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Background: Krebs von den Lungen-6 (KL-6) is a molecule that is predominantly expressed by damaged alveolar
type II cells, and has been proposed as a marker of COVID-19 and the severity of the disease. Here, we performed
a meta-analysis to determine whether KL-6 could be used as a prognostic factor for severe COVID-19.

Methods: PubMed, Cochrane and Google Scholar were searched until April 20, 2021, and 7 studies were included.

KL-6 was considered as the outcome and pooled in meta-analyses.

Results: All included studies compared KL-6 in severe and non-severe patients. Serum KL-6 was higher in severe
COVID-19 patients compared to non-severe (n = 6; SMD = 1.25; 95% CI: 0.99-1.5; P < 0.001) and healthy
controls (n = 4; SMD = 3.07; 95% CI: 1.36-4.8; P < 0.001).

Conclusion: This data collection revealed the potential clinical significance of KL-6 as a non-expensive predictive
biomarker in severe COVID-19 and for the categorization of COVID-19 clinical severity.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has spread
worldwide, causing a significant impact on the health of millions of
people. The scientific community, to screen, clinical management and
prevention of serious complications, is in urgent need for reliable bio-
markers of COVID-19. Recent studies have shown that several hemato-
logical, inflammatory, and biochemical parameters, including
lymphocyte count, neutrophil count, NLR,CRP, ESR, IL-6, D-dimer,
Troponins, and CK can stratify high-risk patients and can therefore be
used as predictive biomarkers (Ponti et al., 2020).

Recent studies have proposed Krebs von den Lungen-6 (KL-6) as a
serological biomarker for diagnosing and monitoring COVID-19 positive
patients (d’Alessandro et al., 2020a). KL- 6 is a high molecular weight
glycoprotein classified as one of the human MUC1 antigens. KL-6 was
originally discovered as a circulating pulmonary
adenocarcinoma-associated antigen (Kohno et al., 1988; Stahel et al.,
1994), expressed predominantly by type II alveolar epithelial (ACE),
bronchial glandular epithelial and bronchial gland cells (Nobuoki et al.,
1989; Kohno, 1999, Ishikawa et al., 2012). Although KL-6 was initially

studied as a tumor marker, it was later found that it is an essential
component of the pulmonary innate immune system and plays a critical
role in lining the airway lumen (Kato et al., 2017). KL-6 has various
pathophysiologic roles, such as inhibiting cell-cell adhesion of epithelial
cells (Ligtenberg et al., 1992) and inducing fibroblast migration (Hir-
asawa et al., 1997). Several studies indicated that after the bronchial
epithelium damage and reparative proliferation processes, KL-6 is
released from the regenerated type II pneumocytes into blood (Inoue
et al., 1997, d’Alessandro et al., 2020). Some published researches
investigated the clinical significance of KL-6 in various types of Inter-
stitial Lung Diseases (ILDs) and proposed that elevated levels are useful
for detecting the presence of alveolar epithelial cells (AEC) injury and
evaluating disease activity in various types of ILDs (Ishikawa et al.,
2012; Lee et al., 2019). However, the reports regarding the role of KL-6
in COVID-19 infection are inconsistent (d’Alessandro et al., 2020b; for
COVID, 2020, Nakamura et al., 2020; Zeng et al., 2020). To determine
the clinical significance of circulating KL-6 levels in COVID-19 patients,
we conducted a systematic review and meta-analysis to evaluate the
clinical value of KL-6 as a prognostic marker in severe COVID-19.

Abbreviations: COVID-19, Coronavirus disease 2019; KL-6, Krebs von den Lungen-6; ILD, interstitial lung diseases; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; IL, interleukin; CK, creatin kinase; NLR, neutrophil to lymphocyte ratio.
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2. Material and methods
2.1. Data sources and searches strategy

A comprehensive literature review was performed using PubMed,
Cochrane and Google scholar. As COVID-19 was first defined in late
2019, the database search was restricted from 2019 to April 20, 2021.
The keywords were selected from Medical Subject Headings (MeSH) as
follows:

COVID-19 disease terms:

COVID-19 or COVID-19 virus, COVID19 virus, COVID-19 virus dis-
ease, COVID-19 virus infection, 2019-nCoV, 2019-nCoV infection, 2019-
nCoV disease, 2019 novel corona virus, 2019 novel coronavirus infec-
tion, 2019 novel coronavirus disease, coronavirus disease 2019, coro-
navirus disease 2019 virus, 2019 novel coronavirus infection,
coronavirus disease-19, COVID-19 pandemic, coronavirus disease-19
virus, severe acute respiratory syndrome coronavirus, SARS-CoV-2,
SARS2, severe acute respiratory syndrome virus, SARS-CoV-2 infec-
tion, novel coronavirus, Wuhan coronavirus, Wuhan seafood market
pneumonia virus.

KL-6 terms:

KL-6, KL6, MUC1, MUC-1, Mucin-1, Mucinl, Krebs von den Lungen-
6 protein.

Potentially relevant studies were found using various combinations
of the mentioned terms. Additional studies were identified by searching
the cited references of selected articles manually. PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) was used to
report all studies identified.

2.2. Inclusion and exclusion criteria

Studies were included in this systematic review if they met the
following criteria:

. Studies wrote in the English language.

. Studies with a cross-sectional, case-control, clinical trial, and cohort
study design.

. Studies with original clinical data on COVID-19 infection which re-
ported outcome on KL6.

. Studies conducted on human subjects.

N =

Exclusion criteria were as follows:

1. Case reports or case series with less than ten subjects.

. Reviews, meeting abstracts and guidelines.

. Studies that were not peer-reviewed or their results were not clear
and data could not be extracted.

2.3. Data extraction and risk of bias assessment

Two independent authors screened titles, abstracts and full-text of all
citations to identify the potentially eligible studies. The demographic
data of the eligible studies including age, gender and sample size were
extracted. The method of COVID-19 diagnoses, COVID-19 patients’
classification, country or region of study population, type of study and
method of KL-6 identification were also recorded. The methodological
quality of the included studies evaluated by two authors independently
using the NIH (national institutes of health) risk of bias check list for
case-control and cross-sectional studies (https://www.nhlbi.nih.gov/h
ealth-topics/study-quality-assessment-tools). Authors discussed in case
of any disagreements. The total score for case-control studies was 12 and
9 for cross-sectional studies. Studies passed the quality assessment if
they got the minimum score of 50%. Any dissension among researchers
was resolved by final discussion to reach a consensus.
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2.4. Statistical analysis

Extracted data were analyzed using the STATA software package
(version 14.1, STATA Corp, College Station, TX). KL-6 serum levels were
extracted as mean and standard deviation (SD) or median and inter-
quartile range (IQR) in which data converted to mean and SD as
described by Hozo et al. (Hozo et al., 2005). Outcomes were presented as
standardized mean differences (SMD) between severe and non-severe
COVID-19 patients and severe and healthy control based on the pa-
tient’s classification in the included studies. Heterogeneity was assessed
using Cochran’s Q-test (Lipsey and Wilson, 2001). High degree hetero-
geneity was defined as 12> 25% and p > 0.10 and a random-effects
model was applied. To identify how each study contributes to the
overall analysis, a sensitivity analysis was performed as Patsopoulos
et al. (Patsopoulos et al., 2008). Since the number of included studies
were limited, publication bias was evaluated for studies which
compared severe and non-severe COVID-19 and funnel plot and Egger’s
statistical test were reported (P < 0.1 was considered as significant). A
Random effect mete-regression was performed to assess heterogeneity.

3. Results
3.1. Search results and study characteristics

The initial database search yielded 287 records) 113 from PubMed
and 174 from Google scholar, no records found from Cochrane). After
duplicates were removed, a total of 77 records were screened for eligi-
bility. 1 study was found by manually searching (Zeng et al., 2020).0f
these, 1 meeting abstract, 2 not written in the English language, 40 not
relevant, 2 reviews were excluded. The full text of 33 remained studies
was assessed for eligibility and 12 case reports or case series (Horii et al.,
2020; Inoue et al., 2020; Ito et al., 2020; Nakamura et al., 2020; Scarpati,
2020, Shibata et al., 2020; Shimazu et al., 2020; Zeng et al., 2020a;
Fukada et al., 2021; Sumimoto et al., 2021; Suzuki et al., 2021; Yamaya
et al., 2021), 2 studies that did not report the results clearly (Miyagami
et al., 2021; Takeshita et al., 2021), 3 studies that did not classify pa-
tients based on disease severity (Frix et al., 2020; Chen et al., 2021a;
Scotto et al., 2021) and 1 preprint study (Alimova et al., 2020) were
excluded. Finally, 15 studies identified as relevant and entered the
quality assessment (Awano et al., 2020, d’Alessandro et al., 2020a,
d’Alessandro and Cameli, 2020, d’Alessandro et al., 2020b; Frix et al.,
2020; jp, 2020, Saito et al., 2020; Wang et al., 2020; Xue et al., 2020;
Anai et al., 2021; Bergantini et al., 2021; Chen et al., 2021, d’Alessandro
et al., 2021; Deng et al., 2021; He et al., 2021; Peng et al., 2021; Scotto
et al., 2021). Ultimately, 7 studies (1 cross-sectional and 6 case-control
studies) met the inclusion criteria of this systematic review (Awano
et al., 2020, d’Alessandro et al., 2020b; Saito et al., 2020; Bergantini
et al., 2021; Deng et al.,, 2021; He et al.,, 2021; Peng et al., 2021)
(Table 1). Table 2 showed the summary of the selected characteristics of
the included studies. From 7 eligible studies 4 were published in 2021
(Bergantini et al., 2021; Deng et al., 2021; He et al., 2021; Peng et al.,
2021) and 3 in 2020 (Awano et al., 2020, d’Alessandro et al., 2020b;
Saito et al., 2020). Totally, 696 participants including 425 COVID-19
patients (including 136 severe and 289 mild to moderate patients) and
271 healthy subjects were enrolled. The mean age of participants was as
follows: severe COVID-19 patients 62.8 + 3.8 years, non-severe
COVID-19 patients 49.8 + 7.5 years, healthy controls 55.2 + 7.6
years. KL-6 was measured in serum samples in all studies using KL-6
reagent kit based on latex agglutination assay, electro-
chemiluminescence or chemiluminescence immune assay (Table 2). The
COVID-19 patients were classified according to the disease severity. The
definition for this classification in each study was shown in Supple-
mentary Table 1. Here we defined mild to moderate patients as
non-severe groups. Notably, none of the studies did clearly describe the
performance power and sample size calculation. The criteria for
COVID-19 classifications as severe and non-severe patients were
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PRISMA 2009 Flow Diagram (PubMed+ Google S.)

summarized in Table 3.
3.2. Pooling of studies and subgroup analysis

Seven studies provided sufficient information to allow the compari-
son of the serum KL-6 levels between severe and non-severe patients
(Awano et al., 2020, d’Alessandro et al., 2020b; Saito et al., 2020;
Bergantini et al., 2021; Deng et al., 2021; He et al., 2021; Peng et al.,
2021). Four studies included sufficient data for the comparison of serum
KL-6 levels between severe and control groups (d’Alessandro et al.,
2020b; Deng et al., 2021; He et al., 2021; Peng et al., 2021). Three
studies reported KL-6 serum level in non-severe and control groups
d’Alessandro et al., 2020b; Deng et al., 2021; Peng et al., 2021). These
studies did not include in meta-analyses because of the low sample size.

Records identified through database
searching
) (n =287)
PubMed=113
-E Google scholar=174
®
=
b=
=
c
)
=
— Y
Records after duplicates removed
(n=177)
o0 v Records excluded
£ (n=45)
c
& Records screened Meeting abstracts: 1
= (n=77) Not English: 2
@ Additional records Not relevant: 40
identified through other > Reviews: 2
— sources \ 4
(n=1) Full-text art_ic_le_s .assessed
for eligibility
(n=33)
z Full-text articles excluded, with
z reasons
& (n=18)
w No clear result: 2
v Case reports or case series: 12
- Studies included in Not peer reviewed: 1
e . No patient’s classification based
qualitative synthesis on disease severity:3
SR (n=15) ¥
°
] v
°
% Studies included in review
= (n=7)
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3.3. KL-6 serum level in severe and non-severe patients

At first, data pooling was performed by both fixed and random effect
models and if the heterogeneity was higher than 25%, the random effect
was used. Data pooling with random effect model performed in 6 studies
comparing serum KL-6 concentrations between severe and non-severe
patients (Awano et al., 2020, d’Alessandro et al., 2020b; Saito et al.,
2020; Bergantini et al., 2021; Deng et al., 2021; Peng et al., 2021). Re-
sults showed that the KL-6 concentration was higher in severe COVID-19
patients than non-severe patients (n = 6; SMD = 1.25; 95% CI: 0.99-1.5;
P < 0.001). Q test results revealed that there was no heterogeneity be-
tween studies and both fixed-effect and random-effect analyses revealed
the same results (n = 6; 12 = 0.1%; P = 0.4) (Fig. 1A).

Egger’s tests revealed that publication bias was not significant (P =
0.5). Funnel plot was shown in Supplementary Fig. 1.
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Table 2
Characteristics of the included studied.
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Number  Author(s) Study Sample Age (median and Sex (n) (Male/ Test Region of study
Table 2: Characteristics of the design size IQR" or mean =+ SD) Female) population
included studied. (Year) (Ref.) Critical ® Critical Critical

Severe Severe Severe
Moderate Moderate Moderate
Mild Mild Mild
Control Control Control

1 Awano et al. (2020)(Awano et al., Cross- 10 64 (56-78) 15/6 KL-6 Reagent kit Japan
2020) sectional 11

29 40 (33-50) 23/41
4

2 d’Alessandro et al. (2020)( Case- — - - KL-6 Reagent kit Italy

d’Alessandro et al. 2020b) control 12 62 (60-68) 9/3
10 64 (51-64) 6/4
22 54 (29-60) 6/16

3 Bergantini et al. (2021)(Bergantini  Case- - - - KL-6 Reagent kit Italy

et al., 2021) control 10 62.5+8 8/2
14° 62.2 + 15.6 11/3
30 59+9.8 18/12
4 Deng et al. (2021)(Deng et al., Case- - - - Chemiluminescence immunity China
2021) control 17 55 (53-68) 9/8
149 48 (34.5-62) 65/84
59 - -
70 58 (52-64) 35/35
5 He et ai. (2021) (He et al., 2021) Case- - - - Chemiluminescence immunity China
control 28 64.93 + 1.63 16/12
25 64.56 + 1.55 14/11
6 Peng et al. (2021)(Peng et al., Case- - KL-6 Reagent kit China
2021) control 36 56 (28-86) 24/12
28 51 (27-75) 12/16
49 45 (16-72) 25/24
65 50 (22-69) 28/37

7 Saito et al. (2020)(Saito et al., Case- Electrochemiluminescence Japan

2020) control 12 65.1 +£10.7 7/5 immunoassay
34° 49.6 + 15.7 14/20

? Inter quartile range.
b Definition of the COVID-19 classifications were shown in Table 3
¢ Mild and moderate COVID-19 patients defined as non-severe.

3.4. KL-6 serum level in healthy controls and COVID-19 patients

Four studies compared KL-6 serum levels between patients suffering
from severe COVID-19 patients and healthy controls (d’Alessandro
etal., 2020c; Deng et al., 2021; He et al., 2021; Peng et al., 2021). Serum
KL-6 was higher in severe COVID-19 patients than controls (n = 4; SMD
= 3.07; 95% CI: 1.36-4.8; P < 0.001). Cochran’s Q-test revealed high
heterogeneity (n = 4; 12 = 95.2%; P < 0.001) (Fig. 1B). To evaluate the
source of heterogeneity, we used sensitivity analyses and each time 1
study was removed. After removing the He et al. study (He et al., 2021),
the between-study heterogeneity was reduced but still high (I2 = 85.4%,
P = 0.001). The KL-6 serum level in severe patients remained higher
than control (n = 3; SMD = 1.86; 95% CI: 0.9-2.8; P = 0.000). As can be
seen from Table 2, the mean ages of the study participants were different
in the three studies (d’Alessandro et al., 2020c; Deng et al., 2021; Peng
et al., 2021) and therefore, the high heterogeneity in serum KL-6 levels
in various studies might be attributed to the age. The mean age of the
participants in control groups was lower than COVID-19 patients (60.9
+ 3.9 years for severe and 53.1 + 9.9 years for control). Meta-regression
was performed to identify if age was the sources of heterogeneity in the
included studies. Conducting the meta-regression analysis based on age
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removed the heterogeneity (n = 3; tau2 = 0; P > t = 0.0.86; 12res =
0.0%) (Fig. 2).

4. Discussion

Using a detailed search strategy and predetermined selection criteria
and meta-analyses, we found that KL-6 levels in the serum of severe
COVID-19 patients were significantly higher than non-severe patients
and healthy controls (Fig. 1A). The results of this meta-analysis were
consistent with those of previous studies indicating the prognostic value
of KL-6 in severe COVID-19 (Nakamura et al., 2020; Deng et al., 2021). It
has been shown that KL-6 plays essential role in pathophysiological
processes. The increased levels of KL-6 in COVID-19 patients have been
previously reported in different pulmonary diseases, including hyper-
sensitivity pneumonia, idiopathic pulmonary fibrosis, pulmonary
tuberculosis, radiation pneumonia, drug-induced ILDs, acute respiratory
distress syndrome, lung cancer, and pulmonary sarcoidosis (Wu et al.,
2003; Sgrensen et al., 2006; Doishita et al., 2011; Ishikawa et al., 2012).
KL-6 levels reflecting the extent of damage and regeneration of type II
pneumocytes can predict the risk of illness or death in subjects suffering
from lung diseases such as polymyositis and dermatomyositis patients



N. Naderi and M. Rahimzadeh

Table 3

Criteria of the COVID-19 disease classification in the included studies.

Author(s) Severe COVID-19 Non-severe COVID-19
Moderate COVID- Mild COVID-19
19

Awano et al. Severe illness, Evidence of lower Any of the various

d’Alessandro

patients who had a
respiratory rate of
>30 breaths per
minute, SpO2 <
94% on room air at
sea level, ratio of
arterial partial
pressure of oxygen
to fraction of
inspired oxygen
<300 mmHg, or
lung infiltrates
>50%.

All patients

respiratory disease
on clinical
assessment or
imaging and SpO2
> 94% on room air
at sea level.

signs and symptoms
of COVID-19
without shortness
of breath, dyspnea,
or abnormal chest
imaging.

Patients (not requiring intubation) were

et al. underwent hospitalized for pharmacological treatment
intubation and and oxygen supplementation or
mechanical noninvasive ventilation.
ventilation in the
COVID intensive
care unit (ICU).

Bergantini Requiring Not requiring intubation and invasive

et al. intubation and mechanical ventilation.
invasive
mechanical
ventilation.

Deng et al. Patients were diagnosed as mild or severe/critical according to
Diagnosis and Treatment Protocol for Novel Coronavirus
Pneumonia (seventh edition, General Office of National Health
Commission).

He et al. Not mentioned.

Peng et al. Having dyspnea, Having clinical Having mild
respiratory symptoms, such as clinical symptoms
frequency >30/ fever and cough, as  without CT imaging
min, blood oxygen well as CT imaging  features of
saturation <93%, features of pneumonia.
partial pressure of pneumonia.
arterial oxygen to
fraction of inspired
oxygen ratio <300,
and/or lung
infiltrates >50%
within 24-48 h.

Saito et al. The disease is Fever, cough, and The clinical

classified as severe
if one of the

other symptoms
are present with

symptoms are mild,
with no abnormal

following pneumonia on radiological
conditions is met: chest CT. findings.
Respiratory

distress, respiratory
rate >30/min,
Oxygen saturation
on room air at rest
<93%, Partial
pressure of oxygen
in arterial blood/
Fipz < 300 mm Hg.

(Hu et al., 2019). The studies indicated that increased levels of KL-6 in
the epithelial lining fluid might arouse fibrotic processes in ILDs and is
directly related with the pathogenic process of ILD and acute respiratory
distress syndrome (ARDS) (Bandoh et al., 2000; Fukaya et al., 2000;
Yanaba et al., 2003; Sato et al., 2004).

The reason why increased serum KL-6 level can serve as a prognostic
and predictive biomarker in COVID-19 patients has been unknown in
detail but might be explained by KL-6 role as one of the key molecules
involved in epithelial-mesenchymal interactions (Xu et al., 2013a).

Several studies showed that the injured AECs secreted large amounts
of KL-6 which promoted lung fibrosis through multiple mechanisms
including:
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1- Attracting human fibroblasts which is enhanced by the addition of
fibronectin (Hirasawa et al., 1997). 2- Triggering transforming growth
factor-p (TGF- ) signaling has profibrotic and anti-apoptotic effects on
lung fibroblasts (Zhong et al., 2020). 3- Up-regulating the expression of
collagen type I and III in a dose-dependent manner (Hirasawa et al.,
1997). 4- Inhibiting the fibroblasts from producing hepatocyte growth
factor (HGF) (Xu et al., 2013a). HGF protects alveolar epithelial cells
and increases the proliferation of these cells (Panos et al., 1996; Shukla
et al., 2009). In line with the above reasoning, Peng et al. study showed
that serum KL-6 concentration in COVID-19 patients with signs of pul-
monary fibrosis was higher than that in COVID-19 cases without fibrosis
(Peng et al., 2021).

It seems logical that with exacerbation of COVID-19, a large amount
of viral replication infiltration could destroy the alveolar epithelium and
basement membrane leading to KL-6 secretion in patients BALF and
blood (Xue et al., 2020) which in the context of dysregulation of innate
immune responses (Tahaghoghi-Hajghorbani et al., 2020) and in coop-
eration with other chemoattractant for fibroblasts such as fibronectin
(Sage et al., 1983), TGF- p (Khalil et al., 1991), epidermal growth factor
(Grant et al., 1992; Raaberg et al., 1992), thrombin (Dawes et al., 1993)
and collagens (Albini and Adelmann-Grill, 1985, Bonner et al., 1993)
might contribute to the lung fibrosis. This explanation is consistent with
Xuo et al. study which showed that the levels of KL-6 reflected the
damage of alveolar epithelium and were significantly correlated with
the following indicators of disease severity: 1. Oxygenation index
(Pa0y/FiO3), 2. The progress of lung lesion area, and 3. Changes of
cytokine IL-6 (Xue et al., 2020).

However, these findings should be interpreted with caution since
there are some limitations in our meta-analysis that should be consid-
ered. First, only a few studies were eligible for inclusion in the meta-
analysis. Second, all of the studies were retrospective and observa-
tional. Third, subgroup analyses were hindered by lacking sufficient
information about the association between KL-6 and disease outcome
such as overall survival and need for ICU care and a cut-off value of
serum KL-6. Further additional prospective or longitudinal studies
focusing on the above information and extensive sample size studies are
needed to be conducted for corroborating the association between KL-6
levels and COVID-19 unfavorable outcomes.

Interestingly, based upon previous research on the therapeutic
effectiveness of the anti-KL-6 antibody in a mouse pulmonary fibrosis
model, (Xu et al., 2013), these findings could also raise the possibility of
applying an anti-KL-6 antibody to prevent and treat pulmonary fibrosis
following COVID-19 Infection. In summary, the current meta-analysis
suggests that KL-6 as an auxiliary evaluation index of lung injury can
be a non-expensive, rapid screening tool of COVID-19 severity which
concomitant use with other potential COVID-19 biomarkers, including
IL-6, troponin I, lactate dehydrogenase and lymphopenia can effectively
improve clinical management and prevention of serious complications.
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Fig. 1. Meta-analysis of serum KL-6 levels between sever and non-severe COVID-19 patients, and healthy control. (A) Forest plots showing the standardized mean
differences (SMD) of serum KL-6 levels of severe COVID-19 patients compared to non-severe patients. (B) Forest plots depicting SMD of serum KL-6 levels compared

between severe COVID-19 patients and healthy controls.
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Fig. 2. Meta regression analyses for serum KL-6 level based on difference of
mean age between severe COVID-19 and healthy controls revealed that age was
the source of heterogeneity.
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