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Abstract: Early prognosis of severe disease and preventive actions hang around as the mainstay in
managing the novel SARS-COV-2 outbreak due to the lack of robust therapeutic strategies. Krebs von
den Lungen-6 (KL-6 or KL-6/MUC1) is a relatively new discovered transmembrane mucoprotein that
was shown to be a good predictor of disease severity in interstitial lung diseases (ILD). We aimed to
systematically research the literature in order to assess the relationship between the KL-6 biomarker
and prognosis of SARS-CoV-2 infection. A literature search was performed in PubMed, Embase,
and Cochrane library databases from inception to 8 March 2021. After eligibility assessment, eight
studies were finally included in the present systematic review. All included studies are observational
and single-center. The data gathered suggests the importance of prognostic implications of KL-6 in
COVID-19 as patients with a more severe disease had significantly higher levels of KL-6 at admission.
Moreover, the KL-6 biomarker was associated with COVID-19 severity, lung lesion areas on computed
tomography, pulmonary fibrosis, and coagulation disorders. The association with mortality is unclear
and needs further research. More extensive trials are required to prove that facile, inexpensive,
and good predictors of severe outcomes, such as KL-6, could be safely integrated into the clinical
decision-making in patients with COVID-19.

Keywords: interstitial lung disease; SARS-CoV-2; COVID-19; KL-6; disease severity; prognos-
tic biomarkers

1. Introduction

Modern medicine has provided physicians with many “prodigies” regarding the
understanding and therapeutical approaches of pulmonary diseases, such as interstitial
lung diseases (ILDs), idiopathic pulmonary fibrosis (IPF), or other chronic conditions with
multifactorial and complex pathophysiology [1].

The novel coronavirus disease 2019 (COVID-19) is distinguished by significantly
lower understanding and less efficient therapeutic strategies in severe cases. Despite the
vaccination policies adopted in many countries, COVID-19 represents a global health
problem with a high disease burden on worldwide healthcare systems [2]. Moreover,
a paramount concern is raised around the new variants of the virus (especially B.1.1.7
and B.1.3.5) that were already spotted in several countries [3] and seemed to render the
approved vaccines inefficient [4].

Therefore, due to the lack of robust therapeutic strategies, early prognosis of severe
disease and preventive actions hang around as the mainstay in managing the SARS-CoV-2
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outbreak [5]. As such, the identification of early markers of severe disease constitutes an
urgent matter.

Pathophysiology of lung injury due to SARS-CoV-2 infection is a complex inflam-
matory and immunological process which leads to interstitial disease and pulmonary
fibrosis [6-8]. As a consequence, the pathophysiological similarities between COVID-19
and ILD/IPF were studied [9]. The overlapping of some of the COVID-19 and ILP/IPF
pathways is meaningful and essential as prognostic biomarkers of ILD and IPF may also
represent valuable markers for SARS-CoV-2.

Krebs von den Lungen-6 (KL-6 or KL-6/MUC1) is a relatively new discovered high-
weight transmembrane mucoprotein found on type II alveolar epithelial cells that is ex-
pressed in the blood flow, secondary to pulmonary tissue lesions [10]. KL-6 has been
proposed as a biomarker in many research papers regarding ILDs, especially as a supple-
mental enhancer of specificity when affirming the diagnostic in cases “out of the guidelines”
or as a predictor for disease severity [11]. It is also a demonstrated prognostic and diag-
nostic biomarker for the severity of acute respiratory distress syndrome (ARDS) as higher
concentrations of circulating KL-6 (p < 0.001) correlate positively with peak and mean
airway pressure and oxygenation index potential role in ARDS diagnosis [12]. The release
of KL-6 seems to result from alveolar epithelial cell damage and destruction [13]. A recent
meta-analysis observed that besides good KL-6 sensitivity (0.85, 95% CI, 0.77-0.91) and
specificity (0.97, 95% CI, 0.90-0.99) for interstitial lung disease, it was also associated with
mortality (HR 2.95, 95% CI, 2.45-3.55, p = 0.032) [10].

Therefore, we propose a legitimate question regarding the role of KL-6 in COVID-19: is
KL-6 associated with worse outcomes in case of lung damage due to SARS-CoV-2 infection?
We aimed to systematically research the literature to assess the relationship between the
KL-6 biomarker of lung injury and patients” outcomes related to SARS-CoV-2 infection.

2. Materials and Methods

According to the Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) checklist, we conducted the present systematic review [14] (Table S1).

2.1. Data Sources

A literature search was performed in PubMed, Embase, and Cochrane library databases
from inception to 8 March 8, 2021. The following prespecified terms were used: “KL-6”,
“biomarker”, “lung disease”, “COVID-19”, “SARS-CoV-2”, “outcomes”, “severity”, “mor-

tality”, “pulmonary fibrosis” and “prediction”. The search was restricted to clinical trials
published in a certain time interval, namely from 2019 to 2021.

2.2. Studies Selection

Studies were considered for inclusion in the present systematic review if they fulfilled
inclusion criteria: at least 10 participants aged >18 years were included in the study; original
data were reported regarding the relationship between KL-6 biomarker and outcomes of
patients infected with SARS-CoV-2; outcomes during hospitalization or after discharge
were investigated. Several critical exclusion criteria were set: studies available only in
abstract, inability to extract data, case reports, conference papers, meta-analyses, letters,
unpublished data.

2.3. Data Extraction

Two individual investigators extracted the following data from each study included
in the present systematic review after full-text examination: author, year, study design,
patients” age, number of patients included, number of severe cases, parameters evalu-
ated, outcomes studied, timing. Whenever possible, results reported in clinical trials
were presented as area under the curve (AUC), p-value, r-value, median or mean values,
percentages, interquartile range (IQR), and odds ratio (OR) with the corresponding 95%
confidence interval (CI). The AUC is reported as a measure of the ability of KL-6 to dis-
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tinguish between severe versus non-severe COVID-19 cases. The p-values of the reported
AUCs test the null hypothesis according to which AUC equals 0.50. The r-value represents
the Pearson’s coefficient of correlation between KL-6 levels in severe COVID-19 patients
and other parameters known to be associated with disease severity. The IQR is used in
the included studies to describe the median and the middle 50% of values for various
parameter levels, including KL-6. In case of elevated levels of KL-6, the OR was used to
quantify the risk of death from COVID-19.

2.4. Outcomes

We appraised the relationship between the KL-6 biomarker of pulmonary tissue
injury and outcomes of patients infected with SARS-CoV-2 reported in clinical trials,
including at least one of the following outcomes: pulmonary fibrosis, disease severity,
mortality, dyspnea, peripheral oxygen saturation, and intensive care unit (ICU) admission.
In addition, when available, we presented the discriminatory power for unfavorable
outcomes as well as positive and negative prediction values.

2.5. Quality Assessment

The quality of non-randomized studies included in the systematic review was assessed
using the Newcastle-Ottawa tool, designed for case—control and cohort studies. It is a
star-based scale composed of three domains: selection, comparability of groups, and
exposure. Furthermore, domains encompass eight essential items, and nine stars could be
the maximum assigned based on study quality judgment [15].

3. Results

Our search in prespecified databases retrieved 96 references screened for duplicates,
and 14 citations were excluded. An additional 61 references were excluded based on
title and abstract, leaving 21 studies for full-text review. After eligibility assessment, eight
studies were finally included in the present systematic review, as 13 citations were excluded
because inclusion criteria were not met (Figure 1).

The included studies’ design and the population’s characteristics from each study are
illustrated in Table 1.

All analyzed studies were observational and single-center [16-22]. Three studies were
performed in Italy, [16,20,23] one—in Japan, [17] three—in China, [18,21,22], and one—in
Belgium [19]. In addition, six studies were retrospective [17-19,21-23] and two trials had a
prospective design [16,20]. Results reported in clinical studies are summarized in Table 2.

In one study, d’Alessandro et al. [16] reported higher KL-6 concentrations at admission
for COVID-19 patients prone to more severe disease (bilateral diffuse interstitial pneumo-
nia or focal bilateral pneumonia), compared to patients with non-severe disease course
(p = 0.0118) and healthy controls (p = 0.012). Interestingly, there was no significant dif-
ference between KL-6 levels in patients with non-severe disease and healthy participants
(p = 0.5277). In addition, KL-6 had an excellent discriminatory power between severe and
non-severe cases, with an AUC of 82.4% for a cut-off value set at 406.5 U/mL. For the pre-
specified cut-off value, KL-6 had 83% sensitivity and 89% specificity. Additionally, the level
of natural killer (NK) cells was reported to be decreased in patients with severe infection.

Similar results were reported by Awano et al. [17]. KL-6 levels at diagnosis, as well
as within one week after diagnosis, were significantly higher (respectively, p < 0.001 and
p < 0.001) in the case of patients with a more severe form of COVID-19. It is essential
to mention that KL-6 at peak levels within one week had the best predictive power for
severe disease than other biomarkers investigated (AUC = 0.95). The predictive values of
KL-6 and lactate dehydrogenase (LDH) at diagnosis were similar (AUC 0.84). At a cut-off
value of 371 U/mL (within one week), KL-6 had 85.7% specificity and 96.6% specificity.
Other biomarkers significantly increased in patients with severe SARS-CoV-2 infection
were represented by LDH and soluble interleukin-2-receptor.
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Table 1. General characteristics included in present systematic review.
. . Parameters Severe
Author, . Patients, Age Median/ ..
Design Evalu- Outcomes Cases, Timing
Year No Mean + SD ated No
Alessandro OEZirlitgﬁlléal, 2 63 KL-6 COVID-19 severity 12 At admission
etal., 2020 spinglg centell‘ NK cells prediction
KL-6 . .
) At diagnosis
Awano et al., Observahgnal, LD.H COVID-19 severity and within 1
retrospective, 54 46 Ferritin L. 21
2020 . . prediction week after
single center D-dimer diagnosis
sIL2-R
48.0 (m)lld -COVID-19 severity
cases prediction From
. -Prognosis of lung
D 1 Observational, iniury prediction symptom
engetal,  retrospective, 166 55.0 (severe KL-6 Pl 17 onset to 6
2021 . -Coagulation
single center cases) d . months post-
ysfunction discharee
-T cells subsets &
dysfunctions
83 72 (infected
Fri 1 Observational, (infected atieler:cse)z KL-6 -Lung disease severity =~ 36 with
rlgoeztoa " retrospective,  patients) p LDH -Dyspnea severity high At admission
single center 70 (healthy 58 (healthy PLR -Mortality KL-6
subjects) subjects) -ICU admission level
31 (ILD 69 (ILD
patients) patients)
Observational (3)3( Wleﬂr: At time of
Scotto et al., rospective ’ 3 63 KL-6 Unfavourable outcome the}g enrolment
2021 prosp ! IL-6 (death) PY " and on day 7
single center 15 + day 14
deaths
113 56
Pengetal, Observational, (infected (severe KL-6 -COVID-19 severity At hospital
2021 retrospective,  patients) cases) Fibronectin ~ -pulmonary fibrosis 36 admission
single center 65 (healthy 50 (healthy -lymphocyte count
subjects) controls)
63 57.20 £+ 14.25
Xue et al., Observational,  (infected ’ ’ -COVID-19 severity During hospi-
2020 retrospective,  patients) (severe cases) KL-6 -pulmonary lesion area 15 talization
single center 43 (non- 55.0 + 18.84 -oxygenation index
infected (non-severe
patients) cases)
. 652 +8
B tini Observational, KL-6 .
ete ;%?12101;11 retrospective, 24 (severe cases) C- COVID-19 severity 10 At admission
single center 62.2 156 peptide
(non-severe CRP
cases) -6

COVID-19 = coronavirus disease 2019; CRP = C-reactive protein; ICU = intensive care unit; IL-6 = interleukin 6; ILD = interstitial lung
disease; KL-6 = Krebs von den Lungen 6 factor; LC = lymphocyte count; LDH = lactate dehydrogenase; NK = natural killer cells; PLR =
platelets/lymphocyte ratio; sIL2-R = soluble interleukin-2-receptor; WBC = white blood cells count.
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Figure 1. Flow diagram of selected studies for inclusion in the systematic review.

KL-6 levels were confirmed to be higher in patients with severe disease in another
study by Deng et al. [18], though the prediction power was slightly lower from those
reported in studies above (AUC = 0.793). When the cut-off value was set at 642.3 U/mL,
KL-6 had a sensitivity of 75.3% and a specificity of 73.3%. At a cut-off value of 788.2
U/mL, the sensitivity was higher (86.4%), but specificity was lower (62.2%). Besides, KL-6
was found to be associated with lung lesions area on computed tomography (p < 0.001)
and with coagulation disorders (prothrombin time, international normalized ratio, and
fibrin degradation products). A relatively small number of patients with a severe form of
disease (n = 17, 10.2%) could have led to a lower prediction value of KL-6, but it still was
statistically significant.

Frix et al. [19] revealed that KL-6 levels were associated with lung disease severity, as
defined by median SpO, at admission (p = 0.013). Regarding other outcomes investigated,
results were discrepant, as KL-6 levels were not associated with severe dyspnea, intensive
care unit admission, and mortality (p > 0.05). A provocative observation in this study
was that KL-6 concentrations in patients with pre-existing interstitial lung disease were
significantly higher than in patients with COVID-19, highlighting the importance of an
individualized approach in interpreting the results.

One study included almost only patients requiring oxygen therapy at baseline (1 =
32, 94.1%) [20]. Results reported by Scotto et al. were different from those reported in the
study above, in the sense that KL-6 levels (>1000 U/mL) were significantly associated with
mortality, an effect which maintained even after multivariate analysis (OR 11.29, 95% ClI,
1.04-122.00). The other biomarker investigated, namely interleukin-6 (IL-6), was associated
with mortality only in univariate analysis (cut-off > 100 pg/mL), an effect which was lost
at multivariate analysis (OR 4.03, 95% CI, 0.39-41.78). Noteworthy, KL-6 concentration
at the time of enrolment had an excellent predictive value for mortality (AUC = 0.849).
Surprisingly, a more advanced age (>60 years) was not associated with death in univariate
analysis (OR 1.17, 95% CI, 0.28-4.83, p = 0.83).
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Table 2. Results reported in clinical studies.
Author, Outcomes Parameters Results
Year
KL-6, U/mL (severe vs. AUC 82.4% (95% CI, 62-100) p =0.0129
non-severe) 1021 (IQR, 473-1909) vs. 293 (IQR, 197-362) p=0.0118
Alessandro COVID-19 KL-6, U/mL (non-severe vs. _
etal., 2020 severity healthy controls) 293 (IQR, 197-362) vs. 239 (IQR, 132-371) p =0.5277
KL-6, U/ mlc‘cf;f;’;rse) vs-healthy 3051 (1QR, 473-1909) vs. 239 (IQR, 132-371)  p=0.012
NK cells/uL (non-severe vs. AUC 78.6% (95% CI, 55-100) p = 0.0425
severe) 141 (IQR, 88-205) vs. 74 (IQR, 32-101) p =0.0449
At Diagnosis
KL-6, U/mL (severe vs. AUC =0.84
non-severe) 338 (IQR, 303-529) vs. 223 (IQR, 166-255) p <0.001
LDH, U/L (severe vs. AUC =0.84
non-severe) 356 (IQR, 293—480) vs. 208 (IQR, 169-275) p <0.001
sIL2-R, U/mL (severe vs. AUC =0.82
Awano et al., COVID-19 non-severe) 1152 (IQR, 715-1773) vs. 616 (IQR, 459-734) p <0.001
2020 severity Within one week (peak levels)
KL-6, U/mL (severe vs. AUC =0.95
non-severe) 781 (IQR, 429-1435) vs. 234 (IQR, 194-282) p <0.001
LDH, U/L (severe vs. AUC =0.84
non-severe) 479 (IQR, 356-700) vs. 243 (IQR, 173-313) p <0.001
sIL2-R, U/mL (severe vs. AUC =0.88
non-severe) 1431 (IQR, 1126-1963) vs. 664 (IQR, 500-869)  p < 0.001
Cs(zgenr:i)t_;g KL-6 (mild vs. severe/critical) AUC =0.793 (95% CI, 0.718-0.868) p <0.001
CT lung lesions ~ KL-6 within the previous week N/A p=0753
Deng et al., i1 2 _
2021 areas KL-6 within the next week r-=0.3153 p <0.001
FDP KL-6 (severe patients) r=0.641 p =0.001
INR KL-6 (severe patients) r=0.517 p=0.001
PT KL-6 (severe patients) r=0512 p=0.001
Lung d1§ease KL-6 (high level vs. low level) Median SpO, = 90% vs. median SpO, = 94%, p=0013
Frix ot al severity r=-0.271
rl;OeZO i Severe dyspnea KL-6 N/A p=0.585
ICU admission KL-6 N/A p=0434
Mortality KL-6 N/A p>0.05
S 1 KL-6 > 1000 U/mL OR 11.29 (1.04-122.00) p <0.05
C"tztgﬁt al, Death KL-6 at enrolment AUC 0.849 (95% CI, 0.7020.996) p<0.01
IL-6 > 100 pg/mL OR 4.03 (0.39-41.78) p=0.243
COVID_19 KL-6 AUC = 0.8266 p <0.001
Peng et al., severity
2021 Pulmonary KL-6 N/A p <0.05
fibrosis Fibronectin N/A p>0.05
Xue et al., COVID-19 KL-6, U/mL (severe vs. 676.6 + 506.70 vs. 241.2 + 207.90 p<0.05
2020 severity non-severe)
Pulmonary KL-6 N/A p<0.05
lesion area
KL-6, U/mL (severe vs. 903 (IQR, 333.8-1956) vs. 320 (IQR, - 0035
Bergantini COVID-19 non-severe) 226.3-927.8) p=5
etal., 2021 severity IL-6 AUC 0.85 (95% CI, 0.79-1) p=0.003
KL-6 + IL-6 + CRP AUC 0.95 (95% CI, 0.86-1) p =0.004

AUC = area under the curve; CI = confidence interval; CRP = C-reactive protein; CT = computed tomography; FDP—fibrin degradation
products; ICU = intensive care unit; INR = international normalized ratio; IQR = interquartile range; KL-6 = Krebs von den Lungen 6 factor;
LDH = lactate dehydrogenase; NK = natural killer cells; OR = odds ratio; PT = prothrombin time; sIL2-R = soluble interleukin-2-receptor.
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A similar results’ direction was observed by Peng et al. [21]. Patients with severe
disease had greater levels of KL-6, which had a good predictive value (AUC = 0.8266)
for disease severity, even though the optimal cut-off value was lower than in the above
studies (278.3 U/mL). The authors also studied the association between pulmonary fibrosis
and KL-6 and observed a statistically significant relationship as patients with pulmonary
fibrosis had greater KL-6 levels (p < 0.05). In contrast to KL-6, the association of fibronectin
with pulmonary fibrosis was not statistically significant.

Xue et al. [22] confirmed that KL-6 levels were higher in patients with a severe or
critical form of COVID-19 (p < 0.05). Also, as compared to healthy controls, patients
infected with SARS-CoV-2 had higher levels of KL-6. Noteworthy, from five severe patients
with a progressive aggravation of the general condition, KL-6 levels continued to increase
in two of them, suggesting that KL-6 could be an early marker of the disease progression.
A similar increase in KL-6 concentrations was also documented as clinically worsening
in one of two patients with non-severe forms of infection. Moreover, KL-6 levels were
associated with pulmonary lesion area (p < 0.05).

Bergantini et al. [23] also reported that KL-6 levels were higher in patients with severe
disease than those with non-severe phenotypes of COVID-19. KL-6, when combined with
two other markers of severity, namely IL-6 and C-reactive protein (CRP), had an exceptional
discriminatory power, with AUC 0.95 (95% ClI, 0.86-1), evoking the importance of an
integrative approach of existing biomarkers in order to predict the course of the disease.

The quality assessment of included studies using the Newcastle-Ottawa scale is
presented in Table S2. Overall, as all studies were observational, the quality estimated was
fair to poor.

4. Discussion

As the SARS-CoV-2 pandemic still exerts a high pressure on health care providers,
efficient patient triage to detect those with severe forms of disease or at high risk of
worse outcomes is of great importance. For this purpose, various biological and imagistic
markers were reported in the literature, including KL-6. This is the first systematic review
addressing the relationship between KL-6 biomarker and COVID-19 outcomes, to the best
of our knowledge.

High KL-6 levels are associated with worse outcomes, prognosis, and mortality in
patients with interstitial lung diseases, other than SARS-CoV-2 infection [10], even in the
stable states of diseases [24]. In one study, patients with idiopathic pulmonary fibrosis
(IPF) and high KL-6 levels or continuous increase had a worse prognosis than those with
lower KL-6 concentrations and without increase over time [25]. Although challenging
in approach and a frequent misdiagnosis subject [26], IPF patients can benefit from this
relatively simple monitoring method by having their KL-6 levels measured to predict an
acute exacerbation with great sensitivity [27], especially during these pandemic times. All
this data suggests the importance of a serial evaluation rather than a single measurement,
but the predictions and outcomes can be significantly more beneficial for the patients [28].
That is why the prognostic implications of KL-6 in COVID-19 are of great interest.

One study [16] showed that KL-6 at admission was significantly increased in severe
COVID-19 patients when compared to healthy subjects or those with non-severe forms,
with an excellent predictive value. Those with non-severe phenotype had similar levels with
healthy controls. All severe patients included in this trial were intubated and admitted to
ICU. Although a small number of patients were included, these results were also confirmed
by other studies. Another study [17] also documented that patients with severe SARS-
CoV-2 infection had higher KL-6 values at admission. In addition to dosage at admission,
KL-6 at peak levels within one week had the best predictive value for disease severity from
all markers investigated. Other studies [18,19,21-23] included in the present systematic
results revealed similar results, as patients with a more severe disease had significantly
higher levels of KL-6.
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Since KL-6 overlaps with existing pulmonary modifications, mainly in patients with
chronic lung damage, KL-6 can be used as a reliable method to evaluate the extent of the
lesions and, hence, the disease’s progression [13] (Figure 2).

Prognosis
prediction

Detection of
disease

hS /

Figure 2. The three main areas of applicability of KL-6 in managing the SARS-COV-2 outbreak.

A single KL-6 measurement at admission could be a good marker of disease severity in
COVID-19 patients and might be used in patients’ triage to detect those requiring advanced
monitoring and a more aggressive treatment strategy. Moreover, serial evaluations of
KL-6 concentrations during hospitalization could identify patients with a higher risk of
clinical deterioration. However, more studies are needed with larger populations in order
to confirm these observations.

In addition, it is not compulsory to use KL-6 alone to predict the severity of the
disease. One study [23] showed that a combination of three markers, KL-6, IL-6, and CRP,
had an exceptional predictive value for COVID-19 severity with an AUC of 0.95 (95% CI,
0.86-1). More studies to investigate the importance of different clinical models, including
biomarkers and imagistic signs in disease severity prediction, are warranted.

Regarding the association of KL-6 with mortality in COVID-19, research data are
discordant in two studies included in our systematic review. One study [19] did not find
any statistically significant association between KL-6 levels and mortality or ICU admission.
However, in another study, [20] the authors observed that patients with higher KL-6 levels
had a higher risk of death, an effect which maintained at multivariable analysis. Even so,
the proportion of patients who died was very high (n = 15 out of n = 34), limiting the results
in all-comer patients with COVID-19 who had a lower mortality rate. More studies are
needed to elucidate the link between KL-6 and mortality in COVID-19 patients.

KL-6 is demonstrated to be associated with severe outcomes in interstitial diseases [29]
and seems to be a reliable predictor of mortality [30]. Deng et al. [18] linked KL-6 to both
lung computer tomography (CT) lesions and coagulation abnormalities (prothrombin time,
international normalized ratio, and fibrin degradation products), but the results are limited
by the small number of patients with a severe form of the disease included in the study. On
the other hand, KL-6 levels are strongly correlated with the progression of lung lesions in
rheumatoid arthritis, specifically discriminating the fibrotic from the non-fibrotic form [31].

It remains a provocative idea, if KL-6 could be used as a marker to detect patients who
would benefit from anticoagulant therapy, but more trials are required. In one study [21]
the authors observed that patients who developed pulmonary fibrosis at discharge had
significantly higher levels of KL-6 (p < 0.05). Patients with severe forms of COVID-19 had
signs of pulmonary fibrosis at computed tomography in 36.11% of cases. A possible clinical
implication emerges from these data, in the sense that KL-6 may be used to evaluate the
interstitial disease course instead of computed tomography at long-term follow-up, thus
limiting the dose of radiation. However, more studies are required to confirm these results.

A problem regarding the use of KL-6 in clinical practice is represented by the fact that
cut-off values used to estimate the risk of worse outcomes were different across studies
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so that it is hard to establish which concentration is the best. In addition, a cut-off value
that could be extrapolated to all patients does not seem appropriate, as patients with
pre-existing interstitial lung disease may exhibit high baseline KL-6 values regardless of
COVID-19 severity. That is why an individualized approach is required, and higher cut-off
values might be used in patients with pre-existing pulmonary disease. Cut-off values of
500 U/mL seem to distinguish healthy individuals from patients suffering from interstitial
lung diseases [32]. However, values over 1000 U/mL that are positively correlated with
increased risk of mortality in patients with ILDs, especially IPF [33], could represent
valuable information to extrapolate to COVID-19 patients that develop interstitial lung
modifications with permanentizing tendency, especially prolonged ARDS [12,34].

Although KL-6 is a relatively inexpensive marker, no information is available regard-
ing a single or serial measurement’s cost-effectiveness. Thus, large clinical trials are awaited
to address these issues and to suggest possible solutions.

Because the data were heterogeneous, including population, KL-6 cut-off value used,
time of measurement, and clinical setting, the results of a quantitative synthesis could be
misleading and were not performed.

5. Conclusions

The SARS-CoV-2 pandemic remains a serious global health problem, despite the
preventive measures adopted and vaccination policies, with tremendous pressure on
health care providers. Effective, fast, and integrative methods to identify patients with
severe disease forms or at high risk of worse outcomes are of great importance. For this
purpose, the KL-6 biomarker was associated with COVID-19 severity, lung lesion areas on
computed tomography, pulmonary fibrosis, and coagulation disorders. The association
with mortality is unclear and needs further research. More extensive trials are required to
prove that facile, inexpensive, and good predictors of severe outcomes, such as KL-6, could
be safely integrated into the clinical decision-making in patients with COVID-19.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/app11083482 /51, Table S1: Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) checklist, Table S2: Quality assessment using Newcastle-Ottawa scale.

Author Contributions: Conceptualization, R.C.-D. and A.B.; methodology, C.B. and A.B.; formal
analysis, A.B. and C.B.; resources, A.B. and C.B.; writing—original draft preparation, A.B., C.B.,
R.C.-D,, I.VP, A.C; writing—review and editing, A.B.; supervision, A.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1. Yanagihara, T.; Sato, S.; Upagupta, C.; Kolb, M. What have we learned from basic science studies on idiopathic pulmonary
fibrosis? Eur. Respir. Rev. 2019, 28. [CrossRef] [PubMed]

2. Hamid, H.; Abid, Z.; Amir, A.; Rehman, T.U.; Akram, W.; Mehboob, T. Current burden on healthcare systems in low- and
middle-income countries: Recommendations for emergency care of COVID-19. Drugs Ther. Perspect. Ration. Drug Sel. Use 2020,

1-3. [CrossRef] [PubMed]
Lauring, A.S.; Hodcroft, E.B. Genetic Variants of SARS-CoV-2—What Do They Mean? JAMA 2021, 325, 529-531. [CrossRef]

S

4. Wang, P; Nair, M.S; Liu, L.; Iketani, S.; Luo, Y.; Guo, Y.; Wang, M.; Yu, J.; Zhang, B.; Kwong, P.D.; et al. Antibody Resistance of
SARS-CoV-2 Variants B.1.351 and B.1.1.7. Nature 2021. [CrossRef]

5. Clark, A Jit, M.; Warren-Gash, C.; Guthrie, B.; Wang, H.; Mercer, S.; Sanderson, C.; McKee, M.; Troeger, C.; Ong, K,; et al. Global,
regional, and national estimates of the population at increased risk of severe COVID-19 due to underlying health conditions in
2020: A modelling study. Lancet Glob. Health 2020, 8. [CrossRef]


https://www.mdpi.com/article/10.3390/app11083482/s1
https://www.mdpi.com/article/10.3390/app11083482/s1
http://doi.org/10.1183/16000617.0029-2019
http://www.ncbi.nlm.nih.gov/pubmed/31511255
http://doi.org/10.1007/s40267-020-00766-2
http://www.ncbi.nlm.nih.gov/pubmed/32837195
http://doi.org/10.1001/jama.2020.27124
http://doi.org/10.1038/s41586-021-03398-2
http://doi.org/10.1016/S2214-109X(20)30264-3

Appl. Sci. 2021, 11, 3482 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Pfortmueller, C.A.; Spinetti, T.; Urman, R.D.; Luedi, M.M.; Schefold, J.C. COVID-19-associated acute respiratory distress syndrome
(CARDS): Current knowledge on pathophysiology and ICU treatment—A narrative review. Best Pr. Res. Clin. Anaesthesiol. 2020.
In Press. [CrossRef]

Parasher, A. COVID-19: Current understanding of its pathophysiology, clinical presentation and treatment. Postgrad. Med. ]. 2020.
[CrossRef]

Yuki, K.; Fujiogi, M.; Koutsogiannaki, S. COVID-19 pathophysiology: A review. Clin. Immunol. 2020, 215, 108427. [CrossRef]
[PubMed]

Crisan-Dabija, R.; Pavel, C.A.; Popa, I.V,; Tarus, A.; Burlacu, A. “A Chain Only as Strong as Its Weakest Link”: An Up-to-Date
Literature Review on the Bidirectional Interaction of Pulmonary Fibrosis and COVID-19. J. Proteome Res. 2020, 19, 4327-4338.
[CrossRef]

Zhang, H.; Chen, L.; Wu, L.; Huang, J.; Li, H.; Wang, X.; Weng, H. Diagnostic and prognostic predictive values of circulating KL-6
for interstitial lung disease: A PRISMA-compliant systematic review and meta-analysis. Medicine 2020, 99, €19493. [CrossRef]
Qin, H.; Xu, X.P; Zou, J.; Zhao, X.J.; Wu, HW.,; Zha, Q.F; Chen, S.; Kang, Y.; Jiang, H.D. Krebs von den Lungen-6 associated with
chest high-resolution CT score in evaluation severity of patients with interstitial lung disease. Pulmonology 2019, 25, 143-148.
[CrossRef] [PubMed]

Sato, H.; Callister, M.E.; Mumby, S.; Quinlan, G.J.; Welsh, K.L; duBois, R.M.; Evans, T.W. KL-6 levels are elevated in plasma from
patients with acute respiratory distress syndrome. Eur. Respir. |. 2004, 23, 142-145. [CrossRef] [PubMed]

Ishikawa, N.; Hattori, N.; Yokoyama, A.; Kohno, N. Utility of KL-6/MUC1 in the clinical management of interstitial lung diseases.
Respir. Investig. 2012, 50, 3-13. [CrossRef] [PubMed]

Liberati, A.; Altman, D.G.; Tetzlaff, ].; Mulrow, C.; Getzsche, P.C.; Ioannidis, ].P; Clarke, M.; Devereaux, PJ.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. PLoS Med. 2009, 6, €1000100. [CrossRef]

Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur. ]. Epidemiol. 2010, 25, 603-605. [CrossRef] [PubMed]

d’Alessandro, M.; Cameli, P.; Refini, R.M.; Bergantini, L.; Alonzi, V.; Lanzarone, N.; Bennett, D.; Rana, G.D.; Montagnani, F.;
Scolletta, S.; et al. Serum KL-6 concentrations as a novel biomarker of severe COVID-19. |. Med. Virol. 2020, 92, 2216-2220.
[CrossRef]

Awano, N.; Inomata, M.; Kuse, N.; Tone, M.; Takada, K.; Muto, Y.; Fujimoto, K.; Akagi, Y.; Mawatari, M.; Ueda, A.; et al. Serum
KL-6 level is a useful biomarker for evaluating the severity of coronavirus disease 2019. Respir. Investig. 2020, 58, 440—447.
[CrossRef]

Deng, K.; Fan, Q.; Yang, Y.; Deng, X.; He, R.; Tan, Y,; Lan, Y.; Deng, X.; Pan, Y.; Wang, Y.; et al. Prognostic roles of KL-6 in
disease severity and lung injury in COVID-19 patients: A longitudinal retrospective analysis. J. Med. Virol. 2021, 93, 2505-2512.
[CrossRef]

Frix, A.N.; Schoneveld, L.; Ladang, A.; Henket, M.; Duysinx, B.; Vaillant, F.; Misset, B.; Moutschen, M.; Louis, R.; Cavalier, E.; et al.
Could KL-6 levels in COVID-19 help to predict lung disease? Respir. Res. 2020, 21, 309. [CrossRef]

Scotto, R.; Pinchera, B.; Perna, E; Atripaldi, L.; Giaccone, A.; Sequino, D.; Zappulo, E.; Sardanelli, A.; Schiano Moriello, N.;
Stanziola, A.; et al. Serum KL-6 Could Represent a Reliable Indicator of Unfavourable Outcome in Patients with COVID-19
Pneumonia. Int. J. Environ. Res. Public Health 2021, 18, 2078. [CrossRef]

Peng, D.H.; Luo, Y.; Huang, L.J; Liao, FL.; Liu, Y.Y.; Tang, P.; Hu, H.N.; Chen, W. Correlation of Krebs von den Lungen-6 and
fibronectin with pulmonary fibrosis in coronavirus disease 2019. Clin. Chim. Acta Int. ]. Clin. Chem. 2021, 517, 48-53. [CrossRef]
[PubMed]

Xue, M.; Zheng, P,; Bian, X.; Huang, Z.; Huang, H.; Zeng, Y.; Hu, H.; Liu, X.; Zhou, L.; Sun, B.; et al. Exploration and correlation
analysis of changes in Krebs von den Lungen-6 levels in COVID-19 patients with different types in China. Biosci. Trends 2020, 14,
290-296. [CrossRef] [PubMed]

Bergantini, L.; Bargagli, E.; d"Alessandro, M.; Refini, R.M.; Cameli, P; Galasso, L.; Scapellato, C.; Montagnani, F.; Scolletta, S.;
Franchi, F; et al. Prognostic bioindicators in severe COVID-19 patients. Cytokine 2021, 141, 155455. [CrossRef] [PubMed]

Satoh, H.; Kurishima, K.; Ishikawa, H.; Ohtsuka, M. Increased levels of KL-6 and subsequent mortality in patients with interstitial
lung diseases. J. Intern. Med. 2006, 260, 429-434. [CrossRef]

Wakamatsu, K.; Nagata, N.; Kumazoe, H.; Oda, K.; Ishimoto, H.; Yoshimi, M.; Takata, S.; Hamada, M.; Koreeda, Y.; Takakura, K,;
et al. Prognostic value of serial serum KL-6 measurements in patients with idiopathic pulmonary fibrosis. Respir. Investig. 2017,
55,16-23. [CrossRef]

Crisan-Dabija, R.A.; Mihaescu, T. Interstitial lung diseases misdiagnosis: A Healthcare Improvement Science (HIS) approach.
J. Eur. Respir. ]. 2018, 52, PA2983. [CrossRef]

Ohshimo, S.; Ishikawa, N.; Horimasu, Y.; Hattori, N.; Hirohashi, N.; Tanigawa, K.; Kohno, N.; Bonella, F.; Guzman, J.; Costabel, U.
Baseline KL-6 predicts increased risk for acute exacerbation of idiopathic pulmonary fibrosis. Respir. Med. 2014, 108, 1031-1039.
[CrossRef]

Ryerson, C.J.; Cottin, V.; Brown, K.K.; Collard, H.R. Acute exacerbation of idiopathic pulmonary fibrosis: Shifting the paradigm.
Eur. Respir. ]. 2015, 46, 512-520. [CrossRef]


http://doi.org/10.1016/j.bpa.2020.12.011
http://doi.org/10.1136/postgradmedj-2020-138577
http://doi.org/10.1016/j.clim.2020.108427
http://www.ncbi.nlm.nih.gov/pubmed/32325252
http://doi.org/10.1021/acs.jproteome.0c00387
http://doi.org/10.1097/MD.0000000000019493
http://doi.org/10.1016/j.pulmoe.2018.05.008
http://www.ncbi.nlm.nih.gov/pubmed/30007895
http://doi.org/10.1183/09031936.03.00070303
http://www.ncbi.nlm.nih.gov/pubmed/14738246
http://doi.org/10.1016/j.resinv.2012.02.001
http://www.ncbi.nlm.nih.gov/pubmed/22554854
http://doi.org/10.1371/journal.pmed.1000100
http://doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
http://doi.org/10.1002/jmv.26087
http://doi.org/10.1016/j.resinv.2020.07.004
http://doi.org/10.1002/jmv.26793
http://doi.org/10.1186/s12931-020-01560-4
http://doi.org/10.3390/ijerph18042078
http://doi.org/10.1016/j.cca.2021.02.012
http://www.ncbi.nlm.nih.gov/pubmed/33631198
http://doi.org/10.5582/bst.2020.03197
http://www.ncbi.nlm.nih.gov/pubmed/32565512
http://doi.org/10.1016/j.cyto.2021.155455
http://www.ncbi.nlm.nih.gov/pubmed/33548798
http://doi.org/10.1111/j.1365-2796.2006.01704.x
http://doi.org/10.1016/j.resinv.2016.09.003
http://doi.org/10.1183/13993003.congress-2018.PA2983
http://doi.org/10.1016/j.rmed.2014.04.009
http://doi.org/10.1183/13993003.00419-2015

Appl. Sci. 2021, 11, 3482 110of 11

29.

30.

31.

32.

33.

34.

Chiba, S.; Ohta, H.; Abe, K.; Hisata, S.; Ohkouchi, S.; Hoshikawa, Y.; Kondo, T.; Ebina, M. The Diagnostic Value of the Interstitial
Biomarkers KL-6 and SP-D for the Degree of Fibrosis in Combined Pulmonary Fibrosis and Emphysema. Pulm. Med. 2012, 2012,
492960. [CrossRef]

Lee, Y.S.; Kim, H.C.; Lee, B.Y.; Lee, CK.; Kim, M.Y,; Jang, S.J.; Lee, H.S.; Moon, J.; Colby, T.V.; Kim, D.S. The Value of Biomarkers
as Predictors of Outcome in Patients with Rheumatoid Arthritis-Associated Usual Interstitial Pneumonia. Sarcoidosis Vasculitis
Diffus. Lung Dis. 2016, 33, 216-223.

Kinoshita, F.; Hamano, H.; Harada, H.; Kinoshita, T.; Igishi, T.; Hagino, H.; Ogawa, T. Role of KL-6 in evaluating the disease
severity of rheumatoid lung disease: Comparison with HRCT. Respir. Med. 2004, 98, 1131-1137. [CrossRef]

Kitamura, S.; Hiwada, K.; Kobayashi, J.; Kohno, N.; Kawai, T.; Satou, A.; Kasukawa, R.; Kawakami, Y.; Andou, M.; Nakada, G.;
et al. Use of the the ED046 kit to analyze serum KL-6 in patients with pneumonitis. Nihon Kyobu Shikkan Gakkai Zasshi 1996, 34,
639-645. [PubMed]

Yokoyama, A.; Kondo, K.; Nakajima, M.; Matsushima, T.; Takahashi, T.; Nishimura, M.; Bando, M.; Sugiyama, Y.; Totani, Y.;
Ishizaki, T.; et al. Prognostic value of circulating KL-6 in idiopathic pulmonary fibrosis. Respirology 2006, 11, 164-168. [CrossRef]
[PubMed]

Ishizaka, A.; Matsuda, T.; Albertine, K.H.; Koh, H.; Tasaka, S.; Hasegawa, N.; Kohno, N.; Kotani, T.; Morisaki, H.; Takeda, ].; et al.
Elevation of KL-6, a lung epithelial cell marker, in plasma and epithelial lining fluid in acute respiratory distress syndrome. Am. J.
Physiol. Lung Cell. Mol. Physiol. 2004, 286, L1088-L1094. [CrossRef] [PubMed]


http://doi.org/10.1155/2012/492960
http://doi.org/10.1016/j.rmed.2004.04.003
http://www.ncbi.nlm.nih.gov/pubmed/8741528
http://doi.org/10.1111/j.1440-1843.2006.00834.x
http://www.ncbi.nlm.nih.gov/pubmed/16548901
http://doi.org/10.1152/ajplung.00420.2002
http://www.ncbi.nlm.nih.gov/pubmed/12959931

	Introduction 
	Materials and Methods 
	Data Sources 
	Studies Selection 
	Data Extraction 
	Outcomes 
	Quality Assessment 

	Results 
	Discussion 
	Conclusions 
	References

