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Abstract: Elevated inflammatory markers are associated with severe coronavirus disease 2019
(COVID-19), and some patients benefit from Interleukin (IL)-6 pathway inhibitors. Different chest
computed tomography (CT) scoring systems have shown a prognostic value in COVID-19, but not
specifically in anti-IL-6-treated patients at high risk of respiratory failure. We aimed to explore
the relationship between baseline CT findings and inflammatory conditions and to evaluate the
prognostic value of chest CT scores and laboratory findings in COVID-19 patients specifically treated
with anti-IL-6. Baseline CT lung involvement was assessed in 51 hospitalized COVID-19 patients
naive to glucocorticoids and other immunosuppressants using four CT scoring systems. CT data
were correlated with systemic inflammation and 30-day prognosis after anti-IL-6 treatment. All the
considered CT scores showed a negative correlation with pulmonary function and a positive one
with C-reactive protein (CRP), IL-6, IL-8, and Tumor Necrosis Factor o« (TNF-x) serum levels. All the
performed scores were prognostic factors, but the disease extension assessed by the six-lung-zone
CT score (S24) was the only independently associated with intensive care unit (ICU) admission
(p = 0.04). In conclusion, CT involvement correlates with laboratory inflammation markers and is
an independent prognostic factor in COVID-19 patients representing a further tool to implement
prognostic stratification in hospitalized patients.

Keywords: computed tomography; COVID-19; prognosis; cytokine release syndrome; interleukin-6

1. Introduction

At the end of 2019, a novel coronavirus, designated as severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), became responsible for a pandemic [1]. Most cases of

Tomography 2023, 9, 981-994. https:/ /doi.org/10.3390/tomography9030080

https:/ /www.mdpi.com/journal /tomography


https://doi.org/10.3390/tomography9030080
https://doi.org/10.3390/tomography9030080
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/tomography
https://www.mdpi.com
https://orcid.org/0000-0001-9819-105X
https://orcid.org/0000-0001-8714-3124
https://orcid.org/0000-0002-8569-3525
https://orcid.org/0000-0003-4407-2631
https://orcid.org/0000-0001-7172-7387
https://orcid.org/0000-0002-5504-5340
https://orcid.org/0000-0002-7949-5119
https://orcid.org/0000-0002-1882-6244
https://doi.org/10.3390/tomography9030080
https://www.mdpi.com/journal/tomography
https://www.mdpi.com/article/10.3390/tomography9030080?type=check_update&version=1

Tomography 2023, 9

982

COVID-19, the disease caused by SARS-CoV-2 infection, are mild or asymptomatic [2], with
a minority of patients developing a severe or life-threatening infection characterized by
an excessive cytokine release from abnormal and non-effective immune response [3]. This
hyperimmune response, defined as a cytokine storm (CS), has been considered responsible
for lung injury and widespread tissue damage [4]. CS occurs in several conditions, even
though the way it presents in COVID-19 is unique and has not been clearly defined yet.
Preliminary criteria for the prediction of CS in COVID-19 patients, based mainly on labo-
ratory results, have been defined in order to identify patients with a more severe disease
course [5].

Several anti-inflammatory and immunomodulatory drugs targeting cytokines have
been tested to hinder the effect of severe COVID-19, producing conflicting results [6].
Interleukin-6 (IL-6) is one of the cytokines involved in SARS-CoV-2-induced inflammatory
response and monoclonal antibodies against the interleukin-6 receptor (IL-6R)—namely
tocilizumab (TCZ) and sarilumab (SAR)—have been used in severe infection [7,8]. In
this scenario, it is important to identify biomarkers that can predict the prognosis, the
onset of CS and the response to these kinds of immunomodulatory drugs. Of note, the
prognostic role of laboratory biomarkers, particularly those related to systemic immune
response, has been at least in part weakened in clinical practice because of the common use
of glucocorticoids, even before hospital admission, in particular from the second pandemic
wave onwards [9].

Chest imaging plays a pivotal role in the diagnosis of COVID-19, and findings asso-
ciated with SARS-CoV-2 infection [10] have been extensively described [11]. Neverthe-
less, with the increasing use of real-time reverse transcription—polymerase chain reaction
[RT-PCR] tests for diagnosis in COVID-19 patients, chest CT has progressively evolved its
role beyond an exclusively diagnostic tool. Evidence focusing on the possible correlation
between chest Computed Tomography (CT) findings and inflammatory status in COVID-19
patients [12,13] is available. Furthermore, chest CT has already shown prognostic value
in COVID-19 patients [14-16], like in other lung conditions, including interstitial lung
disease, lung cancer and other viral infections [17-19]. Moreover, CT plays a central role
in the detection and monitoring of COVID-19-related pulmonary and extra-pulmonary
complications [20,21].

The aim of this study was to investigate the correlation between chest CT findings,
assessed through four different scores, serum inflammatory markers, and the presence of
CS in patients naive to corticosteroids or any immunosuppressive drug. Moreover, the
prognostic value of chest CT scores and the laboratory findings in COVID-19 patients
specifically treated with anti-IL-6 drugs have been assessed.

2. Materials and Methods
2.1. Study Population and Treatment for COVID-19

The study has a retrospective longitudinal design. The study protocol was approved by
the local institutional Committee on Research Ethics (Protocol no 0024185/20) in compliance
with the Declaration of Helsinki. All the patients provided informed consent. Enrolment
criteria included: hospitalization from 15 March to 15 April 2020, diagnosis of COVID-19
pneumonia confirmed through real-time reverse transcriptase polymerase chain reaction
assay (RT-PCR) of respiratory secretions obtained by nasopharyngeal swab, eligibility
to TCZ or SAR treatments because of disease severity. A baseline chest CT within 48 h
from anti-IL-6R therapy initiation also had to be available for each patient. Exclusion
criteria were ongoing treatment with corticosteroid or other immunosuppressive drugs,
hospitalization in the intensive care unit (ICU) at the time of the CT and the presence of
motion artefacts hampering the assessment of the CT.

IL-6 blockers were added to a standardized drug regimen based on the scientific evi-
dence available at the time of the enrolment and shared by a multidisciplinary COVID-19
Task Force of our Hospital (Protocol no 926/2020 approved by the local Ethics Commit-
tee). In the absence of contraindications, the standard regimen for COVID-19 pneumonia
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patients was made up of oral antiviral treatment (lopinavir/ritonavir 400/100 mg BD
or darunavir/ritonavir 800/100 mg OD), oral hydroxychloroquine (400 mg BD for the
first day, followed by 200 mg BD) and oral or intravenous azithromycin (500 mg OD).
Low-dose heparin could be added to prevent deep vein thrombosis according to risk-factor
assessment, and low-dose corticosteroids could be added after ICU admission.

Anti-IL-6R therapy was added to the standard regimen in patients in the internal
medicine ward considered at risk of sudden clinical deterioration, according to clinical
judgment. These patients included those with respiratory distress with PaO, /FiO, ratio
< 300 or with considerable lung involvement on CT scans and high serum inflammatory
biomarkers. The treatment was avoided in case of known untreated latent tuberculosis,
chronic hepatitis B and C infection, history of complicated diverticulitis, active cancer,
concurrent bacterial or fungal infection, severe neutropenia or thrombocytopenia.

TCZ was the first choice anti-IL-6R and was intravenously administered at a dosage of
8 mg/kg (up to 800 mg for a single infusion), while a second infusion—24-96 h apart—was
eventually administered based on clinical response and condition. SAR was used as
an alternative because of the growing demand for IL-6R blockers that led to the rapid
exhaustion of TCZ stocks in the first COVID-19 wave in Italy. Since SAR takes some days
to reach its maximum concentration when administered subcutaneously, the drug was
given intravenously by mixing SAR prefilled syringes in 0.9% sodium chloride solution
for intravenous use according to the Italian Medicines Agency (AIFA) protocol. SAR was
administered at the fixed dose of 400 mg, while a further dose of 400 mg was given after
24-96 h if the patient failed to improve.

2.2. Clinical, Laboratory Variables Collection and Computed Tomography Acquisitions

The data on demographics, comorbidities, onset of symptoms, treatments, laboratory
results, and clinical outcomes of the patients were obtained from the electronic medical
records. Clinical and laboratory data of the patients were collected within 24 h before the
first TCZ or SAR administration. Standard blood tests included complete blood count with
differential inflammatory markers (including C-reactive protein—CRP-, ferritin, fibrinogen,
and D-dimer), Troponin I, metabolic profile on a venous blood sample and pO2 on an
arterial blood sample to compute the pO2/FiO2 ratio. Peripheral venous blood was also
collected for the assessment of IL-6, IL-1, IL-8 and Tumor Necrosis Factor « (TNF-«) plasma
levels using ELISA assay (Multi-cytokine test for Ella Bio-Techne).

Laboratory results at baseline have been used to define the presence of CS as de-
fined by published criteria in COVID-19 pneumonia [6] (see Supplementary Materials for
extensive description).

ICU admission, death, and oxygen weaning were considered outcome measures, and
the enrolled patients were followed up for a 30-day period starting with the first (or single)
anti-IL-6 dose.

Patients included in the study underwent a baseline CT scan for diagnostic purposes
based on clinical symptoms before the availability of RT-PCR results within 48 h from the
initiation of anti-IL-6R therapy. All chest CTs were acquired on a multidetector CT unit
(Revolution CT, General Electric Healthcare, Milwaukee, WI, USA) in a dedicated CT room
for cases with confirmed or suspected SARS-CoV-2 infection. Images were acquired in
inspiration breath hold, with the following parameters: tube voltage of 120 kVp, pitch
value of 1.5 and gantry rotation time of 0.35 s. Automatic tube current modulation was
systematically used, with a range of 120-500 mAs and a noise index of 23.54. Images
were reconstructed at 1.25 mm slice thickness with 1.25 mm increment, using the standard
and high-resolution kernel for the assessment of mediastinum and lung parenchyma,
respectively. CT acquisitions were all performed without contrast medium administration.

2.3. Computed Tomography Image Interpretation

Since the beginning of the pandemic, many studies have been conducted to define
the best way to quantify the extension of CT lung alterations and to outline its potential
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diagnostic and prognostic value, showing promising results. Indeed, several approaches
have been reported in the literature to score CT scans in COVID-19 patients with two
main differences. The first difference is related to the way the lung is divided, with
some considering the five lobes [10,15] and other six zones: upper (above the carina),
middle (below the carina up to the inferior pulmonary vein), and lower (below the inferior
pulmonary vein) zones [22,23]. The second difference is represented by the way the score
is calculated, with some considering only the extension of the lung abnormality [24,25]
and other extension and types of CT findings (ground glass or consolidation) [22,26]. In
order to assess the possible differences between these approaches, we decided to use more
than one scoring system. All CT examinations were read by two thoracic radiologists (L.C.
and G.C,, 11 and 5 years of experience), who reached a decision in consensus. Lungs were
divided into 5 lobes and 6 zones, as described above.

For each lobe and zone, the predominant CT finding was identified and graded as
1 for normal attenuation, 2 for ground-glass attenuation and 3 for consolidation. Each lobe
or zone was also scored for extension of the affected lung parenchyma: 0 for unaffected
lung, 1 for <25% abnormality, 2 for 25-50% abnormality, 3 for 50-75% abnormality, and
4 for >75% abnormality. From these assessments, four scores were derived; two scores were
calculated by summing the extension of the affected lung, respective of the five lobes (520
score) or of the six zones (524 score) and two scores were calculated by multiplying the
extension of disease by the predominant CT findings for each of the five lobes (S60 score)
or of the six lung zones (572 score). The axial distribution of the CT findings was classified
as central, peripheral, or random. In addition to the semi-quantitative scores, the presence
of other findings was evaluated, including the presence of centrilobular nodules, cavitation,
crazy paving, airway abnormalities, pleural effusion, lymph node enlargement and the
presence of underlying lung disease.

2.4. Statistical Analysis

Categorical variables were reported as numbers and percentages. Continuous vari-
ables were reported as mean + SD (standard deviation) or median with interquartile
range (IQR), according to the normality of the data. Analysis of categorical variables was
performed with the chi-square test or Fisher’s exact test, as appropriate. Comparisons
between groups of continuous variables were performed with the Mann-Whitney U-test or
t-test, according to the data distribution and homogeneity of variances. The linearity of
the relationship between continuous variables was explored using Pearson’s (p) or Spear-
man’s coefficient (rs), as indicated. Univariate and multivariable Cox proportional hazards
models were used to explore the associations between CT scores and the outcomes. CT
scores and possible confounder variables were first screened in the univariate model and
then included in the adjusted model if associated with a p-value < 0.05. The results were
presented as hazard ratios (HRs) and 95% confidence intervals (CIs). The cut-off of CT
scores and other continuous variables with the best ability to predict the 30-day outcomes
according to the higher Youden Index of the Receiver Operating Characteristic (ROC) curve
was defined when statistically feasible. Kaplan-Meier survival analysis was also conducted
to assess the association of the established cut-off of CT scan severity with the time to ICU
admission. A log-rank test was conducted to determine if there were differences in the
survival distribution for the different cut-offs of CT scan severity. Statistical significance
was defined as a p < 0.05. Data were analyzed using SPSS Statistics v26.0 (IBM, Armonk,
NY, USA).

3. Results
3.1. Study Population Selection

Four-hundred and thirty-five symptomatic patients were diagnosed with COVID-19
at the Emergency Department of our hospital from 15 March to 15 April 2020, and none
of them were therefore vaccinated. Among them, 113 were treated with anti-IL-6R agents
because they were at risk of or with ongoing clinical deterioration. Chest CT was available
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within 48 h from anti-IL-6R therapy initiation for 56 patients. Five patients were already
hospitalized in ICU at the time of CT scan acquisition and were excluded from the study
population since ICU admission was chosen as a prognostic outcome measure. The final
study population was therefore made up of 51 patients, 26 treated with TCZ and 25 treated
with SAR. Given that all the CT scans were considered of adequate quality, 51 patients were
included in the final analysis (Figure 1).

435 COVID-19 patients were diagnosed
at the ED from 15" March to 15™ April 2020

332 patients were not treated
with anti-IL6 agents

A

113 patients were treated with anti-IL6 agents
(60 TCZ, 53 SAR)

57 patients were treated with anti-IL6 agents but not
evaluated with baseline CT scan

5 patients were treated with anti-IL6 agents after ICU
admission

Y

51 patients treated with anti-IL6 agents
and evalueted with baseline chest CT scan in the

medical ward (26 TCZ, 25 SAR)

Figure 1. Patient selection process for the longitudinal analysis of COVID-19 outcome according to
baseline chest CT scan. Abbreviations: CT computed tomography, COVID-19 coronavirus disease
2019, ED emergency department, TCZ tocilizumab, SAR sarilumab, IL interleukin, ICU intensive
care unit.

The characteristics of the enrolled patients are summarized in Table 1. TCZ and SAR
were administered twice to 15 (57.7%) and 8 (32%) patients, respectively. All the patients
were treated with hydroxychloroquine and azithromycin, while 34 (66.7%) received a
darunavir/ritonavir combination, 17 (33.3%) lopinavir/ritonavir combination, and 32
(65.3%) anticoagulation.

Table 1. Characteristics of the enrolled patients according to the administered anti-IL-6R treatment.

All Patients TCZ SAR

n =51 n=26 n=25 P
Male, 1 (%) 41 (80.4) 20 (76.9) 21 (84.4) 0.53
Age, years, mean £ SD 62.6 =125 60.8 +12.3 64.5 + 12.7 0.29
Disease duration, days, mean + SD 129 £ 6.0 144+73 114 £3.0 0.74
Diabetes, n (%) 14 (27.5) 7 (26.9) 7 (28.0) 0.93
Coronary heart disease, 11 (%) 10 (19.6) 3(11.5) 7 (28.0) 0.14

Active cancer, 11 (%) 0(0) 0(0) 0(0) -

COPD, 1 (%) 0(0) 0(0) 0(0) -
pO2/FiO2, mean + SD 207 £79 231 £91 186 + 61 0.05
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All Patients TCZ SAR

n =51 n=26 n=25 P
CRP, mg/dL, mean + SD 124 + 86 100 94 134 + 79 0.20
Ferritin, mg/dL, median (IQR) 656 (482-1464) 646 (537-1290) 1089 (425-1962) 0.81
Albumin, g/dL, mean + SD 3.0+05 3.0+04 3.0+0.5 0.78
Lymphocytes, %, median (IQR) 12.4 (7.5-22.1) 9.6 (7.0-20.6) 14.3 (8.4-23.1) 0.39
Neutrophiles, n/mcl, mean + SD 5621 =& 3058 6684 & 3267 4808 £ 2707 0.10
ALT, mg/dL, median (IQR) 32 (23-44) 32 (23-44) 31 (24-43) 0.99
AST, mg/dL, median (IQR) 24 (22-42) 24 (23-85) 28 (19-28) 091
Dimers, mg/dL, median (IQR) 1523 (718-3683) 1083 (435-5840) 1525 (1039-3359) 0.28
LDH, mg/dL, mean + SD 360 £ 111 347 £113 375 £111 0.47
Troponin, ng/mL, median (IQR) 0.07 (0.03-0.34) 0.08 (0.04-0.27) 0.04 (0.03-0.39) 0.76
Anion gap, mEq/L, mean £ SD 145+ 3.1 16.8 3.3 125+ 0.8 0.01
Chloride, mEq/L, mean + SD 103.0 £ 54 1024 £ 65 103.4 £ 4.7 0.70
Potassium, mEq/L, mean + SD 38+04 39+05 38+04 0.64
Creatinine, mg/dL, median (IQR) 0.9 (0.9-1.2) 1.0 (0.8-1.2) 0.9 (0.8-1.2) 0.14
BUN/ creatinine ratio, median (IQR) 18.2 (14.6-24.7) 18.3 (15.1-25.6) 17.9 (13.6-24.8) 0.65

TCZ/SAR, n (%) 26 (51.0)/25 (49.0) - - -

Hydroxychloroquine, 1 (%) 51 (100.0) 25 (100.0) 26 (100.0) -

Azithromyecin, n (%) 51 (100.0) 25 (100.0) 26 (100.0) -
Darunavir/ritonavir, n (%) 34 (66.7) 15 (57.7) 19 (76.0) 0.17
Lopinavir/ritonavir, n (%) 17 (33.3) 11 (42.3) 6 (24.0) 0.17
LMWH, n (%) 32 (65.3) 12 (50.0) 20 (80.0) 0.03

Abbreviations: SD standard deviation, IQR interquartile range, COPD chronic obstructive pulmonary disease,
CRP C-reactive protein, ALT alanine aminotransferase, AST aspartate aminotransferase, IL-6R Inteurlikin-6
receptor, LDH lactate dehydrogenase, BUN blood urea nitrogen, TCZ Tocilizumab, SAR sarilumab, LMWH low
molecular weight heparin.

3.2. CT Scores, Clinical Characteristics, and Laboratory Variables

At baseline CT, the difference between the upper, middle and lower zones in terms of
extension of lung involvement was not statistically significant (p > 0.05), reflecting a lack
of craniocaudal predilection of the findings (Figure 2). Ground glass was the prevalent
imaging finding compared to consolidation (p < 0.05) (Figure 3). The right middle zone
and both lower zones showed a higher frequency of consolidation (p < 0.05). A summary
of CT findings is reported in Table 2.

The mean value of each CT score described above was: 8.6 &+ 3.6 for the S20 score,
10.4 + 4.4 for the S24 score, 19.6 = 7.0 for the S60 score, 23.6 & 8.5 for the S72 score. The
correlations between CT scores, disease characteristics and laboratory variables are reported
in Table 3. No correlation was found between disease duration and CT scores. All the
considered CT scores showed a negative correlation with pulmonary function, expressed
by PaO2/FiO2 ratio, and a positive one with CRP, IL-6, IL-8, and TNF-«. The positive
correlation of IL-1 reached statistical significance only for S60 and S72. The statistical
significance was also preserved after Log-transformation for IL-6 and IL-8.
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EXT 0: 8% EXT 0: 4%
EXT 1: 49% EXT 1: 55%
EXT 2: 22% EXT 2: 22%
EXT 3: 16% EXT 3: 14%
EXT 4: 6% EXT 4: 6%
EXT 0: 4% EXT 0: 0%
EXT 1: 45% EXT 1: 57%
EXT 2: 27% EXT 2: 22%
EXT 3: 20% EXT 3: 16%
EXT 4: 4% EXT 4: 6%
EXT 0: 0% EXT 0: 0%
EXT 1: 47% EXT 1: 41%
EXT 2: 31% EXT 2: 33%
EXT 3: 16% EXT 3: 20%
EXT 4: 6% EXT 4: 6%

Figure 2. Schematic representation of the extension of lung abnormalities divided per lung zones.
Numbers represent the percentage of patients. Abbreviations: EXT extension, RU right upper zone,
LU left upper zone, RM right middle zone, LM left middle zone, RL right lower zone, LL left lower
zone, EXT 0 no involvement, EXT 1 < 25% abnormality, EXT 2 25-50% abnormality, EXT 3 50-75%
abnormality, EXT 4 > 75% abnormality.

TYPE 1: 8% TYPE 1: 4%
TYPE 2: 71% TYPE 2: 73%
TYPE 3:22% TYPE 3: 23%
TYPE 1: 4% TYPE 1: 0%
TYPE 2: 61% TYPE 2: 80%
TYPE 3:35% TYPE 3: 20%
TYPE 1: 0% TYPE 1: 0%
TYPE 2: 57% TYPE 2: 61%
TYPE 3:43% TYPE 3:39%

Figure 3. Schematic representation of the type of CT findings divided per lung zones. Numbers
represent the percentage of patients. Abbreviations: RU right upper zone, LU left upper zone, RM
right middle zone, LM left middle zone, RL right lower zone, LL left lower zone, Type 1 normal
attenuation, Type 2 ground glass attenuation, Type 3 consolidation.
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Table 2. Frequency of CT Findings.

CT Findings n. (Percentage)
Centrilobular nodules 0 (0)
Right 0 (0)
Pleural effusion Left 5(9.8)
Bilateral 15 (29.4)
Cavitation 0 (0)
Lymph node enlargement (lymph node 17 (33.3)
sized >10 mm in short-axis dimension) ’
Airways abnormalities Bronchial wall thickening 2(3.9)
Bronchiectasis 9(17.6)
Endoluminal secretions 0 (0)
Random 30 (58.8)
Axial distribution Central 0(0)
Peripheral 21 (41.2)
Crazy Paving 10 (19.6)
. . Fibrosis 0 (0)
Underlying disease Emphysema 7 (13.7)
Abbreviations: CT computed tomography.
Table 3. Correlation of CT score with clinical and laboratory variables.
S20 S24 S60 S72
Male p(p) 0.16 (0.28) 0.17 (0.23) 0.18 (0.22) 0.20 (0.15)
Age p(p) 0.16 (0.27) 0.15 (0.31) 0.16 (0.30) 0.12 (0.39)
Disease duration rs (p) 0.12 (0.41) —0.12 (0.40) —0.05 (0.73) —0.04 (0.78)
Diabetes p(p) 0.00 (0.82) —0.04 (0.79) —0.04 (0.77) —0.06 (0.67)
Coronary heart disease p(p) 0.27 (0.06) 0.24 (0.09) 0.18 (0.20) 0.15 (0.29)
pO2/FiO2 p(p) —0.29 (0.04) —0.33 (0.02) —0.32 (0.03) —0.36 (0.01)
CRP p(p) 0.44 (<0.01) 0.45 (<0.01) 0.34 (0.01) 0.37 (<0.01)
Dimers 15 (p) 0.17 (0.31) 0.19 (0.24) 0.23 (0.16) 0.23 (0.16)
Ferritin rs (p) 0.23 (0.31) 0.23 (0.32) 0.19 (0.41) 0.12 (0.41)
1L-6 rs (p) 0.59 (<0.01) 0.60 (<0.01) 0.55 (<0.01) 0.57 (<0.01)
IL-6* p(p) 0.54 (<0.01) 0.55 (<0.01) 0.47 (<0.01) 0.49 (<0.01)
1L-8 15 (p) 0.53 (<0.01) 0.52 (<0.01) 0.40 (<0.01) 0.56 (<0.01)
IL-8* p(p) 0.45 (<0.01) 0.45 (<0.01) 0.35 (0.02) 0.33 (0.02)
IL-1 15 (p) 0.28 (0.07) 0.28 (0.07) 0.35 (0.03) 0.33 (0.03)
IL-1* p(p) 0.17 (0.29) 0.13 (0.40) 0.19 (0.22) 0.15 (0.33)
TNF-« p (p) 0.36 (0.02) 0.35 (0.02) 0.36 (0.03) 0.38 (0.01)
Cytokine storm p(p) 0.39 (0.05) 0.39 (0.05) 0.31 (0.03) 0.32 (0.02)

* Log-transformed. Abbreviations: CT computed tomography, p Pearson’s coefficient, rs Spearman’s coeffi-
cient, PaO2:FiO2 arterial oxygen partial pressure to fractional inspired oxygen ratio, CRP C-reactive protein, IL
interleukin, TNF tumor necrosis factor. Statistically significant correlations are highlighted in grey.

According to the selected criteria, six patients (11.7%) had a CS condition. All the CT
scores statistically differ in patients with and without a COVID-19 CS. A ROC analysis
was run to compare the ability of different CT scores to predict the presence of CS, and the
520 score showed the cut-off that best predicts the presence of CS (Youden’s index 0.533).
In particular, a cut-off of 11.5 has shown a sensitivity of 67% and a specificity of 87% in
predicting an associate CS during untreated COVID-19 pneumonia (AUC 0.785, p = 0.034).
Full ROC analysis is reported in Table 4.
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Table 4. ROC analysis showing the predicting power for CS of four CT scoring systems.

Area IC 95% 4
520 0.785 0.579-0.991 0.02
524 0.776 0.569-0.983 0.03
560 0.739 0.538-0.939 0.06
572 0.746 0.559-0.933 0.05

Abbreviations: ROC Receiver Operating Characteristic, CS Cytokine Storm, CT Computed Tomography, IC
interval of confidence.

3.3. Predictors of ICU Admission and Oxygen Weaning

During the 30-day follow-up, 11 patients (21.6%) were admitted to ICU and of these,
two died because of COVID-19 or related complications. At the end of the same period,
43 patients (84.3%) had interrupted oxygen. Results of univariate and adjusted Cox regres-
sion models for ICU admission and oxygen weaning are shown in Table 5. In univariate
analysis, higher 520, 524, 560, and 572 and Log-transformed IL-6 and IL-8 were risk factors
for early ICU admission. In multivariate analysis, S24 was notably the only CT score that
was associated with ICU admission when adjusted for Log-transformed IL-6 and IL-8.
Moreover, in univariate analysis, lower 520, 524, S60, and S72, pO,/FiO,, TNF-« and
Log-transformed IL-6 and IL-8, were associated with early oxygen weaning. However, in
multivariate analysis, any CT score independently predicts early oxygen weaning when
the model was adjusted for the other laboratory-associated variables. Of note, the presence
of CS was not associated with later oxygen weaning or a higher risk of ICU admission.

Table 5. Cox proportional-hazard regression analysis of ICU admission and oxygen weaning risks.

ICU Admission Oxygen Weaning
Unadjusted Adjusted t Unadjusted Adjusted
HR CI 95% p HR CI 95% p HR CI 95% p HR  CI95% p

520 1.24 1.09-1.42 <0.01 1.17 0.99-1.37 0.06 0.86 0.78-0.95 0.04 0.97 0.86-1.09 0.63

524 1.21 1.08-1.35 <0.01 1.16 1.01-1.33 0.04 0.88 0.82-0.96 <0.01 0.97 0.88-1.07 0.52

560 1.09 1.02-1.18 0.02 1.06 0.97-1.16 0.21 0.94 0.89-0.98 <0.01 1.00 0.95-1.05 0.99

572 1.08 1.02-1.15 0.01 1.06 0.99-1.14 0.12 0.95 0.91-0.99 <0.01 0.99 0.95-1.04 0.77
Age 0.98 0.93-1.02 0.28 0.98 0.96-1.01 0.18
Male 2.59 0.33-20.25 0.36 0.90 0.43-1.88 0.77
Disease 085  051-142 053 107 086133 056

duration

CRP 1.00 1.00-1.01 0.23 1.00 0.99-1.00 0.09
pO2/FiO2 0.99 0.98-1.00 0.20 1.01 1.00-1.01 <0.01
Cytokine storm  1.89 0.41-8.78 0.42 0.17 0.04-0.72 0.16
IL-6 * 2.13 1.12-4.07 0.02 0.69 0.54-0.88 <0.02
IL-8% 2.10 1.14-3.88 0.02 0.60 0.39-0.94 0.03
IL-1% 2.71 0.78-9.43 0.12 0.93 0.49-1.76 0.82
TNF-o 0999  0.92-1.09 0.98 0.94 0.90-0.99 0.02
TCZ/SAR 0.851  0.26-2.79 0.79 1.12 0.613-2.03 0.72

t Adjusted for Log IL-6 and Log IL-8; 1 Adjusted for presence of Cytokine storm, pO,/FiO,, Log IL-6, Log
IL-8 and TNF-«; * Log-transformed. Abbreviations: ICU intensive care unit, HR Hazard Ratio, CI confidence
interval, LDH lactate dehydrogenases, IL interleukin, TNF tumor necrosis factor, TCZ tocilizumab, SAR sarilumab.
Statistically significant associations are highlighted in grey.

Given its relationship with ICU admission risk, the S24 was chosen to define a cut-off
of CT score with a possible practical clinical utility. The 524 cut-off of 14.5 had the best
ability to predict admission to ICU according to the higher Youden Index of the ROC
curve (AUC 0.741 IC 95% 0.562-0.920; p = 0.015). In particular, this cut-off was associated
with a sensitivity of 92.5% and a specificity of 54.5%. The patients were therefore divided
according to this defined cut-off of 524, and Kaplan-Meier survival analysis was conducted
to compare the rate of time to ICU admission and time of oxygen weaning into these two
groups. Patients with 524 > 14.5 (15.7%) had a shorter median time to ICU admission
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(12.5 vs. 22.6 days, Log Rank x? = 13.091, p < 0.01) and a longer median time of oxygen
weaning (22.8 vs. 12.0 days, Log Rank x? =6.832, p <0.01) (Figure 4).
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Figure 4. Kaplan-Meier graphs of time (days) to ICU admission (A) and time (days) of oxygen wean-
ing (B) by the cut-off of 14.5 for CT scan score 524 in patients treated with anti-IL-6. Abbreviations:
ICU intensive care unit, CT computed tomography, IL interleukin.

4. Discussion

An excessive inflammatory response with elevated serum proinflammatory cytokines
and widespread CT scan abnormalities have been associated with critical and fatal SARS-
CoV-2 infections [12,15,16,27,28]. In critically ill patients, the overactivated immune system
is unable to eradicate the virus facilitating direct virus-mediated tissue damage [28,29], but
also the inflammatory response induced by SARS-CoV-2 infection has been addressed as a
cause of COVID-19 lung damage [30-32].

In our study, we explored the relationship between baseline CT findings and inflam-
matory state and compared the prognostic value of a comprehensive laboratory evaluation
of systemic inflammation with CT scan scores in anti-IL-6 treated patients that during the
first pandemic wave represented in our high-risk hospital patients. Four different scoring
methods for CT were also applied and compared.

Our first observation was an association of CS with all the CT scores and a positive
correlation of all the scores with specific cytokines, IL-6, IL-1, IL-8, and TNF-«. Notably,
this observation was not biased by corticosteroid treatment as in other COVID-19 cohorts
reported in the literature [9]. This finding supports the concept that lung damage relates to
cytokine production in COVID-19 [33].

Regarding the prognostic assessment, we observed that in hospitalized patients with
progressive respiratory worsening, higher CT scores were associated with earlier ICU
admission and longer time for oxygen weaning, regardless of the scoring system used and
despite all patients being treated with an analogue therapeutic approach. We reported
an association of IL-6 and IL-8 levels with ICU admission and of IL-6, IL-8, and TNF-«
with the oxygen weaning time. On multivariate analysis, only the 524 score preserved its
prognostic value in the model adjusted for IL-6 and IL-8. In our cohort of severe COVID-19
patients, the prognostic value of CT scores seems, therefore, greater than basic clinical risk
factors such as age, gender, CRP, or PaO, /FiO, and comparable to laboratory biomarkers,
such as IL-6 and IL-8. In particular, 524 was independently associated with ICU admission,
indicating that a CT scan could improve prognostic stratification in hospitalized COVID-19
patients with progressive respiratory worsening and further treated with anti-IL-6 agents.
It is intriguing to observe that the S24 cut-off identified for high-risk patients was doubled
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compared to that identified in cohorts of patients not exposed to TCZ or SAR [34,35]. These
data suggest that in patients treated with anti-IL6, a poor prognosis is associated with more
severe parenchymal involvement.

It should be noted that we did not recognize any prognostic value for the presence
of CS. A possible explanation for the lack of prognostic value of CS in our study might be
due to the criteria used for its diagnosis. The proposed criteria of CS require ground glass
opacity to be present at chest CT, regardless of its extension [6]. Since the inflammatory
response is a pivotal factor but not the only factor in determining the severity of the disease,
stricter radiological inclusion criteria could improve the prognostic value of the CS. The
application of a cut-off value for the extension of lung abnormalities on CT could represent
a way to quantify the extension of direct virus-mediated pulmonary damage independently
of the systemic inflammatory biomarker response.

Different scoring methods have been used to evaluate CT scans in COVID-19 patients.
In order to assess the possible differences between the several approaches, we tested more
than one scoring system. Notably, the correlations of CT scores with inflammatory markers
were similar for all the scoring systems without prominence for the pattern-adjusted scores
(S60, S72). It can therefore be inferred that the correlation of imaging abnormalities with an
inflammatory response is primarily extension-related rather than pattern-related in COVID-
19 patients. Similarly, even though all the tested scores performed as prognostic factors,
the 524 was the one providing the best performance in terms of prognostic assessment.
Thus, our results highlight that CT extension of the affected lung parenchyma, regardless of
appearance, is the main factor correlating with clinical impairment. Moreover, quantifying
the extension of disease on six zones (524) rather than on five lobes (S20) can perform better
in evaluating the viral infection damage, which does not usually respect lobar margins.

Our study has some limitations. First, this is a single-center Italian study with a
relatively small number of patients, and this reflects the difficulties in findings patients with
similar clinical status and naive to corticosteroids and immunosuppressants. Nevertheless,
it can be highlighted that thanks to the global vaccination campaign, the development
of SARS-CoV-2 specific antiviral agents, and the widespread early use of corticosteroids
in disease management, similar data about the infection behavior in patients naive to all
these interventions will probably not be available in the future. Second, we could not
provide a control group of patients because, in our institution, during the first pandemic
wave, all patients received treatment with anti-IL-6 when their respiratory conditions were
worsening [36,37]. Third, we could not exclude with certainty the possible coexistence of
other infections apart from SARS-CoV-2. Finally, we included only patients of the first wave
of the pandemic, while other variants of the virus have been responsible for other waves.
This could potentially affect the generalization of the results. However, recent studies have
found no significant difference regarding CT pattern prevalence in different waves, and
radiologic patterns in our study population were typical for COVID-19 [38,39].

5. Conclusions

In conclusion, our study on high-risk respiratory worsening in hospitalized patients
naive to corticosteroids demonstrated that extension of lung damage on CT is associated
with inflammatory cytokine release but is also an independent prognostic factor for ICU
admission and oxygen weaning. CT could represent a further tool to implement prognostic
stratification in an attempt to optimize resource allocation. A better understanding of the
respective role of inflammatory response, assessed through clinical and laboratory tests,
and of direct virus-mediated tissue damage, assessed through the extension of lung damage
at CT in the evolution of the disease, in particular in severe cases requiring hospitalization,
will be helpful for tailoring COVID-19 treatments.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/ tomography9030080/s1.
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