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ABSTRACT

Severe COVID-19 (coronavirus disease 2019) is associated with elevated inflammatory markers, consistent
with cytokine release syndrome (CRS). Tocilizumab is an interleukin-6 (IL-6) inhibitor effective in treat-
ing CRS secondary to chimeric antigen receptor T-cell (CAR T-cell) therapy. The efficacy of tocilizumab
in treating COVID-19 is unknown. This was a retrospective cohort study conducted at two hospitals in
northern New Jersey (USA). All patients treated with tocilizumab for confirmed or suspected COVID-19
between 10 March 2020 and 9 April 2020 at the study sites were included. The primary endpoint was
clinical improvement on Day 7 after treatment as assessed by respiratory status. Univariate analysis com-
pared data between those who improved and those who did not. A total of 45 severe and critically ill
patients treated with tocilizumab for COVID-19 were evaluated. Of the 45 patients, 11 (24.4%), 22 (48.9%)
and 12 (26.7%) patients improved, had no change or worsened by Day 7 after treatment, respectively.
Lower white blood cell count and lactate dehydrogenase at the time of drug administration as well as
shorter time from supplemental oxygen initiation to dosing were significantly associated with clinical
improvement in the univariate analysis. In conclusion, tocilizumab administration was associated with a
low rate of clinical improvement within 7 days in this cohort of severe and critically ill patients with

COVID-19.

© 2020 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved.

1. Introduction

COVID-19 (coronavirus disease 2019), a disease caused by the
novel coronavirus SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2), has swept across the globe unlike any disease seen
in decades. According to the World Health Organization (WHO),
nearly 47 million cases and 1.2 million deaths have been reported
worldwide as of 3 November 2020 [1]. The rapid spread and con-
siderable mortality has clinicians desperate for therapeutic options
to improve patient outcomes.

Evidence has suggested that severe viral infections may be asso-
ciated with cytokine release syndrome (CRS), a hyperinflammatory
state that can result in multiorgan failure. Retrospective reports
from China have demonstrated that severe COVID-19 is associated
with elevated inflammatory markers, similar to CRS [2]. In partic-
ular, elevated interleukin-6 (IL-6), b-dimer, C-reactive protein, car-
diac troponin and procalcitonin have been identified as predictors
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of mortality in COVID-19 [3-6]. This has led to speculation that
treatment with immunomodulatory agents may yield positive out-
comes by lessening hyperinflammation and minimising acute and
long-term end-organ damage [7].

Tocilizumab is a monoclonal antibody that functions as an IL-
6 receptor antagonist. Initially approved for the treatment of au-
toimmune disorders, it was subsequently found to be effective for
the treatment of CRS secondary to chimeric antigen receptor T-cell
(CAR T-cell) therapy [8]. Given its efficacy for this indication as
well as the apparent role of IL-6 in COVID-19, interest in its role
for severe manifestations of COVID-19 has grown.

A variety of observational studies and randomised controlled
trials (RCTs) have investigated this question. Two meta-analyses of
observational studies came to conflicting conclusions regarding the
efficacy of tocilizumab [9,10]. Aziz et al. evaluated 23 studies with
6279 patients and found that tocilizumab use was associated with
lower mortality [risk difference (RD), -0.06; 95% confidence inter-
val (CI) -0.12 to -0.01] and decreased need for mechanical venti-
lation (RD, -0.11; 95% CI -0.19 to -0.02) [9]. However, Lan et al.
assessed seven studies with 592 patients and found no difference
in mortality [risk ratio (RR), 0.62; 95% CI 0.31-1.22] or need for
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mechanical ventilation (RR, 0.82; 95% CI 0.14-4.94) between those
treated with tocilizumab and the control group [10]. More recently,
Gupta et al. conducted a multicentre cohort study of nearly 4000
patients and found that those treated with tocilizumab had a lower
adjusted risk of death compared with patients not treated with
tocilizumab [hazard ratio (HR), 0.71; 95% CI 0.56-0.92] [11].

Results from RCTs have been similarly inconsistent. Stone et al.
conducted a randomised, double-blind, placebo-controlled study
and found no benefit of tocilizumab with respect to intubation or
death (HR, 0.83; 95% CI 0.38-1.81) or disease worsening (HR, 1.11;
95% CI 0.59-2.10) [12]. An open-label RCT conducted by Salvarani
et al. also found no differences in outcomes with tocilizumab com-
pared with placebo, with a rate ratio for clinical worsening at 14
days of 1.05 (95% CI 0.59-1.86) [13]. Hermine et al. found no dif-
ference in respiratory status at Day 4 [median posterior absolute
risk difference, —9.0%; 90% credible interval (Crl) —21.0 to 3.1] but
a reduction in death or need for ventilation with tocilizumab at
Day 14 (median posterior HR, 0.58; 90% Crl 0.33-1.00) [14].

The availability of some RCT results prior to peer-reviewed
publication has further clouded this issue. Two such randomised,
double-blind, placebo-controlled studies of tocilizumab have re-
ported conflicting results. The COVACTA trial in patients with se-
vere or critical COVID-19 found no difference in clinical status at
Day 28 (odds ratio, 1.19; 95% CI 0.81-1.76) [15]. The EMPACTA
study conducted in patients with severe COVID-19 only found re-
duced death or need for mechanical ventilation at Day 28 (HR,
0.56, 95% CI 0.32-0.97) [16].

In the setting of unclear evidence and increasing cases of
COVID-19 worldwide, interest in the role of tocilizumab as a ther-
apeutic option persists. The purpose of this study was to assess
the characteristics and clinical outcomes of patients treated with
tocilizumab for COVID-19.

2. Materials and methods

This was a retrospective cohort study conducted at two com-
munity medical centres located in northern New Jersey (USA). Both
hospitals are members of a health system that shared identical in-
stitutional guidance regarding COVID-19 treatment recommenda-
tions during the study period. This guidance recommended con-
sideration of tocilizumab as a treatment option for severe COVID-
19 based on elevated inflammatory markers, increasing oxygen re-
quirement and elevated temperature without specific thresholds.
The recommended dose was 8 mg/kg (maximum 800 mg) once.
This dose could be repeated for patients who did not respond
within 8-12 h of the initial dose. The treatment and dosing strat-
egy for tocilizumab, as well as use of other antivirals and corticos-
teroids, were based upon provider discretion. All patients treated
with tocilizumab for confirmed COVID-19 between 12 March 2020
and 9 April 2020 at the study sites were included. COVID-19 was
diagnosed by real-time PCR detection of SARS-CoV-2 from na-
sopharyngeal swabs.

The primary endpoint was clinical improvement on Day 7
after treatment as assessed by respiratory status. Respiratory sta-
tus was assessed at the end of the day according to the follow-
ing ordinal scale recommended by the WHO R&D Blueprint Ex-
pert Group [17]: death (7); hospitalised on invasive mechanical
ventilation (6); hospitalised on non-invasive ventilation or high-
flow oxygen device (5); hospitalised requiring supplemental oxy-
gen (4); hospitalised not requiring supplemental oxygen (3); not
hospitalised, limitation on activities (2); and not hospitalised, no
limitations on activities (1). Clinical improvement was defined as
any decrease in score on Day 7 compared with the day of treat-
ment initiation. Data were collected from admission until 7 days
following tocilizumab administration. Data on baseline demograph-
ics, medical history, oxygen requirements and COVID-19 therapy
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Fig. 1. Histogram plot of respiratory status change at Day 7. Negative values indi-
cate clinical worsening, whereas positive values indicate improvement.

were collected. Additionally, vital signs and laboratory data im-
mediately prior to tocilizumab therapy were collected. Data were
compared between those who improved and those who did not.
Differences between patients who improved and did not were as-
sessed using the Wilcoxon rank-sum test for continuous variables
and the x2 test or Fisher’s exact test for categorical variables as
appropriate. This study was approved by the central Institutional
Review Board.

3. Results

A total of 46 patients received tocilizumab at the study sites
during the 4-week study period. One patient was transferred to
an outside hospital prior to the Day 7 assessment and was ex-
cluded from the analysis. Table 1 outlines the baseline and clini-
cal characteristics of the 45 patients included for analysis as well
as the results from the univariate analysis comparing characteris-
tics of those who improved and those who did not. Overall, 29 pa-
tients (64.4%) were male, the median patient age was 55.0 years
[interquartile range (IQR) 48.0-63.0 years| and the median body
mass index (BMI) was 30.0 kg/m? (IQR 26.6-36.7 kg/m?). The most
common co-morbidities were hypertension (51.1%) and type 2 dia-
betes mellitus (31.1%).

Patients received tocilizumab a median of 11.0 days (IQR 7.0-
15.0 days) after symptom onset and 112.2 h (IQR 51.5-155.8 h) af-
ter admission. Of the 45 patients, 32 (71.1%) were intubated (score
of 6 on the respiratory status scale) on the day of tocilizumab
administration, and an additional three patients were intubated
within the 7-day follow-up period. Moreover, 31 patients (68.9%)
had documented acute respiratory distress syndrome (ARDS) at
the time of dosing. All patients received hydroxychloroquine, two
(4.4%) received lopinavir/ritonavir and 27 (60.0%) received corti-
costeroids. Of the 45 patients, 11 (24.4%) improved by Day 7 af-
ter treatment, 22 (48.9%) had no change and 12 (26.7%) worsened.
Fig. 1 illustrates the respiratory status change at Day 7 for the en-
tire cohort. Lower white blood cell (WBC) count (P = 0.038) and
lactate dehydrogenase (LDH) (P = 0.015) at the time of drug ad-
ministration as well as shorter time from initiation of supplemen-
tal oxygen to dose (P = 0.044) were significantly associated with
clinical improvement.

4. Discussion

In this small retrospective cohort study, we found low rates
of early clinical improvement in patients with severe or critical
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Table 1
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Baseline and clinical characteristics of 45 patients included in the analysis, and results of the univariate analysis comparing characteristics of those who improved

and those who did not.

Variable Missing data Group Entire cohort (n = 45) Not improved (n = 34) Improved (n = 11) P-value
Site >0.999
Site 1 14 (31.1) 11 (32.4) 3(27.3)
Site 2 31 (68.9) 23 (67.6) 8 (72.7)
Demographics
Age (years) 55.0 (48.0-63.0) 57.0 (49.8-63.8) 53.0 (44.5-56.0) 0.149
BMI (kg/m?) 30.0 (26.6-36.7) 29.5 (26.5-36.1) 35.0 (28.6-37.7) 0.457
Sex 0.067
F 16 (35.6) 15 (44.1) 1(9.1)
M 29 (64.4) 19 (55.9) 10 (90.9)
Co-morbidities
ESRD >0.999
No 44 (97.8) 33 (97.1) 11 (100.0)
Yes 1(2.2) 1(2.9) 0 (0)
Malignancy >0.999
No 43 (95.6) 32 (94.1) 11 (100.0)
Yes 2 (4.4) 2 (5.9) 0 (0)
Hypertension 0.141
No 22 (48.9) 14 (41.2) 8 (72.7)
Yes 23 (51.1) 20 (58.8) 3(27.3)
Diabetes mellitus type 2 0.132
No 31 (68.9) 21 (61.8) 10 (90.9)
Yes 14 (31.1) 13 (38.2) 1(9.1)
Heart disease 0.558
No 41 (91.1) 30 (88.2) 11 (100.0)
Yes 4 (8.9) 4(11.8) 0(0)
COPD >0.999
No 44 (97.8) 33 (97.1) 11 (100.0)
Yes 1(2.2) 1(2.9) 0(0)
Asthma 0.143
No 42 (93.3) 33 (97.1) 9 (81.8)
Yes 3(6.7) 1(2.9) 2(18.2)
Medication use
Cumulative tocilizumab dose 7.3 (5.5-7.9) 7.3 (6.2-8.3) 7.1 (4.7-7.8) 0.552
(mg/kg)
Re-dose >0.999
No 37 (82.2) 28 (82.4) 9 (81.8)
Yes 8(17.8) 6 (17.6) 2 (18.2)
Corticosteroid use 0.304
No 18 (40.0) 12 (35.3) 6 (54.5)
Yes 27 (60.0) 22 (64.7) 5 (45.5)
Vasopressor use (pre-dose ) 0.482
No 27 (60.0) 19 (55.9) 8 (72.7)
Yes 18 (40.0) 15 (44.1) 3(27.3)
Vital signs
Respiratory rate (pre-dose ?, 25.0 (22.0-31.0) 25.5 (22.0-31.8) 25.0 (22.5-29.5) 0.905
breaths/min)
Heart rate (pre-dose ?, 110.0 (98.0-122.0) 114.0 (104.2-123.8) 107.0 (92.0-115.5) 0.110
beats/min)
Temperature (pre-dose *,°F) 100.9 (100.2-102.2) 100.9 (100.0-102.2) 100.7 (100.4-102.2) 0.989
Laboratory parameters
Neutrophils 5.6 (4.2-8.2) 5.5 (4.4-7.6) 7.4 (4.0-9.8) 0.905
(admission, x 103/mm?3)
Lymphocytes 0.8 (0.5-1.1) 0.8 (0.5-1.2) 0.8 (0.5-0.9) 0.730
(admission, x 103/mm?3)
Neutrophil-to-lymphocyte ratio 8.0 (4.9-13.0) 7.8 (5.0-12.1) 8.2 (4.7-14.5) 0.653
(admission)
WBC count (pre-dose 9.4 (8.1-12.0) 10.1 (8.3-12.3) 8.1 (5.8-9.4) 0.038
2, x 103/mm3)
Platelets (pre-dose 250.0 (209.0-362.0) 249.0 (210.2-358.5) 325.0 (207.0-364.5) 0.812
2 x 103/mm?3)
Lymphocytes (pre-dose 5(11.1) 0.8 (0.5-1.2) 0.8 (0.5-1.4) 0.7 (0.6-0.9) 0.696
2, x 103/mm?3)
Ferritin (pre-dose ¢, mg/L) 18 (40.0) 1303.0 (763.8-1786.0) 1303.0 (684.6-1777.0) 1397.0 (1066.8-1922.8) 0.622
Creatinine (pre-dose ?, mg/dL) 1.0 (0.7-1.4) 1.0 (0.7-2.3) 1.0 (0.9-1.0) 0.682
Bilirubin (pre-dose ¢, mg/dL) 5(11.1) 0.6 (0.4-1.0) 0.6 (0.4-1.1) 0.5 (0.4-0.7) 0.549
Lactate dehydrogenase (pre-dose 21 (46.7) 497.0 (369.8-660.8) 599.0 (425.0-684.5) 354.0 (320.0-394.0) 0.015
4, units/L)
C-reactive protein (pre-dose 2, 21 (46.7) 16.0 (9.4-25.6) 20.3 (8.1-27.5) 12.4 (10.7-12.9) 0.251
mg/dL)

(continued on next page)
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Table 1 (continued)
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Variable Missing data Group Entire cohort (n = 45) Not improved (n = 34) Improved (n = 11) P-value
Respiratory status °
Baseline respiratory status 6.0 (5.0-6.0) 6.0 (6.0-6.0) 6.0 (4.5-6.0) 0.136
Baseline respiratory status 0.251
<6 13 (28.9) 8 (23.5) 5 (45.5)
6 32 (71.1) 26 (76.5) 6 (54.5)
Timing variables
Time from symptom onset to 11.0 (7.0-15.0) 10.5 (7.0-13.8) 13.0 (8.5-15.5) 0.218
dose (days)
Time from admission to dose (h) 112.2 (51.5-155.8) 116.4 (85.6-170.8) 82.2 (38.5-114.6) 0.055
Time from admission to 10 (22.2) 87.2 (37.8-121.8) 87.8 (45.5-121.9) 34.7 (23.4-89.6) 0.146
intubation (h)
Time from initiation of oxygen 1 (2.2) 113.6 (74.3-151.8) 117.2 (88.4-177.3) 80.7 (41.2-115.4) 0.044
supplementation to dose (h)
Time from initiation of 6 (13.3) 76.2 (26.3-112.8) 93.8 (33.8-113.2) 35.0 (28.9-55.7) 0.123
high-flow oxygen to dose (h)
Time from ARDS to dose (h) 14 (31.1) 75.8 (37.3-98.7) 87.3 (40.0-107.6) 49.5 (32.3-63.3) 0.091
Time from intubation to dose (h) 16 (35.6) 51.1 (25.0-93.8) 60.0 (28.6-93.8) 24.6 (11.7-41.4) 0.114

NOTE: Data are presented as n (%) or median (interquartile range).

BMI, body mass index; ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; WBC, white blood cell; ARDS, acute respiratory distress

syndrome.

@ Pre-dose, collected within 24 h (vital signs, vasopressor use) or 48 h (laboratory values) prior to the dose.
b Respiratory status was assessed at the end of the day according to the ordinal scale recommended by the WHO R&D Blueprint Expert Group [17].

COVID-19. In fact, worsening respiratory status was common and
was observed in 27% of patients by Day 7 after treatment. These
findings are similar to those reported by Salvarani et al. who found
that 28.3% of patients randomised to tocilizumab experienced clin-
ical worsening by Day 6 [13]. Results from Hermine et al., which
found positive outcomes compared with standard of care at Day 14
but not Day 4, further suggest that any benefits with tocilizumab
are uncommon within the first week after treatment [14].

Evidence made available after this study period has demon-
strated the efficacy of corticosteroids in treating severe and critical
COVID-19 [18,19]. Corticosteroid use was common but not univer-
sal in this cohort. Their use was not associated with clinical im-
provement and was numerically more common in those who did
not improve (64.7% vs. 45.5%; P = 0.304). This is a question of par-
ticular importance given that the benefit of the incremental im-
munomodulatory impact of tocilizumab combined with corticos-
teroids may be different than the benefit of tocilizumab or cor-
ticosteroids alone. This is precisely the issue that Rodriguez-Bafio
et al. sought to answer in their multicentre cohort study [20]. Ulti-
mately, those authors found that tocilizumab alone (HR, 0.32; 95%
Cl 0.22-0.47) and pulse-dose corticosteroids alone (HR, 0.61; 95%
CI 0.43-0.86) were associated with decreased intubation and death
but the combination of both was not (HR, 1.17; 95% CI 0.86-1.58)
[20]. In contrast, the RCT conducted by Hermine et al. found a
signal of potentially improved outcomes in the subgroup of pa-
tients who received corticosteroids (HR, 0.38; 90% Crl, 0.13-1.11),
although this was not statistically significant [14]. The interaction
of the effects of tocilizumab and corticosteroids in the manage-
ment of COVID-19 will require careful examination in order to de-
termine the optimal deployment of these therapies.

Importantly, the lack of a control group in our study prohibits
an assessment of the efficacy of tocilizumab for COVID-19. This is
better assessed with the aforementioned RCTs, which have thus far
failed to yield consistent findings. In light of such conflicting data,
it would seem that dramatic benefits in a broad range of patients
with COVID-19 are unlikely with tocilizumab. However, glimpses
of possible clinical benefits warrant critical evaluations of specific
subpopulations or patient characteristics that may predict benefit.

Factors that have been independently associated with poor out-
come in COVID-19 include older age, neutrophil-to-lymphocyte ra-
tio, and organ and coagulation dysfunction [21-23]. Our analysis
identified that only lower WBC count and LDH at the time of

drug administration as well as shorter time from initiation of sup-
plemental oxygen to dose were associated with clinical improve-
ment. Zhou et al. previously identified that elevated WBC count
(>10 x 10°/L) and elevated LDH (>245 U/L) were associated with
higher mortality among inpatients with COVID-19 [21]. However,
neither of these associations were significant in their multivariable
analysis. Salvarani et al. also evaluated outcomes in the subgroup
of patients with baseline LDH < 250 U/L and found numerically
lower clinical worsening among those who received tocilizumab
(23.1% vs. 36.45%; RR, 0.6; 95% CI 0.2-2.2) [13]. This imbalance in
our study may simply be a reflection of differences in illness sever-
ity or it may support that the role of tocilizumab is earlier in the
disease course.

C-reactive protein (CRP) is another biomarker that has been
subject to considerable attention with respect to tocilizumab.
Martinez-Sanz et al. found lower mortality (adjusted HR, 0.34; 95%
CI 0.17-0.71) with tocilizumab in the subgroup of patients with
baseline CRP > 15 mg/dL in their multicentre cohort study [24].
Similarly, Biran et al. evaluated a subgroup of patients with base-
line CRP > 15 mg/dL and found that tocilizumab was associated
with decreased mortality (HR, 0.48; 95% CI 0.30-0.77) [25]. Sal-
varani et al. found numerically lower clinical worsening among
those with baseline CRP > 15 mg/dL that was not statistically sig-
nificant (RR, 0.4; 95% CI 0.1-1.9) [13]. We did not find differences
in median baseline CRP among those who did and did not im-
prove [12.4 (IQR 10.7-12.9) mg/dL vs. 20.3 (IQR 8.1-27.5) mg/dL;
P = 0.251]. Biomarkers predictive of clinical response could be
highly useful for clinicians considering the use of this medication.
Further research into these and other laboratory values is required
to resolve this question.

The association between response and drug timing relative to
the initiation of supplemental oxygen could have important impli-
cations for the use of this drug. Given its mechanism, it is plau-
sible that there may be a critical window where tocilizumab can
blunt excessive inflammation and yield positive outcomes. It has
been suggested that suppressing the immune response prior to an
excessive immune response is unlikely to provide benefit and may
be detrimental [26]. Our data further suggest that tocilizumab ad-
ministration after a dramatic immune response has mounted may
be too late to reverse end-organ damage. Similarly, Sciascia et al.
found that tocilizumab administration within 6 days from admis-
sion in the hospital was associated with an increased likelihood of
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survival (HR, 2.2; 95% CI 1.3-6.7) [27]. Nevertheless, the published
RCTs to date have enrolled patients early relative to hospitalisa-
tion with a median of 2 days [13] and 1 day [14] from admission
to randomisation. The lack of consistent benefits demonstrated in
these studies does not support routine use of tocilizumab in this
time window. Further study is required to determine whether an
optimal time window for drug administration exists.

Important limitations in our study include the design, which is
subject to selection bias. Differences identified between those who
improved and those who did not may be reflective of the natu-
ral disease course and unrelated to tocilizumab use. Additionally,
the small sample size and short follow-up period limit the impli-
cations of these results. Other questions regarding tocilizumab for
COVID-19, including assessments of long-term safety and efficacy,
are beyond the scope of this study.

In conclusion, tocilizumab administration was associated with
low rates of clinical improvement within 7 days in this cohort of
severe and critically ill patients with COVID-19. Further study is
required to determine the optimal role of tocilizumab in the man-
agement of COVID-19.
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