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Abstract
Background Older adults are more susceptible to the novel coronavirus disease 2019 (hereafter, COVID-19) and more likely to develop severe illness.
Cytokine release syndrome (CRS) may be an important factor in the development of severe disease in patients with COVID-19. Interleukin-6 (IL-6) is an
important cytokine in CRS, and tocilizumab can block the IL-6 receptor. In this study, we analyzed the therapeutic effects and safety of tocilizumab on
CRS in older patients with severe COVID-19.
Methods Between February 10 and March 21, 2020, a total of 19 patients with severe or critical COVID-19 aged ≥ 60 years met the study inclusion
criteria at Tongji hospital in Wuhan city, Hubei Province, China. Patients were divided into two groups: 1. The tocilizumab group, whose IL-6 levels
exceeded the upper limit of normal by > 10-fold; and 2. The no tocilizumab group, with 1L-6 levels < 10-fold the upper normal limit.
Results Patients in the tocilizumab group were older (73.20 ± 4.44 vs. 66.21 ± 5.06 years, P = 0.014); had lower lymphocyte counts (0.71 ± 0.18 vs.
1.18 ± 0.59 × 109/L, P = 0.016); and higher high-sensitivity C-reactive protein (hsCRP) levels (94.04 ± 57.24 vs. 51.65 ± 45.37 mg/L, P = 0.035). The
increases in ferritin (FER) and hsCRP levels in patients in the tocilizumab group were marked. Except in one patient who died, IL-6, FER, and hsCRP
levels, and the neutrophil/lymphocyte ratio, in the remaining four patients decreased following treatment with tocilizumab. Further, patient
computerized tomography scan results improved after 3–8 days of tocilizumab treatment. Tocilizumab did not cause any serious adverse reactions.
There were no differences in mortality or days until lung computerized tomography improvement between the two groups. The total mortality rate was
10.53%.
Conclusions Our results support the therapeutic efficacy and safety of tocilizumab on older patients with severe COVID-19.

1. Background
Older adults are more susceptible to the 2019 novel coronavirus disease, COVID-19. Patients aged ≥ 60 years account for 15.1–37% of patients with
COVID-19, among which 27.0% are diagnosed with severe disease(1, 2). Compared with younger patients, older adults are more likely to develop
severe illness, and have an increased risk of admission to ICU and death(2). Inflammation is the major pathological process in patients with severe
COVID-19. The detection of elevated inflammatory cytokines suggests that a cytokine storm, also known as cytokine release syndrome (CRS), may be
an important factor in the transition of patients with COVID-19 to severe disease status(3). Blocking the signaling of key cytokines in the inflammatory
cytokine storm induced by COVID-19 may reduce the damage to target organs(4). Therefore, the treatment of CRS has become an important part of
rescuing patients with severe disease. Interleukin-6 (IL-6) is one such important cytokine(1); levels of which are significantly increased in patients with
severe COVID-19, relative to those with non-severe symptoms(5). Tocilizumab is a blocker of the IL-6 receptor (IL-6R), and has potential as an effective
drug for treatment of patients with severe COVID-19.
In this study, we enrolled 19 older adult patients with severe COVID-19 whose serum IL-6 levels were significantly increased. Patients with higher levels
of IL-6 were treated with tocilizumab. We analyzed the therapeutic effects on CRS and safety of tocilizumab in older patients with severe COVID-19.

2. Methods

2.1 Patients
A total of 19 patients who tested positive for COVID-19 by qualitative polymerase-chain-reaction assay met the study inclusion criteria between 10
February and 21 March 2020 in Tongji hospital in Wuhan city, Hubei Province, China. The inclusion criteria were as follows: 1. Age ≥ 60 years; 2. Met
the severe or critical criteria, as defined in the “Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (7th Interim Edition)” sponsored by
the National Health Commission of the People’s Republic of China(6); 3. IL-6 ≥ 7.0 pg/ml; and 4. Rapidly progressed pneumonia, confirmed by imaging
examination. The exclusion criteria were: 1. Cancer (solid or hematological tumor); 2. Autoimmune disease, such as rheumatoid arthritis; 3. Other
infections besides pneumonia, such as urinary tract infection, cellulites, Herpes zoster, gastroenteritis, bacterial arthritis, etc.; or 4. Other circumstances
that the researchers considered inappropriate.
Patients were divided into two groups according to their IL-6 levels: 1. The tocilizumab group, who had IL-6 levels exceeding the upper limit of normal
by > 10-fold; and 2. The no tocilizumab group, who had IL-6 levels that did not reach 10-fold the upper limit of normal.

2.2 Study design and procedures
This was a retrospective cohort study. All patients received standard treatment in accordance with the relevant guidelines(6), including oxygen therapy,
nutrition therapy, antibiotics, antiviral drugs (Abidor, oseltamivir, etc.), glucocorticoids, and Chinese medicine, etc. The dose of tocilizumab was
8 mg/kg in a single intravenous injection, and a second dose was administered if the patient’s symptoms had not improved after 8 h.
All patients underwent the following examinations at admission and regular review: blood routine [white blood cells (WBC), neutrophils (N), and
lymphocytes (L), and calculation of N/L ratio], high-sensitivity C reactive protein (hsCRP), erythrocyte sedimentation rate (ESR), ferritin (FER),
procalcitonin, and IL-6. A lung computerized tomography (CT) scan was performed on admission and re-checked every 7 days thereafter. Oxygen
saturation was measured daily.
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2.3 Statistical Analysis
All statistical data were analyzed using Microsoft Excel 2007 and SPSS 22.0. Data conforming to the normal distribution are expressed as mean ±
standard deviation. A t-test was used for comparisons of means between two groups, while the χ2 test was used for comparisons of rates. P < 0.05
was considered statistically significant.

3. Results

3.1 Demographic characteristics
Baseline data from the two patient groups are presented in Table 1. Patients in the tocilizumab group were older (73.20 ± 4.44 vs. 66.21 ± 5.06 years, P
= 0.014); with lower lymphocyte counts (0.71 ± 0.18 vs. 1.18 ± 0.59 × 109/L, P = 0.016 ); and higher hsCRP levels (94.04 ± 57.24 vs. 51.65 ± 45.37 mg/L,
P = 0.035). Patients in the tocilizumab group also had higher FER levels; however, the difference was not significant.
Table 1
Baseline data from the two patient groups
t/Χ2

P

73.20 ± 4.44

-2.726

0.014

6.47 ± 2.55

7.75 ± 1.30

-1.059

0.304

N (× 109/L)

4.57 ± 2.64

6.61 ± 1.13

-1.650

0.117

L (× 109/L)

1.18 ± 0.59

0.71 ± 0.18

2.676

0.016

N/L

5.21 ± 4.22

9.73 ± 2.52

-2.289

0.030

IL-6 (pg/mL)

23.51 ± 17.61

139.94 ± 141.39

-3.925

0.005

hsCRP (mg/L)

47.29 ± 39.43

94.04 ± 57.24

-2.221

0.035

FER (µg/L)

1186.26 ± 1236.26

1803.20 ± 2031.35

-0.794

0.439

ESR (mm/h)

51.65 ± 45.37

94.04 ± 57.24

0.381

0.708

PCT (ng/mL)

0.12 ± 0.13

0.19 ± 0.18

-0.972

0.344

No Tocilizumab

Tocilizumab

(n = 14)

(n = 5)

Age (years)

66.21 ± 5.06

WBC (× 109/L)

Abbreviations: ESR, erythrocyte sedimentation rate; IL-6, Interleukin-6; FER, Ferritin; F, female; hsCRP, high-sensitivity C-reactive protein; LYMPH,
lymphocyte; M, male; NEUT, neutrophil; N/L, lymphocyte/ neutrophil; PCT, procalcitonin; SpO2, oxygen concentration

3.2 Details of the tocilizumab group
Patient demographic characteristics before tocilizumab administration are presented in Table 2. There were 4 males and 1 female in the tocilizumab
group. Levels of inflammation indicators, including IL-6, FER, N/L, hsCRP, and ESR, were elevated in all patients. In particular levels of FER and hsCRP
were very high; however, procalcitonin levels were almost normal in all subjects. The SpO2 levels of three patients were < 90%, despite receiving oxygen
therapy.
Table 2
Clinical manifestations of patients before tocilizumab treatment
Patient
No.

Sex

Age

IL-6

FER

WBC

NEUT

LYMPH

(years)

Days from
onset to
tocilizumab

(pg/mL)

(µg/L)

(×
109/L)

(×
109/L)

(×
109/L)

N/L

hsCRP

ESR

PCT

SpO2

(mg/L)

(mm/h)

(ng/mL)

(%,
with
oxygen
supply)

1

M

75

13

74.24

1243.0

4.97

3.88

0.69

5.62

136.3

82

0.09

98.4

2

M

78

45

64.50

670.5

4.59

4.19

0.31

13.52

126.8

25

0.08

98.8

3

F

66

14

72.77

1109.6

7.68

6.70

0.69

9.71

49.8

25

0.07

86.5

4

M

74

19

392.00

5380.4

6.3

5.67

0.42

13.50

100.2

72

0.50

85.1

5

M

73

14

133.4

768.2

6.90

5.24

0.99

5.29

91.01

56

0.10

88.0

Abbreviations: ESR, erythrocyte sedimentation rate; IL-6, Interleukin-6; FER, Ferritin; F, female; hsCRP, high-sensitivity C-reactive protein; LYMPH,
lymphocyte; M, male; NEUT, neutrophil; N/L, lymphocyte/neutrophil; PCT, procalcitonin; SpO2, oxygen concentration.
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Tocilizumab use and prognosis
The tocilizumab administration and prognosis for each patient are presented in Fig. 1 (a–e). Patient No. 3 died because of COVID-19; her IL-6, FER,
and other inflammatory factors were not controlled following treatment with tocilizumab (Fig. 1-c). Further, when her condition deteriorated, her IL-6
levels exceeded the detection limit. Tocilizumab treatment showed good effects in the other four patients, whose IL-6, FER, N/L, and hsCRP levels
decreased after tocilizumab administration. All four patients had good oxygen saturation levels and their WBC counts were normal and did not change
throughout the whole period of hospitalization.
Changes in lung CT scans
Patient No. 3 deteriorated and finally died, which was reflected in her lung CT scans. In the other patients, CT scans improved 3–8 days after
tocilizumab administration. Lung lesion opacity reduced in the other four patients and became normalized in two patients after 20 and 23 days
(Table 3).
Table 3
Changes in lung CT scan after tocilizumab treatment
Patient
No.

Lung CT scan

Days until CT improvement after
tocilizumab

Days until CT
normalized

1

Multiple ground glass shadows in both lungs

6

20

2

Multiple ground glass shadows in both lungs with bilateral
pleural effusion

6

NA#

3

Multiple ground glass shadows in both lungs

Deteriorating

Deteriorating

4

Multiple ground glass shadows in both lungs

8

23

5

Multiple ground glass shadows in both lungs

3

NA#

Abbreviations: CT, computerized tomography; NA, not available.
#

Discharged before the CT was completely normal.

3.3 Prognosis in the two patient groups
As shown in Table 4, the length of hospitalization was greater in the tocilizumab group; however, following tocilizumab treatment, the number of days
until lung CT improvement was the same as that in the group who did not receive tocilizumab, and there was no difference in mortality between the
groups.
Following tocilizumab administration, no bacterial infection, other viral infections (such as herpes), impaired liver function, hypertension, leukopenia,
neutropenia, peripheral edema, allergies, or other adverse reactions were found during the entire hospitalization period.
There was one death in each group, with a total mortality rate of 10.53%.
Table 4
Comparison of prognosis in the two patient groups
t/Χ2

P

38.75 ± 5.19

-3.121

0.005

8.17 ± 2.72

5.75 ± 2.06

-1.612

0.129

1

1

0.647

0.468

No tocilizumab

Tocilizumab

(n = 14)

(n = 5)

Days in hospital

23.92 ± 9.98

Days until CT improved
Deaths (n)

Abbreviation: CT, computerized tomography.

4. Discussion
COVID-19 is more serious and has a higher mortality rate in older adults. The global mortality rate from COVID-19 is 4.84%(7). A retrospective study of
3,418 black and white patients (mean age, 54 years), reported a mortality rate of 9.36%(8). In our study of older patients with CRS, the mortality rate
was 10.53%, which is higher than the reports cited above; however, age ≥ 65 years is recognized as a risk factor for mortality from COVID-19(9) and
this was the rationale for the focus of our study on these patients.
CRS refers to an over-active, uncontrolled immune response, involving an overwhelming release of proinflammatory mediators. Increased levels of
inflammatory cytokines and chemokines, including IL-6, interleukin 1β, inducible protein 10, and monocyte chemoattractant protein 1, may also be a
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cause of fatal complications in patients with COVID-19. In addition to antiviral treatment, IL-6 is the main mediator of CRS toxicity and its levels are
related to the severity of CRS induced by chimeric antigen receptor (CAR) T cell therapy(5, 10). A systematic review and meta-analysis showed that
patients with severe COVID-19 have significantly higher serum IL-6 levels than those with non-severe disease, and that increased mean IL-6 level was
associated with higher patient mortality(11). In the five patients treated with tocilizumab in this study, initial levels of IL-6 were increased by > 10-fold
compared with normal levels, and were rising at the beginning of the disease. After treatment with tocilizumab, IL-6 levels decreased significantly;
however, the IL-6 levels of one patient who died continued to increase significantly, suggesting that IL-6 can be a predictor of prognosis.
Tocilizumab is a humanized recombinant monoclonal anti- IL-6R antibody. It binds to soluble IL-6R and membrane-bound IL-6R to inhibit IL-6
mediated cis- and trans- transcription(12, 13). Tocilizumab has been approved by the US Food and Drug Administration for the treatment of severe
CAR T cell-induced CRS. After tocilizumab was administered once or twice, 69% of patients with CAR T cell therapy-induced CRS responded within 14
days, and their fever and hypotension subsided within a few hours, allowing vasopressors to be stopped within a few days(12, 14); however, clinical
experience with tocilizumab in treatment for viral disease is very limited and the increased risk of opportunistic infections (including tuberculosis,
fungal, or other viral infections) must be taken seriously(15).
A retrospective study of 21 patients with COVID-19 by Xu et al. reported a 75.0% reduction in oxygen uptake, CT scans showing 90.5% clearance of
lung lesion opacity, and a significant 84.2% reduction of CRP within 5 days of tocilizumab treatment. No obvious adverse reactions were observed.
These data provided evidence that treatment with tocilizumab could immediately improve the symptoms, and was an effective method to reduce
mortality, in patients with severe and critical COVID-19(16). Another study involving 15 people showed that tocilizumab treatment could quickly reduce
CRP levels in all patients, while IL-6 levels tended to increase first and then decrease. In contrast, untreated patients exhibited a continuous and
significant increase in IL-6. Hence, repeat tocilizumab treatment was recommended for critically ill patients with elevated IL-6(17). In our study, we
observed that clinical indicators were quickly relieved, and lung CT improved significantly, shortly after administration of tocilizumab to patients with
severe COVID-19. These results are similar to those of previous studies, and support the positive therapeutic effects of tocilizumab for patients with
severe COVID-19. Further, a systematic review indicated that preliminary investigations of the use of tocilizumab to treat COVID-19 demonstrate
benefits, while further studies, such as randomized controlled trials, are needed(18).
The most interesting aspect of this study was the results of comparisons between the two patient groups. We analyzed disease severity and prognosis
in all older patients with elevated IL-6 and found that those in the tocilizumab group had more serious disease; however, after the timely application of
tocilizumab treatment, the rate of CT improvement and mortality were consistent with those in the group of patients with milder disease. These
findings demonstrate that tocilizumab has a positive role in treatment of CRS and is effective against severe COVID-19.
Given the efficacy of tocilizumab in CRS and the key role of IL-6 in COVID-19, Liu et al. suggested that tocilizumab should be considered under the
following circumstances. 1) Diagnostic criteria: Early diagnosis of CRS in patients with COVID-19 and rapid instigation of immunomodulatory therapy
may be beneficial. 2) Disease severity grading system: Tocilizumab is only suitable for critically ill patients, while the risk-benefit assessment is
focused on the symptomatic treatment of patients with mild disease. 3) Combined antiviral treatment: Based on experience with corticosteroids,
immunosuppressants may delay viral clearance. Combining immunomodulators with antiviral drugs may be more beneficial(19). In our study, the use
of tocilizumab did not cause serious adverse reactions.

5. Conclusions
This study was a retrospective cohort study with only a small number of cases. The results support the therapeutic efficacy and safety of tocilizumab
for treatment of older adults with severe COVID-19. Randomized controlled trials are required to generate higher level evidence.
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IL-6R, IL-6 receptor
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Figures

Figure 1
Disease course in response to tocilizumab in each patient. Panels a to d show data from patient No. 1 to 5, respectively. The values of each parameter
are indicated by lines with different colors, as follows: red, IL-6 (pg/mL); purple, N/L; blue, HsCRP (mg/L); and orange, FER (μg/L). N/L data is shown
on the right Y axis, and the other parameters on the left Y axis. FER: ferritin; HsCRP: high-sensitivity C-reactive protein; IL-6: interleukin-6; N/L: the ratio
of neutrophils and lymphocytes.
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