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            Abstract

            
               
Tocilizumab (TCZ) is a promising treatment for management of COVID-19 pneumonia amid many controversies linked to its potential
                  benefit. The exact time for administration of the drug to avail maximum clinical benefit is still unclear. We present a case
                  series in which three patients with severe COVID 19 (respiratory rate of more than 30/min, breathlessness and hypoxia with
                  Spo2<92% on room air) and without any pre-existing co-morbid conditions were administered Inj TCZ intavenously based on increasing
                  levels of inflammatory markers (CRP and IL6), worsening dyspnea and radiographic evidence of COVID-19 deterioration. They
                  were admitted in our Intensive care unit (ICU) nearly 7-10 after symptom onset. Their inflammatory markers were raised with
                  CRP>75 mg/dl, IL-6 > 200 pg/ml and ABG depicted falling trend in Pao2/Fio2 ratio despite adequate ventilation. These patients
                  received TCZ nearly 9to 14 days of ICU stay after excluding secondary bacterial and fungal infections (sputum, urine and blood
                  culture) as their inflammatory markers increased suddenly during the late phase of the disease. Their liver and kidney functions
                  were acceptable and no neutropenia or thrombocytopenia was ensured. Their inflammatory markers improved significantly post
                  intervention and they weaned from non-invasive ventilation, transferred from the intensive care unit to the ward and later
                  discharged in 20-25 days from the hospital.
               

               Therefore, we would like to emphasize consideration of TCZ in worsening critically ill COVID-19 patients as a pharmacological
                  modality even during late phase of the disease as a means to improve oxygenation, avoiding mechanical ventilation and subsequent
                  morbidity and mortality. COVID 19 is a dynamically evolving disease and new treatment modalities at the different stages of
                  the disease may yield benefits in certain sub-groups of patients.
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               Introduction

            COVID-19 pandemic is affecting millions of lives globally. Evidence shows biological therapy targeting cytokines improves
               clinical outcome in cytokine storm. Tocilizumab (TCZ) acts on interleukin 6 (IL-6) receptor and downregulates immune response
               which is the major cause of pathological damage to lungs in COVID-19.1 Nevertheless, TCZ has been associated with controversies in its use in moderate-severe COVID illness, including the timing
               of administration and its potential adverse effects. This case series highlights the fact that TCZ emerged as a therapeutic
               modality in patients in whom the conventional regimens did not show improvement. Despite utilizing all treatment modalities
               and managing the patients to the best of our efforts the clinical condition of these patients was showing a declining trend.
               Though TCZ is predominantly effective in the early phases of carefully selected cases of COVID-19 infection, it may also be
               useful to delay invasive mechanical ventilation in the later part of severe COVID-19 disease, if used judiciously.
            

         

         
               Case Series

            Patient 1: A 48 years COVID-19 positive female presented with fever, cough and breathlessness for four days. Her oxygen saturation
               (Spo2) on room air was 89% and on non-rebreathing mask (NRBM) was 97%. Oxygen was continued by NRBM for three days in the
               ward, but her condition deteriorated, therefore was shifted to ICU on fourth day of admission. In ICU her Sp02 was 77% on
               room air with respiratory distress, therefore Non-invasive ventilation (NIV) initiated and treatment as per institutional
               protocol for critically ill COVID-19 patients was given. Inflammatory markers on admission in ICU were IL6-7.80 pg/ml (Normal
               range = 0-43.5pg/ml), C-Reactive Protein (CRP)-17.45mg/L (Normal range=<10mg/L). Next few days her oxygen requirement, ventilatory
               parameters and ABG (Arterial Blood Gas) depicted clinical deterioration. Serial inflammatory markers increased from baseline
               values to IL6-300 pg/ml, CRP-81mg/dl by ninth day of ICU. We initiated institutional protocol for procuring Inj TCZ 400 mg
               and administered it intavenously on eleventh day of ICU. Subsequently, she improved clinically and her oxygen requirement
               decreased. Her inflammatory markers 24 hours post intervention were IL6-34 pg/ml, CRP-57 mg/dl and 72hrs later were IL6-19
               pg/ml and CRP-39 mg/dl. Gradually she was weaned from NIV to facemask by twenty-fifth day of ICU.
            

            Patient 2: A 52 years COVID-19 positive female presented with fever, cough for six days and breathlessness for one day. Her
               Spo2 was 91% on room air and 97% oxygen supplementation by face mask. She was in ward for five days where her clinical course
               was declining, hence was shifted to ICU where NIV was initiated owing to her respiratory distress. Her baseline markers were
               IL6-26 pg/ml, CRP-3.8 mg/dl. On the 12th day of ICU her markers were: IL-6-81.6 pg/ml, CRP-100 mg/dl. Her ABG depicted impending respiratory failure warranting mechanical
               ventilation. Therefore, we administered Inj TCZ 400 mg intavenously on the 14th day of ICU. Within 24 hours, her oxygen requirement improved and her inflammatory markers 24 hours later were: IL-6-59.3
               pg/ml, CRP-3.2 mg/dl. We were able to step down to minimal ventilatory support in eight days.
            

            Patient 3: A 37 years COVID-19 positive male was directly shifted from emergency room to the ICU in view of falling Spo2.
               He had fever, cough with expectoration for 6-7 days and breathlessness for 1-2 days. His Spo2 was 82% on Room air and on NRBM
               was 96-97%. Occasionally NIV support was given owing to his respirtory discomfort. On ICU admission markers were IL-6-12 pg/ml,
               CRP-18 mg/dl. Repeat markers on 8th day of ICU were: IL-6-74.8 pg/ml, CRP-78 mg/dl. Thus, Inj TCZ 400 mg was considered apt and was given intavenously on 9th day of ICU. Following which markers decreased to CRP-19 mg/dl, IL-6-37.8 pg/ml within 24 hours.
            

         

         
               Discussion

            IL-6 plays key role in host immune response resulting in diffuse alveolar damage and microvascular thrombosis leading to acute
               lung damage.2 TCZ is a recombinant humanized monoclonal antibody against both soluble and membrane bound IL-6 receptor and improves the
               outcome in critically ill COVID-19 patients. Its use is advocated for the treatment of severe rheumatoid arthritis, systemic
               juvenile idiopathic arthritis, giant cell arteritis, and life-threatening cytokine release syndrome induced by chimeric antigen
               receptor T cell therapy.3 
            

            The recommended dose of TCZ is 4–8 mg/kg administered as a single 60- minute intravenous infusion every 4 weeks. The common
               side effects are headache, hypertension, rash, swelling and itching. The severe adverse effects being secondary bacterial,
               fungal infections, sepsis and severe hypersensitivity reactions. Its safety in pregnancy and lactation has not been established.4 
            

            According to the AIIMS/ICMR-COVID-19 National Task Force, TCZ may be considered in severe disease within 24 to 48 hours of
               ICU, with raised inflammatory markers(CRP/IL6) and no clinical improvement despite use of steroids provided they have no active
               bacterial, fungal or tubercular infection.5

            Reiterating these guidelines, the Directorate General of Health Services, Government of India had approved the use of TCZ
               for critically ill patients who show no improvement in Spo2 even after 24-48 hours of steroid administration having raised
               inflammatory markers (CRP>75mg/L).
            

            The recovery trial, a multicentre, randomised, controlled, open-label platform, administered TCZ(within 1-5 days of hospitalization)to
               2022 patients and who had severe COVID-19(oxygen saturation <92% on room air or requirement for supplemental oxygen), systemic
               inflammation (C-reactive protein ≥75 mg/L), and no clear evidence of an active infection other than SARS-CoV-2 and usual care
               to 2094 patients. They concluded TCZ improved clinical outcome, reduced mortality and increased the possibility of 28 day
               discharge with early use as chances of complicating bacterial infection are low during early phase of hospitalization.6 
            

            WHO (World Health Organisation) prequalifies Tocilizumab only for patients with severe disease. It should be given by a healthcare
               provider with adequate monitoring, oxygen, corticosteroids and other medications.7

            Gupta S  and Leaf DE8 in an editorial in The Lancet advocated the use of TCZ in severely ill COVID 19 patients, in accordance with the findings
               of the recovery trial.
            

            Boregowda et al9 in a systematic review and meta analysis of 3641 patients with severe COVID 19 compared TCZ and standard of care group, concluded
               that the former reduced mortality by 3.81%. The authors further suggested that the administration of tocilizumab at the beginning
               of the cytokine storm would be beneficial than starting it when the cytokine storm is uncontrollable. Nevertheless, its timing
               of administration continues to be ascertained. Moreover, in developing countries like ours, expensive treatment such as TCZ
               may be delayed over more economical options such as steroids. 
            

            In a systematic review and meta-analysis by Kotak S et al10 on the use of TCZ in patients of COVID 19, the TCZ group had lower mortality and lesser need for mechanical ventilation as
               compared to the control group denoting an improvement in oxygenation indices.
            

            Raquel et al11 conducted a study on 112 patients to compare efficacy of TCZ within ten days of symptom onset to injecting the drug from
               day 11. They concluded that TCZ had higher efficacy if administered after 10 days from symptom onset.
            

            P Sinha et al12 gave TCZ in 255 patients and concluded that optimal timing for administering TCZ is early during course of disease. 
            

            Christine A. Vu13 et administered TCZ in 60 patients where median time from hospital admission to receiving TCZ was two days and from symptom
               onset to administration was eight days. They concluded that TCZ may have a therapeutic role in treatment of early stages of
               COVID-19.
            

            Capra et al14 conducted a retrospective cohort study and administered TCZ during the early stage of COVID-19 pneumonia that lead to suppression
               of the hyper immune response and decreased mortality.
            

            Similarly Gupta S et al15  in a retrospective cohort among critically ill patients with COVID-19, found, the risk of in-hospital mortality was lower
               in patients treated with TCZ in the first 2 days of ICU admission compared with patients whose treatment did not include early
               use of TCZ. The patients who were admitted to ICU after 7 days of hospital admission were excluded, thus advocating the use
               of TCZ in the early phase of COVID illness.
            

            Tleyjeh IM et al.16  in a systematic review on efficacy and safety of TCZ in COVID 19 patients did not find any adverse event or higher risk
               of infection with its use.
            

            The role of TCZ in patients of COVID 19 has been questioned in a few studies, with regards to its early administration in
               the course of COVID 19. Chen CX et al.17  in a systematic review and meta analysis of 32 studies concluded that TCZ reduced the rate of death but not of surrogate
               end points like intensive care unit stay, invasive mechanical ventilation and duration of hospitalization. The COVID 19 patient
               group in this review was of heterogenous severity and many studies were observational, lacking a control group.
            

            Stone JH et al.18 in a randomized controlled trial to test the safety and efficacy of TCZ in patients (242) of severe COVID 19 with standard
               of care treatment and TCZ or placebo concluded that TCZ had no significant effect on the risk of intubation or death or on
               disease worsening. Despite this, patients on TCZ did not have any major adverse effects and had fewer serious infections than
               those with placebo.
            

            Similarly, the role of TCZ in the early course of COVID 19 to prevent worsening of pneumonia was analyzed in a randomized
               control trial by Salvarani C et al19 who found no benefit in disease progression when compared with the standard of care treatment.
            

            In another randomized controlled trial by Olivier Hermine et al20  to determine if TCZ improved outcome in patients with moderate-severe COVID 19 concluded that TCZ reduced the risk of mechanical
               ventilation or death by 14th day of administration but no difference on day 28 mortality was found. 
            

            The above studies findings17, 18, 19, 20 should be confirmed with a larger, placebo controlled randomized clinical trials with longer follow-up to evaluate possible
               applications of TCZ in different stages of the disease.
            

            We administered TCZ in these three patients with severe COVID 19 based on increasing levels of inflammatory markers, worsening
               dyspnea and radiographic evidence of COVID-19 deterioration. All patients had severe disease with RR> 30/min, breathlessness
               and hypoxia (Spo2<92% on room air) without any pre-existing co-morbid conditions. Their treatment included Inj methylprednisolone
               62.5 mg bd, Inj enoxaparin 40 mg BD subcutaneously, Inj Remdesivir 200 mg stat followed by 100 mg OD for 4 days iv, antibiotics
               and supportive care. They were admitted in our ICU nearly 7-10 after symptom onset. Their inflammatory markers were raised
               with CRP>75 mg/dl, IL-6 > 200 pg/ml and ABG depicted falling trend in Pao2/Fio2 ratio despite adequate ventilation.
            

            These patients received TCZ nearly 9to 14 days of ICU stay after excluding secondary bacterial and fungal infections (sputum,
               urine and blood culture) as their inflammatory markers increased suddenly during the late phase of the diseaseFigure  1, Figure  2, Figure  3. Their liver and kidney functions were acceptable and no neutropenia or thrombocytopenia was ensured. Their inflammatory
               markers improved significantly post intervention and they weaned from non-invasive ventilation, transferred from the intensive
               care unit to the ward and later discharged in 20-25 days from the hospital.
            

            
                  
                  Figure 1

                  Respective patients (1,2,3) denoting trends of the inflamatory markers
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                  Figure 2

                  Respective patients (1,2,3) denoting trends of the inflamatory markers
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                  Figure 3

                  Respective patients (1,2,3) denoting trends of the inflamatory markers
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            After intensive search of literature, the exact timing for TCZ administration could not be ascertained. Therefore, we would
               like to emphasize consideration of TCZ in worsening critically ill COVID-19 patients as a pharmacological modality even during
               late phase of the disease. COVID-19 in its clinical presentation, progression and response to therapeutic modalities is dynamically
               evolving and host immune response varies extensively, therefore interventional decisions need to be tailor made for each patient.
            

            Future studies are needed to help determine which group of patients derive the greatest benefit from the drug and whether
               combined therapy with corticosteroids or antiviral agents may further improve outcomes.
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