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1 | INTRODUCTION
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Abstract

Coronavirus disease 2019 (COVID-19) has caused a significant impact on all aspects of
life, with the number of death cases still increasing. Therefore, identification of potential
treatment for reducing the severity of the disease is important. Currently, the data
regarding the effectiveness of tocilizumab as treatment agents for COVID-19 infection
is still conflicting. This study aims to give clear evidence regarding the potential benefit
of tocilizumab in reducing the biomarkers of COVID-19 infection. We systematically
searched the PubMed Central database using specific keywords related to our aims
until July 24th, 2020. All articles published on COVID-19 and tocilizumab were
retrieved. A total of 9 studies with a total of 577 patients were included in our analysis.
Our meta-analysis showed that tocilizumab treatment is associated with reduction of
C-reactive protein (mean difference [MD]: —106.69 mg/L [95% confidence interval [Cl]:
-146.90, -66.49 mg/L], p <.00001; I? = 98%, random-effect modeling), d-dimer (MD:
-3.06mg/L [95% Cl: -5.81, -0.31 mg/L], p=.03; I*=98%, random-effect modeling),
Ferritin (MD: -532.80 ng/ml [95% Cl: -810.93, -254.67 ng/ml], p=.0002; I?=25%,
random-effect modeling), procalcitonin (MD: -0.67 ng/ml [95% Cl: -1.13, -0.22 ng/ml],
p =.004; I? = 92%, random-effect modeling], and increment in the levels of lymphocyte
count (MD: 0.36 x 10%/ul [95% Cl: 0.18, 0.54 x 10%/ul], p <.0001; I?> = 88%, random-
effect modeling). Administration of tocilizumab is effective in reducing the biomarkers
of the COVID-19 infection.
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caused by robust activation of the immune system and hyperinflamma-

tion that will result in the increment of the inflammatory markers, such

Four months have passed since coronavirus disease 2019 (COVID-19)
was declared as a pandemic disease by the World Health Organization,
but the number of positive and death cases from COVID-19 is still in-
creasing. This disease has caused a significant burden on all aspects of life
across the world. Several comorbidities have been demonstrated to be
associated with the development of severe outcomes from COVID-19
infection, such as hypertension, diabetes, cardiovascular disease, dyslipi-
demia, thyroid disease, and pulmonary disease.® The pathogenesis of
severe COVID-19 is related to the development of cytokine storm

as C-reactive protein (CRP), procalcitonin (PCT), and also reduction of
lymphocyte count. Meta-analysis has shown that several markers, such
as CRP, p-dimer, ferritin, PCT, and lymphocyte count, can be used to
indicate the severe outcome of COVID-19.* The presence of these
markers can be helpful for early detection of the severe outcome of the
disease. Unfortunately, until now, there are no widely accepted drugs for
the management of COVID-19 patients. Several potential agents have
been proposed to help in achieving faster recovery time, preventing the
severe outcome of the disease, and reducing the mortality rate in
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COVID-19 patients, and one of the agents is tocilizumab, an interleukin-6

= =
(IL-6) inhibitor. Tocilizumab has been approved for the treatment of *§ §
rheumatoid arthritis, juvenile idiopathic arthritis, and giant cell arteritis.” ";::- = S 2 “z-
Recently, tocilizumab has been offered to help in reducing the proin- " § *é § g d_t’ § *é §
flammatory cytokines in COVID-19 and preventing the cytokine storm g g = g ‘: ‘; " -é = §
syndrome that could contribute to the development of the severe out- g 'é _§ 'é é _g % = _§ 'é
come. However, the evidence regarding the potential benefit of tocili- ; Z* E Z* n ‘§ % g g Z*
zumab in COVID-19 patients is still conflicting. A meta-analysis is ..g Q "E Q Q Q g 2 g g
therefore required to aid in solving this problem. This article aims to _‘gv 24: &: 34: &: 1&: &: 24: &: 24:
explore the potential benefit of tocilizumab in reducing the biomarkers of -4 0 v 0 L 0 0 0 LU v
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2 | MATERIALS AND METHODS EE R IEEE
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A search of the literature was conducted on PubMed Central using 39‘ ;(% ;% ;(% (c% ';% ;.; ;(% ;%' ;(%
the keywords “tocilizumab” AND “coronavirus disease 2019” OR
“COVID-19,” between 2019 and the present time (July 24th, 2020) 2 %
with language restricted to English only. The title, abstract, and full *(é g - § E—
text of all articles identified that matched the search criteria were > *g. 5 E é‘ E
assessed, and those reporting the comparison of pre- and post- E &> 4 E & g
tocilizumab treatment with the data regarding laboratory para- § § E ',% ‘Z E §
meters were included in this meta-analysis. The references of all g é % g § % %
identified studies were also analyzed (forward and backward citation :g E’. f“:_-: § E % g
tracking) to identify other potentially eligible articles. b E g E % § ,;i
A meta-analysis was performed using Review Manager 5.4 'r-é :i : :’E 2 § Z
(Cochrane Collaboration) software. Continuous variables were cal- R ,5:’ : 4 é E 5
culated using the Inverse-Variance formula with random-effects T 2 % &2 a << 3 5 ¢
models. We used the I? statistic to assess the heterogeneity, value of N OEH EHE
less than 25%, 26%-50%, and greater thn 50% considered as low, g g .g § § .g .g g .§ §
moderate, and high degrees of heterogeneity, respectively. The ef- 2 ; ; ; ; S : ; ; ‘;
fect estimate was reported as mean difference (MD) along with its ,% W oW w e ¥ oW ow £
95% confidence intervals (Cls) for continuous variables, respectively. :Té ED E’ § E’ § § E’ E’ § g
p Value was two-tailed, and the statistical significance was set at Bl © [ T o = [l © Bon T | g
<.05. When data were reported as medians and interquartile ranges, ,': 2 ": % - g g %
we would convert them to means and standard deviations for meta- i 2 :: :f :f :: :f :: :f s}
analytical pooling using the formula by Wan et al.® gr g § E 5 ; § g; § % § %
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A total of 1,574 records were obtained through systematic electronic ‘_gr 5 g g g % g g g g % o
searches and other ways. After screening titles, abstracts, and full texts, 3 Ol S 05 S e ChEl v Eel 5] O
nine studies”*° with a total of 577 COVID-19 patients were included in &;2 O EH EH TE“
the meta-analysis. The essential characteristics of included studies are % -§ E
summarized in Table 1, while Figure 1 showed the individual and pooled é’ %_ §
MDs for the difference between pre- and post-administration of tocili- '% ;,,Ev S SEl S 3 8 o :qg)
zumab and the levels of CRP (Figure 1A), p-dimer (Figure 1B), ferritin S ° §
(Figure 1C), PCT (Figure 1D), and lymphocyte (Figure 1E) levels in g . mﬁ 0(_“ g R o G
COVID-19 infection. Our pooled analysis showed that administration - E *E 3 lmy| E 3 ST“ § . é
of tocilizumab treatment is associated with a reduction in the i . g '% @ :: 'g ; ko] f__f ® §
levels of CRP (MD: -106.69 mg/L [95% Cl: ~146.90, -66.49 mg/L], m 8§ E £ % o 7 g8 e 8L
p <.00001; I? = 98%, random-effect modeling), o-dimer (MD: -3.06 mg/L E é|< O 02 >a a F X 2



1834 HARIYANTO ano KURNIAWAN
WILEY— MEDICAL VIROLOGY

Post-Tocilizumab Pre-Tocilizumab Mean Difference Mean Difference

(A) Study or Subgroup Mean SD Total Mean SD Total Weight v, iom, 95% ClI v, d 95% ClI
Alattar R et al. 2020 1.43 1.4 25 116.46 114.51 25 10.2% -115.03[-159.92,-70.14] «——
Conrozier T et al. 2020 5.1 1.33 40 153.4 37.6 40 11.5% -148.30[-159.96, -136.64] ¢
De Rossi N et al. 2020 22.2 36.6 81 108.4 74.3 81 11.4% -86.20 [-104.24, -68.16] +———
Issa N et al. 2020 35.33 22.96 10 245.33 42.96 10 10.9% -210.00 [-240.19, -179.81] ¢
Mastroianni A et al. 2020 25 255 12 150 50.5 12 10.9% -125.00[-157.01,-92.99] +
Potere N et al. 2020 18.86 19.25 40 88.7 82.2 40 11.1% -69.84 [-96.00, -43.68]
Price CC et al. 2020 70.5 26.94 82 102.15 31.16 94 11.6% -31.65 [-40.23, -23.07] I
Toniatti P et al. 2020 2.66 2.96 100 109 91.85 100 11.4% -106.34[-124.35,-88.33] —
Xu X et al. 2020 2.72 3.6 19 75.06 66.8 20  11.0% -72.34[-101.66,-43.02]
Total (95% CI) 409 422 100.0% -106.69 [-146.90, -66.49] [IEES==—
ity 2 _ . Chi2 = _ 2= k + + J
HeterfogeneltyI.IT?;J = 36_08.5;(3, Chi 0—0%‘;%.46, df = 8 (P < 0.00001); I> = 98% o0 5 ) 100
Test for overall effect: Z = 5.20 (P < 0. b Favours Post-Tocilizumab Favours Pre-Tocilizumab
Post-Tocilizumab Pre-Tocilizumab Mean Difference Mean Difference
(B) Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Conrozier T et al. 2020 8.09 8.36 40 8.27 11.02 40 14.8% -0.18 [-4.47, 4.11] -
Issa N et al. 2020 2.8 2.58 10 2.02 2.4 10  20.2% 0.78 [-1.40, 2.96] T
Mastroianni A et al. 2020 0.46 1.2 12 184 4.5 12 19.1% -17.94 [-20.58, -15.30] -
Price CC et al. 2020 0.99 0.66 82 0.62 0.27 87 23.1% 0.37[0.22, 0.52] P
Toniatti P et al. 2020 233 2.16 100 1.68 236 100 22.8% 0.65 [0.02, 1.28] .
Total (95% CI) 244 249 100.0% -3.06 [-5.81, -0.31] 9|
ity 2 _ . Chi2 = = 2= k + + J
?ete;ogeneltyl.lTaf;J —523522 g:rsu P—_lg%;S, df = 4 (P < 0.00001); 1> = 98% 100 ) 0 100
est for overall effect: Z = 2.18 (P = 0.03) Favours Post-Tocilizumab Favours Pre-Tocilizumab
Post-Tocilizumab Pre-Tocilizumab Mean Difference Mean Difference
(C) Study or Subgroup Mean SD Total Mean SD Total Weight v, dom, 95% CI v, 95% ClI
Conrozier T et al. 2020 990.7 363.5 40 1,358.6 722.33 40 52.8% -367.90 [-618.49, -117.31] ¢
Issa N et al. 2020 2,209.33  812.59 10 2,955.33 1,122.22 10 9.4% -746.00 [-1604.74, 112.74] >
Mastroianni A et al. 2020 550 740.74 12 1,750 1,296.29 12 9.7% -1200.00 [-2044.73, -355.27] ¢
Toniatti P et al. 2020 1,526.66 1,197.03 100 2,067.66 1,890.37 100 28.0% -541.00 [-979.54, -102.46] 4
Total (95% ClI) 162 162 100.0% -532.80 [-810.93, -254.67] ¢
Heterogeneity: Tau? = 21762.72; Chi? = 4.00, df = 3 (P = 0.26); I> = 25% k + + J
i -100 -50 0 50 100
Test for overall effect: Z = 3.75 (P = 0.0002) Favours Post-Tocilizumab Favours Pre-Tocilizumab
Post-Tocilizumab Pre-Tocilizumab Mean Difference Mean Difference
(D) Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Alattar R et al. 2020 0.2 0.31 25 0.44 0.52 25 23.7% -0.24[-0.48, -0.00]
De Rossi N et al. 2020 0.22 0.4 81 2.61 5.48 81 9.2% -2.39 [-3.59, -1.19] -
Issa N et al. 2020 0.42 0.39 10 2.02 0.65 10 19.9% -1.60[-2.07,-1.13]
Mastroianni A et al. 2020 0.05 0.05 12 0.17 0.1 12 25.1% -0.12[-0.18, -0.06]
Xu X et al. 2020 0.12  0.15 20 0.33 0.78 20 22.0% -0.21[-0.56,0.14]
Total (95% CI) 148 148 100.0% -0.67 [-1.13, -0.22]
[ 2 _ S Chi2 = _ 2= [ + + + J
?etel}ogenenyl.lT?;J — 2312 (sigl 0 _Ségg‘,l df = 4 (P < 0.00001); | 92% 100 4 50 100
est for overall effect: Z = 2.89 (P = 0.004) Favours Post-Tocilizumab Favours Pre-Tocilizumab
Post-Tocilizumab Pre-Tocilizumab Mean Difference Mean Difference
(E) Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Alattar R et al. 2020 2.03 0.88 25 0.9 0.29 25 12.0% 1.13[0.77, 1.49] "
Conrozier T et al. 2020 3.1 295 40 1 0.38 40 3.2% 2.10[1.18, 3.02] -
De Rossi N et al. 2020 1.1 0.5 81 0.9 0.4 81 20.8% 0.20 [0.06, 0.34]
Potere N et al. 2020 1.03 0.51 40 0.93 0.37 40 18.5%  0.10[-0.10, 0.30]
Price CC et al. 2020 1.1 0.2 79 0.9 0.17 89 23.3% 0.20 [0.14, 0.26]
Toniatti P et al. 2020 0.85 0.4 100 0.62 0.31 100 22.2% 0.23[0.13, 0.33]
Total (95% CI) 365 375 100.0% 0.36 [0.18, 0.54]
ity 2 _ . i2 — 12 = ; + 0 §
Heterogeneity: Tau® = 0.03; Chi* = 42.14, df = 5 (P < 0.00001); I> = 88% 100 T 50 100

Test for overall effect: Z = 3.97 (P < 0.0001)

0
Favours Post-Tocilizumab Favours Pre-Tocilizumab

FIGURE 1 Forest plot that demonstrates the association of administration of tocilizumab with the levels of (A) CRP, (B) b-dimer, (C) ferritin,
(D) procalcitonin, and (E) lymphocyte levels in COVID-19 infection. COVID-19, coronavirus disease 2019; CRP, C-reactive protein

[95% CI: -5.81, -0.31 mg/L], p=.03; I? = 98%, random-effect modeling),
(MD: -53280ng/mL [95% CI: -810.93, -254.67 ng/ml],
p=.0002; I?=25%, random-effect modeling), PCT (MD: -0.67 ng/ml
[95% Cl: -1.13, -0.22 ng/ml], p = .004; I? = 92%, random-effect modeling),
and increment in the levels of lymphocyte count (MD 0.36 x 10%/ul [95%
Cl: 0.18, 0.54 % 103/;,LI], p<.0001; >=88%, random-effect modeling).

However, only the differences in CRP and ferritin were large enough to

ferritin

be clinically important, while the other laboratory parameters (p-dimer,
PCT, and lymphocyte) only show a small difference between pre- and

post-tocilizumab administration, which results in a reduction of their

importance clinically.

4 | DISCUSSION

On the basis of a contrite meta-analysis of available data, tocilizumab
seems to be beneficial in reducing the biomarkers of COVID-19
infection. Several reasons can be proposed to explain this result.
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First, similar to the inflammatory cytokines in severe acute
respiratory syndrome (SARS) and middle East respiratory syndrome,
patients with COVID-19 also have increased plasma concentrations
of inflammatory cytokines, such as tumor necrosis factor-a, inter-
leukins (IL) 2, 6, 7, and 10, granulocyte-colony stimulating factor,
monocyte chemoattractant protein 1, macrophage inflammatory
protein 1 alpha, and interferon-y-inducible protein 10, especially in
intensive care unit patients, which implied a cytokine storm
occurred.’® Cytokine storm refers to an excessive inflammatory
response flaring out of control and the immune system gone awry,
which can be caused by infection, some drugs, and other factors.
SARS cornavirus 2 binds to alveolar epithelial cells and then activates
the innate and adaptive immune systems, resulting in the release of a
large number of cytokines, including IL-6. Besides, vascular perme-
ability is increased by these proinflammatory factors, resulting in a
large amount of fluid and blood cells entering the alveoli, resulting in
dyspnea and even respiratory failure.” IL-6 itself plays a central role
in the cytokine storm, which is frequently observed in patients with
severe COVID-19 infection and higher levels of IL-6 have been ob-
served in severe COVID-19 disease compared with the nonsevere
disease.” Induction of cytokine storm by IL-6 will result in a robust
inflammatory response as evidenced by an increment in CRP and
PCT levels while reduction in Lymphocyte counts, activation of
coagulation or clotting pathway as evidenced by high levels of
p-dimer, hypoxia, and also shock.)” IL-6 itself is also a strong inducer
of acute-phase reactive proteins. It can induce hepatocytes to
synthesize acute-phase reactive protein at the gene transcription
level, especially serum amyloid A and CRP, which can make the level
of CRP in severe COVID-19 patients become significantly
increased.’®? Moreover, IL-6 can also induce the release of hepcidin
from the liver that blocks the iron-exporter (ferroportin), and
eventually results in hyperferritinemia. Hyperferritinemia will give
rise to ferroptosis, with high oxidative stress and lipoperoxidation
that can precipitate the inflammatory or immune overresponse (cy-
tokine storm).”° All of these combinations will result in the devel-
opment of severe outcomes of the disease. Tocilizumab specifically
binds soluble and membrane-bound IL-6 receptors (sIL-6R and mlL-
6R) and inhibits sIL-6R- and mlL-6R-mediated signal transduction.
Therefore, by inhibiting IL-6 through tocilizumab administration,
we can reduce the incidence of cytokine storm, preventing
the overt inflammatory and coagulation cascade, also preventing the
ferroptosis from happening. All of those associated markers
(CRP, p-dimer, ferritin, PCT, lymphocyte count) will then follow to
show improvement (by either reduction or increment).

The strength of this study is the meta-analysis design of this
study itself, which can give clear evidence and help in resolving the
conflicting data regarding the benefit of tocilizumab treatment.
Moreover, most of the included studies use the same dosage of to-
cilizumab treatment, which can reduce the heterogeneity of this
meta-analysis. However, this study has several limitations. First, most
of the included studies that analyze the benefit of tocilizumab
treatment is an observational study or case-series studies, while
none of them was a randomized controlled trial study. The weakness

e —\ 1L EY—L
of an observational study is the presence of several confounding
factors that can affect the outcomes of tocilizumab treatment, such
as the age, pre-existing comorbid conditions of patients, and bias
from the researcher itself (e.g., selection bias). Second, the route of
administration, days from symptoms onset to tocilizumab adminis-
tration, and duration of laboratory follow-up are different among the
included studies, which can increase the heterogeneity of this meta-
analysis and potentially affect the difference in the treatment out-
comes. Finally, this study only analyze the benefit of tocilizumab
administration in reducing the biomarkers of COVID-19, but not on
the mortality outcome, although these two parameters may be
connected to each other.

5 | CONCLUSION

Administration of tocilizumab is effective in reducing the biomarkers
of the COVID-19 infection, especially CRP and ferritin levels. Phy-
sicians may hence consider adding tocilizumab as a treatment for
patients with COVID-19, especially in patients with severe disease,
to help in reducing the severity of COVID-19. A more randomized
clinical trial of tocilizumab is still needed to give a better assessment
of tocilizumab efficacy. Finally, tocilizumab shall be regarded as an

important agent in future treatment models for COVID-19.
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