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Tocilizumab is an IL-6 receptor antagonist with the ability to suppress the cytokine storm in critically ill patients infected
with severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2). We evaluated patients treated with tocilizumab for a
SARS-CoV-2 infection who were admitted between March 13, 2020, and April 16, 2020. This was a multicenter study with
data collected by chart review both retrospectively and concurrently. Parameters evaluated included age, sex, race, use of
mechanical ventilation (MV), usage of steroids and vasopressors, inflammatory markers, and comorbidities. Early dosing
was defined as a tocilizumab dose administered prior to or within 1 day of intubation. Late dosing was defined as a dose ad-
ministered > 1 day after intubation. In the absence of MV, the timing of the dose was related to the patient’s date of admission
only. We evaluated 145 patients. The average age was 58.1 years, 64% were men, 68.3% had comorbidities, and 60% received
steroid therapy. Disposition of patients was 48.3% discharged and 29.3% died, of which 43.9% were African American. MV
was required in 55.9%, of which 34.5% died. Avoidance of MV (P = 0.002) and increased survival (P < 0.001) was statistically
associated with early dosing. Tocilizumab therapy was effective at decreasing mortality and should be instituted early in the
management of critically ill patients with coronavirus disease 2019) COVID-19).

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Tocilizumab has been utilized to combat the cytokine
storm. Reports have varied concerning the timing, dos-
age, and mortality benefit of this therapy. Other authors
have expressed concern about the incidence of second-
ary infections in patients treated with tocilizumab, and
have subsequently limited its usage.

WHAT QUESTION DID THIS STUDY ADDRESS?

Our study addresses the appropriate timing and utility
of tocilizumab in critically ill patients infected with severe
acute respiratory syndrome-coronavirus 2.

Severe acute respiratory syndrome-coronavirus 2 (SARS-
CoV-2) is anovel coronavirus, first identified in Wuhan, China,
in late 2019, that has rapidly expanded to become a world-
wide pandemic. Some patients progress to severe illness
resulting in hospitalization and respiratory decompensation.
Mortality rates have varied from 24.5-97%.%° The spectrum

WHAT DOES THIS STUDY ADD TO OUR KNOW-
LEDGE?

Our study shows a statistically significant mortality
benefit of tocilizumab if utilized before or immediately
after mechanical ventilation is implemented. This was
demonstrated regardless of age, race, or comorbidities.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?

Our findings provide a guidepost for the optimal utili-
zation of tocilizumab in critically ill patients positive with
coronavirus disease 2019.

of symptomatic coronavirus disease 2019 (COVID-19) dis-
ease ranges from mild, nonspecific influenza-like symptoms,
to a second stage characterized by progressive hypoxia and
pulmonary infiltrates. The third and most severe stage of
the illness is characterized by rapidly worsening oxygen-
ation, acute respiratory distress syndrome, hemodynamic
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instability, hypercoagulability, neurologic dysfunction, and
myocarditis.*® Multiple cytokines and inflammatory mark-
ers, such as interleukin (IL)-2, IL-6, C-reactive protein (CRP),
ferritin, D-dimer, and lactate dehydrogenase (LDH) frequently
become elevated during the final stage of the disease.

Although no specific therapy has been identified and val-
idated in clinical trials, tocilizumab has been suggested as a
possible immunomodulatory agent to offset what has been
referred to as the cytokine storm.” Arresting this process is
thought to be key in reducing morbidity and mortality in this
patient population.a'9 As an IL-6 receptor antagonist, tocili-
zumab was originally approved in 2010 and has indications
for the treatment of rheumatoid arthritis and the cytokine
release syndrome. lts approval for use in cytokine release
syndrome provides rationale for the treatment of severe
COVID-19 disease.'®"

Current tocilizumab dosing for COVID-19 has been
4-8 mg/kg (max: 800 mg per dose) intravenous infusion, re-
peated once if necessary.' 18

Due to the ongoing urgency of the COVID-19 pandemic,
this study was designed to identify the utility and timing
of tocilizumab dosing for critically ill patients infected with
SARS-CoV-2.

METHODS

This study was conducted by Metro Infectious Disease
Consultants (MIDC), a fully integrated infectious disease
(ID) private practice composed of 108 ID physicians. This
was a multicenter study evaluating all patients treated with
tocilizumab for a SARS-CoV-2 infection who were admit-
ted between March 13, 2020, and April 16, 2020. Patients
that did not receive tocilizumab therapy were not evaluated.
Patients were evaluated retrospectively and concurrently
through chart review and direct interactions with the pre-
scribing MIDC physician. This study was independently
approved by Western Institutional Review Board (Olympia,
WA). Informed consent was deemed unnecessary because
all personal data was de-identified prior to the analysis.
Tocilizumab was prescribed at the discretion of the ID
physician with consideration of local hospital treatment pro-
tocols. All patients treated with tocilizumab were included
regardless of age, race, or risk factors. Patients were ex-
cluded if data were unavailable for review. Parameters for
evaluation included the patient’s age, sex, race, date of
admission, length of hospital stay, use of mechanical ven-
tilation (MV), usage of steroids, usage of vasopressors,
hydroxychloroquine (HCQ) and azithromycin (AZ) in com-
bination, and remdesivir therapy. Comorbidities evaluated
included age > 60 years old, diabetes, chronic obstructive
pulmonary disease, bronchospastic illness, chronic cardiac
or renal disease, immunodeficiency, or neoplastic disease.
The tocilizumab dose was recorded by number of doses
administered, dosing regimen, and the timing of adminis-
tration in relation to the date of hospital admission and MV.
Early dosing was defined as a tocilizumab dose adminis-
tered prior to or within 1 day of intubation. Late dosing was
defined as a dose administered > 1 day after intubation. In
the absence of MV, the timing of the dose was related to the
patient’s date of admission only. Markers of inflammation
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including ferritin, D-dimer, LDH, and CRP were recorded
at the time of dosing. Patient dispositions were recorded
as discharged from the hospital, died, or continued
hospitalization.

Statistical analysis

Descriptive statistics for baseline patient characteristics,
clinical variables, and outcomes were summarized using
means and SDs for continuous variables and counts and
percentages for categorical variables. Continuous out-
comes were evaluated using t-tests. Chi-squared tests or
Fisher exact tests were used to evaluate categorical out-
comes. Potential confounding variables, including age, sex,
race, and comorbidities were adjusted for using propensity
score methods. Propensity scores, defined as the proba-
bility of being in either intervention group, were calculated
from a regression model with the dose timing (early vs.
late) as the outcome and baseline demographic and clin-
ical variables of each participant as predictor variables. To
adjust the sample for these baseline confounding variables,
the propensity scores were converted to weights (“inverse
probability of treatment weights”), and the outcomes were
then compared using weighted versions of the X2 test or
Fisher’s exact test for categorical outcomes or a weighted
version of the t-test for continuous outcomes. P values for
both the unadjusted and weighted versions of the tests are
reported.

To confirm robustness of the propensity score weighted
test results, multivariable regression models were also fit for
each outcome, adjusting for baseline patient demographic
variables. Statistical significance for all methods was de-
fined as a P value < 0.05.

RESULTS

One hundred fifty-seven hospitalized patients were evalu-
ated from 24 hospitals in 4 states and were treated by 26
individual MIDC physicians (Table 1). Twelve patients were
excluded from analysis secondary to incomplete records.
The average age was 58.1 years and did not vary signifi-
cantly between those who were discharged, died, required
MV, or received steroids. Ninety-three (64.6%) of the pa-
tients were men. Fifty-six patients (41%) were white, 43
patients (29.7%) were African American, 32 were Hispanic
(22.1%), and 5 (3.5%) were Asian. Comorbidities were pres-
ent in 99 patients (68.3%). Eighty-seven patients (60%)
received steroid therapy, and 143 (98.6%) received HCQ
and AZ in combination at standard doses. Inflammatory
markers were elevated in all patients. MV was required in
81 patients (55.9%). The length of hospital stay for all dis-
charged patients was 15.3 days, patients who died was
16.3 days, and those remaining in the hospital at the time
of data analyses is 25.8 days. Table 1 shows the average
baseline patient demographics and clinical characteristics.
Both the unadjusted and propensity score weighted results
show no significant differences in any of the demographic
data. D-dimer was the only clinical parameter found to be
significant between patients who received the tocilizumab
dose early vs. late in their treatment course. After adjust-
ment in the regression models, D-dimer was not found to
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Table 2 Logistic regression with ventilator status as the outcome

Coefficient Odds ratio 95% ClI t value P value

Days from admission to tocilizumab dose 1.212 1.08-1.38 3.039 0.002

Steroids used 0.984 0.47-2.04 -0.043 0.965

Age 0.981 0.95-1.01 -1.239 0.216

Sex, male 1.106 0.53-2.31 0.269 0.788

Race, non-white 0.952 0.45-2.01 -0.130 0.897

Comorbidities present 0.511 0.2-1.25 -1.455 0.146

Cl, confidence interval.

have a significant relationship with the outcomes. Serum
ferritin, LDH, and CRP were also recorded on the day of
tocilizumab administration and did not reach statistical sig-
nificance with respect to outcome.

Treatment

One hundred twenty-three patients (84.8%) received a sin-
gle dose of tocilizumab and 22 (15.2%) received 2 doses
separated by 12 hours. One hundred thirty-five patients
received a dose of 4 milligrams per kilogram (mg/kg) to
a maximum dose of 400 mg, 5 patients received a single
dose of 600 mg and 4 patients a dose of 800 mg. Of the
patients on MV, 37 received tocilizumab early and 44 late.

Outcomes

Seventy patients (48.3%) were discharged and 34 patients
(23.5%) remain hospitalized. Forty-one patients (28.3%)
died, of which 18 were African American (43.9%), 11 white
(26.8%), and 10 Hispanic (24.4%). Eighteen patients who
died were over the age of 60 years (43.9%). Comorbidities
were present in 25 patients who died (60.9%) and 35
(85.3%) required MV. Six patients who died were not intu-
bated secondary to living will directives.

Table 2 shows the results of a logistic regression model
with ventilator usage as the outcome and days from admis-
sion to tocilizumab dose, steroid usage, and demographics
as predictor variables. For each additional day that the to-
cilizumab dose is delayed from the day of admission, the
odds of requiring MV increase by 21%, holding all other co-
variates constant (95% confidence interval (Cl) 1.08-1.38,
P = 0.002). No significant difference was demonstrated on
the likelihood of MV related to the use of steroids (P = 0.965).

Table 3 shows the primary outcomes by the timing of
tocilizumab dosing in patients requiring MV. A significantly
lower mortality rate is demonstrated in the patients who re-
ceived the tocilizumab dose earlier as compared with those
who received the dose later (13.5% vs. 68.2%, P < 0.001),
after adjusting for baseline demographic variables. Patients

Table 3 Outcomes by timing of tocilizumab dosing

who received the dose earlier had a significantly higher dis-
charge rate compared with those who received the dose
later (59.5% vs. 18.2%, P < 0.001).

The 30 discharged patients who required MV received
the dose early, within 1 day of intubation, and an average
of 4.2 days after admission. Patients who died received the
dose late, an average of 4.1 days after intubation, and an
average of 5.4 days after admission.

Table 4 shows the relationship between the timing of to-
cilizumab dosing and the likelihood that intubated patients
would be discharged or die. The only significant variable
predicting that a patient requiring MV would be discharged
was the time from intubation to dosing (P < 0.001).

Table 5 shows the results of a logistic regression model
of patients on MV with mortality as the outcome and dos-
age timing as well as demographics as predictor variables.
The odds of mortality are 17.8 times higher for patients
receiving the dose of tocilizumab later compared with pa-
tients receiving the dose earlier, holding all other covariates
constant (95% Cl 5.32-74.55, P < 0.001). The odds of mor-
tality are 6.01 times higher for non-white patients receiving
the dose earlier as compared with white patients receiv-
ing the dose earlier, holding all other covariates constant
(95% CIl 1.65-25.66, P = 0.009). For patients who were
not placed on MV, the time from admission to dosing was
3.4 days for white patients and 3.5 days for non-white pa-
tients. Six nonintubated patients died secondary to living
will directives.

Of the patients treated with steroids, 38 (43.7%) were
discharged, 30 (34.5%) died, and 19 (21.8%) remain in the
hospital. Fifteen discharged patients received steroids and
required MV, compared with 25 patients who died. The aver-
age time from admission to tocilizumab dosing for patients
who also received steroids was 4.3 days for discharged pa-
tients and 5.7 days for patients who died.

Of the patients who received 2 doses of tocilizumab, 11
(50%) were mechanically ventilated, 10 (45.5%) were dis-
charged, 5 (22.7%) died, and 7 (31.8%) remain in the hospital.

Variable Early (N = 37) Late (N = 44) Unadjusted P value PS-Weighted P value
Mortality 5 (13.5%) 30 (68.2%) < 0.001 < 0.001
Discharged 22 (59.5%) 8 (18.2%) < 0.001 < 0.001
Length of stay, days 15.85 18.87 0.162 0.354

PS, propensity score.
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Table 4 Effect of dose timing between discharged MV patients and MV patients that died

Variable Label MV Discharged (N = 30) MV died (N = 35) P value
Age 56 54.5 0.639
Sex 0.221
Female 12 (40%) 8 (22.9%)
Male 18 (60%) 27 (771%)
Race 0.052
African American 6 (20%) 16 (45.7%)
Asian 2 (6.7%) 1(2.9%)
Hispanic 6 (20%) 10 (28.6%)
Other 2 (6.7%) 1(2.9%)
White 14 (46.7%) 7 (20%)
Comorbidities present 17 (56.7%) 19 (54.3%) > 0.999
Days from admission to 4.2 5.5 0.091
tocilizumab dose
Steroid usage 15 (50%) 25 (71.4%) 0.13
Days from intubation to 1.1 41 < 0.001
tocilizumab dose
MV, mechanical ventilation.
Table 5 Logistic regression with mortality as the outcome
Coefficient Odds ratio 95% ClI t value P value
Late timing 17.758 5.32,74.55 4.332 < 0.001
Age 1.001 0.94, 1.06 0.037 0.971
Sex, male 2.416 0.69,9.23 1.349 0177
Race, non-White 6.009 1.65, 25.66 2.594 0.009
Comorbidities present 0.597 0.12,2.74 -0.660 0.509
D-dimer 1.000 1.00, 1.00 1.201 0.230

Cl, confidence interval.

DISCUSSION

This multicenter, multistate, observational study displays
a real-time evaluation of tocilizumab usage in community
hospitals.

The data presented represents, to the best of our knowl-
edge, the largest group of patients infected with SARS-CoV-2
treated with tocilizumab in a private practice setting. Our
patients were slightly younger than several previous reports
at 58.1 years old.2® Men represented 64% of the patient
population and African American patients experienced the
highest mortality rate (43.9%), similar to previous reports.'

Overall, 28.3% of the patients died. A statistically signifi-
cant mortality differential was characterized by the timing of
the tocilizumab administration. Patients on MV who received
tocilizumab within several days of admission or the day of
intubation were more likely to be discharged (P < 0.001).
Patients who received the dose later than 1 day after in-
tubation were ~ 18 times more likely to die (P < 0.001). As
has been delineated in other studies,' non-white patients
on MV were six times more likely to die despite insignifi-
cant differences in age, sex, and comorbidities (P = 0.009).
Excluding patients who were not intubated secondary to
withdrawal of medical care, 7 of 52 white patients (13.5%)
and 28 of 87 non-white patients (32.2%) died. Further stud-
ies need to define this repeatedly identified and poorly

Clinical and Translational Science

defined predisposition toward severe and ultimately fatal
illness in the non-white population.

Critically ill patients with COVID-19 who require MV have
predictably increased rates of mortality that have varied
widely in previous reports.2%'S MV was required in 56% of
our patients, with a mortality rate of 42.7%, less than some
previous publications. Our study shows that the likelihood of
requiring MV increased by 21% for every day the tocilizumab
therapy was delayed. Nonintubated patients received the
dose ~ 1 day earlier than the age, sex, comorbidity matched,
and ventilated counterparts. This relationship suggests that
earlier tocilizumab dosing may prevent the need for MV,
which will need to be defined by further studies.

The etiology of the delay in tocilizumab therapy for indi-
vidual patients was difficult to define. Verbally acknowledged
reasons included the lack of drug availability, protocol re-
quirements that had not been fulfilled, or lack of consensus
between consulting physicians on the efficacy of therapy.
Regardless, a delay in dosing resulted in an increased
mortality and need for MV, regardless of age, race, or the
presence of comorbidities.

The patients who received two doses had similar disposi-
tions compared with those who received a single dose. The
small sample size makes any conclusions difficult. Further
studies should define the optimal tocilizumab dose and
interval.



Steroids were not found to affect patient disposition
or the likelihood of MV. Only 60% of patients overall and
32% of those eventually discharged received this therapy.
Recommendations for the use of steroids evolved over the
study period, which may have affected the results. Since
completion of data analysis, numerous studies and guide-
lines have shown that steroids, specifically dexamethasone,
have become standard of care.'®'” Our data indicate that
administration of tocilizumab, with or without steroids,
shows a mortality benefit. Additional studies are needed to
show the benefit of combination steroids with tocilizumab.
The vast majority of patients received HCQ and AZ therapy,
suggesting no clinical influence on outcome or need for MV.
Although the study was not designed to identify the toxicity
of this combination, no adverse reactions were documented.

The relationship between inflammation and a prothrom-
botic state induced by SARS-CoV-2 is evolving.'® As was
seen in our patient population, D-dimer is frequently elevated
and may portend a poor prognosis.'® In addition, IL-6 in-
duces thrombin generation and is correlated with increased
fibrinogen Ievelsy.20 Although our study was not designed to
evaluate the effect of tocilizumab on the procoagulant state,
further studies may delineate this as a secondary benefit.

Our study has certain limitations. This study was obser-
vational and no control group was utilized for comparison.
Accordingly, co-existing comorbidities, including obesity,
chronic obstructive pulmonary disease, and diabetes, may
have confounded our results. We did not evaluate the re-
lationship between IL-6 levels and tocilizumab efficacy as
these levels were infrequently available at the time of dos-
ing. We did not identify any serious adverse drug reactions
or secondary infections, but reactivation of hepatitis B or
latent tuberculosis were not formally evaluated. As with all
critically ill patients, multiple therapeutic modalities are im-
plemented concurrently in an attempt to minimize morbidity
and mortality. Similarly, the patients who received tocili-
zumab were also treated with antibiotics, anticoagulants,
and steroid therapy in varying combinations. Accordingly, it
is difficult to identify the most clinically influential modality.
Further randomized studies will be needed to answer this
question.

In the absence of definitive data, this study should serve
as a guidepost to those striving to identify the utility of to-
cilizumab in the therapeutic armamentarium. Although the
optimal time to dose tocilizumab has not been previously
established, our data strongly supports a mortality benefit
of dosing tocilizumab within 1 day of intubation. We defined
this period as early dosing. In addition, Table 5 shows that
risk of mortality is 18times greater if tocilizumab is given at
a later time. Accordingly, we strongly encourage the use of
this agent earlier in the COVID-19 treatment spectrum.
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