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Abstract
Objective
Acute respiratory distress syndrome (ARDS) related to SARS-CoV-2 is likely due to a cytokine storm characterised by
a major release of pro-inflammatory cytokines, including interleukin-6 (IL-6). Blocking excessive IL-6 production might
be the key to the COVID-19-ARDS treatment. Beneficial effects of IL-6 blockade using a humanised anti-IL-6 receptor
antibody, tocilizumab (TCZ) were previously reported in patients with COVID-19 related ARDS. The aim of the study
was to study the variation over time of several biomarkers, demonstrated to be predictors of poor prognostic, in subjects
successfully treated with TCZ for severe COVID-19.

Methods
Retrospective analysis of a case series of patients with COVID-19-ARDS, evidenced by RT-PCR and lung CT-scan.
Patients with increasing O, requirements, within the window of opportunity for TCZ treatment (Day 7 to Day 17 after
onset of symptoms) were treated with TCZ (2 infusions of 8 mg/kg). Demographic, biological and clinical data were
collected from the patients’ files. Serum levels of CRP, ferritin, fibrinogen, lymphocytes, platelets, creatinine, D-dimer
and liver enzymes were assayed at the time of the first TCZ administration, then every two days for 8 days.

Results
40 patients were treated with TCZ. Most of them had several comorbidities, and all had multiple biological abnormalities
(lymphopenia, increased CRP, ferritin, fibrinogen, D-dimer, liver enzymes). 30 patients (75%) benefited from TCZ and
10 patients died. In the survivors, following TCZ administration CRP decreased dramatically as early as day 4 (-86.7%,
p<0.0001) and returned to normal at day 6. Fibrinogen and lymphocyte count returned to normal values at day 6.
Ferritin also decreased significantly. No significant change was observed for D-dimer (p=0.68) and other studied
biomarkers (haemoglobin, leucocyte count, AST).

Conclusion
In patients with COVID-19 acute respiratory distress syndrome, treatment with TCZ resulted in favourable evolution
in 75% of the cases. Biomarkers of inflammation (CRP, ferritin, fibrinogen) decreased dramatically as early as the
4™ day after TCZ injection. Lymphopenia, a predictor of poor prognostic, was reversed 6 days after TCZ injection.
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Introduction

Only a few months ago, at the beginning
of the coronavirus disease 2019 (COV-
ID-19) outbreak (1), no one would have
imagined that rheumatologists would be
in the very frontline in the management
of the disease that has rapidly grown to
be a pandemic. In children and young
adults COVID-19 is usually mild, even
not symptomatic. On the contrary, data
from China, the cradle of the pandem-
ic, highlighted that, in older and frail
people, SARS-CoV-2 virus can induce
very severe clinical features, foremost
among which is an acute respiratory
distress syndrome (ARDS) (1-5), fol-
lowed by multi-organ failure, result-
ing in death in about 4% of the cases
(2). Among the wide variety of clinical
features related to COVID-19, the most
frequently reported are cardiovascular
(6), gastro-intestinal (7, 8), neurologi-
cal (9) and even cutaneous (10). On the
other hand, until now, very few muscu-
loskeletal disorders have been reported
(11) and nothing seemed to predispose
rheumatologists to be major actors in
the treatment of COVID-19. The use of
hydroxychloroquine for treating COV-
ID-19, based on the antiviral activity of
chloroquine (12-14), raised questions
within the rheumatologist community
that has been using hydroxychloro-
quine to treat patients with systemic
lupus erythematosus and rheumatoid
arthritis, for many years. It is mostly
the strong rationale to resort to tocili-
zumab (TCZ) for treating SARS-CoV-2
related ARDS (14-17), and the dramatic
effects reported in open-label trials and
case series with TCZ (17-21), which
put the rheumatologists in the spotlights
(22,23).

Indeed, COVID-19 ARDS is clearly
due to a cytokine dysregulation that
usually occurs at the second week of
the disease. This cytokine “storm” is
characterised by a major release of
pro-inflammatory cytokines, including
interleukin-6 (IL-6), IL-2, IL-7, IL-10,
tumor necrosis factor o, interferon vy in-
ducible protein (IP10) and granulocyte-
colony-stimulating factor (G-CSF) (14,
18, 24). Elevated IL-6 serum concen-
tration, correlated with clinical severity,
was found in patients with COVID-19
(25), and IL-6 blockade therapy using a

humanised anti-IL-6 receptor antibody,
tocilizumab (TCZ) showed remarkable
beneficial effects in COVID-19-CRS
(14,18, 20).

The Nord Franche-Comté Hospital is
located in the North-East of France, an
area severely impacted by the COV-
ID-19 outbreak (26). The department
of rheumatology was thus changed into
a COVID-19 unit, especially dedicated
for severe patients needing oxygen
therapy. Given the growing number of
deaths due to ARDS, and the increasing
evidence that TCZ might reduce mor-
tality in patients with COVID-19-CRS,
a scientific committee was constituted
within the North Franche-Comté Hos-
pital, at the initiative of rheumatolo-
gists and infectious diseases specialists,
on the very last days of March 2020.
The committee, including infectious
diseases specialists, rheumatologists,
intensivists, biologists and pharmacists,
proposed to authorise the off-label use
of TCZ to treat the most severe patients,
despite the lack of a published con-
trolled randomised trial. Patients were
eligible for TCZ therapy in 2 particular
situations: first, in patients with severe
pneumoniae responsible of ARDS who
were not eligible for intensive care unit
(ICU) admission, due to older age and/
or severe comorbidities, on a compas-
sionate use basis. Second, in patients
eligible for ICU admission, who had re-
cently been developing ARDS, as evi-
denced by increasing O2 requirements,
and the presence of several biological
abnormalities that have been demon-
strated to be predictors of mortality (2,
5). To be eligible for TCZ therapy each
case had to be discussed during a daily
multidisciplinary consultation meeting
(MCM) including infectious diseases
specialists, rheumatologist, pharma-
cists, biologists and intensivists. One
key point was that the disease still had
to be within the window of opportunity
for TCZ treatment (i.e. day 7 to day 17
after onset of symptoms). Contraindi-
cations for TCZ were bacterial super-
infection, latent tuberculosis infection,
macrophage activation syndrome and
hypersensitivity to tocilizumab. Be-
tween April 1% and May 11%, 2020, 40
severe COVID-19 patients were treat-
ed with TCZ in Nord Franche-Comté
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Hospital. During the same period of  Table I. Characteristics of patients at baseline.

time 413 patients were hospitalised for

. Variables Alive Deceased -values
COVID-19 and 94 died. Among the 40 Mean (range) Mean (range) P
TCZ treated patients, 10 died (25%),
with a median survival time of 3.5 days  Age (years) 73.7 (65-89) 79.7 (73-89) 0.09
(range 0.5-28 days) following the first ~ Weight (kg) 75.8 (49.5-99.4) 75.8 (53-115) 0.90
TCZ administration. However, this per- BMI (kg/m?) . 275 (24-33) 277 (17-40) 0.89
. > Symptom duration (days) 12.2 (4-20) 15.3 (5-21) 0.49
centage of mortality can be considered Oxygen (/mn) 98 (4-15) 111 (5-15) 0.08
as rather low compared to the outcome 02 saturation (%) 91.2 (83-97) 92 (84-98) 0.75
of patients not treated with TCZ. We  Leucocytes (G/1) 9.9 (24-16.0) 8.34 (6.0-12.97) 0.23
have recently published a retrospec- Haemoglobin (g/dl) 122 (9-17.1) 122 (9.7-15.2) 0.99
tive case-control stu dy on the first sam- Platelets (G/1) 303.4 (86-524) 156.2 (54-244) <0.0001
R R Lymphocytes (G/1) 1.0 (0.22-2.52) 0.57 (0.17-0.98) 0.04
ple of patients treated with TCZ (27).  prothrombin (%) 843 (30-100) 743 (49-100) 045
Despite a Charlson comorbidity index  Fibrinogen (g/1) 6.6 (2.3-10) 4.65 (0.7-6.9) 0.04
higher than in patients from the control =~ D-Dimer (ng/ml) 8276.6 (542-66,670) 4379 (409-14.669) 0.41
group, more severe disease, higher oxy-  Creatinine (umol/l 89.0 (35-170) 99.6 (33-153) 056
gen requirement and poorer biological Bilirubin (pmol/l) 9.65 (3-22.8) 13.7 (5.2-18.7) 0.04
. . ‘ CRP (mg/l) 153.4 (39.4-265) 112.24 (25.3-188.2) 0.16
findings (i.e. more severe lymphopenia  gerritin (ng/ml) 1358.6 (156-4490) 34329 (707.7-8158) 0.07
and higher CRP levels) patients treated  AST (U/) 71.7 (17-196) 95.7 (34-244) 0.19
with TCZ had a better prognosis than  ALT (U/]) 60.7 (17-216) 63.5 (22-193) 0.84
LDH (U/l) 498.1 (244-1121) 1156.7 (350-4500) 0.11

controls (p=0.002).

The aim of this work is to report the
main biomarker variations the week
following the administration of the
treatment, in patients successfully
treated with TCZ for a potentially fa-
tal COVID-19 ARDS. We also report
changes in biomarkers in deceased
patients. However, since most of them
died within the first 3 days after the first
administration of TCZ, the value of the
change in biomarkers after day 2 in this
subgroup remains questionable.

Patients and methods

Our results come from a retrospective
analysis of several relevant serum bio-
markers obtained in all patients suc-
cessfully treated with TCZ for COVID
19-severe pneumonia between April
Ist 2020 and May 11", 2020. All the
selected patients required oxygen ther-
apy. Oxygen saturation was measured
every 4 hours using a digital saturom-
eter. The oxygen flow was calculated to
obtain oxygen saturation between 90%
and 94%.

All patients received 2 intra-venous
(IV) infusions of TCZ, ideally at 24
hours interval (in fact 12 to 72 hours),
at a dosing regimen of 8 mg per kilo-
gram with a maximum dose of 800mg
per infusion. Before treatment admin-
istration, patients had to give their in-
formed consent for the off-label use
of TCZ. Before TCZ decision of treat-
ment, all patients had to receive, for at
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least 2 days, a standard therapy includ-
ing IV antibiotics (amoxicillin/clavu-
lanic acid or ceftriaxone or levofloxa-
cin), low molecular weight heparin at
anticoagulant dose and paracetamol (1
to 3 g/day).

Data collection

In all patients admitted in the NFC hos-
pital for COVID-19, regardless the se-
verity of the disease, lab tests at entry
included blood count, blood electro-
lytes, glycaemia, creatinine, C-reactive
protein (CRP), ferritin, fibrinogen, D-
dimer, prothrombin, bilirubin, aspar-
tate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phos-
phatases, gamma glutamyltransferase,
triglycerides, lactate dehydrogenase
(LDH), creatin kinase (CK) and arte-
rial blood PO, and PCO,. Most of these
blood tests were repeated every 2 or 3
days until the patients were discharged
from the hospital.

Lung CT-scan was performed in all
subjects with respiratory symptoms.
The extent of the lung lesions (i.e.
plaque-like and ground-glass opaci-
ties, condensation, crazy paving) was
classified <10%, 10-—5%, 25-50%. 50-
75% or >75%. In all cases, COVID-19
diagnosis was confirmed by real-time
RT-PCR on respiratory samples, main-
ly nasopharyngeal swabs, sputum and
bronchial aspirates (28).

Statistics

Qualitative variables were described
using frequencies and percentages.
Quantitative variables were described
using mean, standard deviation and dis-
tribution (minimum, maximum and me-
dian). Biomarker variations were stud-
ied using student 7-test or Wilcoxon test
as appropriate. All statistical tests were
carried out two tailed at the 5% level
of significance. The statistical analysis
was performed using XLstats© statis-
tical and data analysis solution, Paris,
France, 2020.

Ethics approval

Due to the retrospective nature of the
study, the Ethics & Scientific Commit-
tee of Nord Franche-Comté Hospital
determined that patient consent was
required only for the off-label use of
tocilizumab. Due to the retrospective
nature of the study, the Ethics Commit-
tee determined that patient consent was
not required. All patient data are kept
confidential and in compliance with the
Declaration of Helsinki.

Results

Among the 40 patients treated with
TCZ between April 1st and May 11th,
2020, the “survivors” group included
30 subjects (75%). Their main charac-
teristics at baseline are summarised in
Table I.

Clinical and Experimental Rheumatology 2020
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Unsurprisingly there was an over-
whelming majority of males (23 males
vs. 7 females). The average age was 73,
ranging from 51 to 93. Mean body mass
index was 28 (range 22-33). At the time
of the first TCZ injection, the mean ox-
ygen requirement was 9.5 1/min ranging
from 4 to 15 1/min, and average oxygen
saturation was 91.9% (range 83-97).
Before TCZ treatment 24 patients
(80%) received hydroxychloroquine
and 16 (53.3%) received IV methyl-
prednisolone (average dose 355 mg,
range 80-840 mg). Twenty-five patients
suffered from one or more comorbidi-
ties, including arterial hypertension (15
patients), other cardio-vascular diseas-
es (11 patients), diabetes (4 patients),
cancer (5 cases), chronic obstructive
pulmonary disease or emphysema (4
cases), haematological malignancy (2
cases), neurological diseases (2 cases).
Unsurprisingly all the patients had mul-
tiple biological abnormalities, with a
high frequency of lymphopenia (mean
0.99 Giga/l; normal range-NR=1.0 to
4.8 Giga/l), high serum levels of CRP
(mean 1534 mg/l; NR<10), ferritin
(mean 1358.6.ng/ml; NR=10 to 291),
fibrinogen (6.6 g/l; NR=1.7 to 4.2) and
D-dimer (mean 8276.6 ng/l; NR<500).
Liver enzymes, AST and ALT, were
moderately increased (mean 71.6 and
60.6 Ul/l; NR=13 to 40 and 7 to 40 re-
spectively). Details are given in Table I.
Survivors differed significantly from
deceased patients with a higher platelet
count (p<0.0001), higher lymphocyte
number (p=0.04), higher fibrinogen
(p=0.04) and lower bilirubin concen-
tration (p=0.04). There was a trend for
a younger age (p=0.09), lower oxygen
requirement (p=0.08), lower ferritin
level (p=0.07) and higher CRP concen-
tration (p=0.16) (Table I).

Following TCZ administration, CRP de-
creased dramatically as early as day 4
(-86.7%, p<0.0001) and returned to nor-
mal atday 6 (Fig. 1). Fibrinogen also de-
creased significantly between day 0 and
day 6, returning to normal values 3.5
g/l (Fig. 2). Lymphocytes number in-
creased significantly at day 4 (p=0.007),
reaching 3.42 G/1 at day 10 (p=0.0008)
(Fig. 3). Ferritin decreased significantly
(»=0.003) but remained elevated at day
6 compared to normal values.
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Fig. 1. C-reactive
protein (CRP) serum
level variation after
tocilizumab treatment
in patients with COV-
ID-19 severe pneu-
monia.
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Fig. 2. Fibrinogen
serum level varia-
tion after tocilizumab
treatment in patients
with COVID-19 se-
vere pneumonia.
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Table II. Mean (range) biomarkers concentration after tocilizumab administration in patients with COVID-19 severe pneumonia.

Biomarkers Day 0 Day 2 Day 4 Day 6 Day 8

CRP (mg/l) 153.4 (39.4-265) 64.4 (9.5-153.3) 20.3** (5.5-45.5) 8.8%*** (1.5-24.5) 5.1 (0.7-8.7)
Ferritin (ng/ml) 1358.6 (156-4,490) 1316.4 (260.9-4,024.0) 1070.3* (165-2494) 990.7** (519-2,700) NA
Fibrinogen (g/1) 6.6 (2.3-10) 5.1*% (24-10) 3.8%* (2.5-6.2) 3.5%%** (1.8-5.2) 354 (2.4-4.2)
D-dimer (ng/ml) 8,276.6 (542-66,670) 8,307.4 (905-58,190) 9413.8 (828-18,893) 8,444.0 (563-6,032) 8,098.1 (708-5088)
Leucocytes (G/1) 99 (24-16.0) 8.6 (3.1-20.4) 8.9 (4.3-16.2) 9.3 (3.2-17.8) 8.7 (44-164)
Hemoglobin (g/dl) 12.2 (9-17.1) 12.2 (9.5-16.6) 11.6 (8.1-14.7) 11.8 (7.7-16.7) 12.1 (8.9-16.6)
Platelets (G/1) 303.4 (86-524) 343.9%(98-669) 390.3** (144-693) 355.6 (95-760) 326.5 (107-583)
Lymphocytes (G/1) 1.0 (0.22-2.52) 1.1 (0.14-3.74) 1.0 (0.39-2.84) 2.1* (0.2-15.2) 3.1%** (0.6-18-3)
Creatinine (zmol/l) 89.0 (35-170) 102.8 (27-157) 110.6 (30-329) 114.6 (27-528) 112.9 (30-449)
AST (U/) 71.7 (17-196) 73.0 (37-197) 799 (26-301) 67.7 (29-142) 51 (30-69)
ALT (U/) 60.7 (17-216) 68.2 (30-165) 93.1* (31-395) 97.8* (25-369) 83.2% (22-151)

p-values: *p<0.05; **p<0.01; ***p<0.005; ****p<0.001; NA: data non available.

Creatinine serum levels, platelet count
and ALT moderately but significantly
increased between day O and day 8. No
significant change was observed for D
dimers (7863.2 ng/l, p=0.68) and the
other studied biomarkers (haemoglo-
bin, leucocyte count, AST) (Table II).
In deceased patients, biomarker chang-
es were analysed only at day 4 because
only 4 patients were still alive after day
6. CRP decreased significantly between
day 0 and day 4 (23.0 mg/l; p=0.004).
No significant change was observed
for the other biomarkers. However, the
sample size was too small (6 patients at
day 4,5 at day 6 and 3 at day 8) to allow
a relevant statistical analysis.

Discussion

All the patients of our case series ful-
filled the Italian recommendation cri-
teria for the off-label use of TCZ (29):
treatment was administered at the end
of the initial high viral load phase, in
patients with interstitial pneumonia
and severe respiratory distress, rapidly
worsening respiratory exchanges and
high levels of D-dimer/ CRP/ ferritin/
fibrinogen (15). All suffered from a very
severe disease, with grim perspectives
and a vital prognosis at stake. Among
them, 25% died the very next days af-
ter TCZ administration, suggesting the
treatment was given too late. The 75%
who benefited from TCZ were slightly
younger, had a less marked lymphope-
nia, more platelets and higher fibrinogen
serum levels. Despite a trend for higher
CRP in successfully treated patients,
the difference with deceased patients
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was not statistically significant. Previ-
ous conflicting results were published
regarding the predictive value for TCZ
effectiveness of serum CRP in patients
with RA (30-32). However, in our pa-
tients, as usually observed in RA, IL-6
blockade with TCZ was rapidly fol-
lowed by a dramatic decrease of serum
CRP. This phenomenon is well known
and attests to the very strong link be-
tween IL-6 and CRP (18). However, the
dramatic reduction of serum CRP lev-
els were observed both in patients suc-
cessfully treated with TCZ and in those
who died the very next days after TCZ
administration. Fibrinogen, another
biomarker of inflammation, returned to
normal values within one week. This is
not surprising since IL-6 is a main regu-
lator of fibrinogen synthesis (33). Ferri-
tin, another biomarker of inflammation,
also decreased significantly within 1
week. Hyperferritinemia is frequently
observed in rapidly progressive inter-
stitial lung disease with polymyositis
and dermatomyositis, and has been
shown to be correlated to IL-6 serum
levels (34). However, ferritin also de-
pends on IL-18 levels (35). This might
explain that ferritin and CRP did not de-
crease at the same rate after IL-6 block-
ade. Lymphopenia is one of the major
haematologic abnormalities during
the course of COVID-19 and has been
suggested to be a prognostic factor of
mortality (2, 3). After TCZ lymphocyte
number increased significantly from
day 4 to day 10, reaching rapidly nor-
mal values. Despite mild to moderate
variations no other significant change

in other biomarker was observed, prob-
ably due to the limited number of pa-
tients. For example, inversely to what
was reported in RA, we did not observe
significant decrease in D-dimer after
TCZ (36). Unlike biomarkers of acute
inflammation, such as CRP and fibrino-
gen, hepatic enzyme ALT continued to
increase, moderately but significantly,
the week after TCZ infusion. This may
be explained by an increase of the ratio
IL-2/IL-6 (due to the diminution of IL-
6) since, in drug liver injury, the IL-2/
IL-6 ratio was shown to negatively cor-
relate with the pre- vs. post-treatment
difference in ALT and AST values and
positively correlate with ALT and AST
at 1-month post-discharge (37).

Our study suffers from several limita-
tions. All patients were treated within
a limited period of time, usually clas-
sified as the best “window of opportu-
nity” for TCZ treatment, so we do not
have information on the benefits for
treating earlier or later. Furthermore,
all our patients were suffering from
very severe disease with multiple risk
factors for mortality (18-20): we thus
cannot draw a formal conclusion for
the interest for TCZ in more moderate
COVID-19 cases. Lastly, due to the
very wide between-patient biomarker
variation, a larger sample size is man-
datory to confirm these results.

In summary the present work, which
is the result of a close collaboration
between rheumatologists, infectious
diseases specialists and biologists, has
shown a rapid decrease in inflammation
biomarkers and a progressive normali-
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sation of the lymphocyte count the very
first days after TCZ injection, in three-
quarters of patients with very severe
and life threatening COVID-19 pneu-
monia. These results are also consistent
with those from the Italian Brescia co-
hort (38). Further large-scale prospec-
tive studies are necessary to better un-
derstand these changes and their prog-
nostic values on COVID-19 evolution.
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