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ARTICLE INFO ABSTRACT
Keywords: Background: Tocilizumab (TCZ), a humanized monoclonal antibody targeting the interleukin-6 (IL-6) receptor,
Tocilizumab has been proposed for the treatment of COVID-19 patients; however, limited data are available on the safety and
COVID-19 efficacy.
Coronavirus Methods: We performed a retrospective study on severe COVID-19 patients with hyper-inflammatory features
Is;lfiechy admitted outside intensive care units (ICUs). Patients treated with intravenous TCZ in addition to standard of
Interleukin-6 care were compared to patients treated with standard of care alone. Safety and efficacy were assessed over a 28-
Italy day follow-up.
Results: 65 patients were included. Among them, 32 were treated with TCZ. At baseline, all patients were on
high-flow supplemental oxygen and most (78% of TCZ patients and 61% of standard treatment patients) were on
non-invasive ventilation. During the 28-day follow-up, 69% of TCZ patients experienced a clinical improvement
compared to 61% of standard treatment patients (p = 0.61). Mortality was 15% in the tocilizumab group and
33% in standard treatment group (p = 0.15). In TCZ group, at multivariate analysis, older age was a predictor of
death, whereas higher baseline PaO2:FiO2 was a predictor of clinical improvement at day 28. The rate of in-
fection and pulmonary thrombosis was similar between the two groups.
Conclusions: At day 28, clinical improvement and mortality were not statistically different between tocilizumab
and standard treatment patients in our cohort. Bacterial or fungal infections were recorded in 13% of tocili-
zumab patients and in 12% of standard treatment patients. Confirmation of efficacy and safety will require
ongoing controlled trials.
1. Introduction of May 2", 2020, the pandemic has affected more than 3.400.000
people worldwide [2]. The Lombardy region in Italy has become the
Starting from December 2019, the World has faced a global pan- epicentre of the European COVID-19 outbreak, and an exponential
demic of a novel coronavirus disease 2019 (COVID-19), caused by the surge in COVID-19 patients posed a critical burden on the National

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. As Health System [3,4]. To date, no pharmacologic therapy has been
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approved for the treatment of COVID-19.

Tocilizumab is a humanized monoclonal antibody which selectively
targets the interleukin-6 (IL-6) receptor. It is currently approved for the
treatment of rheumatoid arthritis, juvenile idiopathic arthritis, and
giant cell arteritis [5]. Recently, tocilizumab has become one of the
therapeutic options for the management of cytokine release syndrome
(CRS), a life-threatening complication of chimeric antigen receptor
(CAR)- T cell therapy [6]. CRS is the consequence of uncontrolled im-
mune activation with release of pro-inflammatory cytokines and che-
mokines (e.g., IL-1f3, IL-6, IL-18, and monocyte chemoattractant pro-
tein-10) [7]. Since a proportion of hospitalized patients with respiratory
failure due to COVID-19 develop clinical and laboratory features re-
miniscent of CRS (including high fever, intense fatigue and myalgia,
and elevated serum inflammatory markers C-reactive protein, ferritin,
and IL-6) [8,9], it was hypothesized that timely inhibition of in-
flammation with tocilizumab could be clinically effective for this po-
pulation [10]. So far, the experience with tocilizumab in COVID-19
patients is limited [11-14]. Despite preliminary encouraging results,
studies suffered from the lack of a standardized therapeutic scheme, a
short post-treatment follow-up, and the absence of a comparison group.
Here, we compare the outcomes at 28 days of a large cohort of patients
with severe COVID-19 pneumonia treated with tocilizumab in addition
to standard management, with those of concomitantly hospitalized
patients who received standard management only.

2. Methods
2.1. Patients and setting

Patients hospitalized for COVID-19 at San Raffaele Hospital, Milan,
Italy are recruited in an Institutional observational protocol (COVID-
BioB Study, Ethical Committee approval no. 34/int/2020,
ClinicalTrials.gov NCT04318366). All patients gave written informed
consent to data collection and to compassionate use of tocilizumab.

2.2. Eligibility criteria

Eligibility criteria for tocilizumab administration were: a diagnosis
of COVID-19 confirmed upon reverse-transcriptase Polymerase Chain
Reaction (RT-PCR) positivity for SARS-CoV-2 on nasopharyngeal swab;
hyper-inflammation defined as elevation in either C-reactive protein
(CRP, = 100 mg/L, normal values <6 mg/L) or ferritin (= 900 ng/mL,
normal value <400 ng/mL), in the presence of increased lactate de-
hydrogenase (LDH, > 220 U/L); severe respiratory involvement de-
fined by typical radiological findings at chest X-ray and/or computed
tomography (CT) scan, in the presence of an oxygen saturation (Sa02)
<92% while breathing ambient air or a ratio of the partial pressure of
oxygen (Pa02) to the fraction of inspired oxygen (FiO2) (PaO2:FiO2)
=300 mmHg [15]. Exclusion criteria were: evidence of concomitant
bacterial infection, history of diverticular disease, neutropenia < 1500
10° cells/L, concomitant use of other immunosuppressive biologic
drugs, baseline elevation of alanine aminotransferase (ALT) or aspar-
tate aminotransferase (AST) levels > 5-fold the upper limit of the
normal range. No concomitant corticosteroid therapy was allowed.

2.3. Treatment

All patients received the same background treatment, following an
Institutional protocol for standard of care: hydroxychloroquine 400 mg
daily, lopinavir/ritonavir 400/100 mg twice daily, ceftriaxone 2 gr for
6 days, azithromycin 500 mg daily until a negative report of urine
antigen for L. pneumophila, anti-coagulation prophylaxis with en-
oxaparin 4000 UI subcutaneously once a day.

Tocilizumab was administrated intravenously at a dose of 400 mg. A
second dose of 400 mg of tocilizumab was given after 24 hours in case
of respiratory worsening (defined as need to increase FiO2, to start Non-
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invasive Ventilation (NIV), or to start mechanical ventilation) after the
first tocilizumab infusion. Due to a shortage of tocilizumab in Italy, only
patients who were admitted between March 13" and March 19, 2020
were treated with tocilizumab. Patients admitted to hospital before or
after the time period of tocilizumab availability who retrospectively
fulfilled eligibility criteria for tocilizumab treatment were used as a
comparison group. These patients received the same Institutional
standard treatment outside ICU, did not receive anti-inflammatory
drugs or glucocorticoids, and were not enrolled in other clinical trials.

2.4. Study population

The following baseline features were analysed: age, sex, duration of
symptoms, comorbidities (smoking history, chronic kidney disease,
arterial hypertension, cancer, type 2 diabetes mellitus, coronary artery
disease and chronic obstructive pulmonary disease), baseline clinical
status (PaO2:FiO2 ratio, need for supplementary oxygen therapy, need
for NIV, body temperature), and serum inflammatory markers (CRP,
ferritin, LDH).

2.5. Outcomes

Patients’ clinical status was assessed daily using a six-category or-
dinal scale, similar to previous published studies of COVID-19 [16-17].
The categories were defined as follows: 1) patient discharged, 2) hos-
pitalization not requiring supplemental oxygen, 3) hospitalization re-
quiring supplemental low-flow oxygen (Fi02 < 40%), 4) hospitaliza-
tion requiring high-flow supplemental oxygen (FiO2 = 40%) and/or
NIV, 5) hospitalization requiring invasive mechanical ventilation or
Extra-Corporeal Membrane Oxygenation, 6) death. Overall survival and
the proportion of patients with clinical improvement, defined as live
discharge from hospital or decrease of at least 2 points from baseline on
the six-category ordinal scale at 28 days, were assessed. Predictors of
mortality and clinical improvement were analysed in tocilizumab pa-
tients.

2.6. Monitoring of adverse events

The occurrence of adverse events was recorded on a daily basis,
with a focus on: bacterial or fungal infections, elevation of AST or ALT
level > 3x the upper limit of normal range, neutropenia < 1500 10°
cells/L, pulmonary thrombosis, and pneumothorax.

2.7. Statistical analysis

Data were analysed using SPSS version 22.0 (SPSS, Chicago, IL-
USA). Continuous variables are reported as medians and interquartile
ranges. Categorical variables are reported as numbers and percentages.
Wilcoxon rank-sum tests were applied to continuous variables and two-
tailed Fisher's exact tests were used for categorical variables. Survival
analysis was performed with the Kaplan-Meier approach, log-rank test
was used to compare survival curves. Survival and clinical and la-
boratory features at baseline were analysed using proportional hazard
Cox regression models. Results of the Cox regression model are pre-
sented as hazard ratio (HR) with 95% confidence interval. P-values
<0.05 were considered statistically significant.

3. Results
3.1. Baseline patients’ characteristics

A total of 65 severe COVID-19 pneumonia patients were included in
the study. 32 were treated with tocilizumab as per our study protocol,
whereas 33 received only the Institutional standard of care. Baseline
characteristics of both cohorts are summarized in Table 1. Median age
was similar in tocilizumab and standard of treatment group: 65 (53 -
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Table 1
Baseline clinical and laboratory features of COVID-19 patients treated with
tocilizumab compared with patients treated with standard treatment.

Patients features Tocilizumab (32 Standard p-value
patients) treatment (33
patients)
Age (years), median (IQR) 64 (53 - 75) 60 (55 - 75.5) 0.52
Sex (male), n (%) 29 (91) 27 (82) 0.47
Duration of symptoms 11 (8 -14) 9(8-10) 0.14
(days), median (IQR)
Pa02:FiO2 ratio, median 107 (82 - 181) 124 (91 -172) 0.40
(IQR)
NIV, n (%) 25 (78) 20 (61) 0.18
FiO2, median (IQR) 60 (60 - 80) 80 (50 - 80) 0.96
Body temperature (°C), 37.6 (37.0-38.3) 38.2(37.3-38.6) 0.06
median (IQR)
CRP (mg/L), median (IQR) 156 (100 - 208) 169 (98 - 226) 0.63
LDH (U/L), median (IQR) 469 (362 - 548) 479 (394 - 591) 0.26
Ferritin (ng/mL), median 1400 (1027 - 1448 (793 - 4131) 0.88
(IQR) 2777)
Comorbidities, n (%) 20 (62) 20 (61)
Smoking 0 2 (6) 0.49
CKD 309 5 (15) 0.71
Arterial hypertension 12 (37) 16 (48) 0.32
COPD 13 2 (6) 0.61
Cancer 2 (6) 13 0.61
T2DM 4(12) 6 (18) 0.51
CAD 4 (12) 6 (18) 0.51

NIV = non-invasive ventilation. CRP = C-reactive protein. LDH = lactate
dehydrogenase. CKD = chronic kidney disease. COPD = chronic obstructive
pulmonary disease. T2DM = type-2 diabetes mellitus. CAD = coronary artery
disease.

75) compared to 60 (55 — 75.5) years respectively (p = 0.52). The vast
majority of patients were male (91% in tocilizumab and 82% in stan-
dard of treatment group, p = 0.47). At baseline, most patients were on
NIV (78% in tocilizumab and 61% in standard of treatment group,
p = 0.18), whereas all remaining patients were on high-flow supple-
mental oxygen.

3.2. Tocilizumab treatment

Patients included in the tocilizumab group received a first in-
travenous dose of 400 mg of tocilizumab. In 9 (28%) patients a second
intravenous dose of 400 mg of tocilizumab was administered due to
progressive respiratory worsening. Seven of these patients (78%) where
on NIV at baseline. One patient could not be treated with a second dose
of tocilizumab because he died within the first 12 hours after the first
tocilizumab infusion.

3.3. Survival and clinical outcome

By day 28, 5 (16%) patients in the tocilizumab group compared to
11 (33%) patients in the standard of treatment group died (p = 0.150).
Survival curves are presented in Fig. 1. Median time to death was 5 (4 -
6) days after first tocilizumab infusion. Four (13%) patients in the to-
cilizumab group and two (6%) patients in the standard treatment group
required mechanical ventilation, p = 0.43. Tocilizumab-treated pa-
tients were admitted to ICU and intubated within the first 24 hours after
the first tocilizumab infusion, received a second dose while in the ICU,
and were extubated and discharged from the ICU by day 13, after a
median time of 8.5 (5 — 11) days. The two patients in the standard
treatment group were admitted to the ICU at day 2 and 3 of follow up;
one of these patients died within 24 after ICU admission while the other
was discharged after 9 days. Twenty (63%) patients in the tocilizumab
group compared to 16 (49%) patients in the standard treatment group
were discharged from the hospital (p = 0.32), with a similar median
time to discharge: 13.5 (10 - 16.7) for tocilizumab versus 14 (12 - 15.5)
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days for standard of treatment patients (p = 0.99). Outcomes at day 28
are summarized in Table 2. Clinical improvement was reached in 22
(69%) patients of the tocilizumab group and in 20 patients (61%) of the
standard treatment group, p = 0.61. Incidence of clinical improvement
curves in tocilizumab and standard treatment groups are presented in
Fig. 2.

3.4. Safety and adverse events

Serious adverse events were recorded in 8 (25%) patients from the
tocilizumab group and in 9 (27%) patients from the standard treatment
group. Bacteremia occurred in four patients (13%) from the tocilizumab
group and in 4 patients (12%) from the standard treatment group
(p = 0.99). Infections in the tocilizumab group were observed while in
the ICU in 3 patients (1 at day 8 and 2 at day 9 after tocilizumab
treatment) and in the Medicine Ward in 1 patient (at day 13 after to-
cilizumab treatment). Notably, one of the ICU-admitted patients also
experienced candidemia (day 18) and invasive pulmonary aspergillosis
(day 22). Three of these patients were eventually discharged, whereas
the patient with fungal infections was still hospitalized at day 28. The
rate of infection was lower in patients treated with a single dose (9%)
compared to patients treated with two doses of tocilizumab (33%),
p=0.06. In the standard treatment group, one patient died, one was
diagnosed with infection while in ICU and at day 28 was still intubated
and on antibiotic therapy, and the two remaining patients were still
admitted to Hospital. The rate of pulmonary thrombosis documented at
contrast-enhanced thorax CT scan was also similar between the two
groups: 2 (6%) patients in the tocilizumab group compared to 3 (9%)
patients in the standard treatment group (p = 0.99). One patient per
group developed a pneumothorax while on NIV. Transitory increase in
serum AST or ALT was observed in 5 (15%) tocilizumab patients and in
6 (18%) standard treatment patients (p = 0.99). In the tocilizumab
group the highest serum level of ALT was reached at a median time of
11 (9 - 13) days. A transitory neutropenia was observed in 5 (16%)
tocilizumab patients and no standard treatment patient (p = 0.024). In
no patient the neutrophil count dropped < 1.000 10° cells/L. No in-
fection developed in patients with transient neutropenia. No infusion-
related adverse reaction was recorded.

3.5. Predictors of survival and clinical improvement in tocilizumab-treated
patients

Univariate analyses for overall survival and clinical improvement of
tocilizumab patients are presented in Tables 3 and 4. At multivariate
analysis, patients with age <75 years had a higher survival (HR 1.46,
1.03 - 2.08, p=0.03, see Fig. 3), whereas patients with baseline
Pa02:FiO2 ratio =100 showed a slightly higher incidence of clinical
improvement at day 28 (HR 1.01, 1.00 - 1.02, p=0.006, see Fig. 4).

4. Discussion

This study describes the long-term real-life effectiveness and safety
of tocilizumab in severe COVID-19 patients in an Italian tertiary hos-
pital compared to patients receiving standard management. At 28 days,
no statistically significant differences in clinical outcomes between the
two groups were observed. The 28-day mortality (15%) was consider-
able also in tocilizumab patients, yet similar between the two groups
and to another Italian series [12]. However, the majority of patients in
both groups experienced a clinical improvement and was eventually
discharged from the hospital.

IL-6 is currently considered to play a central role in the systemic
inflammatory status of severe COVID-19 patients [18-20] and its
blockade is currently investigated in two International randomized
controlled trials and in several uncontrolled International clinical trials
[21]. The case series published so far [11-14] have all obtained en-
couraging results, still the absence of a comparative group and of a
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Fig. 1. Overall survival curves from baseline to day 28 in tocilizumab and standard treatment severe COVID-19 patients.

Table 2
Clinical status of patients at baseline and at day 28 according to the six-category ordinal scale in tocilizumab and standard treatment patients.
Clinical status Baseline TCZ Baseline ST Day 28 TCZ Day 28 ST
1. Discharged from hospital, n (%) 0 0 20 (63) 16 (48)
2. Hospitalization, not requiring supplemental 02, n (%) 0 0 2 (6) 2 (6)
3. Hospitalization, requiring supplemental low-flow 02, n (%) 0 0 2 (6) 2 (6)
4. Hospitalization, requiring NIV and/or high-flow supplemental 02, n (%) 32 (100) 33 (100) 309 13
5. Hospitalization, requiring invasive mechanical ventilation or ECMO, n (%) 0 0 0 1(3)
6. Death, n (%) 0 0 5 (16) 11 (33)

NIV = non-invasive ventilation. ECMO = extracorporeal membrane oxygenation. TCZ = tocilizumab. ST = standard treatment

homogeneous population are major limitation for the interpretation of
the results.

The treatment protocol we used consisted of a pre-defined dose of
400 mg of tocilizumab, followed by a second infusion in case of re-
spiratory worsening after 24 hours. To assess whether repeated tocili-
zumab administrations were associated with different clinical out-
comes, we compared re-treated patients with those treated with a single
tocilizumab infusion; however, no statistically significant difference
emerged. In the multivariate analysis performed in tocilizumab pa-
tients, only older age was associated with reduced survival, whereas a
higher baseline PaO2:FiO2 ratio was associated with clinical improve-
ment. These findings are in keeping with the previously published
predictors of mortality in critically-ill COVID-19 patients [22,23]. No-
tably, the duration of symptoms prior to tocilizumab therapy was not
associated with improved outcome or survival in this cohort of patients.

The main concern regarding tocilizumab therapy is the occurrence
of severe infections [24]. In this study, four patients (13%) experienced
bacterial infections after tocilizumab treatment; of these, three patients
were in the ICU. As all ICU-admitted patients also received a second
dose of tocilizumab, it is hard to discriminate whether ICU-level care
(i.e. vascular catheters, invasive ventilation) or a higher tocilizumab
dose could have played a role in the increased rate of infection observed
in this population. Overall, the rate of infection was comparable in the
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standard treatment group, with 4 patients also experiencing blood-
stream infections. In the tocilizumab group, three out of four patients
with infectious adverse events were eventually discharged from hos-
pital. Nonetheless, the occurrence of pulmonary aspergillosis and can-
didemia in one patient treated with high-dose tocilizumab and still
hospitalized at the last time point raises a concern on opportunistic
fungal infections in ICU patients treated with IL-6 blockers. Also the
rate of pulmonary thrombosis, a recently recognized complication of
severe COVID-19 [25] was not different between the two groups.

Four patients (13%) were admitted to ICU within the first 12 hours
after the first tocilizumab infusion. All of them were eventually dis-
charged from ICU after a median time of 8.5 days. The good prognosis
of these tocilizumab-treated patients admitted to ICU is encouraging, as
the mortality in ICU-admitted patients with COVID-19 is high, recently
published study on COVID-19 ICU patients in Lombardy, Italy, reported
a mortality rate of 23% [26-28].

Our study has some limitations. The retrospective design and the
small size of the cohort preclude clear conclusions on the efficacy of
tocilizumab in severe COVID-19 patients. Strengths include a clear and
consistent treatment scheme, the homogeneity of the population stu-
died, a 28-day follow-up, the absence of concomitant corticosteroid
therapy, and the presence of a comparison group.
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Fig. 2. Cumulative incidence of clinical improvement from baseline to day 28 in tocilizumab and standard treatment patients.

Table 3
Baseline univariate predictors of survival in tocilizumab patients.
Survived (27 Dead (5 p-value
patients) patients)
Age (years), median (IQR) 61 (53 -73) 77 (74 - 81) 0.003
Sex (male), n (%) 25 (93) 4 (80) 0.41
Pa02:Fi02, median (IQR) 118 (86 - 181) 69 (65 - 94) 0.034
Body temperature (°C), median 37.5(38.9 - 38(37.5-38) 0.85
(IQR) 38.2)
CRP (mg/L), median (IQR) 139 (88.5 - 204) 185 (146 - 0.46
185)
LDH (U/L), median (IQR) 439 (357 - 546) 443 (438 - 0.94
456)
NIV, n (%) 20 (74) 5 (100) 0.56
Duration of symptoms (days), 11 (7 -14) 12 (9 - 15) 0.36
median (IQR)
CKD, n (%) 309 0 0.99
Arterial hypertesion, n (%) 11 (34) 1 (20) 0.63
COPD, n (%) 0 1 (20) 0.16
Cancer, n (%) 2(7) 0 0.99
T2DM, n (%) 311 1(20) 0.51
CAD, n (%) 2(7) 2 (40) 0.10
Re-treatment, n (%) 8 (30) 1(20) 0.99
NIV = non-invasive ventilation. CRP = C-reactive protein. LDH = lactate

dehydrogenase. CKD = chronic kidney disease. COPD = chronic obstructive
pulmonary disease. T2DM = type-2 diabetes mellitus. CAD = coronary artery
disease.

5. Conclusions

In our study, we did not observe clear improvements in patients
receiving tocilizumab compared to standard management. Infectious
adverse events require careful monitoring to evaluate long-term risks.
The results of ongoing randomized placebo-controlled trials are eagerly

47

Table 4
Baseline univariate predictors of clinical improvement in tocilizumab patients.
Improved (22 Not improved p-value
patients) (10 patients)
Age (years), median (IQR) 59,5 (51 - 72) 74 (69.5 — 78) 0.009
Sex (male), n (%) 22 (100) 7 (70) 0.024
Pa02:Fi02, median (IQR) 137 (90 - 185) 86 (68 — 103) 0.008
Body temperature (°C), 37.6 (36.5 - 37.5(37.4-38.1) 0.77
median (IQR) 38.3)
CRP (mg/L), median (IQR) 128 (69 - 187) 186 (137 - 2702)  0.038
LDH (U/L), median (IQR) 429 (354 - 552) 446 (426 - 564) 0.54
NIV, n (%) 16 (73) 9 (41) 0.39
Duration of symptoms (days), 11 (7 - 14) 11.5 (10 -14) 0.28
median (IQR)
CKD, n (%) 209 1(10) 0.99
Arterial hypertension, n (%) 7 (32) 5 (50) 0.44
COPD, n (%) 0 1(10) 0.31
Cancer, n (%) 104 1(10) 0.53
T2DM, n (%) 3(14) 1(10) 0.99
CAD, n (%) 209 2 (20) 0.57
Re-treatment, n (%) 5(23) 4 (40) 0.41

NIV = non-invasive ventilation. CRP = C-reactive protein. LDH = lactate
dehydrogenase. CKD = chronic kidney disease. COPD = chronic obstructive
pulmonary disease. T2DM = type-2 diabetes mellitus. CAD = coronary artery
disease.

awaited to establish the role of IL-6 blockade in severe COVID-19 pa-
tients, and whether tocilizumab therapy might be safely and effectively
used for treating COVID-19.
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