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Abstract

Many patients with coronavirus disease 2019 (COVID-19) have a hyperactive immune response (cytokine
storm) which has been incriminated in multiorgan dysfunction (MOD). Interleukin-6 (IL-6) and granulocyte-
macrophage colony-stimulating factor (GM-CSF) are the key cytokines involved in mediating systemic
inflammation and triggering endothelial dysfunction. To limit these effects, IL-6 receptor inhibitors (IL6ri)
have been used in COVID-19 patients. The best approach regarding the total number of doses in COVID-19
patients is still unclear. In this single-center retrospective study, we investigated if multiple doses of
tocilizumab (TCZ) prevented deterioration of COVID-19 patients. Patients were divided into two cohorts
based on the number of TCZ doses; cohort 1 (received one dose) and cohort 2 (received > two doses). In both
cohorts, all-cause-mortality was the primary outcome. Of 270 hospitalized patients with COVID-19, 81
patients received TCZ. Fifty patients received one dose of TCZ and 31 received > two doses. All-cause-
mortality in cohort 2 remained higher (41.9%) suggesting that there was no additional benefit of multiple
doses of TCZ to prevent the primary outcome. In addition, multiple doses of TCZ did not change any other
secondary outcome [(ICU admission, acute kidney injury (AKI), acute respiratory distress syndrome (ARDS),
acute cardiac injury (ACI), thrombotic events, septic shock, and total hospital stay].
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Introduction

Many patients with coronavirus disease 2019 (COVID-19) have a hyperactive immune response (cytokine
storm) which has been incriminated in multiorgan dysfunction (MOD). These dysfunctions include acute
respiratory distress syndrome (ARDS), acute renal failure (ARF), acute cardiac injury (ACI), and
complications related to hypercoagulability and thrombosis. Interleukin-6 (IL-6) and granulocyte-
macrophage colony-stimulating factor (GM-CSF) are the key cytokines involved in mediating systemic
inflammation and triggering endothelial dysfunction which precipitates these events [1]. To limit these
effects, IL-6 receptor inhibitors (IL6ri) have been used in COVID-19 patients. The use of IL6ri is being
investigated through ongoing randomized clinical trials (RCTs) to establish its effectiveness [2]. Data
regarding optimal timing and dosing of intervention to target cytokine release pathways with ILéri is still
evolving. In a retrospective study the patients who received IL-6ri earlier (Stage IIB, requiring Fi02<45%)
were less likely to be intubated and had an increased rate of discharge from the hospital [3-4]. Tocilizumab is
an ILéri that has been used for CAR-T cell therapy associated cytokine release syndrome and the optimal
dose is 8 mg/kg for the patients; however, multiple doses have been used with at least an eight-hour interval
between consecutive doses based on the clinical status of patients [5]. The best approach regarding the total
number of doses in COVID-19 patients is still unclear. In this single-center retrospective study, we
investigated if multiple doses of TCZ prevented deterioration of COVID-19 patients.

Materials And Methods

Adult patients with confirmed SARS-CoV-2 infection by nasopharyngeal (NP) polymerase chain reaction
(PCR) who were hospitalized from March 1 to August 20, 2020, were reviewed. Out of 270 patients, 81
received tocilizumab (TCZ) (ILé6ri). Patients were divided into two cohorts based on the number of TCZ
doses; cohort 1 (received one dose) and cohort 2 (received > two doses). Both TCZ doses were weight-based
(400-800 mg). Data were extracted using the hospital electronic medical record retrospectively. Categorical
variables were compared by conducting a chi-square test or Fisher's exact test while continuous ones were
compared by conducting a median two-sample test. Statistical analysis was done using SAS software. In both
cohorts, all-cause-mortality was the primary outcome. Secondary outcomes included rate of ICU admission,
rate of intubation, AKI, ARDS, ACI, thrombotic events, septic shock, effect on inflammatory markers, and
duration of total hospital stay. Missing values were adjusted using f variance.

Results
Of 270 hospitalized patients with COVID-19, 81 patients received TCZ. Fifty patients received one dose of
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TCZ and 31 received > two doses. Median age (years) for cohort 1 was 63.5 and cohort 2 was 65.0 (p
value=0.147). Cohort 1 was more likely to have male patients and the difference was statistically different (p
value=0.0283). The patients in cohort 1 received TCZ on the third day (median) of hospitalization compared
to cohort 2 who received the first dose on the second day of hospitalization. The median of lactate
dehydrogenase (LDH), D-dimer, ferritin, and IL-6 at admission was higher in cohort 2 than cohort 1

(Table I). The median values of CRPpeak, Ferritinpeak, and IL-6peak after receiving TCZ were lower in
cohort 2 as compared to cohort 1. Of 81 patients, 23% received remdesivir, 28% received IV steroids, and
31% received convalescent plasma. There was no significant difference in both cohorts in concurrent
treatment except TCZ. ICU admission rate, AKI, ARDS, ACI, thrombotic events, septic shock, and total
hospital stay are mentioned in Table 2. All-cause-mortality in cohort 2 was higher (41.9%) than cohort 1
(36%).

. All AT Cohort 1 (1 dose, n=50) Cohort 2 (= 2 doses, p-
(n=81) n=31) value
Baseline characteristics
Age, years (IQR) 81 65.0 (55.0-71.0) 63.5 (54.0-69.0) 65.0 (59.0-78.0) 0.1474
Male, n (%) 56 56.0 (69.1) 39 (78.0) 17 (54.8) 0.0283
Female, n (%) 25 25 (30.86) 11 (22.0) 14 (45.2) ?
Comorbidities
Heart failure-n, (%) 5(6.2) 4(8.0) 13.2) 0.6443
CAD-n, (%) 9(11.1) 7 (14.0) 2 (6.5) 0.4707
COPD-n, (%) 9(11.1) 6(12.0) 3(9.7) 1.0000
OSA-n, (%) 2(2.47) 0(0) 2 (6.5) 0.1435
Obesity-n, (%) 7 (8.6) 4 (8.0) 3(9.7) 1.0000
HTN-n, (%) 39 (48.2) 20 (40.0) 19 (61.3) 0.0623
DM-n, (%) 27 (33.3) 15 (30.0) 12(38.7) 0.4190
CKD- n, (%) 13(16.1) 6(12.0) 7 (22.6) 0.2281
Inflammatory markers at admission
Median CRP, mg/L (IQR) 81 138.5 (85.6-198.6) 147.8 (103.3-211.0) 118.0 (74.4-172.3) 0.2942
Median LDH, IU/L (IQR) 81 :22.2)(330.0- 433.0 (312.0-622.0) 583.0 (377.0-851.0) 0.0935
Median ferritin, ng/mL (IQR) 81 ?;;0;;399'0- 963.0 (382.0-1625) 1130.0 (421.0-1391.0) 0.7534
Median IL-6, pg/mL (IQR) 63 108.4 (55.6-503.4) 107.8 (49.4-296.8) 163.7 (79.0-856.9) 0.3823
Median D-dimer, mg/L of FEU, (IQR) 81 1.1 (0.7-3.7) 1.0 (0.7-3.7) 1.6 (0.7-4.3) 0.4422
Peak inflammatory markers after receiving TCZ
Median CRP, mg/L (IQR) 79 Z:';u 35.6- 197.9 (139.3-326.0) 160.2 (105.8-209.5) 0.1303
Median LDH, IU/L (IQR) 79 :2:'2)(478'0- 580.5 (442.5-773.5) 851.0 (571.0-1045.0) 0.0091
Median ferritin, ng/mL (IQR) 79 ;izg'g)(gm 0 1600.0 (872.5-3471.0) 1432.0(992.0-2785.0) 0.8894
Median IL-6, pg/mL (IQR) 20 :13222'74;;359'5' 3866.4 (1200.9-17210.0)  728.8 (578.3-5281.2) 0.1704
Median D-dimer, mg//L of FEU (IQR) 79 4.4 (1.6-4.4) 4.4 (1.3-4.4) 4.4 (2.5-4.4) 0.0971
TCZ first dose timing
Before intubation-n, (%) 21 21 (26.0) 12 (24.0) 9 (30.0) 0.1965
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After intubation-n, (%) 13 13 (16.0) 11 (22.0) 2 (6.0) 0.1965
Given in nonintubated patients-n, (%) 47 47 (58.0) 27 (54.0) 20 (64.0) 0.1965
Timing of first dose in hospital (days), median (IQR) - 2.0 (2.0-4.0) 3.0 (2.0-5.0) 2.0 (1.0-4.0) 0.1622
Timing of first dose from symptoms onset (days),

. 9.0 (7.0-12.0) 9.0 (6.0-11.0) 9.0 (7.0-13.0) 0.1723
median (IQR)
Timing of second dose in hospital (days), median

- - 4.0 (3.0-6.0) -

(IQR)
Timing of second dose from symptom onset (days),

~ S (days) - . 7.0 (3.0-10.0) .
median (IQR)
Other treatment
Remdesivir-n, (%) 23 (28.4) 13 (26.0) 10 (32.3) 0.5438
Intravenous steroids-n, (%) 28 (34.6) 17 (34.0) 11 (35.5) 0.8914
Convalescent plasma-n, (%) 31 (38.3) 14 (28.0) 17 (54.8) -

TABLE 1: Characteristics of cohort 1 and cohort 2.

IQR, interquartile range; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; HTN,
hypertension; DM, diabetes mellitus; CRP, C-reactive protein; LDH, lactate hydrogenase; FEU, fibrinogen equivalent units; TCZ, tocilizumab.

. All A6 Cohort1 (1 Dose, Cohort2 (=2 Doses, p-
(n=81) n=50) n=31) value
Complications
ARDS-n, (%) 48 (59.3) 28 (56.0) 20 (64.5) 0.4483
Acute cardiac injury-n, (%) 7 (8.6) 2 (4.0) 5(16.1) 0.0999
AKI-n, (%) 28 (34.6) 15 (30.0) 13 (41.9) 0.2723
Septic shock-n, (%) 25 (30.9) 15 (30.0) 10 (32.3) 0.8307
Raise in LFT after IL-6 inhibitor-n, (%) 44 (54.3) 27 (54.0) 17 (54.8) 0.9413
Superimposed blood infections-n, (%) 15 (18.5) 9(18.0) 6(19.4) 0.8787
Thrombotic events-n, (%) 3(3.7) 2 (4.0) 1(3.2) 1.0000
Final outcomes
ICU level of care-n, % 43 (53.1) 26 (52.0) 17 (54.8) 0.8035
Intubated-n, (%) 33 (40.7) 23 (46.0) 11 (35.5) 0.2212
Discharged alive from hospital-n, (%) 50 (61.7) 32 (64.0) 18 (58.1) 0.5932
Dead-n, (%) 32 (39.5) 18 (36.0) 13 (41.9) 0.4123
Extubated-n, (%) 7(21.2) 5(21.7) 2(20.0) 1.0000
Median duration of hospital stay, days (IQR) ;j.g)(s.o- 10.5 (7.0-24.0) 13.0 (10.0-22.0) 0.2058
Median duration of iliness onset to discharge/death, 18.0 (13.0-
days (IQR) 31.0) 16.5 (12.0-34.0) 20.0 (15.0-31.0) 0.3133

TABLE 2: Complications and outcomes in cohort 1 and cohort 2.

ARDS, acute respiratory distress syndrome; AKI, acute kidney injury; LFT, liver function test.
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Discussion

Tocilizumab is a recombinant humanized anti-human IL-6 receptor monoclonal antibody, which is currently
FDA approved for rheumatoid arthritis-related inflammation, giant cell arteritis, systemic and polyarticular
juvenile idiopathic arthritis, and CAR-T therapy-induced cytokine release syndrome. In our study, TCZ was
initially administered as a single dose of 400-800 mg (based on the weight) among the hospitalized COVID-
19 patients. Additional doses were given as a result of worsening respiratory status as measured by
increasing O2 requirements. These additional doses were given at least 24 hours apart (Table I). The two
cohorts did not have significant differences in baseline characteristics including age, comorbidities
[coronary artery disease (CAD), diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), and
obesity), other treatments including steroids, remdesivir, and convalescent plasma. This suggests that both
cohorts had relatively comparable risk factors for disease severity. The median of LDH, D-dimer, ferritin, and
IL-6 at admission was higher in cohort 2, however, p-values for inflammatory markers were not statistically
significant. This can correlate with disease severity and may suggest cohort 2 had a sicker patient population
than cohort 1. This may indicate why the first dose was given earlier (median of two days) followed by
additional doses in cohort 2. All-cause-mortality in cohort 2 remained higher (41.9%) suggesting that there
was no additional benefit of multiple doses of TCZ to prevent the primary outcome. In addition, multiple
doses of TCZ did not change any other secondary outcome (ICU admission, AKI, ARDS, ACI, thrombotic
events, septic shock, and total hospital stay). Lower median values of Ferritinpeak, IL-6peak, and CRPpeak
in cohort 2 suggest that multiple doses of TCZ might have played a role to mitigate the cytokine storm,
however, a statistically significant difference was not observed. A recent RCT indicated that TCZ might
decrease the risk of mechanical ventilation (MV), as seen in our study; cohort 2 were less likely to be
intubated (p-value 0.22) [2]. IL-6 plays a role in defense against infections and increases the rate of
secondary infections when used chronically [6]. Extended hospital stay is seen commonly in severe COVID-
19 patients which is often complicated by superimposed secondary infections. It occurred in 18.5% of
patients in our study group, with no statistical significance between two cohorts. Our data indicate that
there was no additional benefit of multiple doses of TCZ in hospitalized COVID-19 patients. The major
limitations of our study include retrospective study design and single-center data. Cohort 2 had a sicker
patient population compared to cohort 1. We speculate that the role of multiple doses should be investigated
further in prospective randomized optimal dose-finding trials with a larger sample size for definitive
conclusions.

Conclusions

Our study revealed that multiple doses of TCZ did not decrease the all-cause-mortality, or secondary
outcomes (ICU admission, AKI, ARDS, ACI, thrombotic events, septic shock, and total hospital stay) in
cohort 2 compared to cohort 1.

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. Institutional Research Review
Board issued approval 00003104. This retrospective study was approved by the IRB committee at our
hospital. Animal subjects: All authors have confirmed that this study did not involve animal subjects or
tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.
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