included
patients aged less than 18, elevated transaminase values (>5
times the upper limit of the normal value), severe neutro-
penia (< 500/mm?>), thrombocytopenia (< 50.000/mm?) and
coexistent infections.

The study protocol was approved by the Medical Eth-
ics Committee of the Medipol University (June 12, 2020;
10840098-604.01.01-16522). Informed consent was not col-
lected based on the study's retrospective nature.

Treatment

All patients received available treatment options as SOC
during hospitalization according to the relevant guidelines
prepared by the COVID-19 Scientific Committee of the Min-
istry of Health of Turkey for the study period. SOC treat-
ment included oxygen supply to be able to reach at least a
target SpO2 of 90%. For medical treatment, some centers
used a 5-day course of hydroxychloroquine (two 400 mg
loading doses on the first day and then 200 mg twice daily),
azithromycin (500 mg daily). Favipiravir (two 1600 load-
ing doses on the first day and then 600 mg twice a day)
was later became available for those who did not respond to
the initial treatment. Three centers used lopinavir-ritonavir
(400/100 mg twice per day) and doxycycline as a repurposed
drug. Antibiotics were used when indicated. Enoxaparin was
preferred as the anticoagulant therapy. The dose of enoxapa-
rin was 2 mg/kg/day, administered twice daily if the p-dimer
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was over 1000 mg/L, and 1 mg/kg daily if the p-dimer was
lower than 1000 mg/L. Convalescent plasma was adminis-
tered to some patients who did not improve clinically with
antiviral treatment. Daily electrocardiograms were taken on
all patients and their QTc intervals were monitored.

In addition to the SOC, non-randomly selected sub-
set of severe patients also received tocilizumab based on
the national treatment guideline, which allowed to use it
in those patients with findings of cytokine storm based on
consecutive measurements of lymphocyte, ferritin, p-dimer,
LDH and procalcitonin values, and physician’s assessment.
Tocilizumab was administered as the initial 400 mg intra-
venous infusion, which was followed by the second dose of
200—400 mg within 12-24 h, resulting in a total dose of up
to 800 mg.

Outcomes

The primary outcome of the study was the progression of the
disease course to the intubation or death. Since the available
data indicated that the efficacy of tocilizumab peaks around
the third day of administration [13], we included those
patients who received tocilizumab before at least 3 days of
the outcome event. Therefore, we excluded patients who
received tocilizumab within 2 days to the outcome event or
received tocilizumab after the event (i.e., intubation).

Adverse effects

Patients receiving tocilizumab were monitored for secondary
infections and acute hepatic injury.

Statistical analysis

Descriptive statistics were provided for baseline and on-
study demographic and clinical variables using median and
interquartile ranges for continuous variables, and using fre-
quency and row/column percentages, when necessary for the
categorical variables. The distribution of continuous vari-
ables was compared between the Study and Control Groups
using Wilcoxon-Mann—Whitney test, and the distribution of
categorical factors was compared between the two arms by
Chi-square or Fisher’s exact test as appropriate.

To be able to overcome the imbalances both in patient
demographics and clinical measures between the tocili-
zumab users and non-users, we carried out ‘matching’ strate-
gies to achieve compatibility between the two arms so that
more statistically and clinically justified comparisons could
be made. To do this, we categorized key measures as fol-
lows: age (045, 45-65, 65 +), lymphocytes (< 0.5, 0.5-1.0,
1.0-1.5, 1.5 +), procalcitonin (< 0.05, 0.05-0.20, 0.20+),
and ferritin (< 500, 500-1000, 1000-1500, 1500 +). We then
employed the SAS PSMATCH procedure to achieve exact

propensity score matching for each tocilizumab user with
a non-user based on combinations of gender, age, ferritin,
lymphocytes, and procalcitonin with the above-mentioned
categorization and made sure that a chosen matching strat-
egy balances the two groups across these key variables.

Our primary outcome variable was the combined out-
come of intubation and/or death, while we investigated intu-
bation only as well after removing the death cases from the
Control Group. We investigated the likelihood of outcome
using logistic regression modelling strategy and the results
of our models were provided as odds ratio (95% confidence
interval) and area under the curve (AUC) achieved.

We searched for missing data patterns and using para-
metric (Hawkins test) and non-parametric tests, we tested
missing mechanism if it is missing completely at random
(MCAR) [19]. As a sensitivity analysis to our main results
mentioned above, we also employed a multiple imputation
(MI) approach using the SAS MI procedure to produce 100
multiply imputed samples to assess the impact of missing
data on our matching strategy and on the results. We then
applied the above-mentioned PS matching approach for each
MI sample and carried out Logistic regression models for
each matched sample. Then, the model results were com-
bined and summarized using the SAS MIANALYZE proce-
dure which utilizes the approaches by Rubin [20].

SAS ® Version 9.4 (Cary, North Carolina, USA) and R
package (The R Foundation) were used for data preparation,
description, analysis and reporting in this study. P values
were not adjusted for multiplicity and as a retrospective
study, these findings should be considered in a hypothesis
generating context and guide future prospective studies. To
lessen the reliance on p values, Bayesian Logistic Regres-
sion results were also provided along with the highest pos-
terior density intervals.

Results
Main study group and initial analyses

Data from 1282 hospitalized COVID-19 patients were col-
lected from 12 participating centers. Figure 1 consort dia-
gram presents the flowchart of the study population to the
final analysis group. Briefly, 15 patients were excluded due
to missing outcome data, and 13 patients were excluded due
to their age of < 18 years at the study entry. Data from 181
cases who used tocilizumab were excluded due to the timing
of the tocilizumab administration following intubation, since
this study aimed to elucidate the efficacy of early adminis-
tration of tocilizumab with respect to the progression to the
composite outcome of the intubation and/or death.
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Fig.1 CONSORT flowchart of
the study group

SUBMITTED PATIENT DATA

N=1289

Exclusions: N=209

» Missing outcome data: N=15
* Pediatric patients: N=13

* Tocilizumab timing: N=181
+ Duplicate Cases: N=7

ANALYSIS COHORT
N=1073

Tocilizamab Users: N=328 (30.6%)

Tocilizumab Non-Users: N=745 (69.4%)

Propensity
Score (PS)
Matching

PS MATCHED COHORT

Exact Match on:

N=348

* Gender.
 Ferritin Categorization
* Procalcitonin Categorization

Tocilizumab Users: N=174 (50.0%)

Tocilizumab Non-Users: N=174 (50.0%)

Multiple Imputation
(MI) followed by PS
Matching

Exact Match on:

MI-PS MATCHED
COHORT
100 MI Samples
N=468-506

* Gender.
* Ferritin Categorization
* Procalcitonin Categorization

Tocilizumab Users: N=234-253 (50.0%)

Tocilizumab Non-Users: N= 234-253 (50.0%)

Final analysis group included a total of 1073 patients
from 12 centers, composed of 328 (30.6%) patients in the
Study Group versus 745 patients in the Control Group.
Demographics, underlying diseases, and relevant severity
indices for the entire study cohort are given in Table 1.
Briefly, the median (IQR) age of the cohort was 53 (42,
65) years. Male gender was dominant (61.4%), and the
most prevalent underlying disease was hypertension
(31%). Patients experiencing the primary endpoint were
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more elderly [age, 52 (41, 63) vs. 67 (56, 79) years] and
had more co-morbidities.

None of the antiviral drugs used during the study period
were later shown to be effective. Only 14 patients of the final
analysis group received glucocorticoids (dexamethasone or
equivalents) during their hospitalization.

Composite outcome was observed significantly more fre-
quently in the Study Group when we did the comparison
in 1073 patients. However, imbalances between the Study
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Table 1 . Den}ographics, All Patients Tocilizumab Use P value!
underlying diseases and
severity indices at admission, No Yes
and outcome variables by
tocilizumab use of the study N Row % N Row % N Row %
cohort All patients 1073 100 745 69.43 328 3057
Age, median (IQR)? 1073 53(42,65) 745  52(40,65) 328 56 (47,65) 0.0001
Gender <0.0001
Female 414 100 338  8l1.64 76 18.36
Male 659 100 407  61.76 252 38.24
Corticosteroid <0.0001
No 1059 100 742 70.07 317 2993
Yes 14 100 3 2143 11 78.57
Respiratory disorders 0.0047
No 1011 100 692  68.45 319 31.55
Yes 62 100 53 85.48 9 14.52
Hypertension 0.0091
No 740 100 532 71.89 208  28.11
Yes 333 100 213 63.96 120 36.04
Cardiovascular disorders <0.0001
No 1006 100 682  67.79 324 3221
Yes 67 100 63 94.03 4 5.97
Chronic renal disease 0.0045
No 1055 100 727 6891 328  31.09
Yes 18 100 18 100
Anti-viral drugs <0.0001
AZT/HCQ 493 100 346 70.18 147 29.82
HCQ 208 100 108 51.92 100 48.08
No 372 100 291  78.23 81 21.77
!Chi-square test of independence or Fisher's exact test as appropriate
2Wilcoxon—8—Whimey test
Tab]e 2 Results of t,he outcome All Patients Tocilizumab use P value
variables for the main study
group of 1073 patients No Yes
N Row % N Col % N Col %
All Patients 1073 100.00 745 100.00 328 100.00
Outcome
Others 957 100.00 685 91.95 272 82.93 <0.0001
Death/intubated 116 100.00 60 8.05 56 17.07
Intubation
No 1005 100.00 705 94.63 300 91.46 0.0498
Yes 68 100.00 40 5.37 28 8.54
Death
No 1025 100.00 725 97.32 300 91.46 <0.0001
Yes 48 100.00 20 2.68 28 8.54
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Group and Control Group were highly significant, mainly
resulting from the collection of the data of more selected
group of patients from the centers which contributed to the
Study Group (Table 2).

Analyses of the matched groups of patients
Matching by the propensity score method

We needed to define a subset of matched patients in two
arms by the propensity score method for a better compari-
son because of the imbalances between the patient groups
and their sources. There were missing values in respiratory
parameters, b-dimer, ferritin, and procalcitonin levels (Sup-
plementary Table 1). None of the combinations of match-
ing possibilities using the PSMATCH procedure in SAS
utilizing the exact matching on the above categorizations as
well as their continuous versions with a caliper of 0.25 as
suggested by Rosenbaum and Rubin provided a reasonable
match that balances the key variables that were explored
[20]. Analyzed variables included gender, age, lymphocyte
and neutrophil counts, CRP, ferritin, and procalcitonin at the
time of tocilizumab administration (Supplementary Table 2).
After testing different combinations, the exact matching
based on gender as well as ferritin and procalcitonin values
on the day of tocilizumab administration provided the high-
est number of matched patients. Based on this one-to-one
matching scheme, 174 patients receiving tocilizumab were
successfully matched with 174 patients who were treated
without tocilizumab, and contribution of each center to the
matched groups is given in Supplementary Table 3.

Analyses in the matched patient groups

Results of the descriptive statistics and the logistic regres-
sion are given in Tables 2 and 3 for the matched cohort of
348 patients consisting of 174 patients each in the Study and
Control Groups.

Odds Ratio (OR) estimates for each outcome variables,
namely combined outcome of intubation and/or death, intu-
bation alone, and death alone are presented in Table 3A
along with the achieved AUC. The composite outcome of
the intubation or death was significantly less in the Study
Group (OR 0.40, 95% CI 0.22-0.71, p=0.0017), and the
benefit of tocilizumab use was mainly associated with
the reduced odds of being intubated (OR 0.37, 95% CI
0.18-0.78; AUC=0.758). In other tested models (Supple-
mentary Table 3), the direction and the magnitude of the
associations were the same, while statistical significance
could not be reached mostly due to much smaller sample
size under matching for gender, age, lymphocyte count,
neutrophil count, ferritin and procalcitonin levels. Bayesian
approaches confirmed the results with similar OR estimates
for the outcome measures (Table 3B).

Six of the matched patients received glucocorticoids (five
in the Study and one in the Control Group). Logistic regres-
sion analyses were repeated after exclusion of these six
patients, and similar results were observed with the initial
analysis (Table 3C).

In this study, we did not use any observation window for
death. All patients were followed from hospital admission
to either discharge or death. Median time to death in 45
patients who died was 17 days (range 1-70 days).

Table 3 Comparison of the

= Tocilizumab P value!

severity indices at the day of

tocilizumab administration of No Yes

the propensity score matched

cohort between the two arms n Mean SD n Mean SD

to shoW the success of the On the day of admission

matching
Age (years) 174 59.73 17.97 174 56.67 13.10  0.058
Sp0O2 162 91.24 7.10 171 90.79 6.96  0.053
Respiratory rate /min 159 23.08 5.08 145 23.95 7.79  0.86
Lymphocytes at admission 168 1.17 0.69 171 1.11 0.81 0.17
Neutrophils at admission 166 5.39 4.95 170 4.97 3.73 0.62
WBC at admission 168 7.21 5.15 158 6.13 4.02  0.048

On the day tocilizumab administration or similar days in the controls group

Procalcitonin (ug/L) 174 2.10 8.39 174 0.44 1.65 0.83
Neutrophils (10%/mm?) 171 6.87 6.89 174 5.49 323 099
Lymphocytes (10>/mm?) 171 0.93 061 174 0.98 090 0.63
p-dimer (mg/L) 152 3.34 4.82 152 2.84 2.78 0.53
Ferritin (ug/L) 174 819.46 605.32 174 1127.93 129491 0.11
CRP (mg/dl) 173 4.43 5.71 173 4.19 4.63 0.23

"Wilcoxon—Mann-Whitney test
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Regarding the existence of co-morbidities, there was an
indication of imbalance between two groups (39.1% in the
Study Group and 49.4% in the Control Group, P=0.066).

Analyses with the imputed data

As a sensitivity analysis, the same analyses we conducted
with the exact matched group were carried out based on 100
multiply imputed data as missingness in the data was making
the propensity score matching more difficult, resulting in a
much smaller final matched data than desired. Representa-
tion of the achieved balance between the two study arms in
the multiply imputed data with propensity score-matching
is given in Table 4. Despite the increased sample size of
568 patients, the severity measures including O2 saturation,
respiratory rate, and lymphocyte count were not balanced.
OR values from these 100 MI samples are given in Table 5,
which show that multiple imputation data did not show a
significant difference between the outcome variables of intu-
bation or death or their combination in two groups, although
the point estimate was in the same direction as the exact
matching analysis.

Discussion

This retrospective case—control study was conducted with
data from 12 centers in Medipol and aimed to assess the
efficacy of tocilizumab on the progression of COVID-19

Table 5 Odds ratio (OR) estimates from the final logistic model using
100 multiply imputed datasets with PS matching, where likelihood of
outcome is modelled with the control group as the reference group

Outcome of interest OR (95% CI) P Value AUC
Intubation/death 1.178 (0.693, 2.003) 0.54 0.521
Intubation alone* 0.741 (0.367, 1.498) 0.40 0.537
Death alone 2.325 (0.968, 5.583) 0.059 0.600

*Deaths were not included in the comparative group for the intuba-
tion cohort

pneumonia as defined by requirement of intubation or
death occurring before intubation. Tocilizumab was more
frequently used in patients with risk factors for increased
mortality including male sex, hypertension, advanced age,
and higher number of co-morbidities compared to a control
group consisting of all hospitalized patients with different
disease severity during the initial phase of the pandemic.
The composite outcome of progression of respiratory find-
ings to intubation or death was observed less frequently in
patients who received tocilizumab when compared to the
control group, when patients were matched according to
gender, ferritin, and procalcitonin levels. Favorable effect of
tocilizumab was significant for the prevention of intubation
in those patients, but there was no difference in death rates
if the patients died of possibly cardiac or other yet unknown
reasons before the intubation.

COVID-19 runs a variable disease course, and during the
initial phase of the pandemic there was no strict rules for

Table 4 Odds ratio estimates from the final logistic model using the propensity score-matched data and modelling the likelihood of outcome

(The control group is the reference group)

A. Logistic regression results

Modelling the likelihood of No. of Events OR (95% CI) P Value AUC
Intubation/death 63 0.40 (0.22, 0.71) 0.0017
Intubation alone* 44 0.32 (0.16, 0.64) 0.0014
Death ALONE 19 0.71 (0.28, 1.82) 0.48

B. Bayesian analysis results

Modelling the likelihood of No. of Events OR (95% HPDI)

Intubation/death
Intubation alone*
Death alone

63
44
19

0.41 (0.20, 0.67)
0.33 (0.13, 0.58)
0.79 (0.20, 1.59)

C. Repeated analysis after the exclusion of six patients who received glucocorticoids

Modelling the likelihood of No. of events OR (95% CI) P Value AUC
Intubation/death 62 0.38 (0.21, 0.69) 0.0014
Intubation alone* 43 0.30 (0.14, 0.61) 0.0010
Death alone 19 0.73 (0.29, 1.87) 0.51

*With Death cases removed from the comparative group

**HPDI Highest posterior density interval
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hospitalization, which aimed to take care of severe patients
as well as isolation and close follow-up of some others with
potential risk factors. Majority of the Control Group of this
study came from two centers who did not use tocilizumab
at all or used in a few, and three centers provided limited
number of patients (Supplementary Table 3). On the other
hand, the Study Group comprised patients from 11 centers,
which used tocilizumab and provided no (n="7) or limited
number of patients to the Control Group. Because of the
differences in the composition of the study arms causing a
systematic bias associated with participating centers (Sup-
plementary Table 4), it is not unexpected to observe that
almost all critical factors affecting the outcome were poor
in the Study Group in the initial analyses conducted in 1073
patients. We, therefore, aimed to repeat the analyses in a
matched group of patients.

Propensity score method has frequently been used
to select a matched group of patients for a more reliable
comparison, and we tried exact matching strategies using
different combinations of critical parameters affecting the
outcome. Exact matching strategies provided highest num-
bers of patients when they matched according to gender,
ferritin and procalcitonin values. Logistic regression analy-
sis and Bayesian approaches revealed favorable results for
tocilizumab-users for the composite outcome of intubation
or death or for the prevention of intubation.

Improvement in the outcomes in favor of tocilizumab
after matching for gender, ferritin, and procalcitonin may
possibly indicate the potential subgroup who may benefit
from the treatment more as those patients with findings
of MAS. IL-6 has been associated with the severe disease
course and hyperinflammatory response, and it has been
defined as one of the potential biomarkers [9, 10]. Targeting
IL-6 has been successfully used for the treatment of cytokine
storm resulting from different causes including CAR-T cell
treatment [12]. Excessive production of IL-6 has been found
to be associated with the impaired immune cell cytotoxicity
in severe COVID-19, too [21]. But efficacy of IL-6 blockade
on the restoration of immune functions remains to be docu-
mented [22]. On the other hand, it is also possible that the
combination of gender, ferritin and procalcitonin may have
caused a biased population by excluding those with more
unfavorable outcome.

There was no significant difference between the Study
and Control Groups when the death was the main outcome.
By the design of the study, death outcome was associated
with those patients who died before intubation, which may
suggest involvement of rapidly progressive respiratory prob-
lems such as pulmonary embolism or mainly non-respiratory
disorders, such as cardiac pathologies associated with sud-
den death. Differential efficacy of tocilizumab on the risk of
death occurring before intubation and the mortality associ-
ated with progression of respiratory failure warrants further

@ Springer

studies. It is also necessary to rule out the role of drug toxici-
ties for the medications frequently used as the SOC during
the study period such as hydroxychloroquine and azithro-
mycin. The frequency of combined use of these drugs were
similar between the two arms (44.8% vs. 46.4%, respectively,
for the Study Group vs. the Control Group), while hydroxy-
chloroquine alone was more frequently used in the Study
Group Arm (30.5% vs. 14.5%)). In the propensity-matched
cohort, similar unbalance continued for the hydroxychloro-
quine alone treatment as the SOC with 35.6% frequency for
the Study Group and 12.6% for the Control Group.

Several case series and controlled studies with tocili-
zumab were reported so far with conflicting results either
showing a favorable or no effect on the outcome of severe
COVID-19, mainly due to the lack of power or problems
associated with the study designs affecting the patient
selection, SOC or timing of the drug administration [14,
15, 23-26]. In most of these studies, tocilizumab treatment
was not aimed at treating the patients selected according to
the findings of cytokine storm/macrophage activation syn-
drome such as lymphopenia and high ferritin levels, but they
targeted mainly patients with severe COVID-19 pneumonia
with poor respiratory findings. It has become obvious that
diffuse alveolar damage, respiratory failure, and vascular
thrombosis have been associated with different pathologies
including activation of bradykinin system and inflamma-
tory mediators other than IL-6 as well as bacterial pneumo-
nia [5, 27]; and cytokine storm possibly contributes to the
pathogenesis in a subset of patients with variable inflam-
matory characteristics including IL-6 as well as other pro-
inflammatory mediators. Also, most of the studies lacked
enough power to balance the heterogeneity of the COVID-19
patients with severe disease course. Recently published pre-
liminary results of the Recovery group analyzed the largest
cohort of patients, and their study was able to document the
favorable effects of tocilizumab on the course and mortal-
ity of patients with COVID-19 pneumonia [24]. Since the
Recovery trial started after the release of dexamethasone
trial data of the same group, most of the patients (82%) were
also using glucocorticoids [24]. Similarly, 93% of patients in
REMAP-CAP trial also received glucocorticoids [25]; which
may be a contributing factor to the favorable effects observed
with tocilizumab in those trials by controlling inflammatory
mediators other than IL-6 [28, 29]. Current study represents
the early period of the pandemic when glucocorticoids were
not the SOC for patients requiring respiratory support. The
matched group included only six patients who received glu-
cocorticoids, and their exclusion did not change the main
results. Therefore, the subset characteristics defined in this
study may help identifying the parameters for the target
population who could benefit from tocilizumab, possibly
including those associated with hyperinflammatory response
such as ferritin.
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There are many limitations of this study mainly due to its
retrospective nature, systemic biases resulting from different
treatment approaches of the participating centers, differences
in the indications and timing of tocilizumab use as well as
high number of missing values in critical parameters. We
tried to limit the study period for the early phase of the pan-
demic since the critical outcomes are expected to improve
as the physicians get experienced for the management of
the disease and development of better treatments. Also,
because of the missing data and loss of several patients’
information due to exact matching, we did multiple imputa-
tion analysis, which did not show a significant difference
between the tocilizumab group and others, but it revealed
the same trend as the propensity score matched groups in
favor of intubation-only subset. Type-1 error threshold of
0.05 was used for significance of the results. No multiplicity
adjustment for the p values were carried out due to the two
main reasons: First, comparing the two arms of the study
for the entire study was carried out to illustrate the need
for matching of cases with controls; thus actual p values
are naturally more conservative; secondy, when assessing
the similarity achieved through propensity score matching,
we used the p values without multiplicity correction as it
would be again more conservative. After the propensity
score matching, the logistic regression models built are all
univariable models, tand hus multiple testing issue is already
minimized. To lessen the potential concerns regarding the p
values, Bayesian logistic regression models for the primary
outcome variables were also conducted and highest posterior
density intervals were provided to present the amount of
evidence for the tocilizumab therapy.

In conclusion, initial analysis of this retrospective inves-
tigation showed more frequent intubation or death outcome
in the study group; however, propensity score-matched
case—control series showed favorable results supporting
the tocilizumab use overall, especially for the prevention of
intubation in a subset of patients with inflammatory findings
of macrophage activation syndrome without accompanying
secondary infections, which are characterized by ferritin and
procalcitonin values. Also tocilizumab may have no benefi-
cial effect on the causes leading to death before intubation.
Future studies are needed to define the subset of patients who
may benefit more from tocilizumab treatment to prevent pos-
sible adverse events associated with unnecessary treatments
[30], and clinical trials should aim to recruit the patients
based on the findings of hyperinflammatory response despite
the SOC, which now includes glucocorticoids.
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