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A B S T R A C T   

Tocilizumab decreases inflammatory response in the cytokine storm which is one of the mechanisms behind the 
development of ARDS in COVID-19 patients. The objective of our study was to determine response of tocilizumab 
in patients suffering from COVID-19 by analyzing clinical parameters and inflammatory markers. A single-arm 
observational retrospective study was conducted from March 15, 2020 to March 15, 2021. Clinical outcomes 
in terms of mortality, weaning from mechanical ventilator, improvement in laboratory parameters including 
inflammatory cytokines, and length of hospital stay were documented. Reduction in values of inflammatory 
markers, and patients discharged home in stable condition were defined as an improvement after tocilizumab 
administration. A total of 514 patients received tocilizumab, majority of whom were critically sick 333 (64.8%). 
Out of the total sample 363 (70.6%) patients were discharged home in stable condition. Overall mean length of 
stay was 11.50 ± 8.4 days. There was significant difference in length of stay of patients who required invasive 
mechanical ventilation as compared to those who were kept only on supplemental oxygen (p < 0.05). Patients 
who were discharged home showed significant improvement in inflammatory markers and neutrophil to 
lymphocyte ratio as compared to those who expired (p < 0.05). A total of 21 (4.1%) patients had positive blood 
culture while 57 (11.1%) had positive culture of tracheal aspirate. Hence, tocilizumab is found to be a reasonable 
therapeutic option for worsening COVID-19 pneumonia by decreasing the need for mechanical ventilation. 
However, it is associated with adverse events including bacterial and fungal infections.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 has 
rapidly spread globally across continents [1,2]. The clinical presentation 
of COVID-19 varies from being an asymptomatic disease to potentially 
life-threatening pneumonia which may eventually lead to acute respi
ratory distress syndrome (ARDS) [3]. Though most of the COVID-19 
cases can be categorized as mild to moderate, nonetheless, around 
15% develop severe disease requiring oxygen support and about 5% 
develop critical disease requiring mechanical ventilation [4]. 

Cytokine release syndrome (CRS) is thought to be the underlying 
mechanism of development of ARDS through hyperactive immune re
sponses [3]. CRS is a systemic inflammatory response mediated by in
flammatory cytokines. Excessive systemic inflammation and raised 
interleukin-6 (IL-6) levels, due to unregulated immune response of the 
host, are associated with poor outcomes in patients suffering from 
COVID-19 [5]. Along with raised IL-6 levels, data also shows an asso
ciation between increased mortality and high levels of several inflam
matory markers including C-reactive protein (CRP), ferritin, D-dimer, 

and lactate dehydrogenase (LDH) [4]. 
Several randomized controlled trials (RCTs) and cohort studies have 

been conducted in search of effective therapies for COVID-19 with 
conflicting results [1,6–12]. Systemic corticosteroids were the first of 
these treatments which showed mortality benefits in patients who 
received oxygen and ventilatory support in the RECOVERY trial [10]. 
Tocilizumab, being an IL-6 antagonist, has been hypothesized to 
decrease the inflammatory response in the cytokine storm, hence, it 
minimizes the incidence of catastrophic complications of COVID-19, like 
ARDS, and thus decreases fatality rate and improves outcomes [2]. 
Literature review shows few RCTs and observational studies on the ef
ficacy of tocilizumab with contradictory findings. The REMAP-CAP trial 
showed improved outcomes with IL-6 antagonists [13], however, the 
COVACTA trial demonstrated no significant difference in clinical out
comes or mortality with tocilizumab [14]. 

The objective of our study was to determine the response of tocili
zumab in patients suffering from COVID-19 by analyzing clinical pa
rameters and inflammatory markers. This study further elaborates the 
findings of our previous study, that included a sample size of 40 patients, 
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which showed tocilizumab as a possible treatment option of COVID-19 
[15]. 

2. Materials and Methods: 

A single-arm retrospective observational study was conducted at The 
Aga Khan University Hospital Karachi, Pakistan after approval was ob
tained from the institutional ethical review committee (ERC 2020-4752- 
10750). The hospital designated a separate facility (COVID-19 Diagnosis 
and Treatment Zone-CDTZ) for the management of COVID-19 patients. 
The facility contains around 100 beds and is equipped with low, inter
mediate and high acuity level beds. The study included all adult patients 
aged > 18 years admitted with COVID-19 in CDTZ from March 15, 2020 
to March 15, 2021. Patients were labeled as having COVID-19 if they 
had a positive nasopharyngeal swab for SARS-CoV-2 through RT-PCR. 
Furthermore, the severity of the disease was classified according to 
the national guidelines into non-severe, severe and critical disease [16]. 
Any patient who had confusion, was in shock or had respiratory failure 
requiring invasive mechanical ventilation or non-invasive ventilation 
(NIV) was labeled as having a critical disease. All patients who required 
supplemental oxygen support were labeled as having a severe disease 
while the rest were considered as having a non-severe disease. 

Data regarding patients’ demographics, clinical presentation, 
comorbidities, laboratory parameters including details of infections, and 
outcomes were retrieved from medical records using International 
Classification of Diseases-10 (ICD-10) coding for COVID-19. Tocilizu
mab was administered only to those patients who had severe or critical 
disease. As per the national guidelines, tocilizumab was administered if 
there was clinical deterioration after 24 to 48 hours of standard care 
including systemic corticosteroids [16]. Patients who had a confirmed or 
suspected bacterial infection indicated by a raised procalcitonin (PCT) 
or positive cultures (blood, urine, sputum, or tracheal) were not 
considered for treatment with tocilizumab. Written informed consent 
was taken from patients or their next of kin before administration of 
tocilizumab and risks and benefits were explained to them in detail as 
per hospital policy. Serum levels of inflammatory markers like neu
trophil–lymphocyte ratio (NLR), CRP, ferritin, D-dimer, and LDH were 
recorded before and after tocilizumab administration. The highest value 
of these markers was noted before administration while the lowest value 
was noted after administration of tocilizumab. Clinical outcomes in 
terms of mortality, weaning from mechanical ventilator, improvement 
in laboratory parameters including inflammatory cytokines, and length 
of hospital stay were also recorded. Reduction in values of inflammatory 
markers including NLR, CRP, ferritin, D-dimer, and LDH, and patients 
discharged home in stable condition was defined as an improvement 
after tocilizumab administration. 

Data were analyzed using Statistical Package for the Social Sciences 
(SPSS) version 22.0. Quantitative variables like age, length of stay, and 
values of inflammatory markers were presented as mean ± SD. Quali
tative variables like gender, comorbidities, clinical presentation, disease 
severity, use of mechanical ventilator, details of infections and outcomes 
were presented as frequency and percentages. Wilcoxon sign ranked test 
was used to determine the significance of difference in values of in
flammatory markers before and after tocilizumab administration. P 
value of <0.05 was taken as significant. 

3. Results: 

A total of 514 patients received tocilizumab during the study period. 
Mean age was 59.87 ± 12.96 years and 384 (74.7%) patients were 
males. The most prevalent presenting symptom was fever which was 
present in 436 (84.8%) patients. Hypertension was the most common 
comorbidity which was present in 264 (51.4%) patients while 143 
(28%) had no prior comorbidity. Multi-morbidities were found in 229 
(44.6%) patients. Most of our patients 438 (85.2%) received a single 
dose of tocilizumab. The dose of tocilizumab administered was 400 mg. 

Fig. 1 shows the number of patients in each category. Critically sick 
patients 333 (64.8%) constituted majority of the study population while 
there were no cases of non-severe COVID-19. Out of these 333 patients, 
207 (40.3%) patients were on NIV support. 

A total of 363 (70.6%) patients were safely discharged home. All of 
those who had severe disease were discharged home in stable condition. 
Among patients who had critical disease, 182 (54.7%) were discharged 
home in stable condition. There were 33 (6.4%) patients who left the 
hospital against medical advice due to financial constraints or personal 
reasons. The overall mean length of stay was found to be 11.50 ± 8.4 
days. There was a significant difference in the length of stay of patients 
who required an invasive mechanical ventilator as compared to those 
who were kept only on supplemental oxygen (p < 0.05). Baseline 
characteristics of all patients are summarized in Table 1. 

Table 2 shows median values of various inflammatory markers (CRP, 
LDH, ferritin, D-dimer, and PCT) and NLR. Patients who were dis
charged home showed significant improvement in all inflammatory 
markers and NLR as compared to those who died (p < 0.05). No sig
nificant difference was observed in serum ferritin and NLR levels after 
tocilizumab administration in patients who expired. Interestingly, D- 
dimer levels remained significantly elevated even after tocilizumab 
administration in these patients. A significant increase in PCT levels was 
also seen after tocilizumab administration in the overall study popula
tion as well as in both discharged home and expired groups. 

Out of 333 critically sick patients, 207 (40.3%) patients required NIV 
while 126 (24.5%) required invasive ventilatory support. Out of 207 
patients who required NIV, 142 (68.5%) patients were discharged home 
safely while out of 126 patients who required invasive mechanical 
ventilation, 40 (31.7%) patients were safely extubated and discharged 
home in stable condition (p < 0.05). Patients who required invasive 
ventilatory support were found to have a significantly longer length of 
stay in the hospital as compared to patients who required supplemental 
oxygen and NIV support. 

Almost all our patients 504 (98.05%) received corticosteroids along 
with tocilizumab. A total of 32 (6.2%) patients underwent hemodialysis 

Fig. 1. Graphical representation of the outcome of patients having severe and 
critical COVID-19. 
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due to acute kidney injury, out of which only nine (1.8%) were known 
cases of chronic kidney disease. 

Regarding development of infections after tocilizumab administra
tion, 21 (4.1%) patients had a positive blood culture while 57 (11.1%) 
had a positive culture of tracheal aspirate. Out of these patients, 41 
(61.04%) expired during hospital stay with the majority being those 
who required invasive mechanical ventilation 30 (73.1%). In our study 
population, 21 (4.1%) patients developed COVID-19 associated pul
monary aspergillosis (CAPA) and were treated with voriconazole. 
Hospital-acquired pneumonia (HAP) due to Acinetobacter (6.5%) and
Pseudomonas (4.5%) was another major complication noted in our pa
tients after receiving tocilizumab. Candidemia occurred in 15 (2.9%) 
patients. Table 3 shows the detail of various microorganisms in blood 
and tracheal cultures. 

4. Discussion: 

This study presents a comprehensive review of more than 500 sick 
patients with COVID-19 who received tocilizumab over a period of one 
year at a tertiary care hospital in Pakistan. Our study showed that in 
patients with COVID-19 induced hyperinflammatory syndrome (CRS) 
administration of tocilizumab improved outcomes in patients with 

severe and critical diseases. More than two-thirds of patients showed 
recovery after tocilizumab administration which included all those pa
tients with severe disease and around half of those who had critical 
disease. They also showed improvement in inflammatory markers 
including CRP, LDH, D-dimer, and PCT and were discharged home in 
stable condition. However, some patients developed bacterial and 
fungal infections in blood along with HAP and CAPA. 

The overactive immune response in the form of CRS plays an 
important role in the pathogenesis of COVID-19, characterized by the 
release of inflammatory cytokines, and implicated in catastrophic multi- 
organ dysfunction [17,18]. Raised IL-6 levels have also been implicated 
in a hypercoagulable state [19]. Hypercoagulability associated with 
COVID-19 can lead to thrombosis including pulmonary embolism and 
deep venous thrombosis [20,21]. An observational study conducted by 
Galvan Roman et al. in Spain showed that raised IL-6 levels associated 
with severe disease and predicted favorable response to tocilizumab. 
This study also demonstrated that tocilizumab administered to patients 
with raised IL-6 levels showed respiratory improvement in terms of 
increased PaO2/FiO2 ratio and reduced overall mortality [22]. Since IL-6 
levels were not available at our center for the initial major part of our 
study duration, the decision to administer tocilizumab in our patients 
was made based on rising levels of CRP, ferritin, LDH, D-dimer, wors
ening infiltrates on chest X-ray, increasing oxygen requirement, need for 
non-invasive and invasive ventilation, absence of secondary bacterial 
infection and a normal PCT level. 

CORIMUNO-RCT which was conducted in France showed a reduc
tion in requirement of NIV, high flow oxygen, and mechanical ventila
tion by day 14 in patients with moderate to severe disease who received 
tocilizumab as compared to those who did not receive it. The study 
showed no difference in mortality between the two groups on day 28 
[23]. Similarly, a multicenter phase 3 trial also indicated that there was 
no statistical difference in mortality at day 28 in patients who received 
tocilizumab as compared to the placebo group [14]. Salvarani et al. from 
Italy showed no difference in admission to ICU, requirement of me
chanical ventilation and frequency of death in patients who received 
tocilizumab as compared to those who did not receive it [24]. However, 

Table 1 
Baseline characteristics of all patients (N = 514).  

Characteristics N (%) 

Age (years) 59.87 ± 12.96 
Gender  
Male 384 (74.7%) 
Female 130 (25.3%) 
Comorbidities  
Hypertension 264 (51.4%) 
Diabetes mellitus 248 (48.2%) 
Ischemic heart disease 78 (15.2%) 
Chronic obstructive pulmonary disease/Asthma 49 (9.53%) 
Chronic kidney disease 22 (4.28%) 
Others 57 (11.1%) 
Symptoms  
Fever 436 (84.8%) 
Shortness of breath 401 (78.0%) 
Cough 333 (64.8%) 
Others 63 (12.3%) 
Clinical severity  
Critical 333 (64.8%) 
Severe 181 (35.2%) 
Number of doses  
Single 438 (85.2%) 
Double 76 (14.8%) 
Mean length of stay (days) 11.50 ± 8.473 
Outcome  
Discharged 363 (70.6%) 
Expired 118 (23.0%) 
Left against medical advice 33 (6.4%)  

Table 2 
Median and interquartile ranges of inflammatory markers and neutrophil to lymphocyte ratio (NLR) before and after tocilizumab administration.   

Overall (N = 514) Patients who were discharged (N = 363) Patients who expired (N = 118) 

Before TCZ After TCZ P value* Before TCZ After TCZ P value* Before TCZ After TCZ P value* 

NLR 9.6 [7–12.8] 4.3 [1.5–10.6]  0.015 9.5 [6.8–12.6] 3.5 [2.2–7.8]  <0.001 12.9 [9.9–17.5] 10.3 [8.5–15.3]  0.231 
CRP 139 [78.2–181] 8.3 [2.11–19.5]  <0.001 140.8 [79.2–182.5] 5.99 

[1.75–15.3]  
<0.001 124 [71.9–180] 16.9 [5.64–62.0]  <0.001 

LDH 548 [438.3–666] 461 [365–605]  <0.001 523 [421–636] 413 [335–513]  <0.001 619 [460.5–736] 673 [520–977.5]  <0.001 
Ferritin 1092 

[577–1541] 
977 
[620–1398]  

<0.001 1094 
[582.3–1525.3] 

929 [619–1324]  <0.001 1104 
[535–1532.8] 

1200 
[659–1627.3]  

0.1333 

D- 
dimer 

1.0 [0.6–2.2] 1.2 [0.6–3.23]  0.723 0.9 [0.5–1.75] 0.9 [0.5–1.8]  0.041 1.55 [0.8–3.3] 3.3 [1.6–6.95]  <0.001 

PCT 0.23 [0.12–0.44] 0.65 [0.13–5.2]  <0.001 0.22 [0.11–0.40] 1.57 
[0.11–5.68]  

<0.001 0.25 [0.15–0.51] 0.59 [0.22–3.58]  <0.001 

NLR: Neutrophil to lymphocyte ratio; CRP: C-reactive protein; LDH: Lactate dehydrogenase; PCT: Procalcitonin. 
* Based on Wilcoxon signed rank test. 

Table 3 
Details of positive cultures in patients receiving tocilizumab.  

Specimen Organism N (%) 

Tracheal aspirate Aspergillus flavus 21 (4.1%) 
Pseudomonas aeruginosa 23 (4.5%) 
Acinetobacter 33 (6.5%) 
Klebsiella pneumoniae 16 (3.1%) 
Others 24 (4.7%) 

Blood Candida spp. 15 (2.9%) 
Staphylococcus aureus 2 (0.39%) 
Klebsiella pneumoniae 2 (0.39%) 
Acinetobacter 2 (0.39%)  
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another study done in Italy showed decreased requirement of mechan
ical ventilation and frequency of death in patients who received tocili
zumab as compared to those who did not receive it [25]. 

Food and drug administration (FDA) has now issued emergency use 
authorization (EUA) for the use of tocilizumab for the treatment of 
hospitalized adult and pediatric patients who have received corticoste
roids and supplemental oxygen, NIV, invasive mechanical ventilation or 
extracorporeal membrane oxygenation (ECMO) [2]. Moderate quality of 
evidence suggests that tocilizumab decreases the risk of intubation in 
critically ill COVID-19 patients while RCTs showed that use of tocili
zumab was not associated with reduction in short-term mortality [9]. 
Lan et al. in a systematic review reported that all-cause mortality was 
lower in the tocilizumab group as compared to the control group, but 
this was not statistically significant and there was no difference in the 
requirement of mechanical ventilation between the two groups [8]. 

It is noteworthy that all our patients received usual standard of care 
which included systemic corticosteroids, antiviral (remdesivir), broad- 
spectrum antibiotics (if indicated), and prophylactic anticoagulation. 
Hermine et al. randomized patients to receive tocilizumab plus usual 
care or usual care alone that included corticosteroids, antiviral agents, 
antibiotics, vasopressors, and anticoagulants [23]. Therefore, the 
improvement observed in our patients cannot be solely attributed to 
tocilizumab. 

It is worth mentioning that after receiving tocilizumab all inflam
matory cytokines like CRP, ferritin, LDH, D-dimer, and NLR decreased in 
our patients particularly in patients who improved and were subse
quently discharged home. Even though our institution did not have the 
facility of IL-6 levels, based on the values of other inflammatory 
markers, it can be postulated that IL-6 levels in critically ill patients 
would have been higher as compared to those who were severely ill. 
However, the outcome of critically ill patients in our study was worse as 
compared to severely ill patients. This may be because the outcome in 
COVID-19 patients is dependent upon multiple factors in addition to 
cytokine release syndrome. 

Keske et al., in a study done in Turkey on 43 COVID-19 patients, 
demonstrated that the percentage of lymphocytes was the foremost 
laboratory investigation that showed marked improvement after tocili
zumab administration followed by CRP and IL-6, while ferritin and D- 
dimer showed only a slight decline [26]. CRP levels are elevated in 
patients with severe disease in contrast to the patients with non-severe 
disease [27]. Moreover, it has been described, that higher values of 
CRP on admission are an independent risk factor for development of 
critical disease and poor outcomes [28]. A study which was done at our 
center including 40 COVID-19 patients, in the early phase of the 
pandemic, also showed a significant reduction in inflammatory cyto
kines after tocilizumab administration [15]. It is notable that PCT levels 
increased after receiving tocilizumab in all our patients. This shows that 
tocilizumab has the potential to develop secondary bacterial infections. 

A meta-analysis showed that tocilizumab treated patients had a 
significant reduction in odds of mortality as compared to the control 
group [6]. Another systematic review and meta-analysis of 10 obser
vational studies showed a risk reduction in mortality of 12% with the use 
of tocilizumab [7]. Majority of our patients who received tocilizumab 
were on NIV (40%). Some of these patients could have been candidates 
for ICU but could not be assigned to ICU due to limited number of ICU 
beds assigned for COVID-19 patients at our center as compared to in
termediate care unit beds. Intermediate acuity level of care served as a 
reasonable substitute to high acuity levels of care at our center during 
the pandemic especially for those patients who did not require invasive 
ventilation or invasive hemodynamic monitoring [29]. 

Although, the RECOVERY trial described relatively lower infection 
rates after corticosteroid administration [10], various studies after the 
RECOVERY trial have mentioned increased risk of bacterial and fungal 
infection after the use of systemic corticosteroids [30–32]. Similarly, 
tocilizumab, being an immune suppressant drug, can also lead to sec
ondary bacterial and fungal infections. CAPA is an emerging 

complication associated with critically ill patients on mechanical 
ventilation [33,34]. Various studies from Europe have reported a fre
quency of 5–30% of super-imposed infections with severe COVID-19 
[35,36]. Bloodstream infections (BSI) were reported in 31 (39.7%) pa
tients admitted to ICU in a study conducted in Italy with staphylococcus 
being the most common isolate [37]. Kumar et al. demonstrated an in
crease in mortality of COVID-19 patients who developed secondary 
bacterial or fungal infections as compared to those who did not develop 
these infections (41% vs 12%) [38]. Campochiaro et al. demonstrated 
bacteremia in four (13%) patients while CAPA in one (3%) patient [39]. 
However, Tleyjeh et al. in a meta-analysis did not show an increased risk 
of infections or adverse events with the use of tocilizumab in RCTs [9]. 

Twenty-one (4.1%) patients in our study population developed CAPA 
and were treated with voriconazole. Hospital-acquired pneumonia 
(HAP) due to Acinetobacter (6.5%) and Pseudomonas (4.5%) was another 
major complication noted in our patients after receiving tocilizumab. In 
our cohort, candidemia occurred in 15 (2.9%) patients. The outcome of 
patients with secondary infections was poor in our study which is 
comparable with other studies that show higher rates of mortality in the 
South Asian population [40]. 

It is important to mention that 118 (23 %) patients died despite 
receiving tocilizumab. Moreover, 33 (6.4%) patients left against medical 
advice, hence, their outcomes could not be analyzed completely. Mean 
length of stay in our cohort was 11.5 ± 8.4 days. Wadud et al. docu
mented that those patients who received tocilizumab had a higher 
length of hospital stay as compared to those who did not receive toci
lizumab [41]. 

As per our knowledge, this is one of the largest observational studies 
demonstrating the outcomes of COVID-19 patients treated with tocili
zumab. However, our study has several limitations as well. This is a 
single-center study, hence, results extracted from this study are not 
easily generalizable. IL-6 levels were not measured in most of our pa
tients before administration of tocilizumab as this test was not available 
at our center for a major part of the study duration. No control arm was 
present in our study for comparison of treatment regimens with and 
without tocilizumab. Our patients also received systemic corticosteroids 
in addition to tocilizumab. Moreover, treatment was individualized as 
per the patient’s condition, laboratory and radiological parameters 
including but not limited to broad-spectrum antibiotics and antifungal 
medications. 

5. Conclusion: 

Tocilizumab is a reasonable therapeutic option for worsening 
COVID-19 pneumonia by reducing the need for mechanical ventilation 
and improving survival. However, its use is associated with some 
adverse events including secondary bacterial and fungal infections. 
Large RCTs with extended follow up would further establish the role of 
tocilizumab in these patients. 
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