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ABSTRACT

A hyperinfllmmatory syndrome (HIS) may cause a life-threatening acute respiratory distress
syndrome (ARDS) in patients with COVID-19 pneumonia.

A prospective series of 100 consecutive patients admitted to the Spedali Civili University Hospital
in Brescia (Italy) between March 9™ and March 20" with confirmed COVID-19 pneumonia and
ARDS requiring ventilatory support was analyzed to determine whether intravenous administration
of tocilizumab (TCZ), a monoclonal antibody that targets the interleukin 6 receptor, was associated
with improved outcome. Tocilizumab was administered at a dosage ~f 8 mg/kg by two consecutive
intravenous infusions 12 hours apart. A third infusion was option.! based on clinical response.

The outcome measure was an improvement in ARDS asses<ed vy means of the Brescia COVID
Respiratory Severity Score (BCRSS 0 to 8, with higher scores indicating higher severity) at 24-72
hours and 10 days after tocilizumab administration.

Out of 100 treated patients (88 M, 12 F; medan age. 62 years), 43 received TCZ in the intensive
care unit (ICU), while 57 in the general *vard as .10 ICU beds were available. Of these 57 patients,
37 (65%) improved and suspended non 1 as.ve ventilation (NIV) (median BCRSS: 1 [IQR 0-2]), 7
(12%) patients remained stable in ' /. and 13 (23%) patients worsened (10 died, 3 were admitted
to ICU). Of the 43 patients tre~ted .~ ICU, 32 (74%) improved (17 of them were taken off the
ventilator and were disch=rged t) the ward), 1 (2%) remained stable (BCRSS: 5) and 10 (24%) died
(all of them had BCRSS>7 Lefore TCZ). Overall at 10 days, the respiratory condition was improved
or stabilized in 77 (77%) patients, of whom 61 showed a significant clearing of diffuse bilateral
opacities on chest x-ray and 15 were discharged from the hospital. Respiratory condition worsened
in 23 (23%) patients, of whom 20 (20%) died.

All the patients presented with lymphopenia and high levels of C-reactive protein (CRP),

fibrinogen, ferritin and interleukin 6 (IL-6) indicating a HIS. During the 10-day follow-up, three
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had gastrointestinal perforation requiring urgent surgery and was alive at day 10.
In conclusion, our series showed that COVID-19 pneumonia with ARDS was characterized by HIS.

The response to TCZ was rapid, sustained, and associated with significant clinical improvement.

Word Count. Abstract: 377 words; body text: 1667 words; 24 references; two figures, two tables.



Background

After the first epidemic of Coronavirus associated disease (COVID19) sustained by SARS-CoV-2
in Wuhan (China), the region of Lombardy in Northern Italy has become the second most affected
area in the world [1,2]. The Spedali Civili of Brescia, a large university hospital with 1,570 beds
serving an area of nearly one million people in the east of Lombardy, is one of the 15 first-
responder hub-hospitals admitting COVID19 patients [3]. In the first 14 days of epidemic, hospital
admissions increased sharply and the hospital rapidly became overloaded with patients with
pneumonia and acute respiratory failure. At the time of writing, after *he first patient was admitted
on February 23rd there are more than 500 hospitalized patients “*a. COVID-19, of whom 55 are in
the intensive care units (ICU).

The reason why a subgroup of COVID-19 patients with v..:~umonia develops rapidly progressing
respiratory failure remains unknown, which makes ‘re ¢ ptimal therapeutic approach to these
patients uncertain. The scarcely available eviden.e suggests that a hyperinflhmmatory syndrome
(HIS) that resembles secondary hemophay~cytic lymphohistiocytosis (SHLH) may have a
pathogenetic role [4,5]. sHLH may be tiiigered by viral infections, and some cases have been
linked to the Middle East respirato.y s mdrome due to coronavirus (MERS-CoV) [6-8]. The
laboratory hallmarks of sHLH cre cytopenia, elevated levels of ferritin, transaminases, triglycerides,
lactate dehydrogenase ('-2H, ~:d D-Dimer, and low fibrinogen [9]. In Chinese reports, lower levels
of lymphocyte count, higher levels of ferritin, LDH, transaminases and D-dimer were associated
with a worse prognosis [10,11]. Patients with HIS may benefit from early identification and
treatment with anti-cytokine targeted therapies [12]. Preliminary reports show higher IL-6 levels in
COVID-19 patients with worse prognosis and Tocilizumab (TCZ), an anti-IL-6 receptor
monoclonal antibody, has been used in 20 patients in China with encouraging results [13,14]. The
aim of this report is to describe our experience with a series of 100 consecutive COVID-19 patients

treated with TCZ in Brescia.



Methods

Between March 9" and March 20" one hundred consecutive patients with severe COVID-19
pneumonia were treated with TCZ. Patients were treated “off-label” prior to a multicenter study on
the efficacy and tolerability of TCZ in the treatment of patients with COVID-19 pneumonia
(TOCIVID-19) that was launched by the Italian Regulatory Agency (AIFA) on March 19" [15].
Research was approved by the Ethics Committee of Brescia. Since the patients were unable to give
their informed consent, the Ethics Committees waived the requirement, as in Italy relatives are not
regarded as legal representatives of the patient in the absence of a for.mal designation [16]. Written
informed consent was requested from all surviving patients as 2>, uS they regained their mental
competency. All investigations were conducted according w the principles expressed in the
Declaration of Helsinki.

Selection of patients was based on disease severity d ibsence of contraindication to TCZ,
including a suspected or confirmed bacterial infe :tion, an active diverticulitis or gastrointestinal
tract perforation, neutropenia (0.500 x10- ? cells/uL) and thrombocytopenia (50 x10”3 cells/uL).
Respiratory disease severity was assessec by a locally developed bedside respiratory severity scale,
the Brescia COVID-19 Respiraton. St erity Scale (BCRSS), a 9-category ordinal severity scale
ranging from O (asymptomatic jatient) to 8 (a critically ill patient with tracheal intubation,
mechanical ventilation &' ac*znced ICU management (figure 1). The BCRSS has been developed
through multiple interactions by a multidisciplinary team of intensive care physicians, infectious
disease specialists, pneumologists, internists, rheumatologists and immunologists to rapidly assess
the patients’ respiratory condition. BCRSS classifies the patients’ severity based on the need for
oxygen supplementation and ventilatory support, offering a step-up therapeutic approach for the use
of antiviral and anti-inflammatory drugs. The scale was rapidly adopted at a regional level and used

to define pragmatically the patient’s response to treatment [17].
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including antiviral drugs (lopinavir 400 mg + ritonavir 100 mg twice a day or remdesivir 100
mg/day), antibiotic prophylaxis (azithromycin, ceftriaxone or piperacillin/tazobactam),
hydroxychloroquine 400 mg/day and dexamethasone 20 mg/day [18] and were receiving non-
mvasive ventilation (NIV) or mechanical ventilation with tracheal mtubation (BCRSS score >3).
Indication for TCZ was based on rapidly progressive respiratory failure, refractory to
pharmacological therapy and ventilatory support.

TCZ was administered at a dosage of 8 mg/kg (max 800 mg) by two consecutive intravenous
infusions 12 hours apart. A third infusion, 24 hours apart from the se>ond was optional based on
clinical response.

Clinical and laboratory data of all patients were collected a. Yospital admission, shortly before TCZ

administration and 10 days after.

Results

One hundred patients were treated with “"~Z (table 1). The median age was 62 [IQR 57-71] and
most patients were male (M/F: 88/12). Cirorbidities were present in more than half of patients
with hypertension being the most con.™on one (46%), followed by obesity (31%), diabetes (17%)
and cardiovascular disease (16°4).

On admission the most ~.™n.2w symptoms were fever (85%), dyspnea (73%) and cough (55%)
with a median time from illness onset and hospital admission of 6 [IQR 4-8] days.

In all patients SARS-CoV-2 infection was confirmed by real time-PCR on nasopharyngeal swab
and pneumonia was documented by chest x-ray or computed tomography. The most common
radiological findings were bilateral pulmonary infiltration, ground glass opacities and
consolidations.

All patients treated with TCZ had acute respiratory failure requiring ventilatory support

(BCRSS>3). Fifty-seven patients were treated with NIV (BCRSS=3): notably, these patients were
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treated in the ICU after tracheal intubation and mechanical ventilation with a BCRSS before
treatment of 7 [IQR 5-8]. Eighty-seven patients (87%) received 2 infusions of TCZ, 13 patients
(13%) 3 infusions.

At 24-72 hours after TCZ administration, 58 patients (58%) showed a rapid improvement of clinical
and respiratory condition, 37 (37%) stabilized compared to the rapidly declining pre-TCZ condition,
and 5 (5%) worsened (of whom 4 died) (figure 2).

At 10 days, the respiratory condition was improved or stabilized in 77 (77%) patients, of whom 61
showed a significant clearing of diffuse bilateral opacities on chest x *ay and 15 were discharged
from the hospital. Respiratory condition worsened in 23 (23%> ~aud.its, of whom 20 died.

Of the 57 patients treated outside the ICU, 37 (65%) improv.d and suspended NIV (BCRSS 1 [IQR
0-2]), 7 (12%) patients remained stable in NIV, and 13 (22"0) patients worsened (10 died, 3 were
admitted to ICU).

Of the 43 patients treated in ICU, 32 (74%) "‘mproveu (17 of them were taken off the ventilator and
were discharged to the ward), 1 (2%) rencined stable (BCRSS class 5) and 10 (24%) died (all of
them had BCRSS>7 before TCZ).

At the time of TCZ administration an natients presented lymphopenia (below 1x10/3 cells/uL) and
high levels of infflammatory meu-kers, including C-reactive protein (CRP), fibrinogen, ferritin and
interleukin 6 (IL-6). Ter. (ay. ~iter, the lymphocyte count increased, especially in improved
patients. CRP, fibrinogen and ferritin levels decreased towards the range of normality, while D-
Dimer and IL-6 levels increased both in improved and worsened patients (table 2).

During the 10-day follow-up, we observed three cases of severe adverse events: two patients
developed septic shock and died, one had gastrointestinal perforation requiring urgent surgery and

was alive at day 10.
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Trying to deal with an unprecedented sanitary emergency, a multidisciplinary team put efforts in the
development of a standardized approach to manage patients with severe COVID-19 pneumonia and
ARDS. We measured an extended panel of circulating biomarkers and used a disease-specific scale
(BCRSS) to quickly classify respiratory severity, in order to provide a step-up approach for the use
of antiviral and anti-inflammatory drugs. Besides lymphopenia, which has been consistently
reported in patients with COVID-19, we found extremely high levels of CRP, ferritin, D-Dimer and
triglycerides indicating that a HIS was present at the time when the respiratory condition was
rapidly deteriorating [10,11]. Laboratory parameters did not fit coni:~tely with the definition of
typical sHLH, which includes also hypofibrinogenemia, high 2.5 ‘Cvels and low platelet count.
Hence, it remains uncertain whether the described biochemi .2l pattern represents an incomplete
form of sHLH confined to the lung or a peculiar hyperinfie~wnatory and pro-coagulant state
mediated by COVID-19 [5]. The COVID-19-assoc.?*ed HIS could be part of the spectrum of
“hyperferritinemic syndromes”, which inclur’es nany secondary auto-inflammatory conditions
[19,20], and may have a genetic predispo.*ion, like the majority of these diseases [21].

We treated with TCZ a series of 100 con ecutive patients, the largest series until now, and found
that the treatment was associated \.ith ~ clinical improvement in more than three quarters of
patients. CRP, ferritin and fibri:nge'r serum levels decreased toward the normal range and
lymphocyte count increescd. 2cpecially in patients whose clinical conditions improved. IL-6 serum
levels increased, similarly to what was reported after TCZ administration in patients with
Rheumatoid Arthritis and Castleman disease [22]. D-Dimer levels remained high, suggesting that
TCZ was able to act only partially on the inflammatory cascade and might have had a minimal or no
effect on down-modulating active coagulation [23].

These preliminary results are encouraging, considering that the response to TCZ was rapid, within
12 to 72 hours, and sustained, as all patients with initial response continued to improve over the

next ten days. Several acutely ill patients could be extubated and discharged to the ward or even
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ventilators were not available for many of these patients, leaving little time to save their lives [24].

In conclusion, our results should be considered preliminary, as they stem from an uncontrolled
series and a causal inference cannot be established. TCZ efficacy needs to be validated in large
clinical trials with randomized allocation of treatment. Given the dramatic spreading of the SARS-
CoV-2 infection worldwide, we feel that our data would merit attention by colleagues caring for
severe COVID-19 pneumonia and respiratory failure. Timely identification of the
hyperinflammatory state and its treatment may be crucial factors in w*errupting the cascade leading
to irreversible lung damage and death. In these circumstances, Tacaizumab may be considered as

rescue therapy if other treatments have failed or are not ava..ble.
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Total Improved or stable Worsened or deceased
(n=100) (n=77) (n=23)
Demographics and clinical characteristics
Gender 88 M, 12 F 66 M, 11 F 2 M,1F
Age 62 61 66
g (57-71) (54-68) (63-74)
Any Comorbidity 66 (66%) 47 (61%) 18 (78%)
Arterial Hypertension 46 (46%) 33 (43%) 13 (57%)
Diabetes Mellitus 17 (17%) 13 (17%) 4 (17%)
Cardiovascular Disease 16 (16%) 10 (13%) 6 (26%)
Chronic kidney disease 11 (11%) 6 (89 5 (22%)
Chronic obstructive pulmona ‘
P el as“é 9 (9%) 6 (.4) 3 (13%)
Malignancy 6 (6%) * (R0o) 2 (9%)
Obesity 0 0 o
(BMI>30) 31 (31%) 24 (31%) 7 (30%)
Overweight 0 0 o
(BMI 25-30) 34 (34%) /) 27 (35%) 7 (30%)
Signs and symptoms
Fewer (>37.5°C) 85 (85%) 67 (87%) 18 (78%)
Cough 55 (55, 43 (56%) 12 (52%)
Dyspnea 75 73%) 53 (69%) 20 (87%)
Diarrhea 9 (/%) 8 (10%) 1 (4%)
Days between onset of 6 7 5
symptoms and hospital (4-8) (4-8) 4-7)
admission
Days between hospital 5 5 5
admission and TCZ infusion (3-8) (3-7) (3-8)
Days between the onset of 12 12 10
symptoms and TCZ infusion (9-14) (10-14) (8-13)
pre TCZ post TCZ pre TCZ post TCZ pre TCZ post TCZ
3 2 3 2 3 7
BCRSSscore | (37) (1-4) (3-6) (1-3) (3-7) (6-7)

Table 1: Clinical characteristics of the patients. Data are expressed as median (1st Quartile - 3rd Quartile) or n (%).
TCZ: tocilizumab; BMI: body mass index; BCRSS: Brescia COVID-19 Respiratory Severity Scale. Pre TCZ indicates

1-12 hours prior to tocilizumab administration. Post TCZ indicates 10 days after tocilizumab administration.

14



Total Improved or stable Worsened or deceased
(n=100) (n=77) (n=23)
Laboratory findings Hosp. pre TCZ post Hosp. pre TCZ post Hosp. pre TCZ post
Admis. TCZ Admis. TCZ Admis. TCZ
White blood cell count| 6.0 8.8 11.3 5.7 7.9 10.9 7.0 9.7 13.8
(x1073/uL) | (45-8.4) (6.5-114) (8.0-153) | (44-8.3) (6.0-10.8) (7.6-150) | (4.9-9.7) (7.4-15.4) (9.4-259)
. 4.9 6.7 8.9 4.4 6.1 7.9 6.1 9.5 11.4
Neutrophils (xI0"3/UL) | 537 6)  (49:97) (5.8118) | (30.7.3) (44-90) (46-11.3) | (38.8.6) (6.4-143) (10.1-25.)
0.78 0.62 0.79 0.84 0.69 0.81 0.55 0.43 0.72
Lymphocytes (x10"3/UL) | , 511 '10) (0.41-084) (0.61-116)| (0.53-1.2) (0.43-0.86) (0.61-130)| (0.46-0.83) (0.32-0.72) (0.52-1.10)
177 220 205 179 224 205 172 214 137
Platelets (XI0"UL) | (141 00a) (174-204) (142-289) | (139-224) (181-206) (154-297) | (145-219) (141-266) (102-323)
: 13.6 12.4 12.6 13.8 12.3 12.4 13.6 12.4 13.6
Haemoglobin (9/dL) | ;,'6"1 4 6) (11.1-13.6) (11.3-13.8)| (12.8-14-8) (11.1-13.3) (10.9-13.5)| (12.6-14.7) (11.4-14.7) (12.4-145)
- - 97 113 2 81 113 2 145 118 5
C-reactive protein (MQ/L) | 30"/ so) 45160y  (15) | (38.438) (43.17C. (1.4) | (57.208) (71.164)  (5.7)
41 1812 16 1679 56 5000
IL-6(ng/L) > NA 0700y (a752000)] VA ©9) 33200 NA (5157)  (5000-5000)
Ferrtin (ug/Ly | 1004 1689 1352 | 905 1532 1308 | 3733 3283 1863
(268-3730) (981-3533) (806-2422)| (270-1705) (9 6-26¢4) (814-2397)| (1937-5020) (988-4247) (790-6261)
: 525 979 2331 383 746 2210 3854 2407 5250
D-Dimer (Ng/ML) | 16571100) (456-3640) (887-3801)| (263-612, 145-3444) (729-3257)| (968-5250) (760-5250) (3328-5250)
o 508 520 217 508 520 203 482 530 218
Fibrinogen (MQ/dL) | 151 607 (436-714) (150-285) | (458-655) ( 73-713) (148-274) | (352-587) (350-765) (168-316)
Aspartate aminotransferase 55 47 43 £3 46 41 61 52 69
(UL)| (1820  (3572)  (30-69) | («' 7:)  (33-64)  (30-64) | (48-117)  (41-80)  (44-77)
: : 39 43 75 39 39 76 40 59 63
Alanine aminotransferase (UL) | ") 5g%61) (a4 20) | (27.60)  (27.54)  (44-130) | (24.73)  (31.78)  (42.96)
413 428 390 402 418 376 570 544 565
Lactate dehydrogenase (UIL) | ,g17505)  (293-537) (o'0-531) | (285-513) (288-481) (317-504) | (247-764) (365-749) (406-870)
. ; 106 160 18y 104 144 190 109 206 303
Triglycerides (Mg/dL) | g7 135y (113-219) (160-220) | (92-129) (102-207) (163-219) | (88-153) (147-233) (228-432)
112 12n 271 112 116 269 117 133 178
Cholesterol (Mg/dL) | o954 (107 13y, (200-355) | (94-127) (107-126) (215-336) | (87-156) (123-141) (175-222)
: . 161 05 87 172 104 85 152 116 167
Creatine Kinase (UL) | a7 76)  (50.,9)  (30-181) | (79-336) (46-191)  (38-164) | (123-208) (70-156)  (93-188)
: 18 1l 25 18 10 19 18 23 42
Troponin T (ng/L) (1321) 323  (16-49) | (13-21)  (7-15)  (15-55) | (14-40)  (17-51)  (26-42)

Table 2: Laboratory Findings.

Data are expressed as median (1st Quartile - 3rd Quartile). TCZ: Tocilizumab.

Hosp. Admis. indicates hospitaladmission. Pre TCZ indicates 1-12 hours prior to tocilizumab administration. Post TCZ

indicates 10 days after tocilizumab administration.

* interleukin-6 (IL6): data available for 42 patients.
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FIGURE LEGENDS

Figure 1. Brescia COVID-19 Respiratory Severity Scale (BCRSS).

BCRSS is freely available at: https://mww.mdcalc.convbrescia-covid-respiratory-severity-scale-bcrss-

algorithm

Figure 2. Brescia COVID-19 Respiratory Severity Scale (BCRSS® (end over time after Tocilizumab

administration in patients treated in the ICU (panel A) and ir u.. general ward (panel B).
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BRESCIA COVID-19 RESPIRATORY SEVERITY SCALE - BCRSS

-COVID19 Pneumonia

or

-Symptoms for atleast 7 days and
PCR for COVID19+ or waiting for
results and high suspicion

Criteria
Positive?

Testing Criteria

1. Patient has dyspnea or staccato speech (the
patient is unable to count rapidly up to 20 after a
deep breath) at rest or during minimal activity
(sitting up in bed, standing, talking, swallowing,
coughing)

2. Breathing rate > 22
3.Pa02 <65mmHg or SpO2 < 90%

4. Significant worsening of Chest XRay

[ I \

0 criteria H 1 criteria | ‘ 2 criteria

‘ | >2 criteria

12

v

>2
Criteria
Positive?

Yes

v

Intubate

PaO,/Fi0;
<

150mmHg
?

patient!

Figure 1

Keep patients monitored with SpO,
and clinical evaluation

Add Oxygen. Keep patients
monitored with SpO, and clinical
evaluation

/ Standard therapy: \

Lopinavir/ritonavir
(or boosted/darunavir)
+

Cloroquine or

\ hydroxycloroquine /

Perform CXR, Gas Analysis. Add Oxygen.
Keep patients monitored with SpO, and
clinical evaluation,

Standard therapy
+

Consider Dexamethasone!

Perform CXR every two days and Gas
Analysis twicea day. Keep patients monitored
with SpO, and clinical evaluation.

Standard therapy
+
Consider Dexamethasone!

Consider Tocilizumab?

A

Keep Patients in ICU using an internal
weaning protocol

Try to minimize sedation
(RASS -1 to 0)
Perform SBT daily

Try to minimize sedation

(RASS -1 to 0)

Perform Best PEEP and Compliance
calculation; Try to suspend NMBA
Optimize volume status

High level of complexity

@ R

Remdesivir (fnot avaible:
Lopinavirritonavir or
boosteddarunavi)

4
Cloroquine or
hydroxycloroquine

-
Consider Dexamethasone!
+

Consider Tocilizumab?

A

1: Considerage, comorbidity and cognitive decline

2 Inclusion criteria

- Low risk of high SARS-COV2 viral load (no fever>72h, Symptoms >7 days)
~IL-6 >40 pg/ml or high plasmatic d-dimer and/or CRP and/or femitin and/or fibrinogen




BCRSS

Figure 2

BCRSS






