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Abstract  

Background: Coronavirus disease 2019 (COVID-19), emerged in China at the end of 2019, became a major threat to health 

around the world as it caused significant morbidity and mortality. SARS-CoV-2 infection induces a cytokine storm due to 

dose-dependent production of IL-6 from bronchial epithelial cells; therefore, Tocilizumab, a monoclonal antibody against the 

interleukin-6 receptor, is one of the recommended drugs for treatment of COVID-19 infection. It may result in better outcomes 

in patients with severe Covid-19 infection. The efficacy and timing of Tocilizumab therapy in severe COVID-19 infection in 

Myanmar was not known clearly.  

Methods: A hospital based interventional study design (Randomized controlled trial) was conducted in COVID-19 treatment 

centers in Myanmar -Yangon and Nay Pyi Taw, from February 2020 to August 2021. Supervised treatment was done; and, 

both clinical and laboratory data were collected by using standardized forms and analysis was done. We conducted a double-

blind, randomized, placebo-controlled trial of intravenous Tocilizumab in adults who were hospitalized with severe COVID-

19 infection. Patients were randomly assigned to receive either Tocilizumab or placebo for within 5 days. The primary outcome 

was the time to recovery, defined by either discharge from the hospital or hospitalization for infection-control purposes only. 

Results: A total of 105 patients (55 in Tocilizumab group and 50 in Standard treatment group) with severe COVID-19 

infection were included. Baseline characteristics in Tocilizumab group and Standard treatment group were as follows: (1) mean 

age 64.4 ± 11.9 years and 59.9 ± 15.8 years; (2) BMI 24.3 ± 3.0 and 23.9 ± 5.0; (3) mean duration of symptom onset to hospital 

admission was 9.5 ± 4.4 days and 6.5 ± 3.8; (4) mean duration of symptom onset to treatment was 12.8 ± 3.8 days and 7.1 ± 

3.8 days; (6) mean duration of hospital stay was 20.1 ± 16.5 days and 11.4 ± 4.8 days; (7) associated co-morbidities was 88% 

and 70%; and, (8) mean CXR severity score by Braxia was 12.0 ± 2.0 and 9.6 ± 3.4 respectively. The survival rate in early 

treatment receiving group was 80% in Tocilizumab group and 65.5% in Standard treatment group; that of median treatment 

receiving group was 40% and 62.5% respectively. The survival rate in late treatment receiving group reduced to 36% in 

Tocilizumab group; however, no one survived in Standard treatment group.  
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Inflammatory markers (Ferritin, LDH, D dimer and CRP) dropped significantly at 24 hours and 72 hours after Tocilizumab 

treatment; the difference was noticeable between survivors and non-survivors. Absolute lymphocyte count, liver enzymes (AST 

and ALT) and procalcitonin levels became normal by 2 weeks. No significant changes were seen in serum creatinine and blood 

urea level. Both clinical observation and questioning on experienced side effects from patients on recovery revealed that 

Tocilizumab therapy was tolerable and safe.  

Conclusions: Tocilizumab treatment was associated with a lower risk of mortality than Standard treatment group among 

patients with severe COVID-19 infection. The chance of survival was 36% if Tocilizumab treatment was given late- more than 

15 days of symptom onset unlike Standard treatment. The significant inflammatory markers which could predict survival within 

24 to 72 hours were serum ferritin, LDH, D dimer and CRP. Tocilizumab treatment in severe   

COVID-19 infection was safe and effective particularly it was given early. 

Keywords: tocilizumab; standard treatment; severe covid-19 infection; survival; inflammatory markers  

Introduction 

Coronavirus disease 2019 (COVID-19) has been spreading worldwide 

since December 2019; it causes global health threat. Once SARS-CoV-2 

virus enters host, there is initial phase of high viral replication, followed 

by the host immune response which lead to a rapid increase in 

proinflammatory cytokines, an uncontrolled inflammatory response, 

acute respiratory distress syndrome (ARDS), and multiple organ failure 

(G. Chen et al., 2020) (García, 2020). The severity of clinical 

manifestation and survival depend on protective immunity and immune 

dysregulation. The better the protective immunity, the less severe the 

clinical status; and, the host wins the battle. On the other hand, if immune 

dysregulation dominates, the chances of recovery is less likely; the 

sequence of acute inflammation, cytokine storm, acute lung injury, 

ARDS, coagulopathy and multi-organ failure occurs one after another 

(Wu et al., 2020).  

The concentration of pro-inflammatory cytokines, such as IL-6, were 

related with clinical severity; thus, prognosis. The high level of cytokines 

also indicates a poor prognosis in COVID-19. Moreover, postmortem 

examination revealed that excessive infiltration of pro-inflammatory 

cells, mainly involving macrophages and T-helper 17 cells in lung tissues 

of patients with COVID-19. SARS-Cov-2 virus selectively induces a high 

level of IL-6 and results in the exhaustion of lymphocytes. In cytokine 

storm, IL 6 plays a major role; thus IL-6 inhibitor becomes treatment 

option in severe COVID-19 infection (Bhaskar et al., 2020).  

The symptoms of COVID-19 vary from mild to very severe fatal form; 

the majority of patients infected with COVID-19 are either asymptomatic 

or mild form and they recover within weeks. The minority of infected 

patients, moderate, severe and critical form, have clinical features of 

severe pneumonia, respiratory failure, acute respiratory distress syndrome 

(ARDS), sepsis with multi-organ dysfunction, septic shock and acute 

thrombosis: acute coronary syndrome, pulmonary embolism and acute 

stroke; they require intensive treatment. Thus, early diagnosis, treatment, 

and prevention of the cytokine storms are extremely important for the 

patients. 

Severe SARS-CoV-2 infection induces hyperinflammation with 

overproduction of pro-inflammatory cytokines; elevated serum cytokines, 

including interleukin-6 (IL-6), IL-10, tumor necrosis factor-α (TNF-α) 

and interferon-γ, may cause fatal ARDS, sepsis, multi-organ failure and 

acute thrombosis in COVID-19 patients. Among inflammatory cytokines, 

serum interleukin-6 elevation is strongly associated with COVID-19 

severity and mortality; therefore, the inhibition of IL-6 may retard 

COVID-19-induced cytokine storm and disease progression. 

Tocilizumab, a recombinant humanized anti-IL-6 receptor monoclonal 

antibody, has been approved for uses in patients with rheumatologic 

disorders and cancers; it is the second drug recommended by the WHO 

for COVID-19 treatment after recommending dexamethasone in 

September 2020. In US, it has been used as emergency used 

authorization for hospitalized adults and pediatric patients (aged 2 years 

and older) with COVID-19 who are receiving systemic corticosteroids 

and require supplemental oxygen, noninvasive or invasive mechanical 

ventilation, or extracorporeal membrane oxygenation (ECMO) since June 

2021. The current evidence indicates that tocilizumab, an IL-6 inhibitor, 

is relatively effective and safe (Tang et al., 2020). Tocilizumab is a 

monoclonal antibody against interleukin-6 receptor-alpha that is used to 

treat certain inflammatory diseases. Better outcomes in patients with 

severe Covid-19 pneumonia who received tocilizumab have been 

observed in case reports. Thus, a hospital based prospective comparative 

study was conducted to detect efficacy and safety of Tocilizumab in 

severe COVID-19 infection.  

Many reports showed clinical benefits of tocilizumab treatment in 

COVID-19 patients (Zhang et al., 2020) (Xu et al., 2020) (Martínez-Sanz 

et al., 2021) (Kewan et al., 2020) (Alam & Bizri, 2021) (Liberato et al., 

2020). However, minimal benefits was seen in several large-scale, multi-

center observations and randomized clinical trials (Tsai et al., 2020) 

(Stone et al., 2020) (Khan et al., 2021) (C. Chen et al., 2021) (Rosas et 

al., 2021) (Elsokary et al., 2020) (Colaneri et al., 2020). Therefore, this 

study aimed to assess the efficacy of Tocilizumab in severe COVID-19 

infection in Myanmar.  

Methods 

Study design and participants 

A hospital based interventional study (Multicenter andomized controlled 

trial) was conducted among severe COVID-19 patients attending at 

COVID-19 treatment centers in Myanmar- Yangon and Nay Pyi Taw, 

from February 2020 to August 2021. All in patients with severe SARS-

CoV-2 infection confirmed by a positive result on RT-PCR testing of a 

nasopharyngeal sample and WHO severity score were included in this 

study. 

All adult patients (> 18 years) with severe COVID-19 infection confirmed 

by positive polymerase-chain-reaction (PCR) assay of nasopharyngeal 

swab with SaO2 less than 92% were included in this study. Patients were 

excluded if they have active tuberculosis, pregnancy, active malignancy, 

ESRD and HIV infection. All patients received standard treatment 

according to Myanmar National guideline; remdesivir, glucocorticoids, 

antibiotics, prophylactic enoxaparin, oxygen, and nutritional support and 

supportive care.  

Those who could afford to share cost of Tocilizumab were given 

Tocilizumab in addition to standard treatment. If clinical signs or 

symptoms did not improve or worsened (clinical status assessed and 

defined by attending physician), a second infusion of tocilizumab was 

administered 24 hours after the first dose after discussion with treatment 

team. The primary analysis was performed at day 28.Primary outcome 

was clinical improvement or deterioratinn in clinical status at day 28 after 
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treatment assessed by treating physician. Secondary outcome was 

survivor or non-survivor at day 28 after treatment.  

Informed consent was taken from patients or from the patient’s legally 

authorized representative who could provide oral consent with 

appropriate documentation by the investigator. This study was approved 

by the hospital research and ethics committee of No.(1) Defence Services 

General Hospital (1000-Bedded) Mingalardon, Yangon.  

Study area 

This study was carried out at four purposively selected treatment centers, 

Dagon Hospital (500-bedded), Mingaladon hospital (500-bedded) , 

Phaung Gyi hospital (1500-bedded) and Nay Pyi Taw hospital (1000-

bedded) treatment centers, which were designated for confirmed severe 

COVID-19 patients. Patients from Yangon Region were treated in Dagon 

hospital, Mingaladon hospital and Phaung Gyi hospital whereas those 

from Nay Pyi Taw region were hospitalized in Nay Pyi Taw hospital. All 

treatment centers have ICU facilities and treatment were given by junior 

physicians, supervised by senior consultant physicians with on line 

meeting at least daily.  

Sample size determination and sampling technique 

Sample size calculation 

When two groups need to be compared, randomized controlled 

trial for continuous data the following formula was used for sample size 

determination: 

 

Proportion in group1 (p1) = 0.900 

Proportion in group2 (p2) = 0.600 

Non-inferiority or superiority margin (δ) = 0.500 

Ratio between 2 groups (k) = 1.0 

Alpha (α) = 0.05, Z (0.950) = 1.644854 

Beta (β) = 0.20, Z (0.800) = 0.841621 

Sample size: n1 = 52, n2 = 52 

Operational definitions 

Body mass index (BMI) was a person’s weight in kilograms divided by 

the square of height in meters and it an indicator of body fatness. BMI 

was categorized as underweight (< 18.5 kg/m2), normal weight (18.5 to 

24.9 kg/m2), overweight (25.0 to 29.9 kg/m2) and (≥ 30.0 kg/m2) obese. 

Comorbidity was a presence of more or additional medical conditions or 

diseases in COVID-19 patients. 

Standard treatment group included those receiving dexamethasone, 

remdesivir, prophylactic enoxaparin, oxygen, and nutritional support. 

Tocilizumab group included those receiving Tocilizumab treatment in 

addition to Standard treatment. This study had two arms: in one arm, 

tocilizumab (400 mg) intravenously was added to standard treatment 

(dexamethasone, remdesivir, antibiotics, prophylactic enoxaparin, 

oxygen, and nutritional support) which was named as “Tocilizumab 

group”. In another arm, standard treatment (dexamethasone, remdesivir, 

antibiotics, prophylactic enoxaparin, oxygen, and nutritional support) 

alone was given which was named as “Standard treatment group”. 

Depending on timing, mean duration of symptom onset to Tocilizumab 

treatment in Tocilizumab group and mean duration of symptom onset to 

Remdesivir in Standard treatment group, they were divided into 3 groups. 

Early treatment receiving group in Tocilizumab group was those patients 

who received the Tocilizumab within 7 days of symptom onset. Early 

treatment receiving group in Standard treatment group was those patients 

who received the Remdesivir within 7 days of symptom onset.  

Median treatment receiving group in Tocilizumab group was those 

patients who received the Tocilizumab between 8-14 days of symptom 

onset.  Median treatment receiving group in Standard treatment group was 

those patients who received the Remdesivir between 8-14 days of 

symptom onset.   

Late treatment receiving group in Tocilizumab group was those patients 

who received the Tocilizumab more than 15 days of symptom onset.  Late 

treatment receiving group in Standard treatment group was those patients 

who received the Remdesivir more than 15 days of symptom onset.   

Timing/duration of symptoms onset to admission (days) was time from 

first symptom to arrival at hospital. 

Duration of hospital stay was total duration of hospital stay till discharge 

either in survival state or non-survival state which may be beyond 

secondary outcome i.e., 28 days. 

Primary outcome was clinical improvement or deterioration in clinical 

status at day 28 after treatment and it was assessed by treating physician. 

Secondary outcome was survivor state or non-survivor state at day 28 

after treatment.  

Severity of cardiomegaly in CXR was categorized as “0 to 3” depending 

on degree of cardiac enlargement: (1) “0” if heart size was normal; (2) 

“1” if there was mild degree of cardiomegaly; (3) “2” if there was 

moderate degree of cardiomegaly; and, (4) “3” if there was severe or gross 

cardiomegaly. 

Severity of lung parenchyma involvement in CXR was calculated by 

Brixia Score as “0 to 18”. lungs were divided into six zones on a postero-

anterior (PA) or antero-posterior (AP) projection. In the second step, a 

score (0 to 3) is assigned to each zone based on lung abnormalities as 

follows: (1) “0” if  there was no lung abnormalities; (2) “1 “if there was 

interstitial infiltrates; (3) “2” if there was interstitial and alveolar 

infiltrates with interstitial predominance; and, (4) “3 “ if there was 

interstitial and alveolar infiltrates with alveolar predominance.Finally, the 

scores of the six lung zones are then added to obtain an overall CXR score 

ranging from 0 to 18.   

Oxygen requirement was classified as NC (nasal canula), HFM (high flow 

mask), DFM (oxygen double source with high flow mask), NIV (non-

invasive ventilation- CPAP or BiPAP) and, invasive ventilation. 

Based on WHO severity score, the clinical severity of COVID‐19 

infection was classified into four types: mild,moderate, severe and 

critical. In mild category, patients have symptoms only, CXR is normal 

and, SaO2 on air is normal. In moderate category, CXR shows 

pneumonias and SaO2 on air is ≥ 90%. In severe category, respiratory rate 

is > 30/min and, SaO2 on air is < 92%. In critical disease category, the 

patient has ARDS; he may have sepsis with multi-organ dysfunction or 

septic shock or acute thrombosis (pulmonary embolism, acute coronary 

syndrome, acute stroke).  

The level of ferritin was defined as elevated when it was higher than 400 

ng/mL (30-400 ng/ml). The level of LDH was defined as elevated when 

it was higher than 225 U/l (135-225 U/l).The level of D dimer was defined 

as elevated when it was higher than 0.5 μg/ml (< 0.5 μg/ml). CRP, an 

acute‐phase reactant reflecting the inflammatory activity, was defined as 

elevated when it was higher than 0.5 mg/L (< 0.5 mg/l).The most recent 
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ferritin, LDH and D dimer and CRP values before tocilizumab 

administration was selected as the value of before tocilizumab therapy 

and the changes of the value after tocilizumab administration was 

observed for 4 week (24 hour, 72 hour, 1 week, 2 week, 3 week and 4 

week).  

Data collection and procedures  

The data of demographics and comorbidities from confirmed COVID-19 

infection by nasopharyngeal swab for PCR were taken on admission; their 

clinical severity was assessed by WHO severity score. CXR and 

laboratory tests were done. They were randomly assigned for one of the 

treatments: standard treatment plus Tocilizumab (Tocilizumab group) or 

standard treatment alone (Standard treatment group). If their assignment 

was Tocilizumab group and they were affordable, Tocilizumab was given. 

If they could not afford Tocilizumab, they received Standard treatment 

and they were in Standard treatment. All severe patients received standard 

treatment according to Myanmar National guideline; remdesivir, 

glucocorticoids, antibiotics, prophylactic enoxaparin, oxygen, and 

nutritional support and supportive care.  

If clinical signs or symptoms did not improve or worsened (assessed and 

defined by attending physician), a second infusion of tocilizumab was 

administered 24 hours after the first dose after discussion with treatment 

team. The primary analysis was performed at day 28. Primary outcome 

was clinical improvement or deterioration in clinical status at day 28 after 

treatment assessed by treating physician. Secondary outcome was 

survivor or non-survivor at day 28 after treatment.  

The blood levels of inflammatory markers (ferritin, LDH, D-dimer and 

CRP), complete picture, liver enzymes, serum creatinine and sugar were 

done before and after tocilizumab administration (24 hour, 72 hour, 1 

week, 2 week, 3 week and 4 week).  The most recent ferritin, LDH and D 

dimer, CRP, complete picture, liver enzymes, serum creatinine and sugar 

values before tocilizumab administration was selected as the value of 

before tocilizumab therapy and the changes of the value after tocilizumab  

administration was observed for 4 week (24 hour, 72 hour, 1 week, 2 

week, 3 week and 4 week). The clinical outcome of the patients was 

evaluated daily till 4 week after treatment. Both clinical, radiological and 

laboratory data were collected in standardized proforma and 

confidentiality was maintained. The data were checked by two medical 

officers and then, supervision, completeness, and consistency of collected 

data were performed by the principle investigator. 

Statistical analysis 

The primary analysis was a stratified log-rank test of time to recovery 

with Tocilizumab as compared with placebo, with stratification by disease 

severity (the actual severity at baseline). For time-to-recovery and time-

to-improvement analyses, data for patients who did not recover and data 

for patients who died were censored at day 10. 

Prespecified subgroups in these analyses were defined according to sex, 

baseline disease severity (according to stratification criteria and on the 

basis of the ordinal scale), age (18 to 39 years, 40 to 64 years, or ≥65 

years), race, ethnic group, duration of symptoms before randomization 

(measured as ≤10 days or >10 days, in quartiles, and as the median), site 

location, and presence of coexisting conditions. To assess the effect of 

disease severity on treatment benefit (recovery and mortality), post hoc 

analyses evaluated interactions of efficacy with baseline ordinal score (as 

a continuous variable). 

We calculated that 105 patients (55 in  Tocilizumab group and 50 in 

Standard treatment group) using a 2-sided significance level of .05. All 

patients who were randomized and received at least 1 dose of 

Tocilizumab, or for the standard care group were assessed for efficacy 

and adverse events. We used SPSS version 23 and SAS version 9.4 for all 

analyses. 

For the primary efficacy end point, each Tocilizumab group was 

compared with the standard care group at a 2-sided α =0 .05. Proportional 

odds models were used with treatment as the independent variable; odds 

ratios and 95% CIs are presented. The assumption of proportional odds 

was tested using the score test, and supporting P values from the 

Wilcoxon rank sum test are provided if the proportional odds assumption 

was not met. Analyses including baseline clinical status as a covariate 

were also performed. 

For the secondary end point of proportion of patients with adverse events 

throughout the duration of the study, comparisons between each 

Tocilizumab group and the standard care group were performed using a 

Fisher exact test; point estimates of the group differences and 

corresponding 95% CIs were calculated. For the prespecified exploratory 

end points, death was considered the competing risk in these time-to-

event analyses. Patients without the event of interest were censored on the 

day of the last nonmissing ordinal scale assessment. 

All-cause mortality was estimated using the Kaplan-Meier product limit 

method with all available data. Each Tocilizumab group was compared 

with the standard care group using the log-rank test, and hazard ratios and 

95% CIs were provided. 

Durations of oxygen therapy and hospitalization were summarized and 

compared between groups using the Wilcoxon rank sum test used to 

compare parameters whenever appropriate. A p value of less than .05 was 

considered statistically significant. The collected data were entered into 

Microsoft Excel 2016 and exported to IBM SPSS Statistics for Windows, 

Version 23.0 (Armonk, NY: IBM Corp) for analysis. Descriptive statistics 

were presented as frequency and percentages for categorical variables and 

mean (standard deviation, SD) for continuous variables. Bivariable 

logistic regression analysis was performed to assess the relative impact of 

the predictor variables on the outcome variable. To control for potential 

confounding factors, multivariable logistic regression analysis was 

performed. All independent factors with p value < 0.05 in bivariable 

regression analysis were candidates for the multivariable logistic 

regression model. The results of group comparisons of risk factors and 

severity of disease were expressed as adjusted odds ratio (AOR) with 95% 

CI and a p value was set at < 0.05 for statistical significance. 
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Figure 1: Flow chart 

Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Baseline characteristics of patients with severe COVID-19 Infection (n=105) 

 

 Tocilizumab group (n 

= 55) 

Standard treatment 

group (n = 50) 

Age Group   

20-40 year 2 (3.6%) 6 (12 %) 

41-60 year 15 (27.3%) 17 (34 %) 

>60 year 38 (69.1%) 27 (54 %) 

Sex   

Male 37 (67.3 %) 34 (68 %) 

Female 18 (32.7%) 16 (32%) 

BMI Group   

<18.5 1(1.8%) 7(14 %) 

Baseline characteristics 

Tocilizumab  

group 

(n = 55) 

Standard treatment group 

(n = 50) 

Age (years) 64.44 ± 11.95 (30 -92)  59.94 ± 15.79 (21 – 88) 

BMI (kg/ m2) 24.30 ± 3.30 (16.80 – 31.30)  23.85 ± 4.96 (17 -34)  

Timing/duration of symptoms onset to 

admission (days) 

9.47 ± 4.43 (3 – 26) 6.52 ± 3.82 (1 – 15)  

Length of hospital stay (days) 
20.07 ± 16.51 (2 – 88)  11.36 ± 4.83 (2 - 24) 

Timing/duration of symptom onset to 

treatment (days) 

12.84 ± 3.84 (5 -22)  7.1 ± 3.75 (1 – 19)  

CXR severity score by Braxia score 
12.02 ± 3.05 (5 – 16)  9.64 ± 3.43 (4 – 16)  
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18.5 - 24.9 28 (50.9%) 22 (44 %) 

25 - 29.9 23 (41.8%) 14 (28%) 

≥ 30 3(5.5%) 7 (14 %) 

Timing of Symptom Onset to Admission   

≤7 days 19 (34.5%) 33 (66%) 

8 - 14 days 31 (56.4%) 16 (32%) 

>14 days 5(9.1%) 1(2 %) 

Timing of Symptoms Onset to treatment No. of patients Percent 

≤7 days 5 (9.1%) 32(64 %) 

8 - 14 days 31 (56.4%) 16(32 %) 

>14 days 19 (34.5%) 2(4 %) 

CXR severity regarding cardiomegaly No. of patients Percent 

No Cardiomegaly 27 (49.1%) 7 (14%) 

Mild Cardiomegaly 16 (29.1%) 16(32 %) 

Moderate Cardiomegaly 10 (18.2%) 26(52 %) 

Gross Cardiomegaly 2 (3.6%) 1 (2%) 

CXR severity score by Brixia score 12.02 ± 3.05 (5 – 16) 9.64 ± 3.43 (4 – 16) 

Comorbid disease status No. of patients Percent 

No Comorbid Disease 7 (12.7%) 15(30 %) 

One Comorbid Disease 22 (40.0%) 13(26 %) 

Two Comorbid Disease 21(38.2%) 9 (18 %) 

≥ Three Comorbid Disease 5(9.1%) 13 (26%) 

Length of hospital stay (days) 20.07 ± 16.51 (2 – 88) 11.36 ± 4.83 (2 - 24) 

Outcomes No. of patients Percent 

Non-survivors 32(58.2%) 19(38 %) 

Survivors 23(41.8%) 31 (62 %) 

Table 2: Frequency distribution of clinical characteristics of Covid-19 Infected patients (n=105) 
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Figure 2: Comorbid disease statuses among COVID-19 infected patients 

Although initial enrollment included 2,709 cases with COVID-19 

infection, 1,604 cases of mild to moderate infections were excluded. 

Out of 1,105 cases with severe infection, only 105 cases, 55 patients in 

Tocilizumab group and 50 patients in Standard treatment group, were 

finally included after obtaining informed consent. 

Table (1) shows baseline characteristics of patients in two treatment 

group. Mean age of patients in Tocilizumab group was 64.6 years whereas 

it was 59.9 years in Standard treatment group; BMI was almost the same, 

24.3 and 23.9 respectively. Duration of symptom onset to hospital 

admission was longer- 9.5 days in Tocilizumab group and 6.5 days in 

Standard treatment group.  

Duration of symptom onset to treatment was also longer- 12.8 days in 

Tocilizumab group and 7.1 days in Standard treatment group. Length of 

hospital stay was again longer- 20 days in Tocilizumab group and 11 days 

in Standard treatment group. CXR severity score by Brixia score was 

higher-12 in Tocilizumab group; it was less 10 in Standard treatment 

group. 

Break down comparison is demonstrated in Table (2). Nearly 90% of 

patients in Tocilizumab group had co-morbid diseases; however, only 

70% of patients in standard treatment group had co-morbidities. Most of 

the patients in both groups had mild to moderate cardiomegaly in chest 

radiograph. Only 42% of patients in Tocilizumab group survived; 

nevertheless, 62% in standard treatment group survived.  

Figure (2) reveals associated co-morbidities in both groups; hypertension, 

diabetes mellitus and heart disease were common.  

The association between clinical characteristics and outcomes is 

mentioned for each group in Table (3) and (4). In Tocilizumab group, the 

chances of survival were highest (80%) in patients who got treatment 

early- less than 7 days; it dropped to 39% and 37% if they received 

treatment late- more than 8 days and 14 days respectively. Similar pattern 

was seen in duration of symptom onset to hospital admission; early 

comers had highest survival rate. However, presence of co-morbid 

diseases did not influence the survival. 

In standard treatment group, the chances of survival were highest (66%) 

in patients who got treatment early- less than 7 days; it dropped to 63% if 

they received treatment late- more than 8 days. Similar pattern was seen 

in duration of symptom onset to hospital admission; early comers had 

highest survival rate. However, presence of co-morbid diseases did not 

influence the survival. It is also shown in Figure (5). 

Regarding duration of symptom onset to treatment, the striking difference 

was noted in non-survivors. The chances of death were higher if the 

treatment was not given earlier; 63% in Tocilizumab group and almost 

100% in standard treatment group. In other words, there was chances of 

survival- nearly 40% if Tocilizumab was given late- 2 weeks after 

symptom onset. It is clearly seen in Figure (3) and (4).  

Table (4) demonstrates changes in laboratory parameters. Haematological 

improvement, normal absolute lymphocyte count, was seen significantly 

in 2 weeks after treatment whereas inflammatory markers (CRP, LDH and 

Ferritin) dropped significantly at 24 hours and 72 hours after treatment. 

Liver enzymes (AST and ALT), D-dimers and procalcitonin levels 

became normal by 2 weeks. There were no significant changes in serum 

creatinine and blood urea level. 

In Tocilizumab group, ferritin level in survivors dropped dramatically 

than non-survivors; it is demonstrated in Figure (6). Similar changes were 

seen in both LDH level, D dimer and CRP level; it is drawn in Figure (7), 

(8) and Figure (9) respectively.  

In contrast, haematological parameters like total WBC count, absolute 

neutrophil count, absolute lymphocyte count and platelet count as well as 

liver enzymes (ALT, AST) and renal profile (serum creatinine) did not 

show significant difference between survivors and non-survivors. Figure 

(10), (11), (12), (13), (14), (15) and (16) have revealed them.  
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Table 3: Association between clinical characteristics and outcomes in Tocilizumab group (n=55) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Association between clinical characteristics and outcomes in Standard treatment group (n=50) 

 

Clinical Characteristics  Outcomes   

 

π2 

 

P value  Survivors Non-survivors 

Timing/Duration of Symptoms Onset to treatment with Tocilizumab  

      ≤7 days 4 (80%) 1(20%)  

3.31 

 

0.19 
      8 - 14 days 12 (38.7%) 19 (61.3%) 

      >14 days 
7 (36.8%) 12 (63.2%) 

Timing/Duration of Symptom Onset to Admission  

     ≤7 days 
9 (47.4%) 10(52.6%) 

 

1.21 

 

0.54 
     8 - 14 days 

13 (41.9%) 18 (58.1%) 

     14 days 1 (20%) 4 (80%)  

Comorbid Disease Status  

     No Comorbid Disease  3 (42.9%) 4 (57.1%)   

     Presence of Comorbid Disease  20 (41.7%)  28 (58.3%) 0.004 0.95 

 

Clinical Characteristics  

Outcomes   

π2 

P value  

Survivors Non-survivors 

Timing of Symptoms Onset to treatment (Remdesivir)  

     ≤7 days 21(65.5 %) 11(34.4 %)  

3.44 

 

0.18 
     8 - 14 days 10 (62.5%) 6(37.5%) 

     >14 days 0 (0.0%) 2 (100 %) 

Timing of Symptom Onset to Admission  

     ≤7 days 21(63.6%) 12(36.4%)  

1.67 

 

0.43      8 - 14 days 10 (62.5%) 6(37.5%) 

     14 days 0 (0.0%) 1(100%)  

Comorbid Disease Status  

     No Comorbid Disease  11 (73.3%) 4 (26.7%)  

1.16 

 

0.28     Presence of Comorbid Disease  20 (57.1%)  15 (42.9%) 
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Figure 3: Association Between duration/timing of symptom onset to treatment and outcomes in Tocilizumab group (n=55) 

 
 

Figure 4: Association between timing of symptom onset to admission and outcomes in Tocilizumab group (n=55) 
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Figure 5: Association between comorbid statuses and outcomes in Tocilizumab group (n=55) 

Table 4: Laboratory parameters in Tocilizumab group (n=55) 
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ASSOCIATION BETWEEN COMORBID STATUS AND 

OUTCOMES

Alive Death

LaboratoryParameters Mean  SD  

Full Blood Count Admission Day Day before 

Tocilizumab 

24hr after 

Tocilizumab 

72hr after 

Tocilizumab 

7 Days after 

Tocilizumab 

14 Days after 

Tocilizumab 

Hb (gm%) 13.12 ± 1.83 13.50  ± 1.92 13.54  ± 2.02 13.57  ±  2.66 13.27  ± 2.07 13.01  ± 2.13 

WBC (X109/L) 12.19 ± 6.29 13.38 ± 6.19 15.38 ± 7.42 14.08 ± 6.49 14.42 ± 7.58 15.67 ± 7.34 

ANC (X109/L) 9.33 ± 5.11 11.25 ± 5.91  13.44 ± 6.79 12.74 ± 5.86 13.06 ± 7.20 13.97 ± 8.22  

ALC (X109/L) 0.99 ± 0.65 0.77 ± 0.38 0.81 ± 0.51 0.58 ± 0.73 0.92 ± 0.63 1.09 ± 0.74  

PLT (X109/L) 201.02  ± 83.16 230.77  ± 87.12 259.48  ± 121.21 232.96  ± 115.56 235.16  ± 117.89 228.36 ± 78.67 

RBS (mg%) 179.2  ± 107.9 227.67  ± 87.12 172.0  ± 35.99 167.5 ± 20.9 147.07  ± 57.02 165.33 ± 18.55 

Creatinine (mg%) 0.98  ± 0.42 0.91  ± 0.39 0.87  ± 0.28 0.90  ± 0.24 0.81 ± 0.32 0.83  ± 0.32  

Inflammatory Markers Admission Day Day before 

Tocilizumab 

 24hr after 

Tocilizumab 

72hr after 

Tocilizumab 

7 Days after 

Tocilizumab 

14 Days after 

Tocilizumab  

ALT (IU/L) 55.38 ± 32.09 53.37 ± 28.49 65.09 ±54.08 59.70 ± 51.19 57.18 ± 38.24 49.75 ± 32.44 

AST (IU/L) 55.62 ± 24.38 51.88 ± 27.42 59.32 ± 52.04 51.91 ± 33.90 46.01 ± 23.97 38.6 ± 16.94 

Ferritin  799.8 ± 515.8 1302.04±1365.96 1025.62±619.54 982.49 ± 449.82 976.22 ± 412.85 537.33±393.11 

LDH 537.36± 250.06 575.67 ± 269.09 604.13 ± 200.16 597.12 ± 230.60 527 ± 191.96 450.33±208.78 

CRP 85.54 ± 71.36 85.95 ± 93.22 56.17 ± 55.35 53.23 ± 68.24  46.79 ± 60.73 39.74 ± 78.55 

D-dimer 2405.49±3135.51 2123.54±2406.53 2500.59±3307.82 1658.42±2302.68  1321.54±1177.91 664.83±527.22 

Procalcitonin 0.32 ± 0.31 0.13 ± 0.11 0.35 ± 0.47 0.26 ± 0.28  0.09 ± 0.11 0.05 
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Figure 6: Changes in Ferritin level in survivors and non-survivors in Tocilizumab group (n=55) 

 

Figure 7: Changes in LDH level in survivors and non-survivors in Tocilizumab group (n=55) 
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Figure 8: Changes in D dimers level in survivors and non-survivors in Tocilizumab group (n=55) 

 

Figure 9: Changes in CRP level in survivors and non-survivors in Tocilizumab group (n=55) 
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Figure 10: Changes in TWBC in survivors and non-survivors during treatment of Tocilizumab among patients with severe COVID-19 infection 

(n=55) 

 

Figure 11: Changes in ANC in survivors and non-survivors during treatment of Tocilizumab among patients with severe COVID-19 infection (n=55) 
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Figure 12: Changes in ALC in survivors and non-survivors during treatment of Tocilizumab among patients with severe COVID-19 infection (n=55) 

 

Figure 13: Changes in ALT level in survivors and non-survivors during treatment of Tocilizumab among patients with severe COVID-19 infection 

(n=55) 
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Figure 14: Changes in AST level in survivors and non-survivors during treatment of Tocilizumab among patients with severe COVID-19 infection 

(n=55) 

Discussion 

Coronavirus disease 2019 (Covid-19) is associated with immune 

dysregulation and hyperinflammation, including elevated interleukin-6 

levels. The use of tocilizumab, a monoclonal antibody against the 

interleukin-6 receptor, has resulted in better outcomes in patients with 

severe Covid-19 pneumonia in case reports and retrospective 

observational cohort studies. The efficacy of Tocilizumab therapy in 

patients with severe COVID‐19 infection was studied in second and third 

wave in Myanmar, developing country. 

In this study, base line characteristics in both groups were favorable to 

poor outcome; however, patients in Tocilizumab group were more severe 

than Standard treatment group as their mean age was older and their BMI 

was higher. In addition, they came to hospital late; they got treatment 5 

days later than Standard treatment group. Furthermore, nearly 90% of 

them had co-morbidities compared to 70% in Standard treatment group. 

Besides, their initial CXR severity score was worse; score 12 in 

Tocilizumab group and score 9.6 in Standard treatment group. Moreover, 

Tocilizumab group had longer hospital stay, 20.07 ± 16.51 days, 

compared to 11.36 ± 4.83 days in Standard treatment group which 

reflected the need for longer oxygen requirement and ventilatory support. 

However, the survival rate in early treatment receiving group was 80% in 

Tocilizumab group and 65.5% in Standard treatment group; that of 

median treatment receiving group was 40% and 62.5% respectively. The 

survival rate in late treatment receiving group reduced to 36% in 

Tocilizumab group; however, no one survived in Standard treatment 

group. 

Thus, Tocilizumab therapy led to lower risk of mortality. Therefore, this 

study confirmed the earlier reports (Xu et al., 2020) (Zhang et al., 2020) 

(Alam & Bizri, 2021) (Liberato et al., 2020). 

In addition, the oxygen requirement of most of the patients did not 

increase after Tocilizumab therapy. None of them did not require 

ventilatory support following Tocilizumab; thus, it proved the fact by Wei 

et al “ Tocilizumab therapy led to lower risk of mortality and the 

requirement for ventilatory support” (Wei et al., 2021). Three patients 

were already on ventilator prior to Tocilizumab therapy; none of them 

survived because of age (over 75 year), underlying heart failure with huge 

cardiomegaly and poor ejection fraction, hypertension and chronic kidney 

disease. Other studies on Tocilizumab included mechanically ventilated 

cases ; and their findings were positive (Guo et al., 2020) (Alam & Bizri, 

2021) (Xu et al., 2020) (Somers et al., 2021). In this study, 

nasopharyngeal swab conversion to negative PCR results after 

Tocilizumab therapy was done in only 20 cases; it took 7-10 days to get 

PCR conversion. In Indonesia study, nasopharyngeal swab conversion to 

negative PCR results was quicker with Tocilizumab (Widysanto et al., 

2021).  

In this study, the chances of survival were highest (80%) in patients who 

got treatment early- less than 7 days; it dropped to 39% and 37% if they 

received treatment late- more than 8 days and 14 days respectively. 

Therefore, the best timing for Tocilizumab therapy should be less than 7 

days symptom onset; it pointed out the report by Moreno Diaz et al., 

(2021) suggesting the timing of Tocilizumab therapy at “10 days” after 

symptom onset (Moreno Diaz et al., 2021). Farooqi et al.(2020) 

recommended aggressive early treatment with Tocilizumab to prevent 

and overcome cytokine storm; best therapeutic effect (Petrak et al., 2021) 

(Zarębska-Michaluk et al., 2021). 

On the other hand, efficacy of Tocilizumab therapy in COVID-19 

infection in reducing short term morality was disregarded by other studies  

and they suggested meta-analysis was required (C. Chen et al., 2021) 

(Rosas et al., 2021). Some researchers overlooked its use (Elsokary et al., 

2020) (Colaneri et al., 2020).  

A single dose of Tocilizumab (400 mg one vial) was used in all patients 

except 4 cases; 3 out of 4 patients survived and they also received 

convalescent plasma therapy in this study,. Because both clinical 

improvement and the level of inflammatory markers (serum ferritin, 

LDH, D-dimer and CRP) were not satisfactory at 24 hours after first dose 

of Tocilizumab, the treating team decided to give second dose. As the 

patients were affordable, second dose was given and it saved them. The 

one who succumbed after second dose was desperate; elderly woman 

having gross cardiomegaly with chronic heart failure and she was on 

ventilatory support. If the non-survivors received repeated dosage of 

Tocilizumab particularly in early state, their outcome would be better. In 

the study done in Pakistan, they used fix dose of Tocilizumab 600 mg for 

cost saving; and, the result was favorable (Moes et al., 2021). 

The main reason for using single dose in this study was “money factor”; 

the cost of one vial of Tocilizumab 400 mg/vial was sky rocket high, 

nearly 100 times its original price, during third wave of epidemic in 
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Myanmar. This point also led to late admission to hospital as well as late 

treatment. If Tocilizumab was prescribed early i.e., less than one week 

symptom onset, the outcome would be better. Also, repeated doses might 

alter the prognosis. One report suggested to give two to three doses in 

critically ill patients or patients with an extremely higher level of IL‐6. 

The earliest report from China in 2020 recommended to repeat 

Tocilizumab especially in critically ill patients with raised IL-6 level (Luo 

et al., 2020).  

In this study, the earliest improvement in inflammatory markers was seen 

at 24 hours after treatment; and, it became more pronounced at 72 hours. 

Among the inflammatory markers which dropped more significantly in 

survivors were serum ferritin, LDH, D dimer and CRP; the initial drop 

24-72 hours after Tocilizumab treatment as well as the subsequent fall till 

2 weeks were well recognized in survivors. Thus, the significant changes 

in level of inflammatory markers within 24 to 72 hours after treatment 

could predict the survival. Moreover, the decision to give repeated dose 

of Tocilizumab could be made from changes in their blood level in 

addition to clinical status. Initial slight fall in ferritin within 24 to 72 hours 

and further spiked in ferritin after one week was clearly seen in non-

survivors. Therefore, our findings supported the effectiveness of 

Tocilizumab in the prevention or treatment of cytokine storms induced by 

COVID‐19. All inflammatory markers, serum ferritin, LDH, D dimer and 

CRP level, reflected that Tocilizumab treatment prevented or treated 

cytokine storms in patients with severe COVID-19 infection though IL-6 

levels could not be performed due to economic constraint. Farooqi et al. 

(2020) proposed early, proactive identification of serum acute phase 

reactants and aggressive early treatment for cytokine storm, to get optimal 

therapeutic benefits and obviate the need for mechanical ventilation, 

thereby decreasing mortality (Farooqi et al., 2020).  

No adverse drug reaction was recorded in this study. One case, 91 year 

old male had recovered from severe COVID-19 pneumonia developed 

colonic perforation on 17 days after Tocilizumab therapy, day 28 

symptom onset. In remaining 54 cases, both liver enzymes level and 

serum creatinine level did not rise after Tocilizumab therapy in this study. 

Therefore it was safe, supporting other report (Liberato et al., 2020). 

Though Tocilizumab may cause neutropenia, superinfections, 

reactivation of latent infections (Nosheen N et al., 2020), hepatitis, and 

cardiac abnormalities, there was no evidence of hepatitis or cardiac 

abnormalities in this study. There was no serious side effect except mild 

giddiness, appetite loss and nausea although the side effects like 

hypersensitivity, cytopenias, hepatic injury and gastrointestinal 

perforation were notable adverse effects of tocilizumab (Afra et al., 2021). 

Deana et al. (2021) reported pulmonary aspergillosis as a complication of 

Tocilizumab, the patients in Tocilizumab group did not have such 

complication within the study period -28 days.  

There were several limitations in this study. First, Tocilizumab was very 

expensive, 100 times its original price particularly in third wave of 

epidemics in Myanmar; thus, most of the patients could not afford to buy 

as part of cost-sharing therapy. It caused unlikely to repeat second dose 

or third dose. The outcome would have changed if the patients received 

them. Moreover, the timing of tocilizumab therapy matters. If they got 

tocilizumab therapy early, they would survived more. In addition, this 

study would be stronger if it was a randomized control trial. Here, one of 

the inclusion criteria was affordability of Tocilizumab therapy from 

patient side. Furthermore, the sample size was not large though the study 

covered 1000-bedded and 300-bedded COVID treatment centers. 

Besides, blood IL-6 level which is direct evidence of blood level of IL-6 

in cytokine storm should be measured rather than measuring other 

inflammatory markers- ferritin, LDH, D-dimer and CRP. Finally, 

observation with a sufficient number of COVID‐19 patients in RCT is still 

needed to document the effectiveness of Tocilizumab. 

Conclusions 

Although base line characteristics in Tocilizumab group were poorer than 

Standard treatment group such as older age, higher BMI, late 

hospitalization, late treatment, longer hospital stay, more co-morbidities 

and higher CXR severity score by Brixia, the survival rate of Tocilizumab 

treatment was better than Standard treatment group particularly 

Tocilizumab treatment was given early in treating patients with severe 

COVID-19 infection,  The chance of survival was 36% if Tocilizumab 

treatment was given even late- more than 15 days of symptom onset 

whereas it was almost zero with Standard treatment. The earliest 

improvement in inflammatory markers was seen at 24 hours after 

treatment; and, it was more pronounced at 72 hours. Absolute lymphocyte 

count, Liver enzymes (AST and ALT), D-dimers and procalcitonin levels 

became normal by 2 weeks. The significant inflammatory markers which 

can predict survival within 24 to 72 hours were serum ferritin, LDH, D 

dimer and CRP; and, repeated dose of Tocilizumab is required if their fall 

is not satisfactory. Tocilizumab treatment in severe COVID-19 infection 

was safe and effective especially it was given early.  

Recommendation 

Randomized control trial with large number of cases with repeated dosage 

of Tocilizumab are required for better information. Solution for use of 

expensive drugs in clinical trials and treatment should be find out. 

Inflammatory markers like serum ferritin, LDH, D-dimer and CRP can be 

used as response to treatment in developing countries who cannot do 

expensive marker like IL-6 level. 
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