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Abstract: The COVID-19 pandemic requires the development of effective methods for the treatment
of severe cases. We aimed to describe clinical outcomes and changes in inflammatory markers in
Polish patients treated with tocilizumab. The medical charts of SARS-CoV-2-positive patients treated
in the Department of Infectious Diseases between 4 March and 2 September 2020 were retrospectively
analyzed. The patients who received tocilizumab according to the Polish Association of Epidemiol-
ogists and Infectiologists guidelines were selected for the study. We identified 29 individuals who
received tocilizumab, out of whom 11 (37.9%) died. The individuals who died had significantly
higher maximal interleukin-6 (IL-6) and lactate dehydrogenase (LDH) serum levels than survivors.
After administration of tocilizumab, further increase in LDH and IL-6 was a prognostic factor for
unfavorable outcomes. Among inflammatory markers, 7-day mean of IL-6 serum concentration was
the best predictor of death (cut-off: >417 pg/mL; area under ROC curve = 0.81 [95% Confidence
Interval: 0.63-0.98]). The serum concentrations of inflammatory markers before administration of
tocilizumab did not predict the outcome, whereas IL-6 and LDH measurements after administration
of tocilizumab seemed to be of predictive value.
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1. Introduction

In December 2019, the first case of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was identified, and the novel coronavirus disease (COVID-19) started to
spread rapidly across the world. The outbreak forced physicians to search for effective
treatments for patients with a severe course of the disease. In some patients, SARS-CoV-2
infection triggers a cytokine storm and hyperinflammation, leading to multiple organ failure
and death [1,2]. Interleukin-6 (IL-6) is one of the key cytokines, playing an important role in
the inflammatory reaction, with effects on coagulation cascade, vascular permeability, and
myocardial dysfunction leading to tissue hypoxia, hypotension, disseminated intravascular
coagulation (DIC), and multiple organ dysfunction [3]. Higher concentrations of IL-6 in
serum are associated with higher levels of SARS-CoV-2 viremia [4]. The critical role of
IL-6 in the pathophysiology of severe COVID-19 justified its treatment with tocilizumab—
a monoclonal antibody against the IL-6 receptor [5]. Tocilizumab was previously used
successfully in theumatoid arthritis, juvenile idiopathic arthritis, giant cell arteritis, and
chimeric antigen receptor (CAR)-T-cell-induced cytokine release syndrome [6]. Since the
pandemic outbreak, the antibody has been investigated as a potential treatment against
severe COVID-19 [7], with contradictory results [8].
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In Poland, by the end of 2020, the COVID-19-related overall mortality rate was 2.1%
with an 11.5% estimated in-hospital fatality rate for COVID-19 during the first wave of the
pandemic [9]. The treatment of COVID-19 with tocilizumab was initiated in April 2020, as
the drug was already registered in Poland. Notably, the first experience had been gained
before the publication of the first results of RCTs on tocilizumab in COVID-19 [10]. To
date, only a few reports have been published on the experience of Polish physicians with
this therapy [11,12]. Moreover, evidence on tocilizumab use in COVID-19 patients from
randomized trials, nonrandomized trials, and open-label studies are often contradictory [13,14],
and there are still limited real-life data about the impact of tocilizumab therapy on the
inflammatory markers and survival in COVID-19 patients [15]. Therefore, we aimed
to present a single-center experience in COVID-19 treatment using tocilizumab. In this
retrospective study, we focused on the clinical outcomes and changes in inflammatory
activity in Polish COVID-19 patients treated with tocilizumab.

2. Materials and Methods

For this retrospective study, we recruited influenza-negative patients with COVID-
19 confirmed by reverse transcription-polymerase chain reaction (RT-PCR), who were
hospitalized in the Department of Infectious Diseases, Jozef Strus Multidisciplinary City
Hospital, Poznan, Poland (the hospital during the pandemic was transformed into an
isolation hospital with a total number of 420 beds, out of which 24 were in the Department
of Infectious Diseases), from 4 March 2020 (first COVID-19 case in Poland) to 3 September
2020, and who were treated with tocilizumab, in concordance with the recommendations
of the Polish Society of Epidemiology and Infectious Diseases [16,17].

The demographic data and medical history including comorbidities, concomitant
therapy, laboratory test results, and clinical outcomes were retrieved from medical records.
The Charlson comorbidity index (CCI) was calculated for each patient. Lung involvement
was evaluated using chest X-ray and/or computed tomography of the chest (CT). The
laboratory tests included white blood cell count (WBC), lactate dehydrogenase (LDH),
C-reactive protein (CRP), and IL-6, all of which were assessed at least five times during hos-
pitalization of each patient, using general laboratory equipment and analyzers. Tocilizumab
was administered intravenously at 8 mg/kg of body weight (maximally 800 mg) in a single
dose, and the second dose was repeated after 8 to 12 h in the absence of improvement,
according to the Polish Society of Epidemiology and Infectious Diseases guidelines [16,17],
if no contraindication was present. In brief, at the time of the study, tocilizumab treatment
was recommended in clinically unstable respiratory failure or acute respiratory distress
syndrome patients with COVID-19 with elevated IL-6 concentration, with the repeated
dose in the absence of clinical improvement after 8 to 12 h. Contraindications to tocilizumab
include known hypersensitivity to tocilizumab or any component of the formulation, and
severe, active infection other than COVID-19. Concomitant treatment permitted in the
study comprised remdesivir, lopinavir/ritonavir, chloroquine, and glucocorticoids. The
exclusion criteria were: active hepatitis B, past hepatitis B virus infection, bacterial sepsis,
or tuberculosis suspicion.

IL-6 concentrations were measured using a fully automated Roche Cobas e601 analyzer
based on the electro-chemiluminescence immunoassay (ECLIA).

The statistical analysis was performed using the R-programming language 3.6.3
(R Foundation, Vienna, Austria). The results were presented as median (interquartile
range) or a number (percentage). The comparisons between the investigated groups
were made using the Mann-Whitney U-test and chi-squared test, and p-value < 0.05 was
considered to be significant. Due to the limited number of patients, we did not use the
regression analysis. We used the LOESS curve fitting to compare changes in inflamma-
tory markers. The receiver operating characteristic (ROC) curve was analyzed to assess
inflammatory marker cut-offs, predicting death after tocilizumab administration. The
diagnostic scores were mean concentrations of inflammatory markers (WBC, LDH, CRP,
and IL-6) in serum within 7 days before as well as 7 and 14 days after administration of
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tocilizumab. The classes of observations were: death (coded as 1) and survival (coded
as 0). The optimal cut-off point was established using Youden’s index. If the 95% confi-
dence interval of the area under the ROC (AUROC) surpassed 0.50 the association was
considered non-significant. The analysis was performed using the ROCit package of R
(https:/ /cran.microsoft.com/web/packages/ROCit/ROCit.pdf (accessed on 8 December
2020) [18]).

3. Results

Two hundred and seventy-seven patients were hospitalized in the Department of
Infectious Diseases in the selected time frame, out of whom 29 patients (20 males and
9 females, median age 58 years) fulfilled the criteria of the Polish Society of Epidemiology
and Infectious Diseases for tocilizumab administration (the first infusion of the drug was on
22 April 2020) and were included into the study. Chest X-rays/CT scans revealed features
typical of COVID-19 pneumonia, including a ground-glass pattern, in all patients. The
general characteristics of the study group are presented in Table 1.

Table 1. General characteristics and comparison of individuals treated with tocilizumab. Data are
presented as the median (interquartile range)/n (%).

All Survived Died
Features n =29 (100.0%) n =18 (62.1%) n =11 (37.9%) p-Value
Males (1) 20 (69.0%) 13 (72.2%) 7 (63.6%) 0.63
Age (years) 58.0 (53.0-69.0) 55.0 (51.5-62.0) 65.0 (58.0-73.5) 0.13
No comorbidities (1) 2 (6.9%) 1 (5.6%) 1(9.1%) 0.72
Charlson Comorbidity Index (1) 2.0 (1.0-4.0) 2.0 (1.0-3.0) 4.0 (2.0-4.0) 0.1
Arterial hypertension (1) 14 (44.8%) 10 (55.6%) 4 (36.4%) 0.32
Diabetes (1) 7 (24.1%) 3 (16.7%) 4 (36.4%) 0.23
Obesity (1) 11 (37.9%) 4(22.2%) 7 (63.6%) 0.026
Chronic kidney disease (1) 4 (13.8%) 2 (11.1%) 2 (18.2%) 0.59
Hypothyroidism (1) 2 (6.9%) 2 (11.1%) 0 (0.0%) 0.25
Heart failure (1) 1 (3.4%) 0 (0.0%) 1(9.1%) 0.19
Ischemic heart disease (1) 2 (6.9%) 2 (11.1%) 0 (0.0%) 0.25
Atrial fibrillation (n) 1 (3.4%) 0 (0.0%) 1(9.1%) 0.19
Asthma/COPD (n) 3 (10.3%) 1(5.6%) 2 (18.2%) 0.28
Depression (1) 1 (3.4%) 0 (0.0%) 1(9.1%) 0.19
Sclerosis multiplex (1) 1 (3.4%) 0 (0.0%) 1(9.1%) 0.19
Rheumatoid arthritis (n) 1(3.4%) 0 (0.0%) 1(9.1%) 0.19
Glucocorticoids () 8 (27.6%) 5 (27.8%) 5 (45.5%) 0.33
Fever (n) 25 (86.2%) 17 (94.4%) 8 (72.7%) 0.1
Cough (n) 24 (82.8%) 18 (100.0%) 6 (54.5%) 0.02
Dyspnea (1) 26 (89.7%) 16 (88.9%) 10 (90.9%) 0.86
Chloroquine (n) 18 (62.1%) 14 (77.8%) 4 (36.4%) 0.026
Lopinavir-ritonavir (1) 12 (41.4%) 8 (44.4%) 4 (36.4%) 0.67
Remdesivir (n) 2 (6.9%) 1 (5.6%) 1(9.1%) 0.72
Plasma of convalescents (1) 2 (6.9%) 1 (5.6%) 1(9.1%) 0.72
Stay in ICU (n) 14 (48.3%) 3 (16.7%) 11 (100.0%) <0.001
Intubation (n) 12 (41.4%) 1(5.6%) 11 (100.0%) <0.001
Length of stay in hospital (1) 18.0 (15.0-25.0) 23.0 (18.0-28.2) 15.0 (12.0-17.0) 0.008
Laboratory findings at admission
WBC (G/L) 6.0 (4.4-8.3) 5.8 (4.1-8.0) 7.3 (4.8-9.6) 0.29
LYMPH (G/L) 0.8 (0.7-1.2) 1.0 (0.7-1.2) 0.8 (0.7-0.8) 0.74
PLT (G/L) 206.0 (172.0-244.0) 204.0 (162.5-234.0) 206.0 (191.0-269.5) 0.44
CRP (mg/L) 104.7 (70.7-182.4) 84.5 (59.5-206.0) 121.4 (87.9-162.9) 0.71
IL-6 (pg/mL) 64.1 (39.8-101.2) 56.9 (40.3-69.7) 82.5 (31.0-322.4) 0.32
Time from admission to tocilizumab
administration (days) 4.0 (3.0-7.0) 4.0 (3.2-6.8) 5.0 (2.5-6.0) 0.77
Number of days of treatment by
tocilizumab (days) 2.0 (2.0-2.0) 2.0 (2.0-2.0) 2.0 (1.0-2.0) 0.042
Number of tocilizumab treatment (1) 2.0 (2.0-2.0) 2.0 (2.0-2.0) 2.0 (1.0-2.0) 0.035

COPD—chronic obstructive pulmonary disease, CRP—C-reactive protein, ICU—intensive care unit, IL-6—
Interleukin-6, LYMPH—Ilymphocytes, PLT—platelets, WBC—white blood cells.

Three out of the twenty-nine (10.3%) patients treated with tocilizumab during hospi-
talization were also treated with glucocorticoids, lopinavir/ritonavir, and chloroquine, two
(6.9%) with glucocorticoids and lopinavir/ritonavir, two (6.9%) with glucocorticoids and
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chloroquine, two (6.9%) with glucocorticoids, one (3.4%) with glucocorticoids, chloroquine,
and remdesivir, and one (3.4%) with lopinavir/ritonavir, chloroquine, and remdesivir.
Among patients with arterial hypertension, five (17.2%) received amlodipine, four (13.8%)
were treated with sartans, and two (6.9%) with angiotensin-converting enzyme inhibitors;
all these patients had favorable outcomes.

Eleven (37.9%) individuals died, and their characteristics are shown in Table 2.

Table 2. Characteristics of SARS-CoV-2 infected individuals with the fatal outcome.

Results of the Results of the
No of Patient Sex Age (Years) Comorbidities First Blood Control Blood Cause of Death
Culture Culture
Acinetobacter
Staphylococcus > .
1. Female 73 None epidermidis baumannii Multiorgan
MSSE resistant to failure
carbapenems
Acinetobacter
. Stap h locchus baumannii Multiorgan
2. Female 83 Depression epidermidis istant t fail
MSSE carbapenems A
Atherosclerosis,
cerebral aneurysm, . . Respiratory
3. Female 88 0steoporosis, Negative Negative failure
Sclerosis multiplex
Obesity, Chronic Staphylococcus
4. Male 58 Pulrponar‘y epidermidis Negative Mul’qorgan
Obstructive Disease, failure
Heart Failure MRSE
Asthma, Atrial R
Fibrillation, Type 2 Methicillin-
Diabetes, re51st1ant Multi
5. Female 70 Rheumatoid coaguiase- Not performed utiorgan
Arthritis, Arterial S tar;;(;z??()tg)’cecus failure
Hypertension,
Obesity MRCoNS
Obesity, type 2 Staphylococcus :
6. Male 59 diabetes, chronic epidermidis Not performed lellFiorgan
kidney disease MRSE ature
7. Male 43 Obesity, artgrial Negative Negative Mul’Fiorgan
hypertension failure
Methicillin-
. itive
Obesity, type 2 Sensi ~ .
8. Male 74 diﬁ)betei, arterial Cﬁgé;}fvs ee Negative Mﬁﬁiﬁian
ypertension Staphylococcus
MSCoNS
9. Male 65 None Negative Negative Re?aP)illl;f;:ry
10 Male 45 Asthma, obesit Negative Negative Sudden cardiac
’ 4 y & & death
Methicillin-
Type 2 diabetes, sensitive Acinetobacter
1 Male 58 Arterial coagulase- baumannii Multiorgan
: hypertension, hyperc- negative resistant to failure
holesterolaemia Staphylococcus carbapenems
MSCONS

MSSE, methicillin-sensitive Staphylococcus epidermidis; MRSE, methicillin-resistant Staphylococcus epidermidis; MR-
CoNS, methicillin-resistant coagulase-negative staphylococci, MSCoNS, methicillin-sensitive coagulase-negative
staphylococci.

Fourteen patients (48.3%) were admitted to the intensive care unit (ICU), where 12
started tocilizumab treatment, and 10 died. The other members of the investigated group
received tocilizumab on the observational ward, with only one fatal outcome. Although the
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White Blood Count [G/L]

CRP [mgiL]

majority of the patients who died had multiple comorbidities and developed multiorgan
failure (Table 2), the association of CCI values with clinical outcome did not reach statistical
significance (p = 0.10). Twenty-three (79.3%) patients received tocilizumab administration
twice. A single dose of tocilizumab used in patients ranged from 240 mg to 800 mg. No
serious adverse events assigned to the tocilizumab treatment were reported.

The individuals who died commonly reported less cough during admission (Table 1)
and had higher maximal IL-6 and LDH serum levels (Figure 1). In contrast, the patients
treated with tocilizumab who survived tended to have generally lower levels of WBC, LDH,
and IL-6 during the observation period than those who died (Figure 1A,B,D) and were
significantly more frequently treated with chloroquine. Interestingly, the CRP serum level
(Figure 1C) had higher peaks in survivors than in those with the fatal course of COVID-19.
The changes in WBC, LDH, CRP, and IL-6 recorded in the period of 7 days before and
14 days after introducing tocilizumab are shown in Figure 1.
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Figure 1. Trends in concentrations of inflammatory markers in serum 7 days before and 14 days after
administration of tocilizumab. All charts are presented in linear X-scale, except for chart (D), which
is presented in log10 scale. (A) White blood count; (B) lactate dehydrogenase (LDH); (C) C-reactive
protein (CRP); (D) interleukin-6 (IL-6).

A summary of the ROC analysis is presented in Table 3.

None of the mean serum concentrations of the inflammatory markers measured
7 days before tocilizumab administration proved to be a predictor of the clinical outcome,
in contrast to the measurements of WBC, LDH, and IL-6 on days 7 and 14 after the first
tocilizumab infusion. The highest predictive value for death or survival was found for
IL-6 (7 days after tocilizumab infusion: AUROC = 0.81 (95% CI: 0.63-0.98)) and (14 days
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after tocilizumab infusion: AUROC = 0.88 (95% CI: 0.74-1.00)), with cut-offs slightly above
400 pg/mL.

Table 3. Results of ROC analysis. The diagnostic scores were mean inflammatory markers serum
concentrations, and the classes of observations were: death (coded as 1) and survival (coded as 0).

Seven Days Before
Tocilizumab

Seven Days After
Tocilizumab

Fourteen Days After
Tocilizumab

White Blood Count (G/L)

Cut-off: >9.92

AUROC: 0.55 (95% CI:

0.32-0.79)
Sensitivity: 22.2%
Specificity: 94.1%

Cut-off: >8.40

AUROC: 0.85 (95% CI:

0.70-1.00)
Sensitivity: 72.7%
Specificity: 88.9%

Cut-off: >11.01

AUROC: 0.89 (95% CI:

0.76-1.00)
Sensitivity: 90.1%
Specificity: 88.9%

Lactate dehydrogenase (U/L)

Cut-off: >748

AUROC: 0.63 (95% CIL:

0.39-0.87)
Sensitivity: 33.3%
Specificity: 100.0%

Cut-off: >466

AUROC: 0.78 (95% CI:

0.59-0.96)
Sensitivity: 90.9%
Specificity: 72.2%

Cut-off: >493

AUROC: 0.82 (95% CI:

0.65-0.99)
Sensitivity: 90.9%
Specificity: 83.3%

C-reactive protein (mg/L)

Cut-off: >278

AUROC: 0.40 (95% CI:

0.17-0.63)
Sensitivity: 11.1%
Specificity: 94.1%

Cut-off: >167

AUROC: 0.37 (95% CI:

0.17-0.58)
Sensitivity: 18.2%
Specificity: 94.4%

Cut-off: >218

AUROC: 0.44 (95% CI:

0.22-0.66)
Sensitivity: 9.1%
Specificity: 100.0%

Interleukin-6 (pg/mL)

Cut-off: >651

AUROC: 0.59 (95% CI:

0.34-0.83)
Sensitivity: 33.3%
Specificity: 100.0%

Cut-off: >417

AUROC: 0.81 (95% CI:

0.63-0.98)
Sensitivity: 81.8%
Specificity: 83.3%

Cut-off: >425

AUROC: 0.88 (95% CI:

0.74-1.00)
Sensitivity: 81.8%
Specificity: 83.3%

ROC, receiver operating characteristic; AUROC, area under the receiver operating characteristic.

4. Discussion

In the present study, we investigated the effects of tocilizumab treatment in Polish
COVID-19 patients hospitalized in a single center. Tocilizumab emerged as a potential treat-
ment for COVID-19 during the outbreak in Wuhan [15,19]. Results of the first randomized
controlled trial, COVACTA, did not show significant improvement in the clinical status of
patients treated with tocilizumab [10]. However, the results of two recent meta-analyses
showed some evidence that the use of tocilizumab may be associated with a short-term
mortality benefit in patients with COVID-19 [13], and with a reduction in the need for
mechanical ventilation [13,14]. In our study, the majority of the patients who required
tocilizumab had a favorable outcome, and better prognoses were recorded for those who
received the drug before admission to the ICU. Gupta et al. also showed that early adminis-
tration of tocilizumab in the ICU is beneficial in COVID-19 [20]. Similarly, we suspect that
a good response was possible thanks to early decisions to administer the drug.

Interestingly, the patients who survived were more likely to receive chloroquine.
Hydroxychloroquine during the first wave of COVID-19 was perceived as a potential
drug. However, further studies did not confirm its efficacy [21]. Due to the adverse
event profile, the antimalarials must be used with caution in patients with heart dis-
ease. Therefore, individuals with cardiac comorbidities, who were at higher risk of severe
COVID-19, were more likely not to receive chloroquine than the patients without coexisting
heart involvement.

Several risk factors of poor outcome of COVID-19 were identified, such as hyperten-
sion, diabetes, obesity, chronic obstructive pulmonary disease, cancer, and cardio- and
cerebrovascular disease [22]. Similarly, our results showed that obesity was significantly
more frequent in a group of patients who died. However, despite the presence of hy-
pertension in 44.8% of the studied patients, there was no statistical significance between
the patients with favorable and fatal outcomes with regard to the high blood pressure,
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probably due to the small sample size. Interestingly, there were no deaths reported in
patients with hypertension who were treated with renin-angiotensin-aldosterone system
antagonists or amlodipine. This finding is in agreement with previous observations, which
pointed to the beneficial effect of renin-angiotensin—-aldosterone system antagonists [23],
and amlodipine [24] in improving the clinical outcome of COVID-19 patients.

The patients who survived vs. those who died did not differ in inflammatory markers
serum concentrations on admission. Similarly, mean serum concentrations within 7 days
before tocilizumab administration were not associated with the final outcome. This suggests
that inflammatory markers before the administration of the drug could not predict the
response to tocilizumab. Both trend curves and ROC analysis showed that monitoring
IL-6, LDH, and WBC after tocilizumab treatment might help to establish the prognosis.
The increase in IL-6 serum concentration after tocilizumab infusion observed in all the
studied patients can be explained by diminished receptor-mediated clearance of IL-6 [25].
However, a lack of decrease in IL-6 level 7 days after tocilizumab administration and a
further increase in IL-6 and LDH serum concentrations in repeated measurements suggest
a lack of response to the treatment and unfavorable outcome. It could also be a signal to
change the strategy of treatment.

The findings of this study must be seen in light of some limitations. Firstly, this is a
retrospective analysis of medical charts. Thus, the data collection was not standardized, e.g.,
the number of laboratory parameter measurements and intervals between them differed
among patients. For this reason, we needed to use the LOESS curve fitting to compare
changes in inflammatory markers. Secondly, the lack of standardized protocol precludes
reliable methodology in reporting adverse events related to tocilizumab. Thirdly, the
study population was limited. The hospital had a limited number of analyzed drugs,
and tocilizumab was administered only to patients who met the Polish Association of
Epidemiologists and Infectiologists criteria [16,17]. For this reason, we could not create a
comparable control group. Finally, due to its design, the study does not allow conclusions
about the therapy’s efficacy.

To sum up, this is one of few reports on the real-world use of tocilizumab in Poland
during the COVID-19 pandemic. We found that monitoring inflammatory markers after
but not before administration of tocilizumab may indicate the patients” further prognosis.
Randomized clinical trials on tocilizumab in COVID-19 generated mixed results, and our
results suggest that inflammatory marker levels can help to detect individuals who may
benefit from tocilizumab therapy.

5. Conclusions

More than half of COVID-19 patients who received tocilizumab had a favorable
outcome. The measurements of serum levels of IL-6 and LDH after administration of
tocilizumab may help to predict the patients” prognosis.
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//www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/ (accessed on 21 January
2021)), revised in 2013.

Informed Consent Statement: Patient consent was waived due to the retrospective character of the
analysis of standard management concordant with national guidelines. Furthermore, the data were
provided in an anonymized format and patients cannot be identified. Bioethics Committee did not
require consent to be obtained from patients to conduct this research.
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