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1 | INTRODUCTION

| Pinar Yildiz Gulhan?

| Serkan Oner® | Muhammed Kamil Turan*

Abstract

Aim: We aimed to investigate the effect of short-term pirfenidone treatment on pro-
longed COVID-19 pneumonia.

Method: Hospital files of patients hospitalised with a diagnosis of critical COVID-19
pneumonia from November 2020 to March 2021 were retrospectively reviewed.
Chest computed tomography images taken both before treatment and 2 months
after treatment, demographic characteristics and laboratory parameters of patients
receiving pirfenidone + methylprednisolone (n = 13) and only methylprednisolones
(n = 9) were recorded. Pulmonary function tests were performed after the second
month of the treatment. CT involvement rates were determined by machine learning.
Results: A total of 22 patients, 13 of whom (59.1%) were using methylpredniso-
lone + pirfenidone and 9 of whom (40.9%) were using only methylprednisolone were
included. When the blood gas parameters and pulmonary function tests of the pa-
tients were compared at the end of the second month, it was found that the FEV1,
FEV1%, FVC and FVC% values were statistically significantly higher in the meth-
ylprednisolone + pirfenidone group compared with the methylprednisolone group
(P=.025,P=.012, P =.026 and P = .017, respectively). When the rates of change in
CT scans at diagnosis and second month of treatment were examined, it was found
that the involvement rates in the methylprednisolone + pirfenidone group were sta-
tistically significantly decreased (P < .001).

Conclusion: Antifibrotic agents can reduce fibrosis that may develop in the future.
These can also help dose reduction and/or non-use strategy for methylprednisolone
therapy, which has many side effects. Further large series and randomised controlled

studies are needed on this subject.

Organization (WHO) announced it as “a global epidemic” on 11
March 2020.!

Following the reporting of new coronavirus (severe acute respira-
tory syndrome-coronavirus-2 (SARS-CoV-2)) pneumonia cases
in Wuhan, Hubei, China in December 2019, the World Health
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believes that the manuscript represents honest work.

At the beginning of the pandemic, it was thought that pos-
sible mechanisms of complications might have been associated
with the effects of SARS-CoV and MERS-CoV since SARS-
CoV-2, the virus responsible for COVID-19, is from the same
coronavirus family with SARS and Middle East Respiratory

Syndrome (MERS) and that experience from these pulmonary
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syndromes could be helpful in the treatment of the emerging
COVID-19 outbreak.??

The SARS-CoV-2 infection has infected more than 50 million
people around the world. SARS-CoV-2 infection, in the most severe
cases, can cause tissue hyperinflammation, fibrosis and scarring,
lung collapse, multi-organ dysfunction and death. Severely affected
survivors have a trail of devastating pulmonary fibrosis, which phy-
sicians will need to urgently address and manage. While fibrosis is a
physiologic response to any pulmonary infection, chest physicians
across the globe are encountering vast numbers of patients who
have recovered from their acute COVID-19 pneumonia only to be
left with severe residual lung fibrosis and oxygen dependence.“’5

The presence of pulmonary fibrosis is probably a consequence of
the cytokine storm. Some of these biological and pathological char-
acteristics are shared with idiopathic pulmonary fibrosis (IPF) such
as chronic inflammatory fibrotic lung disease caused by the synthe-
sis and release of pro-inflammatory cytokines, including tumour ne-
crosis factor alpha (TNF-a) and interleukin-1-beta (IL-1p). Antifibrotic
therapy with pirfenidone, a drug indicated for the treatment of IPF,
could therefore play a key role in preventing serious or fatal lung
complications. However, antifibrotic therapy could play an even
more important role in combined regimens, once identified, with
effective anti-inflammatory treatments. Combination therapy could
act on the main anti-inflammatory and antifibrotic pathways in a
synergistic way, mitigating the consequences of pulmonary fibrosis.®
Pirfenidone was approved as an anti-fibrotic in China in December
2013 for the treatment of IPF. The reduction in the overexpression
of transforming growth factor p (TGF-f), connective tissue growth
factor (CTGF), platelet-derived growth factors (PDGF) and TNF-a in
inflammatory diseases plays a key role in the anti-fibrotic activity of
pirfenidone.”

Currently, there is no clear evidence as to which treatment is
effective for improving prognosis in patients infected with SARS-
CoV-2. To date, a large number of clinical trials have been conducted
for drugs showing in vitro efficacy. In this study, we aimed to demon-
strate the results of short-term (2 months) pirfenidone treatment in
prolonged COVID-19 pneumonia, which has no effective treatment
yet.

2 | MATERIALS AND METHODS
2.1 | Study population

In this study, the information of patients hospitalised with a diagno-
sis of critical COVID-19 pneumonia from November 2020 to March
2021 were retrospectively obtained from the hospital system. Chest
CT images were taken both before treatment and 2 months after
treatment, demographic characteristics and laboratory parameters
of patients receiving pirfenidone + methylprednisolone (n = 13) and
only methylprednisolones (n = 9) were recorded. Mild, moderate,
and severe cases were not included. Additioally, we excluded the

patients under 18 years of age and pregnant womens. Patients were

What'’s known
e The SARS-CoV-2 infection has infected more than 50

million people around the world.

e Severely affected survivors have a trail of devastating
pulmonary fibrosis, which physicians will need to ur-
gently address and manage.

What'’s new

e Post-COVID fibrosis, may continue to be a challenge for
physicians even after the pandemic.

o Antifibrotic agents can reduce fibrosis that may develop
in the future.

e Also, these can help dose reduction and/or non-use
strategy for methylprednisolone therapy, which has
many side effects.

classified according to the WHO classification system (WHO/2019-
nCoV/clinical/2021.1). Patients who received pirfenidone treatment
2 weeks after the diagnosis of COVID-19 were included.

2.2 | Treatments

Favipiravir, 3 days of high dose methylprednisolone (250 mg) fol-
lowed by 0.5 mg/kg/d, and anticoagulant treatment were adminis-
tered to all patients. The pirfenidone treatment was increased to a

maximum of 2400 mg with weekly dose increments.

2.3 | Pulmonary function test

Pulmonary function tests were performed in the second month of
the treatment. The tests were performed using a standard spirom-
eter (Spirolab®-2) according to American Thoracic Society criteria
while the patients were at rest and seated in the upright position.
Forced vital capacity (FVC), forced expiratory volume in 1 second
(FEV1) and FEV1/FVC (%) were measured. Results were expressed

as absolute values and percentages of predictive values.

2.4 | Chest computed tomography protocols

Chest CT scans were conducted with a 16-detector spiral CT scan-
ner (Toshiba Alexion, Otawara, Japan) in the full inspiration phase
in the supine position. Patients were instructed to hold their breath
to minimise motion artefacts. CT images were created by taking
axial sections with 256 x 256 matrix size and 3 mm reconstructed
5 mm section thickness. Tube voltage was 120 kVp, rotation time
was 0.75 seconds, and pitch was 1 mm. The low-dose CT protocol

available in the scanner was used in the standard setting for the
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scans (AIDR3D, Canon Medical Systems, Otawara, Japan). Average
CTDlIvol was 3.3 mGy (range: 2.2-4.9 mGy). Implementation of ap-
propriate infection prevention and control measures were arranged
in all suspected CT cases, consisting of prompt sanitation of CT facil-

ity and patient's isolation.

2.5 | Image analysis

Each patient had varying degrees of CT findings for COVID-19
pneumonia identified in previous studies®’ such as ground-glass
opacities, consolidation, crazy-paving pattern, reticular pattern, air
bronchogram, vascular enlargement in the lesion, centrilobular nod-
ules, airway changes (bronchiectasis and bronchial wall thickening),
pleural changes (pleural effusion and pleural thickening), subpleural
curvilinear line, air bubble sign, intrathoracic lymph node enlarge-
ment, nodules, halo sign, reversed halo sign and pericardial effusion.
These findings were double-blindly confirmed by a radiologist (SO)
with at least 10 years of experience in the field. Images in paren-
chyma dose were taken from the hospital archive in DICOM format
and transferred to the workstation for volumetric analysis.

Segmentation is divided into two parts as preprocessing and pro-
cessing. Reading DICOM images, obtaining patient and image char-
acteristics, creating Hounsfield Matrix from 16-bit DICOM images,
and transforming matrices to the best image windows are performed
during preprocessing. Detection of ROI for chest wall, lung segmen-
tation, calculation of all threshold values with randomised cascade
mean filter method, image enhancement and obtaining ROl on en-
hanced images are performed during processing.

Images are transformed into soft tissue window to obtain the
ROI of lungs. Therefore, pixel values of lungs are normalised to win-
dow minimum. Minimum filter is applied on soft tissue window and
lungs are obtained on binary images. Hilar area, bronchi, bronchio-

lar, and pulmonary vessels are classified as lungs by filling blanks on

Soft tissue window
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FIGURE 1
obtained after the developed filters
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binary images. Median filter is applied to remove small noises and
artefacts. As a result, a mask is obtained for lungs. After, a sectional
image view is taken into lung window and multiplied with mask val-
ues. As a result, the obtained image is a lung image that has suitable
conditions to process. Sample images obtained after these processes
are shown in Figure 1.

All possible threshold values were calculated with randomised
cascade mean filter to enhance lung images that have suitable condi-
tions to process in terms of contrast. In this study, length parameter
was specified as 20 and repetition number parameter was specified
as 10% of mask area. Randomised selected lines on images were
generated using these parameters. These lines have pixel values on
images. The mean of sequential two-pixel values on the lines were
taken until only one value was obtained. The obtained value was
assigned as the threshold value.'®*! Lung images were converted
to binary images using all possible threshold values. Then, all binary
images were added on themselves. As a result, lung images with suit-
able conditions to process were enhanced in terms of contrast. A
sample is shown in Figure 2.

Randomised cascade mean filter was applied again on the en-
hanced lung images to obtain binary images and ROls. The thresh-
old value was obtained by taking the arithmetic mean of all possible
threshold values calculated in the previous process. Areas with a
pixel value of 1 were calculated. Areas with values are greater than
50 were labelled as ROls. The labelled ROlIs are shown in Figure 3.

Images whose ROIs were segmented were classified by radiol-
ogists and chest disease specialists using a developed graphical
user interface. Three classes were used in this study. The first class
includes ground-glass opacities. The second class includes COVID
lesions seen such as consolidation, air bronchogram, vascular en-
largement in the lesion, centrilobular nodules, subpleural curvilin-
ear line or reticular pattern. The third class includes vessels and
bronchi. Sample images belonging to these classes are shown in

Figure 4.

Min filtered image
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Lung mask
(C)
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Images obtained after the processes. A, Soft tissue window image; B, Binary image obtained after minimum filter; C, Image
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FIGURE 2 Asampleimage, (A) Lung images that have suitable conditions to process, (B) Enhanced lung image

Finally, the volumes of all classes were summed and the ratio
to the total lung volume was calculated. Thus, estimated lung in-
volvement rates were obtained on CT images before and after

treatment.

2.6 | Decision system

1890 ROIs were obtained using all CT images in this study.
Specialists classified the obtained ROIs on CT images. Feature
extraction was done based on parameters from Gray Level
Cooccurrence Matrix (GLCM). Therefore, input vector was ob-
tained for machine learning algorithms. Four difference angles
of 0, n/2, = and 3n/4 were used while calculating the GLCM pa-
rameters of contrast, dissimilarity, homogeneity, angular second
moment (ASM), energy and correlation. These parameters were
calculated for each angle value!?®3, Besides, minimum, maximum,
mean, standard deviation and area value of pixel intensity values
belonging to ROIs were calculated and added into input vector
as new features. Also, eccentricity, major axis length, minor axis
length and orientation values were calculated and added into
input vector as new features.

Input vector used in machine learning algorithms includes 33
parameters. k-Nearest Neighbors (KNN), decision tree (DT), ran-
dom forest (RF), extra tree classifier (ETC), gaussian naive Bayes
(GNB), Ada boost classifier (ADA), gradient process classifier (GPC),
linear discriminant analysis classifier (LDA) and quadratic discrimi-
nant analysis classifier (QDA) algorithms are used as machine learn-
ing algorithms. Accuracy (Acc), sensitivity (Sen) and specificity (Spe)
based on confusion matrix and Mathew's correlation coefficient
(MCC) are used to calculate the performance features of machine
learning algorithms and compare them. Algorithms whose MCC

values are higher than others are assigned as successful algorithms.

The most successful one among the three algorithms with the high-
est MCC value is identified by a majority voting system. In the use
of machine learning algorithms, 80% of input vectors are identified
as training set and 20% of input vectors are identified as test set.
k value for k-fold cross validation is selected as 500. As a result,
different training sets and test sets are obtained and performances
of machine learning algorithms are calculated more accurately.

Equations (1)-(4) present the parameters based on the confusion

matrix:
TP
I | 1
A= T FN+ PP+ TN @
P
__TP 2
Sen = 5 EN @)
™
__IN_ 3
Spe = T PP )
TP.TN—FP-FN
(4)

cC =
\/MP+FP) - (TP+FN) - (TN + FP) - (TN + FN)

Equations (1)-(4): TP = true positive; TN = true negative;
FP = false positive; FN = false negative.

2.7 | Ethical approval

The study was approved by both the Ministry of Health and the
Local Ethics Committee (Karabuk University Local Ethic Committee
approval document dated March 3, 2021 and numbered 2021/477).
The patients were given an informed consent form and their written

consent was obtained.
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FIGURE 4 Automated lung segmentation. Respevcively, Covid lesion (ground-glass opasity), COVID lesion (consolidation), and vessels

2.8 | Statistical analysis

Categorical variables are presented as percentage and frequency.
The chi-squared test and, where appropriate, Fisher's exact test were
used to compare categorical variables between groups. The con-
formity of continuous variables to normal distribution was checked
by visual histograms and the Shapiro-Wilk test. Normally distributed
continuous variables are presented as mean + standard deviation,
while non-normally distributed continuous variables are presented
as median and IQR (interquartile range). Comparison of continuous
variables between groups was performed using the independent
samples t-test in normal distribution and the Mann-Whitney U test
in non-normal distribution. The Repeated Measures test was used to
compare the changes in the involvement rates of the groups at diag-
nosis and at the second month of treatment. All p values presented
are two-sided and P < .05 was considered statistically significant.
Statistical analyses were performed using the SPSS 26.0 (IBM Corp.
2019 IBM SPSS Statistics for Windows, version 26.0. Armonk, NY:
IBM Corp) package software.

3 | RESULTS

A total of 22 patients, 13 of whom (59.1%) were using methylpredni-
solone + pirfenidone and 9 of whom (40.9%) were using only meth-
ylprednisolone were included. All patients in both groups received
methylprednisolone, high-dose methylprednisolone and favipiravir
treatment during their hospitalisation. None of our patients received
tocilizumab treatment (Table 1). When patients’ baseline laboratory
parameters and hospitalisation periods were compared, it was found
that the two groups were similar to each other (P > .05) (Table 2).

Comparing blood gas values at the time of discharge, the pH
value of the group receiving methylprednisolone + pirfenidone was
found to be statistically significantly lower (P = .003). Other blood
gas parameters were found to be similar between the two groups
(P > .05) (Table 3).

When the blood gas parameters and pulmonary function tests
of the patients were compared at the end of the second month, it
was found that the HCO3, FEV1, FEV1%, FVC and FVC% values were
statistically significantly higher in the group receiving methylprednis-
olone + pirfenidone compared with the group receiving only meth-
ylprednisolone (P = .049, P = .025, P = .012, P = .026 and P = .017,
respectively). The second month pH, pO2, pCO2, saturation and MEF
values were found to be similar between the groups (P > .05). Table 4
shows the comparison of the groups in terms of blood gas and pulmo-
nary function tests in the second month after discharge.

The involvement rates in CT scans at diagnosis and second month
of treatment were similar among the groups (P = .073 and P = .477,
respectively). However, when the rates of change in CT scans at di-
agnosis and second month of treatment were examined, it was found
that the involvement rates in the methylprednisolone + pirfenidone
group were statistically significantly decreased (P < .001) (Figure 5).
The comparison of the involvement rates between the groups at di-
agnosis and second month of treatment are presented in Table 5 and
the sample patients are presented in Figures 6 and 7. The compar-
ison of the change in the involvement rates of the groups is shown
in Figure 1.

The performance of the decision system has been tested on the
sections that were not shown to the system during training and re-
served for testing, and the overall Acc value was calculated as 0.953.
The performance metrics of the proposed method to make a final
decision are shown in Table 6.

4 | DISCUSSION

We found a significant difference in the percentages of pulmonary
parenchymal involvement between the patients hospitalised with
the diagnosis of critical COVID-19 pneumonia using only meth-
ylprednisolone and using methylprednisolone and pirfenidone.
There was no difference in pre-treatment pulmonary involvement

between the groups. Parenchymal involvement after two months



7 0f12

-WILEY

CLINICAL PRACTICE

@I[¥» THE INTERNATIONAL JOURNAL OF

ACAT ET AL.

*S9A ‘A ‘ouopluagdid ‘q ‘ON ‘N ‘duojosiupald|Ayiaw
‘dIN ‘Adueudijew ‘| {$93e4 JUSWSA|OAUI Sun| “Y AUl SunT {poO|q Sy} Ul [9A3] UoIjeINnles uadAxo |euoijiul ‘ZOds "ul ‘uoisuajiadAy ‘| H ‘spoliad uoijesijeiidsoy ‘4 soH ‘diAelidiAe) ‘Aeq ‘o|ew/s[ewsy ‘|Al/4
‘Snjijjow S932qeIp ‘N 9SeISIp JBINISBAOIPIED ‘QAD OSEISIP [BUSL DUOIYD ‘YD ‘POO|] 33 Ul [9A3] UOIFelnies udBAX0 [043u0d O ds "uoD ‘aseasip un| 21uoiyd ‘gD ‘euijeue ‘euy :suoieIAIqqy

920 8T°0 N N dN A €C 96 VA N N N N N N 45 N [44
Ge0 G20 N N dN A 44 86 44 N A N N A N S/ N 1¢
GT0 8¢°0 A A dW +d A 1C S6 89 N N N N A N S9 N (014
ST0 910 N N diN +d A L S6 /8 N N N N A N 09 N 8T
20 £L2°0 N N dN +d A 8¢ 96 98 N N N N N N L9 N 8T
ST0 (A N N diN +d A 61 96 88 N N N N A N (074 N LT
20 6€°0 N N dN +d A 9C Z8 08 N N N N N N 8L N 9T
8C0 8€0 A N dN +d A 61 6 S8 A N N N A A 69 W ST
[4%0) 1€0 A N d +d A 124 L6 S9 N N N N N N 8¢ 4 T
820 9€0 N N dN +d A LT 6 9L N A N N A A 9 W €T
20 820 N N dnN A 14 96 68 N N N N A A CL N el
€20 6C°0 N A diN +d A 91 16 18 N N N N N N |74 W T
920 Ge0 A N dN +d A (1 06 69 N N N N A A 8/ W (0)9
€20 9€0 A N dN +d A 6¢C 1) 9 A N N N A N 6G N 6
G20 9€°0 A N dN A [44 g6 YL N N N N N A 9S N 8
¥C0 ¢co A A diN A 9€ 96 08 N N N N N N 9 N L
920 €T’0 A N d A 9¢ g6 89 N N N N A A (44 4 9
9C0 620 N N dN A ST 1) SL N N N N N N 8L 4 S
170 0] N A dN +d A qT L6 G8 N N N N N N 4] N 14
[4A0) SC0 N A diN A [44 €6 18 N N N N N N 8L W €
820 810 A A d +d A o€ ¥6 |74 N N A N A N 9L 4 z
¥C0 GC0 A A dN A 4 88 L9 N N N N A A 89 4 T
1PYY alojeg WAIN euy dW +d10diN Aed d'SoH ods 'uo) ods u daAnd W add amn 1H nWa a3y X3S
“¥'Au| Suni sjuawjeal] ‘ods salpIqIowo)

S9}BJ JUSWDA|OAUI SUN| puUE SjuaWIeal] 8y} ‘syuaijed ayj Jo solpsiiaioeleyd [esuasayl T 3749dVL



8of 12 @[8Y THE INTERNATIONAL JOURNAL OF
WILEY

ACAT ET AL.

“CLINICAL PRACTICE

Methylprednisolone +

Parameter Pirfenidone (n = 13)

Leukocyte (K/mm?3) 9831 + 4487 12 094 + 3980
HB (g/dL) 12.8-1.65 14.2-2.35
PLT(K/mm?) 292-136 260-157
Lymphocyte (mcL) 423.1 +135.8 447.6 + 133.6
CRP (mg/dL) 167.09 + 47.6 1711 +£55.8
Ferritin (ng/mL) 812.9-1027 679-769

LDH (U/L) 540-143 707-328
d-dimer (mcg/mL) 3.31-6.86 5.9-13.1
Hospitalisation periods (d) 21-12 23-14

Methylprednisolone (n = 9) P

TABLE 2 Comparison of basal
laboratory characteristics and
hospitalisation periods of patient groups
.238"

o

151

*x

.301
679"
858"

*x

764

*x

151
526"

*x

.228

Abbreviations: CRP, C-reactive protein; HB, hemoglobin;LDH, lactate dehydrogenase; PLT, platelet;

SpO,, oxygen saturation level in the blood.
*Independent samples t test.; **Mann-Whitney U test.

TABLE 3 Comparison of blood gas

Blood gas parameters
pH

pO, (mmHg)

pCO, (mmHg)

HCO, (mmol/L)

SpO,

Methylprednisolone +
pirfenidone (n = 13)

743 +0.03
51.86 +9.8
40.3-7.6
24.3-7.5
81.91+10.1

Methylprednisolone
(n=9)

748 +£0.02

51.36 +11.8
36.2-3.05

26.7-2.35
81.27+8.4

p

003’
916

wx

.088

442
878"

parameters of groups at the time of
discharge

Abbreviations: HCO,, bicarbonate; PaCO,, partial carbon dioxide pressure;Pa0,, partial oxygen

pressure; SpO,, oxygen saturation level in the blood.
*Independent samples t test.; **Mann-Whitney U test.

Methylprednisolone +

Parameters pirfenidone (n = 13) (n=9)

pH 7.41-0.05 7.42-0.04
pO2 (mmHg) 7899 +12.9 78.41 £ 11.2
pCO2 (mmHg) 37.7-4.55 35.6-5.45
HCOS3 (mmol/L) 24.1-3.65 22.9-3.2
SpO2 94.3-4 95.2-2.95
FEV1 (L) 2.33 £0.66 1.72 £ 0.44
FEV1 (% predicted) 83+17.2 65.44 +9.3
FVC (L) 276 +0.8 2.01+04
FVC (% predicted) 77.23 + 179 60.22 + 8.8

Methylprednisolone

TABLE 4 Comparison of the groups
in terms of blood gas and pulmonary

P
function tests at 2 mo after discharge

660"

*x

914

o

.077

*x

.049
639"

*x

.025

o

.012

x

.026

o

.017

Abbreviations: FEV1, forced expiratory volume at 1 s;FVC, forced vital capacity; HCO,,
bicarbonate; PaCO,, partial carbon dioxide pressure; PaO,, partial oxygen pressure; SpO,, oxygen

saturation level in the blood.
*Mann-Whitney U test.; **independent samples t test.

of treatment was statistically significantly less in the pirfeni-
done + methylprednisolone group compared with the methylpred-
nisolone group. Also, comparing the pulmonary function tests of
the patients in the second month, FEV1, FEV1%, FVC and FVC%
values were found to be statistically significantly higher in the
methylprednisolone + pirfenidone group than in the methylpred-

nisolone group.

Unlike the SARS and MERS outbreaks having affected only a
few thousand people, doctors are more likely to encounter many
patients (potentially hundreds of thousands) who could develop
post-COVID interstitial lung disease, as the current pandemic af-
fects millions.*

The aetiology of pulmonary fibrosis is multifactorial and de-

pends on age, smoking, viral infection, drug exposure and genetic
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— Steroid
~ Steroid + Pirfenidone
301 p<0,001
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©
o
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I 1
Before treatment After treatment
FIGURE 5 Comparison of the changes in the lung involvement rates of the groups
TABLE 5 Comparison of the before
P R Methylprednisolone + Methylprednisolone
treatment and 2nd month involvement . .
Involvement rates (%) pirfenidone (n = 13) (n=29) P
rates of the groups
Before treatment 0.305 +0.08 0.241 £ 0.06 073
After treatment 0.205 + 0.06 0.223 + 0.05 477

*Independent samples t test.

(B)

FIGURE 6 A male patient on methylprednisolone therapy; There is a slight decrease in the rates of lung involvement in CT images passing
at the same level before (A) and after treatment (B)
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(A)

FIGURE 7 The male patient received methylprednisolone + pirfenidone treatment; Pre-treatment (A) and post-treatment (B) CT images
that pass at the same level show a marked decrease in lung involvement rates

TABLE 6 The performance metrics of the proposed method

Algorithm Class

The proposed method Ground-glass opasity
Consolidation and other lesions

Vessels and bronchi

Acc Sen Spe Mcc

0.939 0.950 0.933 0.878
0.968 0.975 0.951 0.920
0.944 0.961 0.885 0.953

Abbreviations: Acc, Accuracy; Mcc, Matthews correlation coefficient; Sen, Sensitivity; Spe, Specificity.

predisposition.***> No statistically significant difference was found
between the ages of the patients included in this study.

In fibrosis in COVID-19 infection, inflammatory mediators
such as transforming growth factor (TGF-beta), vascular endothe-
lial growth factor (VEGF), interleukin 6 (IL.-6) and tumour TNF-a
are likely to occur because of the initiation of the fibrotic cascade.
Moreover, vascular dysfunction causes the progression of fibro-
sis.?®” Uncontrolled and excessive reaction of the immune system
to the virus leads to the release of multiple inflammatory cytokines,
increased production of superoxide, development of acute respira-
tory distress syndrome (ARDS) and subsequent matrix remodelling,
and overproduction of collagens and other matrix components that
can cause fibrosis in survivors.*®

Studies have shown that the SARS-CoV-2 infection continues to
cause further damage, possibly leading to fibrosis in the lung.!*2°

Tse et al histologically examined the pulmonary pathology
of seven patients who died from SARS (hospitalisation periods:
4-20 days) and observed significant pulmonary oedema, hyaline
membrane formation and widespread alveolar damage in all patients
and mild to moderate fibrosis interstitial fibrosis in some regions.?*

Zhang et al followed 71 SARS patients for 15 years. They
demonstrated that interstitial abnormalities and functional de-
cline resolved within the first 2 years after infection and then re-
mained stable. At 15 years, 4%-6% of patients infected with SARS

showed interstitial abnormality.?? Follow-up results with MERS

are less defined. In a study on 36 patients recovering from MERS,
chest X-rays were taken an average of 43 days after discharge.
One-third of patients showed abnormalities defined as lung fibro-
sis.?® Longer follow-up of patients recovering from MERS has not
been reported.?* These studies have shown that persistent find-
ings occur after SARS-CoV and MERS infections. It would not be
wrong to predict that there may be long-term damage in patients
after COVID-19 because of damage in diseases caused by previous
coronaviruses.

Huang et al examined patients who survived a severe
COVID-19 infection (at least 3 CT scans) and discovered findings
consistent with fibrosis in 42 patients (extensive and persistent fi-
brotic changes, including parenchymal bands, irregular interfaces,
reticular opacities and traction bronchiectasis with or without
honey combing).?

Fang et al examined the final follow-up of 12 patients hospital-
ised in the intensive care unit (mean ICU stay: 6.1 + 7.7 days) and
observed dominant reticulation and interlobular thickening in 8 pa-
tients on thoracic CT. %

Mo et al evaluated pulmonary function tests after COVID-19
infection and noted anomalies in DLCO% predicted in 51 cases
(47.2%), total lung capacity (TLC)% in 27 (25.0%), forced expiratory
volume in 1 seconds (FEV1)% in 15 (13.6%), forced vital capacity
(FVC)% in 10 (9.1%), FEV1/FVC in 5 (4.5%) and small airway func-
tion in 8 (7.3%)."
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Giiler? et al reported the long-term (4 months) results of
COVID-19 infection and found DLCO reduction, radiological ab-
normalities and minor airway disease after severe acute SARS-
CoV-2 infection. Since there was no diffusion test in our hospital,
we evaluated it by FEV1, FVC% and FEV1 and found statistically
significantly higher pulmonary function tests in the pirfeni-
done + methylprednisolone group compared with the methylpred-
nisolone group.

Chaudhary et al stated that losing time, energy and resources
for consent-weary patients was unnecessary. They stated that ex-
isting antifibrotics are for the management of chronic diseases, are
not curative and do not reverse fibrosis. Since survivors have a lower
prevalence of significant scarring and favourable course, they stated
that there is no sufficient scientific rationale for antifibrotic drug
use.?® However, it was also considered that SARS-CoV-2 infection
causes fibrosis in many ways, including the mechanism of ACE-2
receptors.29

Diverse action mechanisms have been suggested for pirfenidone,
among which are downregulating effects on a series of cytokines,
including (TGF)-p1, CTGF, PDGF and TNF-a.183%3! Besides, pirfeni-
done is a reactive oxygen species (ROS) scavenger, and last but not
least, it downregulates the expression of ACE receptor, the major
cellular receptor for COVID-19. Also, some other characteristics of
pirfenidone make it an appropriate treatment for COVID-19, includ-
ing its anti-apoptotic and anti-fibrotic effects.'®3234 pirfenidone
can prevent lung injury during SARS-CoV-2 infection by blocking the
maturation process of transforming growth TGF-p and enhancing
the protective role of peroxisome proliferator-activated receptors
(PPARs). Pirfenidone is a safe drug for patients with hypertension or
diabetes and its side effects are well tolerated.*®

Momen’ et al reported that they used pirfenidone in five cases,
not only during the PC-fibrosis period but also during COVID-19
pneumonia, as in our study. In a recent study, Umemura et al inves-
tigated the efficacy of nintedanib, an intracellular inhibitor of tyro-
sine kinases, in COVID-19 patients. They compered 30 patients who
received nintedanib and 30 who did not. They did not find any sig-
nificant difference in 28-day mortality but the lengths of MV were
significantly shorter than the control group. CT scans were not dif-
ferent between two groups at baseline. However, the follow-up CT
scan after leaving MV showed that percentages of high-attenuation
areas were significantly lower in the nintedanib group. They stated

1.3 The involvement

that using an antifibrotic agent may be beneficia
rates in CT scans at diagnosis and second month of treatment were
similar. However, when the rates of change were examined, it was
found that the involvement rates in the methylprednisolone + pir-
fenidone group were statistically significantly decreased (P < .001)
(Figures 6 and 7).

Although there is only one case series'? in the literature on pir-
fenidone, clinical studies are ongoing on the anti-inflammatory and
antifibrotic effects of pirfenidone. At present, four clinical trials have
been registered (https://clinicaltrials.gov) to assess the pirfenidone
as a clinical treatment for patients affected by COVID-19 (https://

clinicaltrials.gov/ct2/results?cond=Covid-19+pirfenidone). One of
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these clinical trials included treatment with antifibrotic agents pir-
fenidone and nitenatib.

One limitation of our study was the small patient population.
Patients who received methylprednisolone treatment were taken
as the control group and we had no placebo group that did not re-
ceive any treatment. Regarding pulmonary function tests, the dif-
fusing capacity of the lung for carbon monoxide (DLCO) could not
be evaluated.

In conclusion, it is too early to reliably define long-term out-
comes in patients recovering from a severe COVID-19 pneumo-
nia. However, it is possible that the long-term complications of the
COVID-19 pandemic, which affects millions, such as PC-fibrosis,
may continue to be a challenge for physicians even after the pan-
demic. Antifibrotic agents can reduce fibrosis that may develop in
the future. Also, these can help dose reduction and/or non-use strat-
egy for methylprednisolone therapy, which has many side effects.
Further large series and randomised controlled studies are needed
on this subject.
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