Effective Treatment of Severe COVID-19 Patients with Tocilizumab
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Abstract:

Background: In December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was
identified in Wuhan, China, which spread rapidly and has become a world-wide public health
challenge. We aimed to assess the efficacy of tocilizumab in severe patients with Corona Virus Disease-
19 (COVID-19) and seek a new therapeutic strategy.

Methods: The patients diagnosed as severe or critical COVID-19 in The First Affiliated Hospital of
University of Science and Technology of China (Anhui Provincial Hospital) and Anhui Fuyang Second
People’s Hospital were given tocilizumab in addition to routine therapy between February 5 and
February 14, 2020. The changes of clinical manifestations, CT scan image, and laboratory
examinations were retrospectively analyzed.

Findings: Within a few days, the fever returned to normal and all other symptoms improved
remarkably. Fifteen of the 20 patients (75.0%) had lowered their oxygen intake and one patient need no
oxygen therapy. CT scans manifested that the lung lesion opacity absorbed in 19 patients (90.5%). The
percentage of lymphocytes in peripheral blood, which decreased in 85.0% patients (17/20) before
treatment (mean, 15.52 + 8.89%), returned to normal in 52.6% patients (10/19) on the fifth day after

treatment. Abnormally elevated C-reactive protein decreased significantly in 84.2% patients (16/19).

1



No obvious adverse reactions were observed. Nineteen patients (90.5%) have been discharged on
average 13.5 days after the treatment with tocilizumab and the rest are recovering well.
Interpretation: Tocilizumab is an effective treatment in severe patients of COVID-19, which provided
a new therapeutic strategy for this fatal infectious disease.

Funding: This work was supported by Department of Science and Technology of Anhui Province and
Health Commission of Anhui Province (grant number: 202004a07020001) and the China National
Center for Biotechnology Development 175 (grant number: 2020YFC0843800).

Introduction

In the past decades, two known zoonotic coronaviruses, SARS-CoV and MERS-CoV, have been
reported to damage the respiratory tract and cause severe outbreaks.!= Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)* is a newly discovered coronavirus, which was first discovered
in Wuhan, China in December 2019. The disease was officially named Corona Virus Disease-19
(COVID-19) on 11 February, 2020.° Epidemiological data have basically determined the route of
person-to-person transmission in COVID-19.%7 According to the Chinese Center for Disease Control
and Prevention (CDC), as of March 1, 2020, there were accumulatively confirmed 80,174 patients in
China, including 2,915 cases of deaths. Most of the patients developed pneumonia, which can worsen
rapidly into respiratory failure.® The elderly and patient with low immune function have a higher
susceptibility and mortality.! One study reported that patients usually have pneumonia with abnormal
findings on chest CT scan.” Common symptoms at onset include fever, cough, and myalgia or fatigue.
A large part of patients experienced severe complications including acute respiratory distress syndrome
(ARDS) (29%), and 32% patients need an intensive care unit (ICU) admission and six (15%) died.’ In
another report of 99 cases, 17 (17%) patients developed ARDS. Of which, 11 (11%) worsened within a
few days and died.” According to a new report, the mortality for critical cases reached 60.5%.°
Unfortunately, the pathogenesis of COVID-19 still remains unclear, and there is no efficient

therapeutics.

Study demonstrated that in the pathogenesis of SARS, a cytokine storm occurred , involving a
considerable release of proinflammatory cytokine including interleukins (IL) -6, tumour necrosis factor
o (TNF-0), and IL-12.!! In the research of Middle East respiratory syndrome, caused by another
coronavirus (MERS-CoV), cytokine genes of IL-6, IL-1f, and IL-8 can be markedly high. A delayed
proinflammatory cytokine induction by MERS-CoV was also confirmed.'? Similar to the changes in
SARS and MERS, in COVID-19, higher plasma levels of cytokines including IL-6, IL-2, IL-7, IL-10,
granulocyte-colony stimulating factor (G-CSF), interferon-y-inducible protein (IP10), monocyte
chemoattractant protein (MCP1), macrophage inflammatory protein 1 alpha (MIP1A), and TNF-a were
found in ICU patients, which implied a cytokine storm occurred” and related to the severity and
prognosis of the disease. In the biopsy samples at autopsy from a patient who died from the severe
infection with COVID-19, histological examination showed bilateral diffuse alveolar damage with
cellular fibromyxoid exudates. Mononuclear inflammatory lymphocytes were seen in both lungs.!
These studies suggested that an inflammatory factor or a cytokine storm have occurred. In our previous
research, after analyzing the immune characteristics of patients with COVID-19, we found that aberrant
pathogenic T cells and inflammatory monocytes are rapidly activated and then producing a large

number of cytokines and inducing an inflammatory storm. Among them, GM-CSF and IL-6 are the key
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cytokines leading to inflammatory storm which may result in increased alveolar-capillary blood-gas
exchange dysfunction, especially impaired oxygen diffusion, and eventually lead to pulmonary fibrosis
and organ failure.!* Therefore we suggested that IL-6 might play a key role in the cytokine storm and

interfering of IL-6 might be a potentially therapeutic for severe and critical COVID-19.

IL-6 receptor has two forms: membrane bound IL-6 receptor (mIL6R) and soluble IL-6 receptor (sIL-
6R). IL-6 binds to sIL-6R to form a complex, which then binds to gp130 on the cell membrane to
complete trans-signal transduction and play a pro-inflammatory role.'>-!® As a recombinant humanized
anti-human IL-6 receptor monoclonal antibody, Tocilizumab can specifically bind sIL-6R and mIL-6R
and inhibit signal transduction. It is currently used mainly for theumatoid arthritis.'® The results of
long-term toxicity tests on animals showed that tocilizumab was well tolerated, and no significant
abnormalities were observed in other clinicopathological studies or histopathological evaluations.'3-2°
In this study, we retrospectively observed tocilizumab in treating severe or critical COVID-19 patients
to see if IL-6 plays a pivot role in the parthenogenesis and the efficacy of the tocilizumab interference

of IL-6, in order to provide new therapeutic strategy for this fatal disease.

Methods

Patients

A total of 21 patients met the study conditions who were treated with tocilizumab between February 5
and February 14, 2020. Seven of the patients were treated in The First Affiliated Hospital of University
of Science and Technology of China (Anhui Provincial Hospital) and 14 in Anhui Fuyang Second
People’s Hospital. All patients enrolled met the severe or critical criteria defined by the Diagnosis and
Treatment Protocol for Novel Coronavirus Pneumonia (6" interim edition) sponsored by National
Health Commission of the People’s Republic of China.?! For diagnosis, specimens were obtained by
throat swabs under aseptic operation and tested with real-time reverse-transcriptase-polymerase-chain-
reaction (RT-PCR) assay that was developed from the publicly released virus sequence. The diagnose
of severity was defined if any of the following conditions was met: (1) respiratory rate > 30
breaths/min; (2) SpO2 < 93% while breathing room air; (3) PaO2/FiO2 <300 mmHg. A critical case
was diagnosed if any of: (1) respiratory failure which requiring mechanical ventilation; (2) shock; (3)

combined with other organ failure, need to be admitted to ICU.

The Medical Research Ethics Committee of the Anhui Provincial Hospital approved the study. All
patients had signed informed consent before using tocilizumab and agreed to publish this case series.
We are committed to protecting patient privacy and complying with the Helsinki Declaration.
(Approval number: 2020-XG(H)-015)

IL-6 Test

The value of IL-6 is measured by electrochemical luminescence method (Roche Diagnostics GmbH) or
FACS analysis. Intracellular staining of IL-6 was performed without adding any re-stimulation. The
cells were then collected, washed, and blocked according to instructions of eBioscience. The normal
range of IL-6 is less than 7 pg/ml.

Treatment and observation

All patients received standard care according to the Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (6 interim edition),?!' including lopinavir, methylprednisolone, other symptom

relievers and oxygen therapy, and added with tocilizumab (Roche Pharma (Schweiz) Ltd, B2084B21),
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prescribing 400 mg once through an intravenous drip. Clinical features including body temperature,
oxygen saturations, etc, were recorded. A whole blood white cell count was performed repeatedly. All
patients had been spiral computerized tomography (CT) scanned on admission and a week later after
the beginning of tocilizumab treatment, using a 64-row spiral Optima CT680 scanner (GE Healthcare,
USA) in a whole-lung, low-dosage exposure, scanning with Smm slices.

Data collection

Treatment data were collected through chart and figure review, including gender, age, coexisting
diseases, clinical symptoms, peripheral oxygen saturations. This study focused on changes in body
temperature, respiratory function, and CT findings before and after treatment with tocilizumab.
Statistical Analysis

All statistical data were analyzed by IBM SPSS software v.16.0 (Chicago, IL, USA), and are expressed

as means =+ standard deviation.

Results

Demographic characteristics

The average age of the subjects was 56.8 + 16.5 years, ranged from 25 to 88 years (Table 1). Of the 21
patients, 18 were males (85.7%) and 3 females (14.3%). 17 patients (81.0%) were assessed as severe
and 4 (19.0%) critical. Among them, 5 patients (23.8%) had a history of exposure to Wuhan and 6
(28.6%) exposure to patients who have confirmed COVID-19. Eighteen patients (85.7%) received
tocilizumab once, and 3 patients (14.3%) had another one at the same dose due to fever within 12
hours.

Clinical presentations

All patients presented with fever as the first symptom, followed by dry cough (14/21, 66.7%), a small
amount of white phlegm (9/21, 42.9%), fatigue (6/21, 28.6%) and dyspnea (6/21, 28.6%). Four patients
(19.0%) had nausea. Other symptoms including rhinorrhea and chest pain were rare (4.8%). Among all
patients, there was a median interval of six days (range, two to fourteen) from the onset of fever to the
occurrence of dyspnea. Twenty patients need an oxygen therapy, including high-flow oxygen therapy in
9 patients (45.0%), nasal cannule in 7 patients (35.0%), mask oxygen in 1 patient (5,0%), noninvasive
ventilation in 1 patients (5.0%) and invasive ventilation in 2 patients (10.0%). (Table 1)

Laboratory examinations

White blood cell count showed that 4 patients (4/20, 20.0%) have an abnormal value (mean, 6.30 +
2.77%10° /L) in peripheral blood. (Table 2) The percentage of lymphocytes was decreased in 85.0%
patients (17/20, mean, 15.52 + 8.89%). C-reactive protein (CRP) levels increased in all 20 patients
(mean, 75.06 + 66.80 mg/L). The median procalcitonin (PCT) value was 0.33 + 0.78 ng/mL, and only 2
of 20 patients (10.0%) presented an abnormal value. Besides, all patients have been analyzed IL-6
expression levels before tocilizumab with a mean of 132.38 & 278.54 pg/ml, showing IL-6 upregulation
in these severe and critical COVID-19 patients.

Imaging features

All patients had abnormal chest CT on presentation. The primary abnormality on the initial chest CT
was plaque-like, ground-glass opacities and focal consolidation, mainly distributed in the peripheral,
especially the subpleural region (Figure 1 A-C). The ground-glass opacities increased in size, extent,
and severity in 21 patients within the first seven days after admission. No pleural effusions, mediastinal
nodes, or central pulmonary emboli were found.

Treatment outcomes



The body temperature of all patients dramatically return to normal on the first day after receiving
tocilizumab and remained stable then after (Figure 2 B). Clinical symptoms were significantly relieved
synchronously in the following days. The peripheral oxygen saturation improved remarkably (Figure 2
C-D). One patient needed not further oxygen therapy. There were fifteen patients (15/20, 75.0%) had
lowered their oxygen intake. One patient was taken off the ventilator on the first day after tocilizumab.
One critical patient had tracheal extubated and regained consciousness on the fifth day. Another one
who had previously been given invasive ventilation had lowered the parameters of the ventilator and

expected to be off the ventilator shortly.

A significant change of the percentage of lymphocytes and CRP levels was observed after tocilizumab
treatment, as shown in Table 2 and Figure 2 A. On the fifth day after treatment, only two patients
(2/19, 10.5%) had an abnormal value in white blood cell count with a mean of 5.25 = 2.11x10° /L. The
percentage of lymphocytes in 10 patients (10/19, 52.6%) returned to normal (mean, 22.62 + 13.48%)).
CRP decreased significantly and returned to normal in 84.2% patients (16/19, mean, 2.72 + 3.60 mg/L)
after treatment on the fifth day. After treatment, CT scans showed that the lesions were absorbed in 19
patients (90.5%) and a little improvement in the others. (Figure 1D-F) Nineteen patients (90.5%) have
been discharged including two critical patients and the rest remained under hospital observation, but
there body temperatures remained normal and all symptoms improved remarkably. The mean
hospitalization time was 13.5 + 3.1 d after the treatment with tocilizumab. (Table 1) There have been
no reports of subsequent pulmonary infection and deterioration of illness or death. During the treatment

with tocilizumab, no adverse drug reactions were reported.

Discussion

In this study, we retrospectively observed tocilizumab, an IL-6 blocker, in treatment of 21 patients with
severe and critical COVID-19. Clinical data showed that the symptoms, hypoxygenmia, and CT
opacity changes were improved immediately after the treatment with tocilizumab in most of the

patients, suggesting that tocilizumab could be an efficient therapeutic for the treatment of COVID-19.

COVID-19 is a newly occurred infectious respiratory disease with mild symptoms at the beginning.
However, in a considerable amount of patients, the symptoms deteriorate rapidly, manifested as chest
tightness, shortness of breath, and even respiratory failure. CT scans often show rapid enlarged
opacities. These patients usually need oxygen therapy and even assistant ventilation in ICU.
Unfortunately, 4.3-11% of them died finally even after recommended standard treatment,’® as no
effective therapeutics could be achieved. And the mortality for critical cases reached as high as
60.5%.'° In this research, all 21 patients had a history of routine treatment for a week before
tocilizumab, but deteriorated with sustained fever, hypoxygenmia and CT image worsening. After the
treatment with tocilizumab, in addition to the improvement of body temperature, the respiratory
function was improved to some degrees in most of the patients. Chest tightness was relieved. Fifteen
patients (75.0%) lowered their oxygen intake flow and the oxygen saturation remained stable. Two
patients were taken off the ventilator within five days after the treatment with tocilizumab and another

critical one is expected to abandon the ventilator in a short time.

The decrease of the percentage of lymphocyte has been considered an important indicator for diagnosis

and severity judgment in COVID-19 patients.® In our study, a lowered percentage of lymphocytes was

5



found in 85.0% patients (17/20) and returned to normal in 52.6% patients (10/19) within five days
when tocilizumab was given. At the same time, elevated CRP also returned to normal. The lung
opacities on CT scans were absorbed in 19 patients (90.5%). Considering the lung tissue damage need a
sufficient time for repairing, remission delay in CT scan can be anticipated. During the treatment, no
adverse drug reactions and subsequent pulmonary infection were reported. Clinical symptoms of all
patients improved remarkably with good prognosis after the treatment. Nineteen patients (90.5%) have
been discharged including two critical patients. Therefore, tocilizumab can effectively treat severe
patients of COVID-19, which might be explained by the blocking of IL-6-associated febrile and

inflammatory storm response.

Nevertheless, there are several shortcomings in this study. The number of patients were rather limited.
It was a single observation study and a significant bias could possibly be existed. Apparently, the
evidence strength need to be enhanced. To confirm the conclusions of our observation, a randomized

controlled trial and a study on the mechanism of IL-6 in COVID-19 are being under performing.

Conclusion
In summary, tocilizumab effectively improve clinical symptoms and repress the deterioration of severe
COVID-19 patients. Therefore, tocilizumab is an effective treatment in severe patients of COVID-19,

which provided a new therapeutic strategy for this fatal infectious disease.
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Figure 1 Chest CT scans showed significant remission in both lungs in patients after the
treatment of tocilizumab. (A-C) Computed tomography (CT) showed plaque-like and ground-glass
opacities before the treatment with tocilizumab. (D-F) Chest CT showed diffuse infiltration in both
lungs but the lesions were clearly absorbed after the treatment with tocilizumab. Panel A, D belongs to
a 55-year-old male patient, presented with fever, cough and phlegm as the first symptom and the
lesions were absorbed on the fifth day after tocilizumab. Panel B, E belongs to a 82-year-old male
patient, presented with fever as the first symptom and the lesions were absorbed on the fifth day after
tocilizumab. Panel C, F belongs to a 32-year-old male patient, presented with fever, cough and phlegm

as the first symptom and the lesions were absorbed on the fourth day after tocilizumab.

Figure 2 The Values of CRP, Body Temperature, Concentration of Oxygen Inhalation and
Oxygen Saturation before and after the Treatment with Tocilizumab for the 21 Patients with
COVID-19. (A) C-reactive protein (CRP) decreased significantly after the treatment with tocilizumab
and returned to normal in majority of the patients (16/19, 84.2%). (B) The fever returned to normal in
all 21 patients after tocilizumab. (C-D) Before the treatment, twenty patients need an oxygen therapy,
including high-flow oxygen therapy in 9 patients (45.0%), nasal cannule in 7 patients (35.0%), mask
oxygen in 1 patient (5,0%), noninvasive ventilation in 1 patients (5.0%) and invasive ventilation in 2
patients (10.0%). After tocilizumab, fifteen patients (75.0%) had lowered their oxygen intake after
tocilizumab and the oxygen saturation remained stable. Among them, one patient need not further
oxygen therapy on the third day so that the concentration of oxygen inhalation has marked as 21%,

similar as oxygen content in normal air. Paired t tests analysis have been used in Fig 2 B-D.



Table 1 Demographic Characteristics of the Patients on Presentation

Characteristic Patients (N=21)
Age (range) — years 56.8+16.5(25-88) T
Gender
Male 18/21 (85.7%)
Female 3/21 (14.3%)

Chronic medical illness

Hypertension 9/21 (42.9%)
Diabetes 5/21 (23.8%)
CHD 2/21(9.5%)
COPD 1/21 (4.8%)
Brain Infarction 1721 (4.8%)
Bronchiectasis 1721 (4.8%)
Auricular fibrillation 1721 (4.8%)
CKD 1/21 (4.8%)
Exposure
Exposure to Wuhan 5/21 (23.8%)
Exposure to patientsf 6/21 (28.6%)
Symptoms

Fever 21/21 (100%)
Cough 14/21 (66.7%)
Phlegm 9/21 (42.9%)
Fatigue 6/21 (28.6%)
Dyspnea 6/21 (28.6%)
Nausea 4/21(19.0%)
Rhinorrhea 1/21 (4.8%)
Chest pain 1721 (4.8%)

State of illness

severe 17/21 (81.0%)
critical 4/21 (19.0%)
Oxygen therapy
High-flow oxygen 9/20 (45.0%)
Nasal cannula 7/20 (35.0%)
Invasive ventilation 2/20 (10.0%)
Noninvasive ventilation 1/20 (5.0%)
Mask oxygen 1/20 (5.0%)
Tocilizumab adverse events 0
Hospitalization days (range) — days* 13.5+3.1(10-19)
Clinical outcome




Discharge from hospital

Hospitalization

19/21 (90.5%)
2/21 (9.5%)

CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney

disease. Data are n/N (%) unless specified otherwise.

+ Plus—minus values are means + SD.
t Patients who have confirmed COVID-19.

* Hospitalization days after the treatment with tocilizumab.

Table 2 Laboratory Tests before and after Tocilizumab

After the tocilizumab

Range Before the tocilizumab
D1 D3 DS
6.30 +2.77 8.05+4.39 6.02 +3.05 5.25+2.11
White-cell count, x10°/L 3.5-9.5
(4/20,20.0%) (8/18, 44.4%) (9721, 42.9%) (2/19, 10.5%)
15.52 +8.89 11.78 £11.36 16.93 £13.59 22.62+13.48
Lymphocyte percentage, % 20-50
(17/20, 85.0%) (16/18, 88.9%) (14/21, 66.7%) (9/19, 47.4%)
75.06 = 66.80 38.13+£54.21 10.61 £13.79 2.72 £3.60
C-reactive protein, mg/L 0-5
(20/20, 100%) (17/18, 94.4%) (10/20, 50.0%) (3/19, 15.8%)
0.33+£0.78 0.21+0.35 0.09+0.13 0.12+0.15
Procalcitonin, ng/ml 0-0.5

(2/20, 10.0%)

(2/16, 12.5%)

(1/19, 5.3%)

(1/18,5.6%)

Data are means = SD (abnomal no./total no., %).
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