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Abstract

Background: Due to the lack of proven therapies, we evaluated the effects of early administration of tocilizumab
for COVID-19. By inhibition of the IL-6 receptor, tocilizumab may help to mitigate the hyperinflammatory response
associated with progressive respiratory failure from SARS-CoV-2.

Methods: A retrospective, observational study was conducted on hospitalized adults who received intravenous
tocilizumab for COVID-19 between March 23, 2020 and April 10, 2020.

Results: Most patients were male (66.7%), Hispanic (63.3%) or Black (23.3%), with a median age of 54 years.
Tocilizumab was administered at a median of 8 days (range 1–21) after initial symptoms and 2 days (range 0–12)
after hospital admission. Within 30 days from receiving tocilizumab, 36 patients (60.0%) demonstrated clinical
improvement, 9 (15.0%) died, 33 (55.0%) were discharged alive, and 18 (30.0%) remained hospitalized. Successful
extubation occurred in 13 out of 29 patients (44.8%). Infectious complications occurred in 16 patients (26.7%) at a
median of 10.5 days. After tocilizumab was administered, there was a slight increase in PaO2/FiO2 and an initial
reduction in CRP, but this effect was not sustained beyond day 10.

Conclusions: Majority of patients demonstrated clinical improvement and were successfully discharged alive from
the hospital after receiving tocilizumab. We observed a rebound effect with CRP, which may suggest the need for
higher or subsequent doses to adequately manage cytokine storm. Based on our findings, we believe that
tocilizumab may have a role in the early treatment of COVID-19, however larger randomized controlled studies are
needed to confirm this.
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Background
Coronavirus Disease 2019 (COVID-19) is a rapidly pro-
gressing disease with severe lung injury as the primary
cause of death [1]. Lung autopsies have revealed histo-
logic patterns of diffuse alveolar damage and perivascu-
lar T-cell infiltration in the presence of intracellular
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [2]. Once invaded, the virus is known to cause
immune dysfunction by activating various proinflamma-
tory cytokines, resembling that of cytokine release syn-
drome (CRS) [3, 4]. Among the numerous cytokines that
are released, interleukin-6 (IL-6) is thought to play a
major role in causing acute respiratory distress syn-
drome (ARDS) [5, 6].
Tocilizumab, an antagonist of soluble IL-6 receptor, is

being evaluated for the management of COVID-19. Pre-
viously approved for the treatment of severe or life-
threatening chimeric antigen receptor (CAR) T cell-
induced CRS, its ability to downregulate the immune
system may reduce the detrimental effects of COVID-
19 [7, 8]. Studies have demonstrated tocilizumab to be
associated with improvements in inflammatory markers,
clinical response, and survival [9–21]. During an unpre-
cedented time when proven effective therapies are lack-
ing, we aimed to describe our real-life experience using
tocilizumab for COVID-19.

Methods
Setting
We retrospectively analyzed hospitalized patients who
received intravenous (IV) tocilizumab for COVID-19
within our large health care system in Miami, Florida be-
tween March 23, 2020 and April 10, 2020. Our health
system is comprised of three acute care facilities with
over 2500 licensed beds, including 150 adult intensive
care unit beds. This study was approved by the Univer-
sity of Miami Institutional Review Board and Jackson
Health System Clinical Research Review Committee and
a waiver of informed consent was granted.

Tocilizumab process
Tocilizumab was restricted to the Antimicrobial Steward-
ship Program with pre-approval authorization for the
management of highly suspected or laboratory-confirmed
SARS CoV-2 infection. The approval consisted of a
screening process to see if the patient first met criteria
for tocilizumab, followed by a multidisciplinary discus-
sion between the treating physician, infectious diseases
physicians, pulmonary/critical care physicians, and phar-
macists. Since February 2020, we followed an institution-
specific clinical protocol to determine when to consider
COVID-19 investigational agents. For tocilizumab, pa-
tients were eligible if they met all of the following criteria:
requiring ≥4 liters of nasal cannula to maintain a SpO2 >

93%, demonstrate signs of clinical deterioration, have
elevations in at least two inflammatory markers (interleu-
kin-6 > 40 pg/ml, C-reactive protein > 10mg/dL, lactate
dehydrogenase > 350 U/L, ferritin > 1000 ng/mL, D-
dimer > 1 mcg/ml). Tocilizumab was not recommended
in patients with concominant bacterial infections, base-
line ALT or AST > 5 times the upper limit of normal
(ULN), baseline platelet count < 100 × 109/L, baseline
absolute neutrophil count < 1.5 × 109/L, or known history
of diverticular disease or gastrointestinal perforation.
However, exceptions were made if the treating physician
believed the potential benefit could outweigh the risk.
We administered flat doses of 400mg (30–100 kg) and
600mg (> 100 kg) based on the limited evidence and
resource allocations during that time [11, 22].

Study participants
Eligible patients were hospitalized adults (age ≥ 18 years)
with suspected or laboratory-confirmed SAR-CoV-2 in-
fection and received at least one dose of IV tocilizumab.
Any patients with high clinical suspicion for COVID-19
and later confirmed as negative by qualitative real-time
PCR were excluded. All patients received standard of
care treatment for COVID-19 based on our institution-
specific protocol, which at the time included hydroxy-
chloroquine. Other therapies such as methylpredniso-
lone, intravenous immunoglobulin, and convalescent
plasma were recommended on a case-by-case basis. Data
to support dexamethasone for COVID-19 was published
after the completion of our study.

Outcomes and definitions
The electronic medical record was retrospectively
reviewed to collect data on day − 1, 0, 1, 2, 3, 4, 5, 7, 10,
14 and 30 relative to tocilizumab administration. We re-
corded laboratory and respiratory parameters, clinical im-
provement (defined as ≥2-point reduction on the WHO
COVID-19 ordinal scale), all-cause mortality, proportion
of patients discharged, proportion of patients requiring
oxygen support, proportion of patients requiring intensive
care unit (ICU) care, proportion of patients successfully
extubated (defined as not requiring re-intubation within
the same hospitalization), and infectious complications
within 30 days of receiving tocilizumab [23]. Infectious
complications were defined as having a positive culture
from a sterile site and treated by the medical team; we ex-
cluded cases of suspected colonization or contamination.
Oxygenation was assessed by calculating PaO2/FiO2 from
the morning arterial blood gas (ABG) and corresponding
FiO2. For infrequent cases when an ABG was not available
to measure the PaO2, we used an estimation formula
based on the corresponding SpO2, S/F = 64 + 0.84 * PaO2/
FiO2 [24]. Acute respiratory distress syndrome (ARDS)
was defined according to the Berlin Criteria [25].
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Statistical analysis
Descriptive statistics were used to analyze our study popu-
lation. Continuous variables were expressed as median
and range while categorical variables were expressed as
counts and percentages. Pearson’s chi-squared test or
Fisher’s exact test (as appropriate) was used to compare
categorical data. Mann-Whitney-Wilcoxon test was used
to compare ordinal data. A p-value of < 0.05 was consid-
ered statistically significant. All statistics were performed
using SPSS (version 24, Chicago, IL).

Results
A total of 63 patients received tocilizumab during our
study period (see Additional file 1: Appendix 1 sup-
plemental material). Three patients were excluded after

they were empirically treated as “patients under investi-
gation” per the US Centers for Disease Control and Pre-
vention criteria and then later confirmed to have a
negative qualitative real-time PCR with an alternative
diagnosis of infection. Patient characteristics are de-
scribed in Table 1. Most patients were male (66.7%),
Hispanic (63.3%) or Black (23.3%), with a median age of
54 years old (range 26–87). The most common comor-
bidities were obesity (58.3%), hypertension (53.3%), and
diabetes (25.0%). The median time from symptom onset
to hospital admission was 6 days. The median time from
hospital admission to receiving tocilizumab was 2 days.
The median time from symptom onset to receiving toci-
lizumab was 8 days, and this did not differ between the
subgroup of patients who died. A majority of patients

Table 1 Patient characteristics

All (N = 60) Died (n = 9)

Age, median (range), years 54 (26–87) 58 (33–84)

Male, n (%) 40 (66.7) 8 (88.9)

Ethnicity

Hispanic 38 (63.3) 6 (66.7)

Black 14 (23.3) 2 (22.2)

White 7 (11.7) 1 (11.1)

Asian 1 (1.7) 0 (0.0)

Comorbidities

Obese (BMI > 30) 35 (58.3) 6 (66.7)

Hypertension 32 (53.3) 8 (88.9)

Diabetes 15 (25.0) 3 (33.3)

Congestive heart failure 4 (6.7) 1 (11.1)

Coronary artery disease 1 (1.7) 0 (0.0)

Asthma 4 (6.7) 0 (0.0)

COPD 1 (1.7) 1 (11.1)

Obstructive sleep apnea 2 (3.3) 0 (0.0)

HIV 1 (1.7) 0 (0.0)

Transplant 1 (1.7) 0 (0.0)

Concomitant therapies

Hydroxychloroquine 52 (86.7) 8 (88.9)

Corticosteroids 32 (53.3) 5 (55.6)

Inhaled nitric oxide 5 (8.3) 1 (11.1)

Intravenous immunoglobulin (IVIG) 4 (6.6) 0 (0.0)

Tacrolimus 2 (3.3) 1 (11.1)

Convalescent plasma 2 (3.3) 0 (0.0)

Plasmapheresis 1 (1.7) 0 (0.0)

Time from symptom onset to hospital admission, median (range), days 6 (1–14) 7 (1–14)

Time from hospital admission to receiving tocilizumab, median (range), days 2 (0–12) 1 (0–4)

Time from symptom onset to receiving tocilizumab, median (range), days 8 (1–21) 8 (1–15)

Note: abnormal medians highlighted in bold
aLuo H, et al. Clin Lab 2019;65(3).
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Table 2 Clinical presentation on day of tocilizumab administration

Disease severity n (%)

WHO Ordinal Scale

8 (deceased) 0 (0.0)

7 (invasive mechanical ventilation + organ support) 17 (28.3)

6 (invasive mechanical ventilation) 9 (15.0)

5 (non-invasive ventilation or high-flow oxygen) 9 (15.0)

4 (oxygen by mask or nasal prongs) 24 (40.0)

3 (hospitalized without oxygen therapy) 1 (1.7)

1–2 (not hospitalized) 0 (0.0)

Temperature≥ 38 °C 28 (46.7)

Heart rate≥ 100 beats/min 34 (56.7)

Respiratory rate≥ 30 breaths/min 36 (60.0)

Abnormal chest imaging 59 (98.3)

Vasopressor use 18 (30.0)

Renal replacement therapy 4 (6.7)

Use of paralytics 9 (15.0)

Proned 5 (8.3)

Room air 1 (1.7)

Nasal cannula 18 (30.0)

Venti-mask 3 (5.0)

Nonrebreather 7 (11.7)

High-flow nasal cannula 6 (10.0)

Non-Invasive Positive Pressure Ventilation 2 (3.3)

Invasive mechanical ventilation 23 (38.3)

ARDS

Mild (201 < PaO2/FiO2≤ 300) 13 (21.7)

Moderate (101 < PaO2/FiO2 ≤ 200) 21 (35.0)

Severe (PaO2/FiO2 ≤ 100) 16 (26.7)

PaO2/FiO2, median (range) 166 (33–523)

SOFA score, median (range) 3 (0–11)

ICU care 45 (75.0)

Laboratory parameters Median (range) Reference values Number of patients with available data

White blood cell count, ×109/L 9 (2.7–29.6) 4.0–10.5 51

Absolute neutrophil count, ×109/L 6.85 (1.8–26.8) 2.0–6.0 49

Absolute lymphocyte count, ×109/L 0.8 (0.2–2.6) 1.1–2.7 48

Neutrophil-to-lymphocyte ratio (NLR) 7.56 (2.25–62) 0.88-4a 48

Hemoglobin, g/dL 12.7 (9–15.9) 11.1–14.6 51

RDW-CV, % 14 (11.6–18.3) 11–15 51

Platelets, ×109/L 240 (101–513) 140–400 49

Sodium, mmol/L 135 (123–148) 135–145 53

CO2, mmol/L 24 (11–36) 22–30 53

AST, U/L 70.5 (25–711) 15–46 46

ALT, U/L 51.5 (6–242) 9–52 46

Total bilirubin 0.65 (0.2–2.4) 0.2–1.3 48

Creatinine, mg/dL 0.88 (0.4–4.58) 0.66–1.25 53
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received hydroxychloroquine (86.7%). Of the 32 patients
that received steroids, 12.5% received < 6 mg/day of
dexamethasone equivalents, 15.6% received 6–20 mg/
day of dexamethasone equivalents, and 71.9% received
> 20 mg/day of dexamethasone equivalents. The me-
dian weight for our cohort was 91.5 kg (range 59–
182) and the average dose of tocilizumab adminis-
tered was 4.75 mg/kg. Forty-seven patients received a
flat dose of 400 mg and the remaining received 600
mg. Only 3 patients received a second dose of
tocilizumab.

The clinical presentation of patients on the day of toci-
lizumab administration are described in Table 2. For dis-
ease severity, most patients scored a 4 (40.0%) or 7
(28.3%) based on the WHO COVID-19 ordinal scale.
Most patients received oxygen supplementation via nasal
cannula (30.0%) or invasive mechanical ventilation
(38.3%). The median PaO2/FiO2 was 166 (range 33–523)
and 50 patients (83.3%) had ARDS. For abnormal labora-
tory values, we observed neutrophilia, lymphopenia, ele-
vated neutrophil-to-lymphocyte ratio, elevated aspartate
aminotransferase (AST), along with increased levels of

Table 2 Clinical presentation on day of tocilizumab administration (Continued)

Disease severity n (%)

Interleukin-6, pg/mL 133.9 (8.73–2160.69) none 26

C-reactive protein, mg/dL 24.2 (3.2–45) 0.0–0.9 49

Erythrocyte sedimentation rate, mm/hr 50 (18–102) 0–10 24

Lactate dehydrogenase, U/L 1333 (477–5089) 313–618 47

Ferritin, ng/mL 1412.5 (45–29,304) 30–400 46

Procalcitonin, ng/mL 0.40 (0.027–16.34) 0–0.08 33

D-dimer, mcg/mL 1.3 (0.4- > 20) 0–0.49 33

Troponin, ng/mL 0.104 (< 0.012–7.21) 0–0.034 15

Table 3 Outcomes within 30 days of receiving tocilizumab

n (%) All Received steroids No steroids p-value

Clinical improvement 36/60 (60.0) 13/36 (36.1%) 23/36 (63.9%) 0.0015

WHO ordinal scale on day of tocilizumab administration, median (range) 4 (3–7) 4 (4–7) 4 (3–7) 0.47

WHO ordinal scale on day 30, median (range) 1 (1–4) 1 (1–4) 1 (1–4) -

Mortality 9/60 (15.0) 5/9 (55.6%) 4/9 (44.4%) 1.00

Time to death from receiving tocilizumab, median days (range) 6 (1–14)

Discharged alive 33/60 (55.0) 15/33 (45.5%) 18/33 (54.5%) 0.27

Hospital length of stay, median days (range) 15 (0–32)

Required ICU care 52/60 (86.7) 31/52 (59.6%) 21/52 (40.4%) 0.02

Remained admitted to ICU at day 30 13/52 (25.0)

Step down to floor at day 30 5/52 (9.6)

Discharged from hospital alive by day 30 25/52 (48.1)

Died by day 30 9/52 (17.3)

Required invasive mechanical ventilation 29/60 (48.3) 19/29 (65.5%) 10/29 (34.5%) 0.12

Successful extubation 13/29 (44.8) 7/13 (53.8%) 6/13 (46.2%) 0.27

Duration of mechanical ventilation, median days (range) 15 (6–35)

Infectious complications 16/60 (26.7) 10/16 (62.5%) 6/16 (37.5%) 0.57

Time to first infection, median days (range) 10.5 (2–28)

Cultures drawn while in ICU, n (%) 26/29 (89.7)

Cultures drawn while intubated, n (%) 25/29 (86.2)

Type of infection, n (%)

Respiratory 14/29 (48.3)

Bloodstream 14/29 (48.3)

Urinary 1/29 (3.4)
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interleukin-6 (IL-6), C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), lactate dehydrogenase
(LDH), ferritin, procalcitonin, D-dimer, and troponin.
Outcomes for patients within 30 days from receiving

tocilizumab are summarized in Table 3. A total of 36 pa-
tients (60.0%) achieved clinical improvement, 9 patients
(15.0%) died, 33 patients (55.0%) were discharged from
the hospital alive, and 18 patients (30.0%) remained hos-
pitalized. Of those who clinically improved, 13 patients

(36.1%) received concomitant steroids. A total of 52 pa-
tients (86.7%) resided in the ICU and 29 (48.3%) patients
required invasive mechanical ventilation. Thirteen pa-
tients (44.8%) were successfully extubated within 30 days
of tocilizumab administration. We identified 29 cultures
in 16 patients (26.7%) who developed infectious compli-
cations post-tocilizumab, with 10 (62.5%) of these pa-
tients having received steroids. The median time to first
infection was 10.5 days (range 2–28). The most common

Fig. 1 Progression of laboratory markers within 14 days of tocilizumab (results shown as median and IQR using Prism GraphPad version 8).
Troponin: lower limit of detection < 0.012 ng/ml; D-dimer: upper limit of detection > 20 mcg/ml
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types of infection were respiratory (48.3%) and blood-
stream (48.3%) (see Additional file 1: Appendix 3 sup-
plemental material). We describe additional clinical
measures pertaining to organ complications, modes
of ventilation, and SOFA scores in Additional file 1:
Appendix 2 supplemental material.
The progression of select laboratory and respiratory

parameters within 14 days of tocilizumab are displayed
in Fig. 1 and Fig. 2. We observed an initial reduction in
CRP; however levels began to rise again after day 10.
The opposite effect was seen with D-dimer. We saw an
increase in IL-6 and improvements in both lymphopenia
and oxygenation as measured by PaO2/FiO2. No clear
trends were seen for lactate dehydrogenase, procalcito-
nin, troponin, or neutrophil-to-lymphocyte ratio (NLR).

Discussion
During the rapidly spreading pandemic, providers were
faced with the challenge of recommending investiga-
tional agents for the treatment of COVID-19. Since

elevated IL-6 levels have been associated with ICU ad-
mission, ARDS, and death, we chose to prescribe toci-
lizumab in patients with suspected CRS [6]. We aimed
to provide early administration of tocilizumab in patients
not yet on mechanical ventilation but with signs of wors-
ening disease. Results from the EMPACTA trial demon-
strated that patients who received tocilizumab were 44%
less likely to progress to mechanical ventilation or death
[26]. In our cohort, 9 out of the 31 patients who received
tocilizumab early on later progressed to invasive mech-
anical ventilation. In the future, we hope to explore the
effects of tocilizumab timing, as there may be a window
of opportunity for preventing progressive respiratory
failure.
Our patients presented with typical manifestations of

COVID-19 and signs and symptoms of cytokine release
syndrome. Similar to previous reports, patients with more
severe disease demonstrated transaminitis, along with ab-
normal blood counts such as neutrophilia, lymphopenia,
and elevated NLR ratio [4, 27]. After receipt of toci-
lizumab, CRP levels decreased but unlike other studies,
this effect was not sustained [10–12]. CRP started to in-
crease again after day 10, which correlates with tocilizu-
mab’s elimination half-life of 11 to 13 days [28].
Compared to other studies where reductions in CRP
remained until day 14, our patients received lower doses
and the majority did not receive a second dose [14, 17].
This suggests that tocilizumab’s effect on CRP may be
dose-dependent and that re-dosing after 10 days may be
warranted. Previous pharmacokinetic data has also sug-
gested that at least two doses of tocilizumab are needed to
achieve adequate drug levels in plasma [7]. As expected,
repeat IL-6 levels, although only available for one third of
our patients, increased quickly after tocilizumab adminis-
tration. This effect is known to occur after competitive
binding of tocilizumab to the IL-6 receptor, resulting in
the temporary accumulation of free IL-6 in the serum
[29]. We also observed an increase in D-dimer that peaked
at day seven, and then decreased. Some have correlated
D-dimer with the risk of developing pulmonary embolism
in COVID but this was not investigated in our study. No
clear trends were seen for LDH or procalcitonin, suggest-
ing that these markers are non-specific to COVID-19.
There are mixed results on the effects of oxygenation

after tocilizumab administration in COVID-19 patients.
Studies have reported improvements in oxygenation
while others did not [11, 13, 30]. We observed an overall
increase in PaO2/FiO2 after tocilizumab, but it is unclear
whether this was a drug effect or more so reflects the
natural course of ARDS. One study found no associ-
ation between tocilizumab and FiO2 reduction [17]. By
day 30, extubation occurred in 13 out of 29 patients
(44.8%). Rates of extubation for COVID-19 have only
been recorded in a small study where 2 out of 3 patients

Fig. 2 Progression of oxygenation within 14 days of tocilizumab
(results shown as median and IQR using Prism GraphPad version 8)
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were successfully extubated after receiving tocilizumab
[10].
By our study endpoint, 36 patients (60.0%) demon-

strated clinical improvement and 33 patients (55.0%) were
discharged alive. Our discharge rate was very similar to
the 56% reported by Somers et al. [15]. We observed a 30-
day mortality rate of 15%, which falls within the range
(13–27%) of previous studies [10, 12, 15, 16, 30, 31]. Many
studies have already investigated the relationship of toci-
lizumab and mortality in COVID-19 patients, but with
mixed findings. Salvarani et al. and Campochiaro et al.
found no significant difference in mortality in patients re-
ceiving tocilizumab [18, 31]. In contrast, several other stud-
ies have shown tocilizumab to be associated with a
decreased risk of death, lower hospital-related mortality,
as well as reduced risk of all-cause mortality [15–17, 19,
20]. However, it is important to note that many of these
studies allowed for concominant steroid use, a known
confounder towards better survival [32]. When comparing
our patients who received steroids with tocilizumab to
those who did not, the cohort who received steroids sur-
prisingly did worse. More patients died, less demonstrated
clinical improvement, and less were discharged from the
hospital alive despite having similar baseline COVID-19
disease severity. We believe this could be explained by the
use of higher steroid doses in our study; most patients
received dosages greater than 6mg daily of dexametha-
sone equivalents and as a result, were more immunosup-
pressed than the RECOVERY population.
Another hypothesis for worse outcomes when combin-

ing steroid with tocilizumab is the higher incidence of
infectious complications in the steroid group (62.5% vs.
37.5%, p = 0.57), although this was not statistically sig-
nificant. Tocilizumab is immunosuppressive and has
been linked to secondary infections [33, 34]. In our
study, we identified an overall infection rate of 26.7%
within 30 days of receiving tocilizumab. Another study
with a longer follow-up time of 8 weeks found a higher
infection of incidence at 64.2%; however, they used a
broader definition for infections that included both
highly suspected infections and confirmed infections
[35]. Additional studies have reported infection rates
possibly secondary to tocilizumab [15–17]. Somers et al.
reported a two-fold higher incidence of infection (54%
vs. 26%, p < 0.001) however more patients in the toci-
lizumab arm received steroids [15]. So far, the only study
that excluded concomitant steroids found a lower inci-
dence of infections with tocilizumab (8.1% vs. 17.3%, p =
0.03) [21]. Therefore, it remains unclear whether toci-
lizumab, when used by itself, increases the risk of
infection.
Our study had several limitations. First, it was a small

retrospective study with no matched control group. Sec-
ond, the flat doses of 400 and 600 mg for tocilizumab

could have resulted in lower than optimal doses if ex-
trapolating from FDA-approved (8 mg/kg) doses for
CAR T cell-induced CRS [7]. Third, many patients re-
ceived concomitant therapies that could impact clinical
outcomes. Fourth, many of our respiratory infections
were diagnosed based on tracheal aspirates because
bronchoscopies were infrequent at the time. Lastly, the
study was descriptive and not aimed to investigate pre-
disposing risk factors for infectious complications or to
determine tocilizumab efficacy.

Conclusion
In this study, we demonstrated the effects of tocilizumab
in 60 patients with COVID-19. We primarily used toci-
lizumab in patients presenting with signs of cytokine re-
lease syndrome and acute respiratory distress syndrome.
Many patients achieved clinical improvement and were
eventually discharged from the hospital. Our most inter-
esting finding was the rebound effect seen with C-
reactive protein after day 10, which suggests the need
for higher or subsequent doses. Similar to prior studies,
infectious complications after tocilizumab were not un-
common. Our results highlight the need for more robust
studies investigating the safety, efficacy, and optimal tim-
ing of tocilizumab in COVID-19 patients.
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