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Abstract
Purpose To evaluate CT and laboratory changes in COVID-19 patients treated with tocilizumab, compared to a control 
group, throughout a combined semiquantitative and texture analysis of images.
Materials and methods From March 11 to April 20, 2020, 57 SARS-CoV-2 positive patients were retrospectively compared: 
group T (n = 30) receiving tocilizumab and group non-T (n = 27) undergoing only antivirals/antimalarials. Chest-CT and 
laboratory findings were analyzed before and after treatment. CT evaluation included both semiquantitative scoring and 
texture analysis of all parenchymal lesions. Survival and recovery analyses were also provided with Kaplan–Meier method.
Results In group T, no significant differences were found for CT score after treatment, while several texture features sig-
nificantly changed, including mean attenuation (p < 0.0001), skewness (p < 0.0001), entropy (p = 0.0146) and higher-order 
parameters, suggesting considerable fading of parenchymal lesions.  PaO2/FiO2 mean value significantly increased after treat-
ment, from 240 ± 93 to 363 ± 107 (p = 0.0003), with parallel decrease in inflammatory biomarkers (CRP, D-dimer and LDH).
In group non-T, CT scoring, texture and laboratory parameters showed significant worsening at follow-up. Findings were 
clinically associated with opposite trends between two groups, with reduction of severe cases in group T (from 21/30 to 5/30; 
p < 0.0001) as compared to a significant worsening in group non-T (severe cases increasing from 6/27 to 14/27; p = 0.0473).
Probability of discharge was significantly higher in group T (p < 0.0001), as well as survival rate, although not statistically 
significant.
Conclusions Our results suggest the potential role of CT texture analysis for assessing response to treatment in COVID-19 
pneumonia, using Tocilizumab, as compared to semiquantitative evaluation, providing insight into the intrinsic parenchymal 
changes.
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Abbreviations
COVID-19  Coronavirus Disease 2019
SARS-CoV-2  Severe Acute Respiratory Syndrome 

Coronavirus 2
ARDS  Acute Respiratory Distress Syndrome
IL-6  Interleukin-6

RT-PCR  Reverse transcriptase protein chain 
reaction

CRP  C-reactive protein
LDH  Lactate dehydrogenase
SIMIT  Società Italiana di Malattie Infettive e 

Tropicali (Italian Society of Infectious and 
Tropical Diseases)

GGO  Ground-glass opacity

Introduction

The worldwide impact of Coronavirus Disease 2019 
(COVID-19) outbreak has led to an extensive effort from 
the scientific community to explore all the therapeutic and 
prophylactic strategies to stem the spread of the pandemic.
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While supportive care remains the mainstay of therapy, 
the mechanisms involved in the pathogenesis of Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
2)-induced pneumonia have not been fully understood. On 
the basis of similar viruses, such as Middle East Respira-
tory Syndrome Coronavirus (MERS-CoV) and Severe Acute 
Respiratory Syndrome Coronavirus 1 (SARS-CoV-1), recent 
studies have hypothesized a primary role of specific immune 
factors and cytokines in development of acute respiratory 
distress syndrome (ARDS), which has been found to be the 
most frequent cause of death in COVID-19 patients [1–3]. 
More specifically, coronaviruses entry the target cells, 
mainly pneumocytes, throughout a bond between the viral 
protein “spike” and the angiotensin-converting enzyme 2 
(ACE2) [4, 5]. After the cell entry and viral replication, a 
process mediated by antigen-presenting cells (APCs) and 
major histocompatibility complex (MHC) induces both 
humoral and cellular immune response, which leads to 
virus-specific B and T lymphocytes’ activation and release 
of multiple pro-inflammatory cytokines, such as interferon 
(IFN)-α, IFN-γ, interleukin (IL)-1β, IL-6, IL-12, tumor 
necrosis factor (TNF)-α, transforming growth factor (TGF)-β 
and chemokines by immune effector cells [1, 3]. This mas-
sive immune activation, also known as the “cytokine storm,” 
is believed to be the main responsible of disease progres-
sion and outcomes in Severe Acute Respiratory Syndrome 
(SARS), and it paved the way to new therapeutic options, 
in addition to the classical antiviral drugs [2, 6, 7]. These 
unconventional therapies include antimalarial drugs, such 
as chloroquine and hydroxychloroquine, but also a human-
ized antiinterleukin-6-receptor (IL-6R) monoclonal antibody 
currently used as treatment in rheumatoid arthritis, named 
tocilizumab, that inhibits IL-6 signaling and its off-label use 
in Italy has been authorized by the Italian Medicines Agency 
(Agenzia Italiana del Farmaco, AIFA) [8].

Computed tomography (CT) of the chest has a major role 
as diagnostic tool and also for evaluation of disease pro-
gression in COVID-19-related pneumonia, which shows pre-
dominately subpleural and basal posterior airspace lesions, 
with extensive ground-glass opacities and consolidation [9, 
10].

With regard to the assessment of response to treatment, 
we hypothesized that multi-feature-based radiomics could 
allow us to depict subtle CT changes beyond the level of 
detail accessible to an unaided human eye and may be used 
to objectively monitor response to therapy in SARS-CoV-2 
pneumonia.

Radiomics is an upgrowing discipline that involves the 
extraction, analysis and interpretation of multiple features 
from medical images [11]. Texture analysis represents one 
of the main parts of radiomics, used both in oncological and 
non-oncological fields, providing an objective and quanti-
tative assessment of tissue heterogeneity by analyzing the 

distribution and relationship of pixel or voxel gray levels 
within the image. Texture parameters consist of first-order 
statistics, which evaluate the gray-level frequency distribu-
tion from the pixel intensity histogram in a given area of 
interest. These include mean attenuation, standard devia-
tion, skewness (asymmetry), kurtosis (peakedness/flat-
ness of pixel histogram), entropy (randomness) and energy 
(uniformity). Second-order parameters can be based on a 
co-occurrence matrix (gray-level co-occurrence matrix, 
GLCM) or can also be calculated on a run-length matrix 
(gray-level run-length matrix, GLRLM), which analyzes 
texture in a specific direction. Higher-order statistics, such 
as contrast, coarseness and busyness, can be calculated using 
neighborhood gray-tone difference matrices [12, 13].

Aim of the study was therefore to evaluate CT and labo-
ratory changes in patients who underwent anti-IL-6R treat-
ment (tocilizumab) and to investigate, throughout texture 
analysis, the effects of this monoclonal antibody as a poten-
tial disease-modifying agent in COVID-19 pneumonia.

Materials and methods

Ethical approval was obtained for this single-center study 
and written informed consent was waived due to the retro-
spective nature of the study.

Study population

From March 11 to April 20, 2020, all patients with a positive 
reverse transcription polymerase chain reaction (RT-PCR) 
for SARS-CoV-2, who underwent chest CT prior and after 
treatment, were enrolled. Main symptoms and comorbidi-
ties were collected. Routine blood tests and arterial blood 
gas tests were performed for all patients and the following 
parameters were evaluated:  PaO2/FiO2 ratio, C-reactive pro-
tein (CRP), white blood cell count, lymphocyte and mono-
cyte count, D-dimer and lactate dehydrogenase (LDH) lev-
els. Vital parameters, such as respiratory frequency and  O2 
saturation, were also collected.

Population was divided into two groups, according to dif-
ferent treatment protocols. Particularly, the group of patients 
who received tocilizumab within their therapy, in addition to 
antiviral and/or antimalarial drugs, was named “group T”; 
the group of patients who received only antiviral and/or anti-
malarial therapy (excluded tocilizumab), was named “group 
non-T.” All parameters and laboratory findings, performed 
at the same day of both CT scans, were evaluated before and 
after treatment and were compared for both groups.

Exclusion criteria for this study were: age < 18 years; 
no follow-up CT performed after treatment; uncomplete 
medical data (clinical and laboratory findings) before and 
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after treatment. A flowchart of our study population is 
represented in Table 1.

Treatment protocol

Therapeutic protocol for all patients was established 
according to the guidelines provided by the Lombardy 
section of the Italian Society of Infectious and Tropical 
Diseases (Società Italiana di Malattie Infettive e Tropi-
cali, SIMIT), as follows: (i) asymptomatic or mildly 
symptomatic patients were clinically monitored and sup-
portive therapy was provided; (ii) mildly symptomatic 
patients underwent antiviral therapy with lopinavir/rito-
navir or darunavir/cobicistat + chloroquine or hydroxy-
chloroquine; (iii) severe symptomatic patients with ARDS 
underwent antiviral therapy with remdesivir or lopinavir/
ritonavir or darunavir/cobicistat + chloroquine or hydrox-
ychloroquine [14].

In addition to the aforementioned therapies, tocili-
zumab was administered according to the following inclu-
sion criteria provided by the SIMIT. Dosage indications 
for tocilizumab administration were provided by SIMIT 
according to the Chinese multicenter, randomized con-
trolled trial (ChiCTR2000029765) experienced in Anuhi 
Hospital [14].

Clinical staging

Patients were classified in mild, severe or critical disease 
stage, according to the following criteria provided by the 
Chinese Center of Disease Control (CDC): (i) mild disease 
including non-pneumonia or mild pneumonia; (ii) severe 
disease including dyspnea, respiratory frequency ≥ 30/
min, blood oxygen saturation (SpO2) ≤ 93%,  PaO2/FiO2 
ratio < 300 mmHg and/or lung infiltrates > 50% within 24 
to 48 h; (iii) critical disease including ARDS or respira-
tory failure, septic shock and/or multiple organ dysfunction 
(MOD) or failure (MOF). The same clinical staging was 
provided after treatment and comparisons were made [15].

CT protocol

Taking into account the uncertainty of clinical evolution 
and the pharmacodynamic of tocilizumab, a study protocol 
including 2 CT exams was established in agreement with 
the Department of Infectious diseases of our hospital [16].

Patients were scanned at admission, and after a follow-up 
period of 14 days, during hospital stay, using two Multide-
tector CT scanners (Somatom Sensation 16 and Somatom 
Sensation 64; Siemens Healthcare, Erlangen, Germany) and 
appropriate infection prevention and control measures were 
arranged in all cases, including prompt sanitation of CT 

Table 1  Flowchart of the study 
population Sars-Cov-2 patients with chest CT at 

admission

Group T

 - end of high viral load
 - worsening of respiratory conditions
 - high level of inflammatory markers

Treatment protocol:

 - antiviral/antimalarial therapy
 - tocilizumab

Group non-T

 - patients not meeting Group T criteria
 - contraindications for tocilizumab  
administration

Treatment protocol:

 - only antiviral/antimalarial therapy 

Exclusion criteria:
 - < 18 years old
 - no follow-up CT 
 - uncomplete medical data
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facility and patient’s isolation. Acquisitions were performed 
at end-inspiratory phase with patient in supine position and 
scanning parameters were as follows: tube voltage: 120 
kVp; tube current: 100–250 mAs; pitch: 1.2; collimation: 
0.625–0.75 mm. After unenhanced scans were obtained, 
images were reconstructed using a 1-mm slice thickness in 
all cases with both soft tissue kernel of B20 and lung kernel 
of B75. Coronal and sagittal multiplanar reconstructions 
were also available in all cases.

CT Scoring and texture analysis

According to the scoring system previously used, a semi-
quantitative CT severity score was calculated per each of 
the five lobes, for all patients, considering the extent of 
lobar involvement (0 to 5) as follows: 0, no involvement; 
1, involvement < 5%; 2, 6–25% involvement; 3, 26–50% 
involvement; 4, 51–75% involvement; 5, involvement > 75%. 
A global CT score was also calculated, by summing each of 
the 5 lobar scores (0 to 25) [17, 18].

The following prevalent patterns were also described, 
based on the standard glossary for thoracic imaging provided 
by the Fleischner Society: ground-glass opacity (GGO), 
crazy-paving pattern and pulmonary consolidation [19]. 
When present, on the basis of previous publications, related 
imaging findings such as fibrosis (which was considered 
as the presence of subpleural curvilinear lines, interlobu-
lar septa thickening and/or fibrous stripes), pleural effusion 
and lymphadenopathy (considered when at least one lymph 
node with short axis ≥ 1 cm was present) were also described 
[9, 20, 21].

Lung parenchyma was, additionally, anatomically divided 
into anterior and posterior zone by drawing a vertical line 
through the midpoint of the diaphragm in the sagittal recon-
struction and distribution of lung abnormalities was also 
classified as predominately anterior, posterior or both, as 
well as peripheral (involving mainly the peripheral region 
comprising one-third of the lung), central (involving mainly 
the central region comprising two-thirds of the lung), or both 
peripheral and central [22].

Texture analysis was performed using LIFEx software 
on lung kernel (B75) reconstructions [23]. For all patients, 
regions of interest (ROIs) were manually tailored along the 
margins of all parenchymal lesions for the whole extent of 
the lesions and volumes of interest (VOIs) were obtained for 
each lesion. Arterial, venous and bronchial branches were 
excluded from the ROIs as much as possible. The same 
VOIs were applied to the same parenchymal area on post-
treatment CT examinations in order to evaluate the residual 
lesions within that VOI and eventual regression of disease 
in the surrounding area. In case of disease progression, the 
VOI was first obtained on post-treatment CT and then ana-
lyzed on pre-treatment CT. All texture parameters (first-, 

second- and higher-order statistics) were extracted and ana-
lyzed. In addition, volumetric images of affected lungs were 
obtained using a 3D workstation (Vitrea, Vital Images).

CT scoring and texture analysis were performed by two 
radiologists both with 15 years of experience and were 
evaluated prior and after treatment for both groups (Fig. 1).

Statistical analysis

Data were analyzed using statistical software Prism version 
8.3 (GraphPad Software) and SPSS version 26.0 (IBM Corp. 
SPSS Statistics for Macintosh). Continuous variables were 
expressed as mean value ± standard deviation (SD). The 
Mann–Whitney test was used for single comparisons, while 
the Kruskal–Wallis test was used for multiple comparisons. 
The frequencies of demographic and clinical characteristics 
were expressed as the number (percentage) of occurrences 
and were compared using the 2-tailed χ2 test or Fisher’s 
exact test, as well as CT patterns and related imaging find-
ings. Follow-up data included patients requiring mechani-
cal ventilation or intubation, evaluation of survival rate and 
percent of discharged patients in both groups over a 30-day 
observation period throughout Kaplan–Meier curves. Differ-
ences for which p < 0.05 were considered statistically signifi-
cant. Intraclass correlation coefficients (ICCs) were used to 
investigate interobserver variability for texture analysis: ICC 
values < 0.40 signified poor agreement; 0.41–0.60, moder-
ate agreement; 0.61–0.80, good agreement; > 0.80, excellent 
agreement.

Results

Study population

From March 11 to April 20, 2020, 57 patients (38 males, 19 
females), who had positive RT-PCR for SARS-CoV-2 and 
underwent CT before and after any treatment, were enrolled.

Mean age of 62.2 years ± 11.4 [standard deviation (SD)] 
(age range 38–80 years). Mean time since symptoms’ onset 
at patients’ arrival at our Institution was 7 days ± 2.5. Main 
symptoms were fever (53/57, 93%), coughing (40/57, 70.2%) 
and dyspnea (27/57, 47.4%). Most frequent comorbidities 
were arterial hypertension (22/57, 38.6%) and diabetes 
(7/57, 12.3%). Mean value of respiratory frequency was 
21.3 ± 3.5 (breaths/min) and mean value of  O2 saturation 
was 94.6 ± 2.7 (%). Laboratory findings showed increased 
CRP levels (CRP > 0.5 mg/dL) in 55/57 (96.5%) patients, 
increased D-dimer levels (> 500 ng/mL) in 48/57 (84.2%) 
patients, increased LDH levels (> 225 UI/L) in 53/57 (93%) 
patients. Leukopenia was found in 15/57 (26.3%) patients, 
decreased lymphocyte count in 41/57 (71.9%) patients, 
while decreased monocyte count in 16/57 (28.1%) patients. 
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Decreased  PaO2/FiO2 ratio (< 500 mmHg) was found in 
52/57 (91.2%) patients. Regarding clinical staging, 30/57 
(52.6%) patients were classified as mild, 27/57 (47.4%) as 
severe and no patient was classified as critical. Demographic 
and clinical characteristics of the two groups are summa-
rized in Table 2.

Group T (who received tocilizumab) consisted of 30 
patients (mean age 60.5 years ± 11.3), 9 of which (30%) 
received lopinavir/ritonavir, 5/30 (16.7%) received daru-
navir/cobicistat and 27/30 (90%) also received chloroquine 
or hydroxychloroquine. Among these patients, 21/30 (70%) 
were in severe stage disease and 9/30 (30%) in mild stage.

Group non-T consisted of 27 patients (mean age 
64 years ± 11.6), 8 of which (29.6%) received lopinavir/
ritonavir, 7/27 (25.9%) received darunavir/cobicistat and all 
26/27 (96.3%) received chloroquine or hydroxychloroquine. 
The majority of these patients were in mild-stage disease 
(21/27, 77.8%), while 6/27 (22.2%) in severe stage.

CT Changes

CT scoring and findings were compared before and after 
14 days since any treatment was administered (tocilizumab, 
antivirals and antimalarials for group T; only antivirals and 
antimalarials for group non-T).

Regarding group T, no significant difference was found 
for global CT score, with a mean value of 14.5 ± 4.8 before 
treatment, slightly reduced to 12.3 ± 4 in the follow-up 
(p = 0.0904). Lower lobes were predominately involved 

both prior and after treatment. No significant changes were 
found for lobar score after tocilizumab was administered, 
except for left lower lobe (LLL) that showed a significantly 
lower score in post-treatment scan (p = 0.0393). No sig-
nificant difference was found concerning the frequency 
of prevalent patterns and related imaging findings, except 
for fibrosis that was significantly more frequent in post-
treatment CT (p = 0.0419). Same lesion distribution was 
found before and after treatment.

Regarding group non-T, CT score was significantly 
higher after treatment without tocilizumab, with a 
mean value of 8.8 ± 4.4 (before) and 12.5 ± 4.1 (after) 
(p = 0.0112). Lower lobes were predominately involved 
in pre-treatment CT both in right lung (p = 0.0301) and 
left lung (p = 0.0088), while no significant difference 
for lobar involvement was found in post-treatment CT in 
right (p = 0.0540) and left lung (p = 0.3472). Left upper 
lobe (LUL) showed a significantly higher score in post-
treatment CT (p = 0.0382). Concerning prevalent patterns 
and related imaging findings, after treatment, GGO was 
significantly less frequent (p < 0.0001), while crazy-paving 
and fibrosis were significantly more frequent (respectively, 
p = 0.0214 and p < 0.0001). After treatment, in addition 
to peripheral involvement, central distribution was sig-
nificantly more frequent (p = 0.0008) and anterior areas 
of lungs were significantly more involved compared to 
pre-treatment CT (p = 0.0473). Specific CT findings are 
reported in Table 3.

Fig. 1  Comparison of CT volu-
metric images and example of 
texture analysis before and after 
tocilizumab
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Texture analysis

Significant differences were found in group T, when com-
paring CT features before and after treatment with tocili-
zumab, among histogram-based (first-order) parameters. 
Mean attenuation, expressed in Hounsfield units (HU), was 
significantly lower after tocilizumab with a mean value of 
299.33 ± 200.57 HU (before) versus -468.58 ± 227.04 HU 
(after) (p < 0.0001) (Fig. 2). Standard deviation, skewness 
and entropy were significantly higher after tocilizumab 
(respectively, p < 0.0001, p < 0.0001 and p = 0.0146). No 
significant differences were found for kurtosis and energy 
(Table 5).

In group non-T, mean attenuation was significantly 
higher after treatment without tocilizumab, with a 
mean value of −475.69 ± 131.97 HU (before) versus 
−323.22 ± 155.38 HU (after) (p < 0.0001) (Fig. 2). Stand-
ard deviation and entropy were also significantly higher 

after treatment (respectively, p = 0.0004 and p = 0.0043), 
while skewness and energy were significantly lower in 
post-treatment CT (respectively, < 0.0001 and p = 0.0405) 
(Table 4).

Considering also higher-order features, statistically sig-
nificant differences were found for 28/37 texture param-
eters in group T and for 34/37 parameters in group non-
T. Specific values of each parameter for both groups are 
shown in Supplemental Table 1.

Interobserver variability analysis

Interobserver variability between two radiologists for 
manual segmentation and texture analysis was calculated 
using ICC. A good or excellent agreement was found for 
the majority of texture parameters. The results are shown 
in Supplemental Table 2.

Table 2  Population characteristics

Except where indicated, data are expressed as number of patients/total patients (percentage). *Data express mean value ± standard deviation. T: 
body temperature. CRP: C-reactive protein. LDH: lactate dehydrogenase

Characteristic Total (n = 57) Group T (n = 30) Group non-T (n = 27) p value

Gender
Male 38/57 (66.7%) 21/30 (70%) 17/27 (63%) 0.5885
Female 19/57 (33.3%) 9/30 (30%) 10/27 (37%) 0.5885
Age* 62.2 years ± 11.4 60.5 years ± 11.3 64 years ± 11.6 0.2767
Symptoms
Fever (T ≥ 37.5 °C) 53/57 (93%) 28/30 (93.3%) 25/27 (92.6%)  > 0.9999
Coughing 40/57 (70.2%) 22/30 (73.3%) 18/27 (66.7%) 0.7725
Dyspnea 27/57 (47.4%) 19/30 (63.3%) 8/27 (29.7%) 0.0167
Vital parameters*
Respiratory frequency (breaths/min) 21.4 ± 4.6 21.8 ± 3.6 20.1 ± 3.2 0.1790
O2 saturation (%) 94.6 ± 2.7 94.1 ± 2.4 95.6 ± 3 0.1675
Comorbidities
Arterial hypertension 22/57 (38.6%) 9/30 (30%) 13/27 (48.1%) 0.1837
Diabetes 7/57 (12.3%) 4/30 (13.3%) 3/27 (11.1%)  > 0.9999
Laboratory findings
Increased CRP level
(> 0.5 mg/dL)

55/57 (96.5%) 29/30 (96.7%) 26/27 (96.3%)  > 0.9999

Increased D-dimer level (> 500 ng/mL) 48/57 (84.2%) 27/30 (90%) 21/27 (77.8%) 0.2830
Increased LDH level
(> 225 UI/L)

53/57 (93%) 29/30 (96.7%) 24/27 (88.9%) 0.3360

Leukopenia (< 4×103/ΜL) 15/57 (26.3%) 11/30 (36.7%) 4/27 (14.8%) 0.0768
Decreased lymphocyte count (< 1×103/ΜL) 41/57 (71.9%) 24/30 (80%) 17/27 (63%) 0.2378
Decreased monocyte count (< 0.2×103/ΜL) 16/57 (28.1%) 11/30 (36.7%) 5/27 (18.5%) 0.1513
Decreased  PaO2/FiO2 ratio (< 400) 52/57 (91.2%) 27/30 (90%) 25/27 (92.6%)  > 0.9999
Clinical stage
Mild 30/57 (52.6%) 9/30 (30%) 21/27 (77.8%) 0.0005
Severe 27/57 (47.4%) 21/30 (70%) 6/27 (22.2%) 0.0005
Critical 0/57 (0%) 0/30 (0%) 0/27 (0%) –
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Clinical and laboratory changes

After treatment with tocilizumab, many significant differ-
ences were found in group T among laboratory findings. 
CRP, D-dimer and LDH levels were significantly lower 
(respectively, p < 0.0001, p = 0.0303 and p = 0.0014), while 
lymphocyte and monocyte counts significantly increased up 
to normal values (respectively, p < 0.0001 and p = 0.0019), 
as well as  PaO2/FiO2 ratio (p = 0.0003).

Concerning clinical stage, 16 out of 21 patients, who 
were classified as severe before the beginning of treatment, 

dropped down to mild stage after 14 days since tocili-
zumab was administered.

In group non-T, no significant differences were found 
for any of the evaluated laboratory parameters after treat-
ment. In addition, 8 out of the 21 mild-stage patients were 
classified as severe after 14 days of treatment without toci-
lizumab. Clinical and laboratory changes are summarized 
in Table 5.

Table 3  Comparison of CT 
features before and after 
treatment in group T (treatment 
with tocilizumab) and in group 
non-T (treatment without 
tocilizumab)

Except where indicated, data are expressed as number of patients/total patients (percentage). *Data 
express mean value ± standard deviation. RUL: right upper lobe. ML: middle lobe. RLL: right lower lobe. 
LUL: left upper lobe. LLL: left lower lobe. GGO: ground-glass opacity

Category Group T
before (n = 30)

Group T
after (n = 30)

p value Group non-T
before (n = 27)

Group non-T
after (n = 27)

p value

CT global score* 14.5 ± 4.8 12.3 ± 4 0.0904 8.8 ± 4.4 12.5 ± 4.1 0.0112
CT lobar score*
RUL 2.6 ± 1.2 2.3 ± 1.1 0.3746 1.7 ± 1.3 2.4 ± 1.2 0.2226
ML 2.2 ± 1.2 1.9 ± 1 0.3675 1.1 ± 0.7 2 ± 1.1 0.0646
RLL 3.5 ± 0.9 2.9 ± 1 0.0611 2.4 ± 1 3.1 ± 1.1 0.1293
LUL 2.6 ± 1.1 2.2 ± 1.1 0.2369 1.3 ± 1.3 2.4 ± 1 0.0382
LLL 3.7 ± 1 3.1 ± 0.9 0.0393 2.3 ± 1.2 2.9 ± 1.1 0.3317
Prevalent pattern
GGO 13/30 (43.3%) 7/30 (23.3%) 0.1702 20/27 (74.1%) 5/27 (18.5%)  < 0.0001
Crazy-paving 9/30 (30%) 12/30 (40%) 0.5889 5/27 (18.5%) 14/27 (51.9%) 0.0214
Consolidation 8/30 (26.7%) 11/30 (36.7%) 0.5796 2/27 (7.4%) 8/27 (29.6%) 0.0764
Related features
Fibrosis 21/30 (70%) 28/30 (93.3%) 0.0419 9/27 (33.3%) 25/27 (92.6%)  < 0.0001
Pleural effusion 3/30 (10%) 5/30 (16.7%) 0.7065 2/27 (7.4%) 4/27 (14.8%) 0.6687
Lymphadenopathy 5/30 (16.7%) 5/30 (16.7%) – 3/27 (11.1%) 4/27 (14.8%)  > 0.9999
Distribution
Peripheral 10/30 (33.3%) 10/30 (33.3%) – 18/27 (66.7%) 5/27 (18.5%) 0.0008
Peripheral/central 20/30 (66.7%) 20/30 (66.7%) – 9/27 (33.3%) 22/27 (81.5%) 0.0008
Lung area
Posterior 16/30 (53.3%) 16/30 (53.3%) – 14/27 (51.9%) 6/27 (22.2%) 0.0473
Anterior/posterior 14/30 (46.7%) 14/30 (46.7%) – 13/27 (48.1%) 21/27 (77.8%) 0.0473

Table 4  Comparison of first-order (histogram-based) texture features before and after treatment in group T (treatment with tocilizumab) and in 
group non-T (treatment without tocilizumab)

Data are expressed as mean value ± standard deviation. MA: mean attenuation. SD: standard deviation. HU: Hounsfield unit

Texture feature Group T before (n = 30) Group T after (n = 30) p value Group non-T before 
(n = 27)

Group non-T after (n = 27) p value

MA (HU) 299.33 ± 200.57 –468.58 ± 227.04  < 0.0001 –475.69 ± 131.97 –323.22 ± 155.38  < 0.0001
SD (HU) 208.56 ± 42.96 250.13 ± 69.42  < 0.0001 220.99 ± 51.53 248.61 ± 51.66 0.0004
Skewness −0.22 ± 0.69 0.38 ± 0.84  < 0.0001 0.75 ± 0.72 0.02 ± 0.86  < 0.0001
Kurtosis 0.73 ± 1.40 0.47 ± 1.33 0.1504 0.63 ± 2.5 0.08 ± 1.76 0.0723
Entropy 6.25 ± 0.32 6.35 ± 0.39 0.0146 6.11 ± 0.49 6.32 ± 0.36 0.0043
Energy 0.016 ± 0.004 0.015 ± 0.005 0.1321 0.018 ± 0.008 0.015 ± 0.005 0.0405
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Survival and discharge analyses

Over a period of 30 days during hospital stay, 21 out of 30 
patients in group T required mechanical ventilation, 5 of 
which underwent endotracheal intubation; in group non-T, 
19/27 patients required mechanical ventilation, 6 of which 
underwent intubation.

Over the same follow-up period, 2 out of 30 patients 
(6.7%) died in group T, while 5/27 (18.5%) died in group 
non-T (chi-square test, p = 0.2381). Kaplan–Meier curves 
(Fig. 3) show mean survival of 29.2 days in group T vs 
28.4  days in group non-T (log-rank test, hazard ratio 
[HR] = 0.653, p = 0.541).

Fig. 2  Histograms of mean attenuation values in before and after treatment in group T (treatment with tocilizumab) and in group non-T (treat-
ment without tocilizumab)

Table 5  Comparison of laboratory and clinical findings before and after treatment in group T (treatment with tocilizumab) and in group non-T 
(treatment without tocilizumab)

Except where indicated, data express mean value ± standard deviation. *Data are expressed as number of patients/total patients (percentage). 
CRP: C-reactive protein. LDH: lactate dehydrogenase

Characteristic Group T before (n = 30) Group T after (n = 30) p value Group 
non-T before 
(n = 27)

Group non-T after (n = 27) p value

Laboratory findings (normal range)
CRP (0–0.5 mg/dL) 10 ± 7.5 0.58 ± 1.3  < 0.0001 6.6 ± 6.3 7.3 ± 5.2 0.6842
D-dimer (0–500 ng/mL) 2083 ± 1564 1175 ± 921 0.0303 1725 ± 1628 1964 ± 1586 0.5281
LDH (135–225 UI/L) 359 ± 156 278 ± 137 0.0014 352 ± 160 413 ± 192 0.4813
Lymphocyte count (1–3.2 

 X103/ΜL)
0.84 ± 0.41 1.42 ± 0.34  < 0.0001 0.9 ± 0.28 0.96 ± 0.47 0.9262

Monocyte count (0.2–1 
 X103/ΜL)

0.27 ± 0.11 0.49 ± 0.41 0.0019 0.27 ± 0.08 0.28 ± 0.19 0.8105

PaO2/FiO2 ratio (> 400) 240 ± 93 363 ± 107 0.0003 359 ± 61 302 ± 73 0.0892
Clinical stage*
Mild 9/30 (30%) 25/30 (83.3%)  < 0.0001 21/27 (77.8%) 13/27 (48.1%) 0.0473
Severe 21/30 (70%) 5/30 (16.7%)  < 0.0001 6/27 (22.2%) 14/27 (51.9%) 0.0473
Critical 0/30 (0%) 0/30 (0%) – 0/27 (0%) 0/27 (0%) –

Fig. 3  Kaplan-Meier curves of survival rates in group T (blue) and 
group non-T (red)
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Moreover, analysis on discharged patients was provided 
in the two groups. In group T, 22/30 (73.3%) patients were 
discharged with a mean time of 19.6 days, while only 7/27 
(25.9%) patients were discharged in group non-T with 
a mean time of 26.1 days (chi-square test, p = 0.0005). 
Probability of discharge was significantly higher in group 
T (log-rank test, HR = 4.261 p = 0.0002), according to 
Kaplan–Meier curve (Fig. 4).

Discussion

The development and progression of lung injury in COVID-
19 are mainly driven by a dysregulated immune response to 
the infection characterized by a sharp increase in the level 
of a large number of pro-inflammatory cytokines. This pro-
cess is also known as “cytokine storm” or “cytokine release 
syndrome” [24].

Use of specific immune-modulating drugs that directly 
target the cytokines involved in SARS-CoV-2 infection may 
therefore be helpful to attenuate the inflammatory cascade 
and improve patients’ prognosis.

A key role in the cytokine storm has been attributed to 
IL-6, which has shown to be significantly increased in severe 
disease and predictive of fatal outcomes [25]. Use of toci-
lizumab, a specific monoclonal antibody that selectively 
blocks IL-6 receptors and inhibits signal transduction, has 
shown to be promising in the disease management and rec-
ommended in severe or critically ill patients [26–28].

Despite its limited clinical validation in COVID-19 pneu-
monia, tocilizumab is listed in the recommendations for 
severe COVID-19 management by the National Institute for 
the Infectious Disease “Lazzaro Spallanzani,” which is the 
national referral for the management of infectious diseases 
in Italy [29].

Our study aimed to evaluate CT and laboratory changes 
in COVID-19 patients before and after 14 days of treatment 
with tocilizumab (group T); results were matched with a 

control group which included a cohort of individuals treated 
with antiviral and antimalarial drugs (group non-T), but not 
with tocilizumab.

A major selection bias was present among selected 
groups, which included, respectively, predominately severe 
stage patients in group T and mild in group non-T. This is 
attributable to the inclusion criteria for tocilizumab adminis-
tration protocol that relies on specific clinical requirements, 
according to SIMIT guidelines [14]. Except for disease 
stage, booth groups were homogeneous in terms of demo-
graphic and clinical characteristics.

Most important finding of our research is that  PaO2/FiO2 
ratio was significantly higher in patients who received toci-
lizumab compared to those who did not receive tocilizumab, 
already at 14-day follow-up (Table 5), reflecting a consider-
able improvement of respiratory function. Similarly, reduced 
levels of CRP, D-dimer and LDH were observed in group 
T. Moreover, both lymphocyte and monocyte count also 
improved after 14 days since tocilizumab was administered.

These findings were clinically associated with a down-
grade from severe to mild disease in the majority of group 
T patients, while a worsening of disease was noted in group 
non-T, where severe patients increased from 6 to 14 after 
therapy.

Chest CT evaluation and texture analysis of parenchymal 
lesions added further evidence about the potential efficacy 
of tocilizumab. One of the challenges in the evaluation of 
patients undergoing pharmacological treatment concerns 
quantification of response to therapy.

We assumed that the only semiquantitative evaluation 
of lung involvement, based on the visual scoring of lobar 
extent, would have been limited in detecting subtle density 
changes, as expected in short follow-up assessment. A pure 
quantitative method derived from the texture analysis on 
parenchymal abnormalities was therefore applied, in order 
to evaluate specific pixels and voxels distribution within the 
lesions. We also analyzed the same radiological and clinical 
findings in a group of patients who did not receive tocili-
zumab within their treatment, but exclusively antiviral and 
antimalarial drugs (group non-T).

In group T, no statistical differences were found for global 
CT score after treatment, meaning the percentage of the lung 
involved by the disease was overall not significantly reduced 
(Table 3). Instead, texture analysis showed significant dif-
ferences among several first- and higher-order parameters, 
including mean attenuation, skewness and entropy (Table 4 
and Supplemental Table 1), following laboratory changes. 
More specifically, mean attenuation (expressed as HU) sig-
nificantly decreased after tocilizumab was administered 
(Fig. 2) and skewness, which represents the tail of the curve 
of HU values in the histogram, significantly increased from 
negative to positive values (the hump of the curve moved to 
lower HU values) [12]. The discordance between CT score 

Fig. 4  Kaplan-Meier curves of discharged patients in group T (blue) 
and group non-T (red)
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and CT texture analysis could explain how post-treatment 
lesions become more absorbed, although their extent in lung 
parenchyma is not significantly reduced. Entropy represents 
the randomness of pixel distribution within the lesion and 
the increase in its values after treatment with tocilizumab 
is probably due to less homogeneity of a faded lesion or 
fibrotic changes of lung parenchyma compared to a more 
consolidated pattern visible in pre-treatment CT [13]. Kur-
tosis is a measure of the curve’s peakedness (higher values) 
or flatness (values close to zero) and its values were close to 
zero both prior and after tocilizumab, although lower values 
were found in post-treatment analysis [12]. This could be 
explained by the spreading of values over different HU in 
both curves, mainly in post-treatment CT, confirming less 
homogeneity of the lesions in this case.

On the other hand, patients who did not receive tocili-
zumab (group non-T) showed a significant increase in CT 
score after only antiviral and antimalarial therapy was 
administered, as well as several texture features. Mean 
attenuation values were significantly higher after treatment, 
meaning an increase in lesion density, while skewness sig-
nificantly decreased from positive values almost to zero. 
These findings probably underline a progression of disease 
or a major consolidation process within the lesions. Entropy 
is the only parameter that seems to be in accordance with the 
two and that showed a significant increase after treatment, 
indicating a greater randomness in pixels’ disposure, prob-
ably related to prevalent fibrotic changes. The significant 
decrease in energy values also confirms less uniformity of 
post-treatment lesions in group non-T.

Survival analysis did not show significant differences 
between the two groups, although occurrence of death was 
higher in group non-T than in group T (5/27 vs 2/30) (Fig. 3). 
On the other hand, when considering patients’ discharge 
from hospital, a significant higher probability of discharge 
was found among group T (22/30) compared to group non-T 
(7/27) over a 30-day observational period, with a mean time 
for discharge, respectively, of 19.6 days vs 26.1 days (Fig. 4). 
These analyses show that although survival rate is not statis-
tically different among the two groups, use of tocilizumab 
could shorten hospitalization and recovery time.

On the basis of these preliminary results and according 
to previous studies, our assumption is that antiviral and 
antimalarial drugs could not be sufficient as the only treat-
ment for COVID-19 patients [27, 30]. Tocilizumab could 
have beneficial effects particularly on severe patients, as 
recently proposed, probably due to massive immune acti-
vation characterizing the advanced stages of disease [31]. 
Moreover, texture analysis, within CT evaluation, could 
have a promising role in the assessment of disease course 
and lung changes during follow-up, by objectively quantify-
ing response to therapy. Although patients’ management is 
primarily led by their clinical course and the extraction of 

radiomic parameters might not be instantaneous, this quan-
titative analysis can unveil subtle details on the underlining 
pathological substrate of the lung parenchyma; this can be 
used not only to establish disease severity but also for the 
evaluation of the efficacy of treatment protocols.

Our study has several limitations, due to the relatively 
small size of our sample population in both groups and 
also to different clinical stages of the two groups before 
treatment, that did not allow us to validate the effect of 
tocilizumab in all clinical stages. Moreover, our observa-
tion period was limited and therefore potential long-term 
evaluation, including side effects, could not be considered. 
IL-6 blood levels were not available: a correlation between 
these values and response to tocilizumab could have empha-
sized its role in blocking the immune-related mechanism 
of COVID-19-induced pneumonia. Finally, considering our 
survival analysis, other comorbidities or underlying con-
ditions might have influenced mortality and hospital stay; 
future and larger prospective studies could clarify and over-
come these limitations and eventually confirm the usefulness 
of tocilizumab in this specific viral pneumonia.

Conclusions

Our preliminary results support the role of texture analysis 
as a complementary tool for a comprehensive evaluation of 
CT changes in COVID-19 pneumonia; radiomic features can 
reveal detailed information on the subtle modifications of 
lung parenchyma and assess its response to therapy. This 
may provide to clinicians a complete and fulfilling analysis 
on the course of disease and may therefore be helpful for 
patient’s management.

Preliminary clinical findings, observed in this selected 
cluster of patients, suggest a possible role of tocilizumab 
as a positive disease-modifying agent in severe stages of 
COVID-19 pneumonia, which shall however be validated 
in broader analyses.

These considerations regarding use of radiomics in 
COVID-19 may, obviously, extend beyond this compara-
tive analysis on the effects of tocilizumab.
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