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Summary
Background Global randomised controlled trials of the anti-IL-6 receptor antibody tocilizumab in patients admitted to 
hospital with COVID-19 have shown conflicting results but potential decreases in time to discharge and burden on 
intensive care. Tocilizumab reduced progression to mechanical ventilation and death in a trial population enriched for 
racial and ethnic minorities. We aimed to investigate whether tocilizumab treatment could prevent COVID-19 progression 
in the first multicentre randomised controlled trial of tocilizumab done entirely in a lower-middle-income country.

Methods COVINTOC is an open-label, multicentre, randomised, controlled, phase 3 trial done at 12 public and private 
hospitals across India. Adults (aged ≥18 years) admitted to hospital with moderate to severe COVID-19 (Indian 
Ministry of Health grading) confirmed by positive SARS-CoV-2 PCR result were randomly assigned (1:1 block 
randomisation) to receive tocilizumab 6 mg/kg plus standard care (the tocilizumab group) or standard care alone (the 
standard care group). The primary endpoint was progression of COVID-19 (from moderate to severe or from severe 
to death) up to day 14 in the modified intention-to-treat population of all participants who had at least one post-
baseline assessment for the primary endpoint. Safety was assessed in all randomly assigned patients. The trial is 
completed and registered with the Clinical Trials Registry India (CTRI/2020/05/025369).

Findings 180 patients were recruited between May 30, 2020, and Aug 31, 2020, and randomly assigned to the 
tocilizumab group (n=90) or the standard care group (n=90). One patient randomly assigned to the standard care 
group inadvertently received tocilizumab at baseline and was included in the tocilizumab group for all analyses. 
One patient randomly assigned to the standard care group withdrew consent after the baseline visit and did not 
receive any study medication and was not included in the modified intention-to-treat population but was still included 
in safety analyses. 75 (82%) of 91 in the tocilizumab group and 68 (76%) of 89 in the standard care group completed 
28 days of follow-up. Progression of COVID-19 up to day 14 occurred in eight (9%) of 91 patients in the tocilizumab 
group and 11 (13%) of 88 in the standard care group (difference –3·71 [95% CI –18·23 to 11·19]; p=0·42). 33 (36%) of 
91 patients in the tocilizumab group and 22 (25%) of 89 patients in the standard care group had adverse events; 
18 (20%) and 15 (17%) had serious adverse events. The most common adverse event was acute respiratory distress 
syndrome, reported in seven (8%) patients in each group. Grade 3 adverse events were reported in two (2%) patients 
in the tocilizumab group and five (6%) patients in the standard care group. There were no grade 4 adverse events. 
Serious adverse events were reported in 18 (20%) patients in the tocilizumab group and 15 (17%) in the standard care 
group; 13 (14%) and 15 (17%) patients died during the study.

Interpretation Routine use of tocilizumab in patients admitted to hospital with moderate to severe COVID-19 is not 
supported. However, post-hoc evidence from this study suggests tocilizumab might still be effective in patients with 
severe COVID-19 and so should be investigated further in future studies.

Funding Medanta Institute of Education and Research, Roche India, Cipla India, and Action COVID-19 India.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
There is a need for effective treatment options for 
COVID-19, especially in low-income and middle-income 
countries (LMICs) with a high disease burden and scarce 
resources. Dexamethasone has been shown to reduce 
mortality rates in patients admitted to hospital with 

COVID-191 and some evidence indicates that antiviral 
therapy with remdesivir might improve disease recovery 
times in patients with severe COVID-19, but it does not 
appear to reduce mortality rates.2

In SARS-CoV-2 infection, proinflammatory cytokines, 
including IL-6, can cause hyperinflammation.3,4 Patients 
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with severe and critical disease often progress to 
respiratory failure, pneumonia, acute respiratory distress 
syndrome (ARDS), and multiple organ failure.5,6 In 
COVID-19, the level of IL-6, a proinflammatory cytokine, 
is increased,7 correlates with the severity of pneumonia,8–10 
and appears to drive immune dysregulation.4

Tocilizumab is an anti-IL-6 receptor-α monoclonal 
antibody that is indicated for the treatment of some 
IL-6-mediated inflammatory disorders.11 Case reports and 
observational studies suggest that tocilizumab might be 
a promising treatment option in COVID-19-associated 
pneumonia,12–14 supporting further investigation in 
randomised controlled trials. No randomised controlled 
trial assessing tocilizumab in patients with COVID-19 
had been completed at the time our study was initiated. 
However, four trials have since reported conflicting and 
mostly negative results regarding the efficacy of this 
treatment.15–18 Guidelines for the conduct of clinical trials 
during the COVID-19 pandemic have been provided by 
the Indian Ministry of Health and Family Welfare 
(MoHFW) based on guidance issued by the US Food and 
Drug administration.19 To ensure standardised reporting 
and comparison of therapeutic options in homogeneous 
disease populations, the Drug Controller General of 
India suggested that the MoHFW grading of COVID-19 
disease severity20 be followed in all COVID-19 drug trials 
in India. This simple grading system, designed for 
optimal use of scarce health-care resources, is based on 
oxygen saturation and triaging priorities for patients 
whereby those with mild disease can be managed at 
home or at a non-medical facility, those with moderate 
disease can be treated at a health-care facility but not in 
an intensive care unit (ICU), and those with severe 
disease can receive tertiary-level institutional care.

The COVID India Tocilizumab (COVINTOC) trial is, to 
our knowledge, the first randomised controlled trial of 
tocilizumab in COVID-19 done entirely in an LMIC. 
Tocilizumab plus standard care was compared with 
standard care alone to investigate whether tocilizumab 
treatment could prevent COVID-19 progression in 
patients admitted to hospital with moderate to severe 
disease.

Methods
Study design and participants
COVINTOC is an open-label, multicentre, randomised, 
controlled, phase 3 trial to investigate the clinical 
outcomes and safety of tocilizumab plus local standard 
care versus local standard care alone in patients with 
moderate to severe COVID-19. After approval by the Drug 
Controller General of India, the study was done at 
12 public and private hospitals across India (appendix p 6). 
Patients aged 18 years or older admitted to hospital with 
SARS-CoV-2 infection confirmed by WHO criteria 
(positive PCR test on any specimen) and moderate to 
severe disease defined according to the Indian MoHFW 
clinical management protocol for COVID-1920 (moderate 
defined as respiratory rate 15–30 per min [revised to 
24 per min on June 13, 2020] and blood oxygen saturation 
[SpO2] 90–94%; and severe defined as respiratory rate 
≥30 per min or SpO2 <90% in ambient air, or ARDS or 
septic shock; appendix p 4) were eligible. Patients with 
known severe allergic reaction to tocilizumab or other 
monoclonal antibodies; active tuberculosis infection; 
suspected or active bacterial, fungal, or viral infection 
(except treated hepatitis C or B), or any other infection 
except COVID-19 were excluded. Patients were also 
excluded if the investigator deemed that death was 

Research in context

Evidence before this study
We did a PubMed search of “tocilizumab AND (COVID-19 OR 
coronavirus)” on April 30, 2020, with no language or 
publication date restrictions. A total of 75 articles were 
retrieved, which included 13 case reports or observational 
studies of patients with COVID-19 treated with tocilizumab. 
Evidence from case reports and observational cohort studies 
suggested that patients admitted to hospital with COVID-19 
pneumonia and cytokine release syndrome treated with 
tocilizumab had some clinical benefits, including resolution of 
fever, reduced need for oxygen supplementation and 
mechanical ventilation, and shortened hospital stay. No 
randomised controlled trials (RCTs) of tocilizumab in patients 
with COVID-19 had been completed at the time this study was 
initiated.

Added value of this study
To our knowledge, this is the first multicentre randomised 
controlled phase 3 trial of tocilizumab in patients with 

COVID-19 in India. The trial was conducted across multiple sites 
under difficult conditions in a country that has the second 
highest COVID-19 caseload in the world. This study shows that, 
similar to results of other RCTs of tocilizumab published after 
initiation of this trial, tocilizumab is not an effective therapeutic 
option for adults with COVID-19, although there might be a 
role for it in adults with severe COVID-19 in India.

Implications of all available evidence
The published RCTs assessing tocilizumab in COVID-19-
associated pneumonia have not provided clear evidence either 
confirming or completely refuting a potential effective role of 
tocilizumab, although they agree on an acceptable safety 
profile similar to usual care in this condition. This RCT done in 
India highlights, as do other studies, that tocilizumab is not an 
effective routine therapy for COVID-19 in all patients. However, 
there is a suggestion that some subgroups of patients might 
benefit from this therapy; this awaits further clarification from 
additional RCTs that are underway.

See Online for appendix
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imminent and inevitable within 24 h. Patients could 
not have received any oral anti-rejection or immuno-
modulatory drugs in the previous 6 months or treatment 
with any investigational agent (including antivirals, 
cell-depleting therapies, biologics, and Janus kinase 
inhibitors) within five half-lives or 30 days before 
randomisation, whichever was longer. Patients were 
excluded if the investigator judged that they had any 
serious medical conditions or laboratory abnormalities 
that precluded safe participation in and completion of the 
study. Patients could not have a diagnosis of immune-
related rheumatic disease or be receiving corticosteroids 
equivalent to methylprednisolone at a dose of more than 
1 mg/kg per day at screening or baseline. Laboratory 
exclusion criteria were absolute neutrophil count less 
than 500 cells per µL, platelet count less than 50 000 cells 
per µL, and alanine aminotransferase or aspartate 
aminotransferase concentrations more than ten times the 
upper limit of normal within 24 h of screening or baseline 
(appendix p 1).

All patients or their legally acceptable representatives 
provided written informed consent to participate in the 
study. The study was conducted in accordance with 

International Conference on Harmonisation–Good 
Clinical Practice (ICH-GCP) guidelines, the Declaration 
of Helsinki, and local regulatory requirements. The 
protocol and any amendments were approved by the 
institutional review board or ethics committee at each 
study site in accordance with local regulations and 
ICH-GCP. The full protocol and details of any changes 
are in the appendix (p 8).

Randomisation and masking
Eligible patients were randomly assigned using block 
randomisation in a 1:1 ratio to receive open-label 
tocilizumab plus current standard care (tocilizumab 
group) or current standard care alone (standard care 
group). The randomisation sequence was generated 
using SAS, version 9.4 and an interactive web response 
system. Randomisation numbers were assigned in 
sequential order to the study sites according to the 
pregenerated sequence provided by the investigational 
medicinal product team at the Medanta Institute of 
Education and Research. After randomisation, none of 
the study personnel or patients were masked to treatment 
assignment in this open-label trial.

Figure 1: Patient disposition
*Two additional deaths were reported after day 28. †One patient randomly assigned to the standard care group withdrew consent after the baseline visit.

91 received tocilizumab plus standard care

75 completed follow-up to day 28

91 in modified intention-to-treat analysis

16 discontinued
11 died*

2 withdrew consent
2 withdrew because of no efficacy
1 not willing to visit hospital

91 included in safety analysis

88 received standard care

68 completed follow-up to day 28

88 in modified intention-to-treat analysis†

20 discontinued
15 died

3 withdrew consent
1 discharged against medical advice
1 chose to receive tocilizumab

90 randomly assigned to tocilizumab plus
standard care 

90 randomly assigned to standard care

1 withdrew consent†

1 received tocilizumab plus standard care

180 enrolled

183 patients screened

89 included in safety analysis

3 did not meet eligibility criteria
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Procedures
Tocilizumab was administered as a single intravenous 
infusion at 6 mg/kg up to a maximum dose of 480 mg. An 
additional dose of 6 mg/kg (max 480 mg/kg) could 
be administered if clinical symptoms worsened or did not 
show improvement within 12 h to 7 days after administration 
of the first dose. The dosing regimen was selected on the 
basis of the cost and supply considerations in India and 
because a single dose between 4 mg/kg and 8 mg/kg plus 
an additional dose to a maximum of 800 mg, if required, 
has been recommended on the basis of initial reports on 
the use of tocilizumab in the treatment of COVID-19 in 
China.21 Standard care was provided according to the 
protocols at the individual study sites. It was recommended 
that patients undergo routine laboratory testing and 
undergo chest x-ray or CT and electrocardiography in the 
3 days before baseline. Other tests could be done as deemed 

necessary by the treating physician. Pharmacological 
treatment was administered on the basis of data available 
at the time from uncontrolled trials in accordance 
with policies at the individual hospitals. Corticosteroids 
equivalent to methylprednisolone at a dose of 1 mg/kg or 
less were permitted if deemed necessary by the treating 
physician. Supplemental oxygen was recommended to 
treat hypoxia, and high-flow nasal cannula, non-invasive 
ventilation, and mechanical ventilation could be considered 
if hypoxia and respiratory distress progressed. Treatments 
for shock or hypovolaemia, symptoms such as fever and 
myalgia, and comorbid conditions could be administered if 
deemed necessary by the treating physician. Randomly 
assigned patients were treated at the baseline visit 
(study day 0), monitored closely during hospital stay, and 
followed up for 30 days after randomisation. Scheduled 
visits were done at the clinic daily until hospital discharge 
then at day 14 (+2), day 21 (±2), and day 28 (±2), and by 
telephone on day 18 and day 24. Assessments at scheduled 
clinic visits included physical examination, vital signs, 
oxygen saturation, laboratory tests, and adverse events and 
serious adverse events. At telephone appointments, clinical 
complaints, adverse events and serious adverse events, 
clinical status, and concomitant medications were recorded.

Outcomes
The primary efficacy endpoint was the proportion of 
patients with progression of COVID-19 from moderate to 
severe or from severe to death up to day 14. Secondary 

Tocilizumab 
group (n=91)

Standard care 
group (n=88)

Sex

Female 15 (16%) 12 (14%)

Male 76 (84%) 76 (86%)

Age, years

Median (IQR) 56 (47–63) 54 (43–63)

18–60 years 62 (68%) 58 (66%)

>60 years 29 (32%) 30 (34%)

Body-mass index, kg/m² 27·0 (4·4) 26·8 (4·6)

Comorbidities

Type 2 diabetes 31 (34%) 43 (49%)

Hypertension 36 (40%) 34 (39%)

Chronic obstructive pulmonary 
disease

1 (1%) 3 (3%)

Respiratory, thoracic, and 
mediastinal disorders

4 (4%) 3 (3%)

Renal and urinary disorders 4 (4%) 4 (5%)

Cardiac disorders 15 (16%) 12 (14%)

Laboratory measures

IL-6, pg/mL 115·5 (245·6) 85·2 (232·2)

C-reactive protein, mg/L 110·7 (107·2) 88·1 (81·1)

Ferritin, ng/mL 920·6 (755·2) 692·7 (501·6)

Disease severity

Moderate 41 (45%) 47 (53%)

Severe 50 (55%) 41 (47%)

Received other medicines during the study

All patients

Remdesivir 39 (43%) 36 (41%)

Corticosteroids 83 (91%) 80 (91%)

Moderate COVID-19

Remdesivir 18/41 (44%) 21/47 (45%)

Corticosteroids 35/41 (85%) 42/47 (89%)

Severe COVID-19

Remdesivir 21/50 (42%) 15/41 (37%)

Corticosteroids 48/50 (96%) 38/41 (93%)

(Table 1 continues in next column

Tocilizumab 
group (n=91)

Standard care 
group (n=88)

(Continued from previous column)

Respiratory support

All patients

Supplemental oxygen 81 (89%) 80 (91%)

Non-invasive bilevel positive 
airway pressure ventilation

28 (31%) 20 (23%)

Mechanical ventilation 5 (5%) 4 (5%)

Intensive care unit 64 (70%) 54 (61%)

Moderate COVID-19

Supplemental oxygen 32/41 (78%) 39/47 (83%)

Non-invasive bilevel positive 
airway pressure ventilation

5/41 (12%) 6/47 (13%)

Mechanical ventilation 0 0

Intensive care unit 24/41 (59%) 22/47 (47%)

Severe COVID-19

Supplemental oxygen 49/50 (98%) 41/41 (100%)

Non-invasive bilevel positive 
airway pressure ventilation

23/50 (46%) 14/41 (34%)

Mechanical ventilation 5/50 (10%) 4/41 (10%)

Intensive care unit 40/50 (80%) 32/41 (78%)

Data are n (%) or mean (SD) unless otherwise stated. 

Table 1: Baseline demographics and clinical characteristics (modified 
intention-to-treat population)
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efficacy endpoints were the proportion of patients with 
improve ment of at least one American Society for 
Transplantation and Cellular Therapy cytokine release 
syndrome grade,22 time to clinical improvement (defined 
as National Early Warning Score 2 [NEWS2] ≤2 maintained 
for 24 h), ventilator-free days, organ failure-free days, 
proportion of patients who were admitted to the ICU, 
ICU-free days, time to clinical improvement according to 
COVID-19 grade, time to hospital discharge, and time to 
negative result on RT-PCR, all up to day 28, and mortality 
up to days 7, 14, 21, and 28. Serum concentrations of IL-6, 

ferritin, and C-reactive protein (CRP); proportions of 
patients with adverse events, serious adverse events, and 
post-treatment infections; and requirement for renal 
replacement therapy, all up to day 28, were also secondary 
endpoints. All outcomes are in the appendix (p 3).

For time-to-event endpoints, such as time to clinical 
improvement (NEWS2 score) and time to improvement 
with respect to COVID-19 grading, patients who died 
during the 28-day period without reaching the endpoint 
were censored at day 28 to indicate that they did not 
have an improvement by the end of the study. For 

Tocilizumab group 
(n=91)

Standard care group 
(n=88)

Difference (95% CI) p value

Primary endpoint

Patients with progressive COVID-19 up to day 14 8 (9%) 11 (13%) –3·7 (–18·2 to 11·2)* 0·42†

Secondary endpoints

Patients with at least a one-grade improvement in cytokine 
release syndrome up to day 28

58 (64%) 59 (67%) –3·3 (–17·9 to 11·3)* 0·64†

Incidence of mechanical ventilation up to day 28 14 (15%) 13 (15%) 0·6 (–9·9 to 11·1) 0·91†

Ventilator-free days

Mean (SD) 24·3 (9·2) 23·2 (10·6) ·· 0·45‡

Median (IQR) 28·0 (28·0 to 28·0) 28·0 (28·0 to 28·0) ·· ··

Organ failure-free days

Mean (SD) 24·6 (9·2) 23·2 (10·6) ·· 0·35‡

Median (IQR) 28·0 (28·0 to 28·0) 28·0 (28·0 to 28·0) ·· ··

Incidence of ICU admission 71 (78%) 64 (73%) 5·3 (–7·3 to 17·9)* 0·41

Duration of ICU stay, days

Mean (SD) 8·2 (6·2) 8·4 (6·5) ·· 0·91

Median (IQR) 7·0 (3·0 to 10·0) 6·0 (3·5 to 11·0) ·· ··

Duration of supplemental oxygen-free days

Mean (SD) 17·1 (9·4) 18·3 (9·9) ·· 0·41

Median (IQR) 20·0 (12·0 to 24·0) 22·0 (16·0 to 25·0) ·· ··

Mortality

Day 7 2 (2%) 2 (2%) –0·1 (–4·4 to 4·3) 0·97§

Day 14 8 (9%) 9 (10%) –1·4 (–10·0 to 7·2) 0·74§

Day 21 10 (11%) 14 (16%) –4·9 (–14·9 to 5·1) 0·33§

Day 28 11 (12%) 15 (17%) –5·0 (–15·3 to 5·4) 0·35§

Patients who required renal replacement therapy 1 (1%) 6 (7%) –5·7 (–11·4 to –0·0) 0·049§

Patients with adverse events up to day 28 30/91 (33%) 22/89 (25%) ·· NA

Patients with serious adverse events up to day 28 15/91 (16%) 15/89 (17%) ·· NA

Patients with post-treatment infections up to day 28 5/91 (5%) 5/89 (6%) ·· NA

IL-6 change from baseline to day 7, pg/mL

N 57 57 ·· ··

Median (IQR) 37·9 (–6·3 to 105·2) –4·3 (–20·0 to 6·3) ·· 0·0013¶

C-reactive protein change from baseline to day 7, mg/L

N 53 52 ·· ··

Median (IQR) –66·7 (–185·0 to –26·5) –53·0 (–108·7 to –18·5) ·· 0·15¶

Ferritin change from baseline to day 7, ng/mL

N 54 52 ·· ··

Median (IQR) –148·5 (–437·0 to –16·5) –64·0 (–242·3 to 80·6) ·· 0·0601¶

Data are n (%) or n/N (%) unless otherwise stated. Progressive COVID-19 is defined as progressing from moderate to severe disease or from severe disease to death. 
ICU=intensive care unit. NA=not assessed. *Binomial proportion test. †χ² test. ‡Two-sample t test. §Z test. ¶Mann-Whitney U test for comparing change from baseline 
between treatment groups.

Table 2: Efficacy outcomes (modified intention-to-treat population)
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mechanical ventilator-free days and organ failure-
free days, zero days was assigned if the patient died 
within 28 days; otherwise, 28 days minus the number 
of days on ventilation was assigned as the number 
of days the patient was on a mechanical ventilator. For 
ICU stay, the actual duration was presented; for patients 
who died, the number of days a patient was in ICU was 
presented.

Safety was monitored by clinical examination, vital signs, 
laboratory investigations, adverse events, and serious 
adverse events, as assessed by the investigator during the 
study. The severity of adverse events was graded according 
to the National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 5.0.23

Statistical analysis
A sample size of 81 patients in each treatment group was 
estimated to provide 80% power, with a two-sided 5% 
type 1 error rate, to establish a difference between the 
tocilizumab group and the standard care group for the 
primary endpoint. We assumed progression of clinical 
severity of COVID-19 from moderate to severe or from 
severe to death would occur in 20% of patients in the 
tocilizumab plus standard care group and in 40% of 
patients in the standard care alone group. Assuming a 
dropout rate of 10%, we aimed to enrol 90 patients in each 
treatment group.

Descriptive statistics, including the number of non-
missing observations (n), mean (SD), and median (IQR) 
were established for continuous variables. Minimum 
and maximum frequency counts and percentages were 
established for categorical variables. The primary 
endpoint was reported as the proportion of patients who 
progressed or died with the 95% CI, and significance 
tested using a two-proportion Z test or χ² test. 
Differences between treatment groups in the secondary 
endpoints were assessed using a two-proportion Z test 
or  χ² test for categorical variables and a two-sample t 
test or Mann-Whitney U test for continuous variables; 
paired t test was used for change in concentrations of 

IL-6, ferritin, and CRP. No multiplicity adjustment was 
planned in this study because only one primary 
endpoint was to be tested.

Safety was summarised descriptively, and adverse 
events and serious adverse events were assessed as the 
frequency and proportion of patients reporting the event 
and the total count of the number of events. No 
imputation was performed for missing safety data.

Primary and secondary efficacy analyses were done in 
the modified intention-to-treat population, which 
included all randomly assigned patients who had at least 
one post-baseline assessment for the primary endpoint. 
Overall safety was assessed in the safety population, 
which included all randomly assigned patients.

All analyses were performed using SAS, version 9.4. 
This study is registered with the Clinical Trials Registry 
India (CTRI/2020/05/025369).

Role of the funding source
The funder of the study had a role in study design, data 
collection, data analysis, data interpretation, and writing 
of the report.

Results
Between May 30, 2020, and Aug 31, 2020, 183 patients were 
screened, of whom 180 met eligibility criteria for enrolment 
and randomisation (figure 1; appendix p 1). 90 patients 
were randomly assigned to receive tocilizumab plus 
standard care (tocilizumab group) and 90 were assigned to 
receive standard care alone (standard care group). The 
safety population included 180 patients, and the modified 
intent-to-treat population included 179 patients because 
one patient randomly assigned to the standard care group 
withdrew consent after the baseline visit and did not receive 
any study medication. Another patient randomly assigned 
to the standard care group inadvertently received 
tocilizumab at baseline and was included in the tocilizumab 
group for all analyses. 143 (79%) of 180 patients completed 
28 days of follow-up, 75 (82%) in the tocilizumab group and 
68 (76%) in the standard care group. Two patients in the 
tocilizumab group died after day 28.

Baseline demographics and clinical characteristics 
were generally balanced between the treatment groups 
(table 1). Most patients (161 [90%] of 179) were receiving 
supplemental oxygen, and few (nine [5%]) were on 
invasive mechanical ventilation at baseline. There was a 
slightly higher proportion of patients with diabetes in the 
standard care group (43 [49%] of 88) than in the 
tocilizumab group (31 [34%] of 91). The proportions of 
patients with moderate and severe COVID-19 and 
proportions of patients who received remdesivir or 
concomitant corticosteroids during the study were 
similar between the tocilizumab group and the standard 
care group (table 1).

The proportion of patients with progressive COVID-19 
(ie, progression from moderate to severe disease or from 
severe disease to death) up to day 14 was 9% (eight of 91) 

Figure 2: COVID-19 progression up to day 14 (primary endpoint)
Proportions of patients with COVID-19 progression up to day 14 (modified 
intention-to-treat population).
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in the tocilizumab group and 13% (11 of 88) in the 
standard care group; the difference was not statistically 
significant (–3·71 [95% CI –18·23 to 11·19]; p=0·42; 
table 2, figure 2).

No significant difference was observed between the 
tocilizumab group and the standard care group in the 
secondary endpoints, including the proportion of patients 
with an at least one-grade improvement in cytokine 
release syndrome up to day 28, incidence of mechanical 
ventilation, ventilator-free days, organ failure-free days, 
incidence of ICU stay, duration of ICU stay, mortality, and 
supplemental oxygen-free days (table 2). One (1%) of 91 
patients in the tocilizumab group and six (7%) of 88 
patients in the standard care group required renal 
replacement therapy within 28 days. The proportions of 
patients with adverse events, serious adverse events, and 

post-treatment infections to day 28 were similar between 
the treatment groups. Kaplan-Meier analysis of time to 
clinical improvement by NEWS2 of 2 or less for 24 h up 
to day 28 and time to clinical improvement by COVID-19 
grade did not show any statistical difference between 
the treatment groups (figure 3A, B). Serum IL-6 
levels increased substantially in the tocilizumab group 
as expected when the IL-6 receptor is saturated with 
tocilizumab,24 but not in the standard care group; median 
change from baseline to day 7 was 37·9 pg/mL 
(IQR –6·3 to 105·2) in the tocilizumab group and 
–4·3 pg/mL (–20·0 to 6·3) in the standard care group 
(p=0·0013). CRP and ferritin levels decreased in both 
treatment groups with no significant difference between 
the tocilizumab group and the standard care group in 
change from baseline to day 7 (table 2).

Figure 3: Time to clinical improvement
(A) Time to clinical improvement by NEWS2 maintained for 24 h and (B) time to clinical improvement by COVID-19 grading (modified intention-to-treat 
population). Median (95% CI) values were estimated using the Kaplan-Meier method, and p values were determined by log-rank test. 
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54 adverse events were reported by 33 (36%) patients 
in the tocilizumab group, and 55 adverse events were 
reported by 22 (25%) patients in the standard care group 
(table 3). 13 (14%) patients in the tocilizumab group and 
15 (17%) patients in the standard care group died during 
the study. Most adverse events were grade 1 or 2 in 
severity (30 [56%] of 54 events in the tocilizumab group 
and 20 [36%] of 55 events in the standard care group). 
Most events were considered unrelated to tocilizumab 
(45 [83%] of 54 events in the tocilizumab group). 
23 serious adverse events were reported by 
18 (20%) patients in the tocilizumab group and 24 were 
reported by 15 (17%) patients in the standard care group. 
The most frequently reported serious adverse events 
overall were acute respiratory distress syndrome, shock, 
cardiac disorders, and multiple organ dysfunction 
syndrome (table 3).

The proportions of patients who had disease 
progression up to day 28 were 12% (11 of 91) in the 
tocilizumab group and 18% (16 of 88) in the standard 
care group, with a difference of –6·09 (95% CI 
–20·73 to 8·79; p=0·25; figure 4A). Among the subset of 
patients who had severe COVID-19 at baseline, the 
proportions of patients who had disease progression (ie, 
died) up to day 28 were 16% (eight of 50) in the 
tocilizumab group and 34% (14 of 41) in the standard care 
group, with a difference of –18·15 (–37·79 to 2·43; 
p=0·044; figure 4A). The median time to disease 
progression or death to day 28 was not reached (ie, not 
evaluable; data for 37 patients who did not complete 
28 days of follow-up and two patients who died after day 
28 were censored at day 28) in the post-hoc analysis of all 
patients (figure 4B) or of those with severe COVID-19 at 
baseline (figure 4C). The log-rank p values for between-
group comparisons were 0·25 overall and 0·04 for those 
with severe disease. Logistic regression analysis 
suggested that being older than 60 years and having 
severe COVID-19 were associated with higher mortality 
(appendix p 5).

Discussion 
The COVINTOC trial was done to investigate whether 
tocilizumab, an anti-IL-6 receptor antibody, might be able 
to address the unmet medical need for effective treatment 
of patients admitted to hospital with COVID-19 in India. 
The primary and secondary endpoints were not 
significantly different between tocilizumab plus standard 
care and standard care alone. Thus, our study does not 
support the routine use of tocilizumab in adults with 
COVID-19. Safety results were as expected on the basis of 
the known safety profile of tocilizumab and the disease 
manifestations of patients admitted to hospital with 
COVID-19. Post-hoc analyses suggested that patients with 
severe disease at baseline (as classified by the Indian 
MoHFW), most of whom were not on mechanical 
ventilation, might have a reduced risk for progression to 
death if treated with tocilizumab in addition to standard 
care; however, clinical parameters or biomarkers to reliably 
identify these patients and the optimal timing of treatment 
during COVID-19 progression remain unknown.

Conducting robust clinical trials during the COVID-19 
pandemic is impeded by challenges such as there being 
no established standard care, administration of off-label 
treatments, rapidly evolving understanding of patho-
genesis and treatment, multiple trials competing for 
participants, media hype, and the publication of non-
peer-reviewed reports. Additional barriers to conducting 
multicentre clinical trials in India, a large and low-
resource country, are absence of a robust state health 
system, sparse allocation of research funds, drug 
scarcities, logistical challenges, travel restrictions, relu-
ctance or inability of patients who have recovered from 
COVID-19 to travel back to sites for follow-up visits, and 
shortages in research staff because the risk for contracting 

Tocilizumab 
group 
(n=91)

Standard 
care 
group 
(n=89)

Adverse events 33 (36%) 22 (25%)

Infections 6 (7%) 5 (6%)

Serious adverse events* 18 (20%) 15 (17%)

Deaths 13 (14%) 15 (17%)

Grade 3 or worse adverse events 2 (2%) 5 (6%)

Serious adverse events by system organ class and preferred term

Cardiac disorders 4 (4%) 3 (3%)

Acute coronary syndrome 1 (1%) 0

Acute left ventricular failure 0 1 (1%)

Arrythmia 1 (1%) 0

Bradycardia 1 (1%) 0

Cardiac arrest 0 2 (2%)

Myocarditis 1 (1%) 0

Gastrointestinal disorders (gastrointestinal 
haemorrhage)

1 (1%) 0

General disorders and administration-site 
conditions (all multiple organ dysfunction 
syndrome)

2 (2%) 5 (6%)

Infections and infestations (all sepsis) 3 (3%) 0

Nervous system disorders (seizure) 1 (1%) 0

Respiratory, thoracic, and mediastinal 
disorders

9 (10%) 7 (8%)

Acute respiratory distress syndrome 7 (8%) 7 (8%)

Pulmonary embolism 1 (1%) 0

Pulmonary fibrosis 1 (1%) 0

Vascular disorders 3 (3%) 8 (9%)

Hypertension 0 1 (1%)

Shock 3 (3%) 7 (8%)

Data are n (%). 54 adverse events (23 serious) occurred in 33 patients in the 
tocilizumab group and 55 adverse events (24 serious) occurred in 22 patients in 
the standard care group. System organ class and preferred term are according to 
the Medical Dictionary for Regulatory Activities, version 23.1. *Includes deaths 
(n=28), acute coronary syndrome (n=1), seizures (n=1), pulmonary embolism 
(n=1), colonic ulcer bleed (n=1), and pulmonary fibrosis (n=1). 

Table 3: All adverse events (safety population)
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Figure 4: COVID-19 progression post-hoc analyses
(A) Proportions of patients with COVID-19 progression up to day 28. Time to progression of COVID-19 up to day 28 among all patients (B) and among those with 
severe disease at baseline (C). Median time to progression was not evaluable for 37 patients who did not complete 28 days of follow-up or who died after day 28, and 
data were censored for these patients (B, C).
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SARS-CoV-2 is high and personnel are deployed for 
active clinical care in already overstretched systems. 
Challenges to conducting randomised controlled trials 
during the COVID-19 pandemic are exacerbated in 
LMICs, and several hurdles were encountered during 
this trial in India. Off-label or compassionate use of 
treatments in patients with COVID-19 is common during 
this pandemic and can impede enrolment into clinical 
trials. Ensuring follow-up is challenging for patients who 
are likely to be discharged early because of the high 
demand on hospital resources and for patients who 
might have logistical difficulty travelling for return visits. 
Furthermore, research staff are limited by stretched 
resources and because personnel involved in the trial put 
themselves at risk for SARS-CoV-2 infection, presenting 
a potential burden of disease on staff and their families. 
We have demonstrated that, even during a pandemic, it 
is possible to conduct a randomised controlled trial 
despite the multiple challenges and con straints 
encountered in India. We believe it is important that all 
potential therapies be trialled across diverse settings, not 
only in North America and Europe.

Four other randomised controlled trials of tocilizumab 
in patients admitted to hospital with COVID-19 were 
completed after our trial was initiated. Tocilizumab did 
not improve clinical status or mortality beyond standard 
care in the global randomised controlled COVACTA 
trial of patients admitted to hospital with severe 
COVID-19 pneumonia, but potential benefits in time 
to hospital discharge and duration of ICU stay were 
identified (non-peer reviewed article).15 Another global 
randomised controlled trial that enrolled patients who 
were admitted to hospital with COVID-19 pneumonia 
but not on mechanical ventilation—particularly those 
from high-risk and minority populations—showed 
that tocilizumab plus standard care reduced the risk 
for mechanical ventilation or death compared with 
standard care alone.16 This is similar to the observations 
of our post-hoc analysis in which patients with severe 
disease at baseline who received tocilizumab in addition 
to standard care had a survival benefit at 28 days. 
Another randomised controlled trial done in the USA 
did not show a benefit for tocilizumab in preventing 
intubation or death in patients admitted to hospital 
with COVID-19,17 and an open-label randomised trial 
done in France found no effect of tocilizumab on 
clinical status or mortality at 28 days, but that study 
did suggest that there might be a reduced risk for 
non-invasive ventilation, mechanical ventilation, or 
death at day 14.18

The strengths of our study are that it was a randomised 
controlled trial of tocilizumab done in a population with 
a high unmet need for COVID-19 treatments. Study sites 
were located across India and included private and public 
hospitals, ensuring broad patient representation. To date, 
it is also the only completed and published randomised 
controlled trial in patients with COVID-19 conducted 

entirely in an LMIC. Although the primary and secondary 
outcomes were not met, post-hoc analyses revealed 
a subset of patients with severe disease in whom 
tocilizumab might reduce mortality. This information 
could help limit the scientifically unsubstantiated routine 
use of tocilizumab in all patients admitted to hospital 
with COVID-19 in resource-constrained countries such 
as India. Limitations of our study include the fact that it 
was an unmasked study with no placebo. Most patients 
received concomitant corticosteroids during the trial, and 
about half received antiviral therapy with remdesivir. The 
use of concomitant medications in these patients could 
have muted any beneficial effect that tocilizumab might 
otherwise have had. Another limitation is that the 
number of patients who were initially considered by the 
investigators but were not screened is unknown because 
this information was not collected given the challenges 
of rapidly recruiting patients during the pandemic. 
Nevertheless, all patients who consented did undergo 
formal screening. The sample size was decided on the 
basis of an assumption of significant improvement 
despite the absence of any such finding in the literature, 
and the study was not powered to detect a small difference 
despite the relatively large sample size. It is possible 
that a larger sample size would be needed to establish 
a difference between treatment groups. Additionally, 
clinical criteria (ie, definitions) for moderate and severe 
disease might have been influenced by subjectivity. The 
clinical endpoint (progression of disease) might therefore 
reflect this influence, but similar results observed in both 
treatment groups eliminate the possibility of such bias.

In conclusion, our study does not support the routine 
use of tocilizumab in adults with COVID-19. However, 
there might be a role for it in patients with severe 
COVID-19 that should be defined further.
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