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Abstract

:

The SARS-CoV-2 (COVID-19) pandemic is a major issue that necessitates the use of cutting-edge disease prediction models. The aim of the study was to assess the existing evidence regarding association between Krebs von den Lungen-6 levels and COVID-19 severity. A literature search was performed on Web of Science, PubMed, Scopus and Cochrane Central Register of Controlled Trials databases from 1 January 2020 up to 2 August 2022. The electronic database search was supplemented by searching Google Scholar. In addition, reference lists of relative articles were also reviewed. KL-6 levels among COVID-19 positive vs. negative patients varied and amounted to 443.37 ± 249.33 vs. 205.73 ± 86.8 U/mL (MD = 275.33; 95%CI: 144.57 to 406.09; p < 0.001). The KL-6 level was 402.82 ± 261.16 U/mL in the severe group and was statistically significantly higher than in the non-severe group (297.38 ± 90.46 U/mL; MD = 192.45; 95%CI: 118.19 to 266.72; p < 0.001). The KL-6 level in the mild group was 272.28 ± 95.42 U/mL, compared to 268.04 ± 55.04 U/mL in the moderate COVID-19 group (MD = −12.58; 95%CI: −21.59 to −3.57; p = 0.006). Our meta-analysis indicates a significant association between increased KL-6 levels and SARS-CoV-2 infection. Moreover, KL-6 levels are significantly higher in patients with a more severe course of COVID-19, indicating that KL-6 may be a useful predictor to identify patients at risk for severe COVID-19.
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1. Introduction


The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has contributed to millions of deaths worldwide since its outbreak [1]. Despite vaccines, new antiviral drugs, greater treatment experience, and survival-favorable virus mutations, the pandemic is not completely controlled as of yet, and continues to threaten humans’ lives [2,3]. Moreover, there is still a risk of overloading health care systems due to the increased infectivity of new variants of the virus [3]. This, in turn, may contribute to increased mortality from causes other than COVID-19. Symptoms of disease caused by SARS-CoV-2 vary significantly from only fever and cough, to acute respiratory distress syndrome (ARDS), and often change dynamically within the progression of the disease. Hence, it is necessary to identify biomarkers that can stratify patients into cohorts of those who may develop severe diseases, versus populations who can be released from the hospital while still in the early stage of their disease. This is also important because of the possibility of offering intensified therapy with new drugs to patients at higher risk of severe COVID-19. Although biomarkers may enhance prognosis and outcomes, their high interpatient variability may have an impact on the investigations’ results. There are several biomarkers that may be used to evaluate the degree of COVID-19 infection. These markers may have a number of advantages, including the ability to recognize at-risk patients, stratify COVID-19 severity, help with the establishment of admission or intensive care criteria, provide treatment guidance through response assessment, evaluate prognosis, and frame ICU or regular ward discharge criteria.



The most commonly tested inflammatory biomarkers, including C-reactive protein (CRP), IL-6, and Procalcitonin (PCT), have proven insufficient in prospectively identifying patients who will suffer the severe course of COVID-19 [4]. However, combining several additional factors can increase their predictive value [5]. Additional prospective disease severity predictor candidates have been developed with other molecules, e.g., ferritin, lactate dehydrogenase, serum amyloid A or soluble interleukin-2-receptor (sIL2-R), but these have also proven mostly insufficient and not specific enough [6,7,8,9]. Finally, soluble urokinase-type plasminogen activator receptor (suPAR) is a promising predictor factor, but more data are needed to establish its potential clinical utility [10].



Krebs von den Lungen-6 (KL-6) is a high-molecular-weight glycoprotein that is released by type II alveolar pneumocytes and bronchial epithelial cells and has been shown to be a useful biomarker of alveolar epithelial proliferation and damage. KL-6 level has been reported to be increased in diseases such as acute respiratory distress syndrome (ARDS), pulmonary sarcoidosis, idiopathic interstitial pneumonia, hypersensitivity pneumonia, and collagen vascular disease-associated interstitial pneumonia. Moreover, KL-6 is associated with clinical outcomes and has been suggested for use evaluating disease activity [10,11,12]. Due to these properties, KL-6 has gained attention in COVID-19 evaluation as a molecule that may predict a more severe disease course.



In assessing the severity of COVID-19, computed tomography (CT) lung evaluation is of great value. The extent of lung involvement provides a more accurate assessment of disease severity than relying on somatic symptoms alone. Of note, the CT score correlates with serum KL-6 levels (p = 0.035) and was significantly higher in those with high KL-6 levels (>400 U/mL; 12.00, IQR 5.00–18.00, p-value 0.027). In addition, the KL-6 level was also significantly higher in COVID-19 positive subjects, compared to the negative group [10]. Interestingly, abnormal CT scans after 12 weeks from the onset of COVID-19 significantly correlated with elevated KL-6 levels upon admission [13].



Moreover, KL-6 has been positively correlated with CRP and IL-6 levels in patients with a severe course of COVID-19. The combination of these three prognostic factors differentiated severe from the mild-to-moderate disease [5]. An elevated KL-6 level on admission was an independent risk factor for prolonged hospitalization [14]. The above information indicates the value of baseline serum KL-6 level as a predictor of a more severe course of SARS-CoV-2 infection.



Conversely, some have reported no significant relationship between KL-6 levels and COVID-19 disease severity. KL-6 has also been demonstrated to be unrelated to persistent symptoms such as a feeling of shortness of breath 12 weeks after COVID-19 [13]. Given the inconsistencies in the data, our purpose was to perform a meta-analysis to summarize the information available in the literature on KL-6 and its utility to evaluate COVID-19 progression.




2. Materials and Methods


This systematic review and meta-analysis were prepared in accordance with the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement [15] and was registered with PROSPERO prior to completion of the initial search (registration No: CRD42022349526).



2.1. Search Strategy


Two reviewers (M.P. and A.N.) independently searched four major electronic databases (Web of Science, PubMed, Scopus, and Cochrane Central Register of Controlled Trials) from 1st, January 2020 up to 2nd, August 2022, to identify studies examining the prognostic value of Krebs von den Lungen-6 in COVID-19-hospitalized patients. The electronic database search was supplemented by searching Google Scholar. A specific and appropriate search strategy was used for each database. We used the following searching terms: “Krebs von den Lungen-6” OR “KL-6” AND “SARS-CoV-2” OR “COVID-19”. Search results were managed using EndNote software (version X7; Thomson Reuters). Additionally, reference lists of relative articles were also reviewed.




2.2. Study Selection


We included original studies that report the Krebs von den Lungen-6 levels among patients with COVID-19 on at least one or more of the following outcomes such as COVID-19 severity. Original articles available in English were included. The exclusion criteria for the meta-analysis were as follows: (1) studies involving data from pediatric patients; (2) case reports, editorial, conference papers, reviews; (3) studies published in other than English language; (4) studies lacking research indicators required for meta-analysis.



Two reviewers (L.S. and M.P.), independently and in duplicate, screened the titles and abstracts of the studies retrieved by the databases against the search criteria. Afterwards, the full texts of all potentially relevant articles were retrieved and independently assessed by the same reviewers. If any disagreement arose regarding the selection of literature papers disagreement was resolved through discussion with another reviewer (A.D.).




2.3. Data Extraction


Two investigators (L.S. and M.P.) performed study selection independently to select studies that met the above inclusion criteria. If potential disagreement arose, data extraction was resolved through discussion with another reviewer (A.D.). Data were collected using a predefined form. Data extracted included details regarding the publication data (i.e., first author name, year of publication, study design), population data (i.e., number of participants, age, male sex), KL-6 levels in predefined groups (COVID-19 positive and negative patients; mild and moderate COVID-19 severity groups; severe and non-severe COVID-19).




2.4. Quality and Risk of Bias Assessment


Two reviewers (M.P. and A.D.) independently assessed the individual studies for risk of bias. Any disagreements were also resolved by discussion with the third reviewer (L.S.). We used the Newcastle–Ottawa scale (NOS) to assess the methodological quality of observational studies with its design [16]. NOS score was categorized into three levels: low, moderate, and high quality, with the NOS scores of 0–5, 6–7, and 8–9. We performed funnel plot tests for asymmetry to investigate potential publication bias if there were more than 10 trials in a single meta-analysis.




2.5. Statistical Analysis


The meta-analysis was conducted in accordance with the Cochrane handbook. We analyze data using the STATA 14 software (StataCorp LP, College Station, TX, USA) and the RevMan 5.4 software (The Nordic Cochrane Center, The Cochrane Collaboration, 2014, Copenhagen, Denmark). For assess the KL-6 levels, we used mean differences (MDs) as the effect measure with 95% confidence intervals (CIs). In the case when KL-6 levels were reported as median with interquartile range, estimated means and standard deviations with the formula described by Hozo were used [17]. Heterogeneity was quantitatively assessed using Cochran’s Q statistics and Higgins’s index (I2), with 25%, 50%, and 75% considered moderate, substantial, and considerable heterogeneity, respectively [18]. The random-effects model was used for I2 > 50%; otherwise, the fixed effects model was employed. The Egger’s test was used to provide quantitative evidence. p < 0.05 was considered statistically significant.





3. Results


3.1. Study Characteristics


Our electronic literature search yielded 109 potentially relevant articles and one article was identified by hand searching. After elimination of duplicates, 88 records remained. Subsequent screening of titles and abstracts of the remaining records led to exclusion of 65 irrelevant records, leaving 23 articles. These articles were re-evaluated based on full-text contents, resulting in exclusion of 8 articles. Finally, 15 studies met the inclusion criteria and were included in our meta-analysis (Figure 1) [5,8,12,14,19,20,21,22,23,24,25,26,27,28,29]. All selected studies were published between 2020 and 2022. Detailed characteristics of the patients included in the meta-analysis is presented in Table 1.



Six studies reported KL-6 levels among COVID-19 positive vs. negative patients, eleven studies among severe vs. non-severe COVID-19 patients and three studies compared KL-6 levels between mild vs. moderate COVID-19 severity. Of the fifteen trials, six were performed in China, four in Japan, three in Italy, and one in each of the following countries: Belgium and Indonesia. The NOS scores of the eight included studies were ≥8 (Table 1).




3.2. KL-6 Meta-Analysis


Pooled analysis of KL-6 levels among COVID-19 positive vs. negative patients varied and amounted to 443.37 ± 249.33 vs. 205.73 ± 86.8 U/mL (MD = 275.33; 95%CI: 144.57 to 406.09; p < 0.001; Figure 2).



12 studies reported KL-6 levels in severe and non-severe COVID-19 patients. Pooled analysis showed that KL-6 level was 402.82 ± 261.16 U/mL in severe group and was statistically significantly higher than in non-severe group (297.38 ± 90.46 U/mL; MD = 192.45; 95%CI: 118.19 to 266.72; p < 0.001; Figure 3).



Three studies compere KL-6 marker among mild and moderate COVID-19 patient groups. KL-6 in mild group was 272.28 ± 95.42 U/mL, compared to 268.04 ± 55.04 U/mL in moderate COVID-19 group (MD = −12.58; 95%CI: −21.59 to −3.57; p = 0.006; Figure 4).



Sensitivity analysis based on the leave-one-out analysis showed that the pooled results were not influenced by a single trial. The above dependence applied to all comparisons included in the meta-analysis.





4. Discussion


We found that high levels of KL-6 are highly correlated with severe courses of COVID-19, and thus this marker may have the potential to be an excellent tool for the early identification of patients most likely to benefit from early antiviral therapy. Conversely, low KL-6 levels were associated with a mild disease course, and if validated, may be a useful tool in predicting a population who may be successfully managed in an outpatient environment.



The primary target of SARS-CoV-2 is definitely the lungs. Post-mortem studies have shown that the virus causes diffuse alveolar damage. In addition, COVID-19 has a higher incidence of thrombosis in the pulmonary vasculature compared to ARDS from other causes [30]. This is believed to be a function of the fact that SARS-CoV-2 uses the ACE2 receptor, and subsequently the Toll-like receptor, to invade pneumocytes and replicate its genome. Because KL-6 is a glycoprotein released by the type II alveolar pneumocytes and bronchial epithelial cells in various pulmonary diseases [30], the injury of pneumocytes and alveoli in COVID-19 may be pathophysiologically associated with elevated levels of KL-6 in the blood [31]. A disulfide link near the surface of the type II AECs’ epithelial cell membrane may be disrupted as a result of the inflammatory storm, and KL-6 can subsequently diffuse into the fluid and blood flow of the pulmonary epithelial lining [32]. It should be noted that because KL-6 is secreted by lung cells, as opposed to other inflammatory markers such as CRP, which are associated with broad inflammation, it has a substantial advantage when compared to other proinflammatory cytokines [33]. Therefore, KL-6 with the predictive value would predict who will be more likely to experience the fibrosing gradually, which can also be very helpful in assessing the COVID-19 patient’s condition, organizing the treatment for pulmonary fibrosis, or determining fibrosis following COVID-19 after the patient has been discharged from the hospital. This is crucial since 32–44.9% of individuals will develop lung fibrosis following COVID-19 [34,35]. Moreover, previous research has shown that the length of the illness plays a significant role in predicting the development of lung fibrosis following ARDS. About 4% of patients with diseases lasting less than a week, 24% of patients with diseases lasting between one and three weeks, and 61% of patients with diseases lasting longer than three weeks developed fibrosis [36].



Six studies in our meta-analysis compared KL-6 concentrations in COVID-19 cases and healthy subjects [12,20,21,22,23,27]. Results showed that KL-6 is significantly higher in COVID-19 than in healthy subjects. A previous meta-analysis evaluating KL-6 in COVID-19 positive and negative subjects also indicated significantly higher KL-6 levels in positive than in healthy subjects (standardized mean difference (SMD) = 1.34; 95%CI: 0.60 to 2.08) with high heterogeneity of data (p < 0.001, I2 = 93%) [22]. This indicates that SARS-CoV-2 infection causes an increase in KL-6, regardless of the symptoms caused, but the high heterogeneity of the data limits the usefulness of this information. Further studies are needed to obtain more homogeneous data.



Greater clinical value could be found in using KL-6 at admission to predict the subsequent course of COVID-19. Twelve studies involved in our meta-analysis assessed the KL-6 level according to the disease severity [6,8,14,19,20,23,24,25,26,27,28,29]. Our analysis demonstrated that there was a significantly higher level of KL-6 in patients suffering from severe COVID-19 than mild-to-moderate. Unfortunately, the heterogeneity of this data was high (I2 = 98%, p < 0.00001) decreasing the value of these findings. Nevertheless, our results are similar to those obtained in the previous meta-analyses. Ke et al., showed that serum KL-6 in patients with mild-to-moderate COVID-19 were significantly lower (SMD = −0.93; 95%CI: −1.22 to −0.65) than those in severe COVID-19 patients [37], although there was high heterogeneity of data. However, COVID-19 survivors had a significantly lower level of circulating KL-6 than non-survivors (SMD = −1.09; 95%CI: −1.63 to −0.55), and this analysis had low data heterogeneity (p = 0.52, I2 = 0%) [38]. Likewise, a low heterogeneity meta-analysis, performed by Naderi et al. showed that KL-6 was significantly higher in patients with severe than non-severe COVID-19 (SMD = 1.25; 95%CI: 0.99 to 1.5; p < 0.001) [39]. Another meta-analysis conducted by Witarto et al. presented similar results: that patients with severe COVID-19 had a higher level of KL-6 than those with the non-severe disease (SMD = 1.16; 95%CI = 0.69 to 1.63) [40]. In this study, heterogeneity was considered low (I2 < 25%). Taking the above results into account, it can be concluded that higher levels of KL-6 are associated with a more severe course of COVID-19, and the data in the literature are rather consistent. The problem of the studies that reduce the value of the obtained results is the high heterogeneity of the data. It may be due to the difficulty in defining the severe and non-severe course of the disease.



Our analysis also involved a comparison of KL-6 levels in mild and moderate COVID-19. Three articles contained the necessary data and were included in this analysis [14,23,29]. The results indicate, with low heterogeneity (I2 = 0%, p = 0.69), that mild COVID-19 is characterized by significantly lower KL-6 levels than moderate COVID-19. It illustrates that KL-6 levels increase with the severity of the disease, and further studies are needed that would determine the cutoff points for each degree of disease severity.



The main limitation of our study is the observational type of studies included in the meta-analysis. This results in a significant level of bias risk. Moreover, the analysis showed significant heterogeneity in the data, making it necessary to treat the obtained results with caution. Finally, there is always a risk of publication bias caused by a greater tendency to publish substantial results [41].



KL-6 has a rising clinical role in the research, with over 250 studies employing its clinical potential in the clinical trials registry alone [42]. The role of KL-6 use has already been confirmed in other lung diseases, such as pulmonary fibrosis, interstitial lung disease, idiopathic pulmonary fibrosis, diffuse parenchymal lung disease, and many others [43,44]. However, in the case of COVID-19, current research are not studies of KL-6 itself but already using it in the clinic to estimate patient’s lung function when testing new drugs or in patient care and clinical status. Detailed characteristics of studies using KL-6 for COVID-19 infection is presented in Table 2.




5. Conclusions


Our meta-analysis indicates a significant association between increased KL-6 levels and SARS-CoV-2 infection. Moreover, KL-6 levels are significantly higher in patients with a more severe course of COVID-19, indicating that KL-6 may be a useful predictor to identify patients at risk for severe COVID-19. However, the high heterogeneity of the data warrants cautions in interpreting these results.
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Figure 1. Flow chart of literature search and selection. 
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Figure 2. Forest plot of Krebs von den Lungen-6 levels (U/mL) among COVID-19 positive vs. negative patients. The center of each square represents the mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results [12,20,21,22,23,27]. 
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Figure 3. Forest plot of Krebs von den Lungen-6 levels (U/mL) among severe and non-severe COVID-19 patients. The center of each square represents the mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results [5,8,14,19,20,23,24,25,26,27,28,29]. 
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Figure 4. Forest plot of Krebs von den Lungen-6 levels (U/mL) among mild and moderate COVID-19 patient groups. The center of each square represents the mean differences for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results [14,23,28]. 
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Table 1. A summary of study characteristics.
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Study

	
Country

	
Study Group

	
No. of

Participants

	
Age (Years)

	
Sex, Male (n, %)

	
NOS

Score






	
Anastasi et al., 2022 [12]

	
Italy

	
COVID-19 (+)

	
37

	
66.5 ± 6.08

	
18 (48.6%)

	
8




	
COVID-19 (−)

	
26

	
71.81 ± 7.27

	
10 (38.5%)




	
Awano et al., 2020 [8]

	
Japan

	
Severe

	
21

	
65.5 ± 6.36

	
15 (71.4%)

	
9




	
Non-severe

	
33

	
40.75 ± 4.91

	
23 (69.7%)




	
Bergantini et al., 2021 [5]

	
Italy

	
Severe

	
10

	
65.2 ± 8

	
8 (80.0%)

	
8




	
Non-severe

	
14

	
62.2 ± 15.6

	
11 (78.6%)




	
COVID-19 (−)

	
30

	
59 ± 9.8

	
18 (60.0%)




	
Chen et al., 2021 [14]

	
China

	
Mild

	
37

	
NS

	
NS

	
8




	
Moderate

	
298

	
NS

	
NS




	
Severe

	
29

	
NS

	
NS




	
d’Alessandro et al., 2020 [19]

	
Italy

	
Severe

	
12

	
63 ± 2.34

	
9 (75.0%)

	
8




	
Non-severe

	
10

	
60.75 ± 3.71

	
6 (60.0%)




	
Deng et al., 2021 [20]

	
China

	
Severe

	
17

	
57.75 ± 4.35

	
9 (52.9%)

	
9




	
Non-severe

	
149

	
48.13 ± 7.94

	
65 (43.6%)




	
Frix et al., 2020 [21]

	
Belgium

	
COVID-19 (+)

	
83

	
71 ± 4

	
52 (62.6%)

	
8




	
COVID-19 (−)

	
70

	
58 ± 3

	
35 (50.0%)




	
He et al., 2021 [22]

	
China

	
COVID-19 (+)

	
28

	
64.56 ± 1.55

	
14 (50.0%)

	
8




	
COVID-19 (−)

	
25

	
64.93 ± 1.63

	
16 (64.0%)




	
Peng et al. 2021 [23]

	
China

	
Mild

	
49

	
44.5 ± 14

	
25 (51.0%)

	
9




	
Moderate

	
28

	
51 ± 13.86

	
12 (42.9%)




	
Severe

	
36

	
56.5 ± 16.74

	
24 (66.7%)




	
COVID-19 (−)

	
65

	
47.75 ± 13.56

	
28 (43.1%)




	
Saito et al., 2020 [24]

	
Japan

	
COVID-19 (+)

	
12

	
65.1 ± 10.7

	
7 (58.3%)

	
9




	
COVID-19 (−)

	
34

	
49.6 ± 15.7

	
14 (41.2%)




	
Suryananda et al., 2021 [25]

	
Indonesia

	
Severe

	
57

	
50.5 ± 13.85

	
38 (66.7%)

	
9




	
Non-severe

	
18

	
49.75 ± 15.59

	
8 (44.4%)




	
Wang et al., 2021 [26]

	
China

	
Severe

	
12

	
NS

	
NS

	
8




	
Non-severe

	
52

	
NS

	
NS




	
Xue et al., 2021 [27]

	
China

	
Severe

	
63

	
61.38 ± 4.19

	
31 (49.2%)

	
8




	
Non-severe

	
226

	
54.75 ± 4.17

	
99 (43.8%)




	
Yamada et al., 2022 [28]

	
Japan

	
Severe

	
27

	
64.25 ± 6.05

	
21 (77.8%)

	
8




	
Non-severe

	
108

	
47 ± 12.85

	
48 (44.4%)




	
Yamaya et al., 2021 [29]

	
Japan

	
Severe

	
60

	
NS

	
NS

	
8




	
Non-severe

	
296

	
NS

	
NS








Legend: NS: not specified.
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Table 2. Currently ongoing research on KL-6 in the context of COVID-19 disease.
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	ClinicalTrial identifer
	Study name
	Status
	Purpose of using KL-6
	Time Frame





	NCT04816760 [45]
	Immune Cells Phenotypes During COVID-19 (IMMUNO-COVID)
	Recruiting
	Serum alveolar epithelial and endothelial cells biomarkers during SARS-CoV-2 infection incl. measurement of KL-6 using ELISA.
	Day 0, Day 7, Day 14, Day 28



	NCT05074875 [46]
	COVID-19 Respiratory Outcomes Registry
	Active, not recruiting
	Examine the effects of COVID-19 on the presence of molecular biomarkers associated with Interstitial Lung Disease. Biomarkers prognostic for progression in PF patients incl. Krebs von den Lungen-6 (KL-6). Biomarkers elevated in PF (vs age-matched controls) incl. Krebs von den Lungen-6 (KL-6).
	72 weeks



	NCT04392531 [47]
	Clinical Trial to Assess Efficacy of cyclosporine Plus Standard of Care in Hospitalized Patients with COVID-19
	Completed-

No Results Posted
	Change in KL-6 change from baseline in KL-6 levels
	Days 1, 8, 15, and end of study visit (14 days after discharge or 14 days after end of study treatment)



	NCT04390061 [48]
	TOFAcitinib Plus Hydroxycloroquine vs Hydroxycloroquine in Patients With COVID-19 Interstitial Pneumonia (TOFACoV-2)
	Unknown
	Identification of predictors of outcome. Role of some clinical and laboratory factors in predicting outcome incl. KL-6.
	14 days



	NCT04541680 [49]
	Nintedanib for the Treatment of SARS-CoV-2 Induced Pulmonary Fibrosis (NINTECOR)
	Recruiting
	Compare change in lung injury, pulmonary hypertension, and inflammation biomarkers. Biomarker assay (KL-6, NT-proBNP, CRP, D-dimers)
	At inclusion and 12 months
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