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Abstract
Background  Coronavirus disease 2019 (COVID-19) has had a global social and economic impact. An easy assessment 
procedure to handily identify the mortality risk of inpatients is urgently needed in clinical practice. Therefore, the aim 
of this study was to develop a simple nomogram model to categorize patients who might have a poor short-term 
outcome.

Methods  A retrospective cohort study of 189 COVID-19 patients was performed at Shanghai Ren Ji Hospital from 
December 12, 2022 to February 28, 2023. Chest radiography and biomarkers, including KL-6 were assessed. Risk 
factors of 28-day mortality were selected by a Cox regression model. A nomogram was developed based on selected 
variables by SMOTE strategy. The predictive performance of the derived nomogram was evaluated by calibration 
curve.

Results  In total, 173 patients were enrolled in this study. The 28-day mortality event occurred in 41 inpatients (23.7%). 
Serum KL-6 and radiological severity grade (RSG) were selected as the final risk factors. A nomogram model was 
developed based on KL-6 and RSG. The calibration curve suggested that the nomogram model might have potential 
clinical value. The AUCs for serum KL-6, RSG, and the combined score in the development group and validation group 
were 0.885 (95% CI: 0.804–0.952), 0.818 (95% CI: 0.711–0.899), 0.868 (95% CI: 0.776–0.942) and 0.932 (95% CI: 0.862–
0.997), respectively.

Conclusions  Our results suggested that the nomogram based on KL-6 and RSG might be a potential method for 
evaluating 28-day mortality in COVID-19 patients. A high combined score might indicate a poor outcome in COVID-
19 patients with pneumonia.
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Background
Coronavirus disease 2019 (COVID-19) is a pandemic dis-
ease, and its clinical features are diverse. It induces lung 
damage by triggering a hyperinflammatory response [1]. 
COVID-19 patients present mild to severe symptoms and 
even rapidly develop life threatening respiratory failure. 
Severe/critical COVID-19 is marked by acute respiratory 
distress syndrome (ARDS), sepsis, multisystem organ 
failure, hyperinflammation and other extrapulmonary 
manifestations [2–5]. Many risk factors have been identi-
fied to be putatively relevant to the mortality of COVID-
19, including older age, preexisting comorbidities [6, 
7], lymphocytopenia, C-creative protein (CRP), lactate 
dehydrogenase (LDH) and interleukin-6 (IL-6) [8, 9].

Although a few studies were designed to analyse risk 
factors affecting mortality in COVID-19 patients, clini-
cians still lack effective tools to predict their short term 
outcomes, currently. No nomogram model that com-
bined molecular biomarkers representing lung dam-
age and chest radiological features has been developed 
to predict the 28-day mortality in COVID-19 patients. 
In this article, we presented a retrospective analysis to 
establish an easy nomogram model with Krebs von den 
Lungen-6 (KL-6) and radiographic features to predict 
28-day mortality in COVID-19 patients with pneumonia.

Methods
Patients
From December 12, 2022 to February 28, 2023, a total of 
173 patients met the inclusion criteria: (1) age 18 years 
and older; (2) diagnosis of COVID-19 was confirmed 
when RT-PCR of SARS-CoV-2 result was positive; (3) 
chest HRCT scan confirmed with pneumonia, which 
was performed less than 24 h before admission or within 
24 h after admission in hospital; 3) patients did not pres-
ent preexisting of interstitial lung disease; and (4) serum 
KL-6 was tested within 24 h of admission.

The Ethics Committee of Ren Ji Hospital approved the 
study (LY2023-064-B). The Ethics Committee of Ren Ji 
Hospital waived the requirement for informed consent of 
patients due to the retrospective nature of the study and 
all data were analysed anonymously.

Disease severity for COVID-19 in this study was evalu-
ated by WHO criteria at the time of admission. Severe 
COVID-19 is defined by any of the following: (1) oxy-
gen saturation < 90% on room air; (2) signs of pneumo-
nia; and (3) signs of severe respiratory distress (in adults, 
accessory muscle use, inability to complete full sen-
tences, respiratory rate > 30 breaths per minute). Criti-
cal COVID-19 is defined by the criteria for ARDS, sepsis 
shock or other conditions that would normally require 
the provision of life-sustaining therapies such as mechan-
ical ventilation (invasive or noninvasive) or vasopressor 

therapy. Nonsevere COVID-19 is defined as the absence 
of any criteria for severe or critical COVID-19 [10].

Chest HRCT protocols
All images were obtained on one of the two CT sys-
tems (uCT 760, United Imaging, China; Optima 660, 
GE, America) with patients in a supine position. The 
main scanning parameters followed the manufacturers’ 
standard recommended presetting for a thorax routine. 
Images were reconstructed with a 0.625–1.250 mm slice 
thickness in all cases.

Image analysis
Two radiologists (H.W and X.G with 24 and 15 years of 
experience in interpreting chest HRCT imaging, respec-
tively), who were blinded to the severity and outcome of 
the disease, reviewed all chest HRCT images and agreed 
upon by consensus. The radiologists described the main 
CT features (GGO, consolidation, CPV). GGO, CPV 
pattern and consolidation were based on the standard 
glossary for thoracic imaging reported by the Fleischner 
Society [11]. The radiological severity grade (RSG) was 
determined based on the percentage of lung involve-
ment in grades 1, 2, 3 and 4, which was 0–25%, 26–50%, 
51–75% and 76–100%, respectively.

Statistical analysis
Continuous variables are expressed as medians and the 
25th -75th percentiles of the interquartile range (IQR). 
The data did not show a normal distribution. The Mann 
- Whitney U test was used to compare pairs of variables. 
The chi-squared test was used for categorical variables 
as appropriate. We applied Spearman’s rank correlation 
to nonparametric data. The Cox proportional hazard 
model was used to identify the most important factors 
of 28-day mortality in COVID-19 patients. The synthetic 
minority oversampling technique (SMOTE) strategy was 
used to produce synthetic examples to overcome the 
problem of class imbalance for development group [12].
And a nomogram was developed based on the SMOTE 
strategy (smote group). The concordance index (C-index) 
was calculated to evaluate the predictive accuracy in both 
the smote group and validation group. Time-dependent 
receiver operating characteristic (ROC) curves, including 
the area under the curve (AUC) and its 95% confidence 
interval (95% CI), were analysed by the time ROC pack-
age to evaluate the performance of prognostic predic-
tion. The optimal threshold for each selected factor and 
combined score was determined when the Youden index 
achieved the highest value. DeLong test was performed 
to compare the difference between two AUCs. On the 
basis of the optimal cut-off given by the ROC curve 
analysis, all of the factors under study were transformed 
to binary variables, and their corresponding cumulative 
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28-day survival rates were calculated by the Kaplan - 
Meier method. All statistical analyses were conducted 
using SPSS version 16.0 and R software (version 4.3.3 
(http://www.Rproject.org)). Statistical significance was 
decided by a criterion of two-sided p < 0.05.

Results
Patient characteristics
A total of 189 patients with COVID-19 with pneumonia 
were hospitalized, and 173 patients met the inclusion cri-
teria (Fig.  1). The clinical characteristics and laboratory 
findings are shown in Table 1 (development group = 120, 
validation group = 53). All patients were ethnically Asian. 
The 28-day mortality was 23.7% (41 of 173). The median 
age of these patients was 74 (range, 23–95 years). A total 
of 4.6% (8 of 173) of the total patients were younger than 
40 years, while 87.9% (152 of 173) were above the age of 
60 years. A total of 70.5% were males. The proportion of 
severe/critical patients was 57.8% (100/173) on admis-
sion. The 1st and 2nd most common underlying diseases 
in our study were hypertension (58.4%, 101/173) and dia-
betes mellitus (31.8%, 55/173), respectively.

We analysed the correlation between KL-6 level and 
RSG or CPV sign, and showed that KL-6 was posi-
tively correlated with RSG (r = 0.734, P < 0.001) and CPV 
(r = 0.387, P < 0.001) in the development group. The KL-6 
level in patients with a high RSG (≥ 3) was higher than 
that in patients with a low RSG (< 3) (872(577–1039) vs. 
318 (210–455), U/ml, P < 0.001) in development group. 
And the KL-6 level in patients with CPV sign was higher 
than that in patients without CPV signs (591(398–905) 
vs. 325(207–567), U/ml, P < 0.001) in the development 
group. Meanwhile, it showed that the level of IL-6 was 
higher in validation group when compared with develop-
ment group (40.54(13.90-98.58) vs. 21.46 (7.35–56.62), 
pg/ml, P = 0.030); and the ratio of pure GGO in radiog-
raphy in validation group was higher when compared 
with development group (32/53, 60.4% vs. 52/120, 43.3%, 
P = 0.048).

Cox regression analysis
The 6 variables were significantly correlated with 28-day 
mortality including disease severity, serum KL-6, P/F 
ratio, NLR, IL-6 and RSG in both the development group 

Fig. 1  Flowchart of patients
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and validation group (P < 0.05, Table  1). Univariate Cox 
regression analysis was performed, and showed that these 
variables significantly different (P < 0.05, Table  2). Then, 
we further performed a multivariable Cox regression 
analysis based on KL-6 and RSG. The hazard ratios of 
KL-6 and RSG were 1.001 (95% CI:1.000-1.002, P = 0.023) 
and 2.191 (95% CI:1.253–3.832, P = 0.006), respectively. 

It indicated that KL-6 and RSG were independent risk 
factors.

Nomogram construction and calibration
SMOTE strategy was used to produce synthetic examples 
to overcome the problem of class imbalance for the devel-
opment group. A nomogram predictive of 28-day mortal-
lity was developed based on KL-6 and RSG with SMOTE 

Table 1  Main characteristics of COVID-19 patients
Parameters Development group

(n = 120) 
Validation group
(n = 53) 

Develop-
ment group 
vs. Validation 
group

Total
(n = 173)

Survivors
(n = 93)

Non-survivors
(n = 27)

p value Survivors
(n = 39)

Non-survivors
(n = 14)

p value p value

Age 74(65–81) 76(70–84) 0.150 72(64–78) 77(71–83) 0.075 0.271 74(67–80)
Gender, Male/Female 66/27 20/7 0.813 23/16 13/1 0.022 0.718 122/51
BMI 23.7(21.5–25.9) 23.8(22.5–25.7) 0.811 23.8(20.6–25.8) 24.7(21.5–25.4) 0.535 0.619 23.8(21.6–

25.7)
Hypertension, n(%) 49(52.7) 16(59.2) 0.662 25(64.1) 11(78.5) 0.506 0.097 101(58.4)
Diabetes mellitus, n(%) 29(31.1) 9(33.3) 0.819 13(33.3) 4(28.5) 1.000 1.000 55(31.8)
Coronary heart disease 7(7.5) 5(21.7) 0.139 2(5.1) 1(7.1) 1.000 0.558 15(8.7)
Chronic renal disease, 
n(%)

7(7.5) 6(28.7) 0.071 7(17.9) 2(14.3) 1.000 0.322 22(12.7)

Cerebrovascular disease 6(6.5) 2(7.4) 1.000 2(5.1) 1(7.1) 1.000 1.000 11(6.4)
Alzheimer’s disease, n(%) 1(0.1) 3(11.1) 0.035 2(5.1) 0(0.0) 1.000 1.000 6(3.5)
COPD, n(%) 5(5.3) 2(7.4) 0.654 5(12.8) 2(14.8) 1.000 0.130 14(8.1)
Cancer* 3(3.2) 3(11.1) 0.127 0(0.0) 2(14.8) 0.066 1.000 8(4.6)
Disease Severity (severe/
critical), n(%)

40(43.0%) 25(92.6%) < 0.001 21(53.8) 14(100.0) 0.002 0.182 100(57.8)

Serum KL-6 concentra-
tion, U/ml

348(221–535) 969(678–1231) < 0.001 369(220–500) 1007(784–2095) < 0.001 0.515 436(252–728)

P/F ratio 321(260–388) 148(105–238) < 0.001 293(245–347) 163(106–188) < 0.001 0.068 281(218–357)
NLR 5.6(3.4–11.1) 14.6(8.8–25.5) < 0.001 7.9(4.1–14.1) 12.4(7.9–55.9) 0.016 0.145 8.1(4.1–13.5)
CRP, mg/dl 37.7(11.4–81.8) 101.9(54.8-193.9) < 0.001 36.8(20.5–86.5) 71.7(47.3–94.5) 0.060 0.717 50.5(15.7–

93.2)
IL-6,pg/ml 12.9(6.6–37.9) 100.2(30.4-283.9) < 0.001 26.0(10.5–63.8) 125.2(58.9–

620.0)
< 0.001 0.030 26.3(8,1-68.9)

ALT, U/L 28(18–40) 28(19–47) 0.410 24(17–44) 24(21–47) 0.627 0.678 27(19–42)
ALB, g/L 33.2(30.4–36.1) 30.3(26.8–33.0) 0.004 32.5(27.9–35.8) 31.2(28.1–33.1) 0.336 0.383 32.5(29.1–

35.2)
LDH, U/L 287(224–355) 511(356–590) < 0.001 318(249–420) 336(202–507) 0.725 0.545 312(238–414)
BUN, mmol/L 7.6(4.7–9.5) 9.9(6.3–21.6) < 0.001 7.7(5.6–11.0) 8.5(5.2–13.0) 0.679 0.515 8.0(5.3–10.9)
Scr, µmol/L 74(56–91) 80(67–156) 0.052 79(63–106) 64(55–133) 0.679 0.729 75(60–104)
Radiological features
RSG < 0.001 < 0.001 0.723
Grade 1, n(%) 31(33.3) 1(3.7) 14(35.9) 0(0.0) 46(26.6)
Grade 2, n(%) 39(41.9) 5(18.5) 16(41.0) 2(14.3) 62(35.8)
Grade 3, n(%) 20(21.5) 9(33.3) 6(15.4) 7(50.0) 42(24.3)
Grade 4, n(%) 3(3.2) 12(44.4) 3(7.7) 5(35.7) 23(13.3)
Pure GGO/ 
GGO + Consolidation

43/50 9/18 0.275 27/12 5/9 0.054 0.048 84/89

CPV, n(%) 37(39.8) 13(48.1) 0.508 4(10.3) 10(71.4) < 0.001 0.062 64(37.0)
Abbreviation BMI Body Mass Index, COPD chronic obstructive pulmonary disease, KL-6 Krebs von den Lungen-6, P/F ratio artery PO2 divided by the fraction of inspired 
oxygen, NLR neutrophil lymphocyte ratio, CRP C-reactive protein, IL-6 serum interleukin 6 concentration, ALT Alanine transaminase, LDH lactate dehydrogenase, 
SCr serum creatinine, BUN Urea nitrogen, RSG Radiological Severity Grade, GGO grand glass opacity, CPV crazy paving pattern.*, cancers referred to any malignancy
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strategy synthetic examples as smote group (Fig. 2). The 
C-index of the nomogram in the smote group and vali-
dation group was 0.687 (95% CI: 0.613–0.761) and 0.872 
(95% CI: 0.798–0.946), respectively. The performance of 
the nomogram model was analysed by calibration curve 
(Fig. 2).

Predictive performance of the KL-6, RSG and combined 
scores
Survival ROC curve analysis was applied to analyse the 
predictive performance of KL-6, RSG and the com-
bined score (Fig.  3). The optimal cut-offs and relevant 
sensitivity and specificity are listed in Table 3. The com-
bined score in the development group yielded an AUC 
of 0.868 (95% CI: 0.776–0.942, P < 0.001) with 46.2% 
sensitivity and 99.5% specificity. The combined score in 
the validation group yielded an AUC of 0.932 (95% CI: 
0.862–0.997, P < 0.001) with 76.9% sensitivity and 90.0% 
specificity. In the development group, the AUC of KL-6 
was higher when compared with the AUC of RSG (0.885 
vs. 0.818, P = 0.024), the AUC of combined score was 
higher when compared with that of RSG as well (0.868 vs. 
0.818, P = 0.004), while the AUC of KL-6 didn’t show dif-
ference when compared with the AUC of combined score 
(0.885 vs. 0.868, P = 0.234).

On the basis of the optimal cut-off based on the ROC 
curve analysis, all indicators were transformed into 
binary variables, and risk ratios were calculated. The risk 
ratios of KL-6, RSG, and combined scores in the develop-
ment group and validation group were associated with a 
higher incidence of 28-day mortality, with risk ratios of 
17.858 (95% CI: 7.130-44.729, P < 0.001), 7.279 (95% CI: 
2.932–18.069, P < 0.001), 14.499 (95% CI: 5.810-36.184, 
P < 0.001), 7.873 (95% CI: 2.454–25.261, P = 0.001), 
respectively.

Kaplan - Meier curve of subgroups stratified by KL-6, RSG 
and combined scores
All 173 inpatients were followed in this retrospective 
study. The primary endpoint occurred in 41 inpatients 
(23.7%). Patients were categorized into two subsets 

according to the optimal cut-off value of KL-6, RSG and 
combined score in the development group (Table  3). 
Kaplan-Meier curves showed that differences between 
the two subsets were statistically significant (Fig. 3) in the 
development group. In the validation group, the result 
showed that patients with a high combined score had 
poor outcomes compared to those with a low combined 
score (Fig. 3).

Discussion
COVID-19 is still a global health threat that can develop 
into severe/critical illness resulting in high morbidity and 
mortality worldwide. Identifying the predictors for severe 
illness or mortality has been recognized as one of the 
most important issues for controlling COVID-19 [13]. 
Older age has been recognized as a risk factor for mortal-
ity in COVID-19 patients [6, 14]. Older patients are usu-
ally associated with a high prevalence of comorbidities, 
such as hypertension, diabetes; and decreased reserve 
capacity of vital organs, which may lead to increased 
frailty and a higher risk of a poor outcome. In our study, 
the majority of patients (87.9%) were above the age of 60 
years, and their median age was 74 (range, 23–95 years). 
Therefore, the age of non-survivals was somehow higher 
than survivors although without statistical significance.

KL-6 is a mucin like glycoprotein distributed mainly 
on the surface of type II alveolar epithelial cells (AECs) 
and respiratory bronchiolar epithelia cells [15], and it has 
been well-explored in idiopathic pulmonary fibrosis (IPF) 
and ARDS patients, and is recognized as one of the spe-
cific biomarkers of AECs damage [16]. Recently, Deng et 
al., declared that serum KL-6 levels in COVID-19 patients 
were higher than those in healthy patients; serum KL-6 
levels in severe/critical COVID-19 patients were espe-
cially higher than those in mild patients (median 898.0 
vs. 452.1 U/ml, P < 0.001) [17]. They also found that KL-6 
increased from symptom onset, peaked within approxi-
mately a month, and then gradually decreased. It took 
less time to reach a higher level in severe/critical patients 
than in mild patients. Meanwhile, serum KL-6 was lin-
early correlated with computed tomography lung lesion 
areas. Arnold et al. [18] compared baseline KL-6 levels in 
patients with COVID-19 and a cohort of IPF, and found 
that the KL-6 level showed no significant difference 
between severe COVID-19 and IPF, while KL-6 levels 
were significantly lower in mild or moderate COVID-
19 when compared with IPF. This result indicated that 
patients with severe COVID-19 presented with a higher 
baseline KL-6 level than mild or moderate COVID-19. 
Frix et al. [19] investigated a cohort of 83 COVID-19 
patients and found that serum KL-6 was a prognostic 
biomarker of disease activity and fibrosis in COVID-19; 
however they did not find any correlation between KL-6 
levels and admission to intensive care or mortality. Our 

Table 2  Univariate cox regression for 28-day mortality in 
hospitalization in the development group
Variables HR 95%CI p value
Disease severity (severe/critical) 12.128 2.864–51.347 0.001
Serum KL-6 concentration, U/ml 1.002 1.001–1.003 < 0.001
P/F ratio 0.986 0.981–0.990 < 0.001
NLR 1.029 1.016–1.041 < 0.001
IL-6, pg/ml 1.001 1.001–1.002 < 0.001
RSG 3.200 2.066–4.955 < 0.001
Abbreviation HR hazard ratio, CI confidence index, KL-6 Krebs von den Lungen-6, 
P/F ratio artery PO2 divided by the fraction of inspired oxygen, NLR neutrophil 
lymphocyte ratio, IL-6 serum interleukin 6 concentration, RSG Radiological 
severity grade
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Fig. 2  Nomogram model and calibration curve. (1) KL-6 and RSG were used to develop a nomogram model by SMOTE strategy to predict 28-day 
mortality in COVID-19 patients. For example (indicated by a solid red circle and arrow), the KL-6 and RSG results of an admitted patient were 810U/ml 
and grade 3, respectively. The points for his/her KL-6 and RSG were approximately 26 and 81 respectively. Hence, the total point for this patient was 107, 
which indicated a probability of 0.568 for the development of death events during 28 days after admission. (2) Calibration curve of the nomogram in the 
smote group and validation group, in terms of agreement between the predicted risk and actual observed outcomes. KL6, Krebs von den Lungen-6; RSG, 
radiological severity grade
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results showed that KL-6 levels were much higher in non-
survivor than in survivors (Table 1, P < 0.001). For those 
with high KL-6 (≥ 810U/ml), the 28-day survival rate was 
lower, than that for those with lower KL-6 (< 810U/ml) 
(Fig. 3).

Chest imaging, especially HRCT is used for the early 
diagnosis of COVID-19 to evaluate lung involvement 
[20–23]. The CT lung lesion area was found to be linked 
to COVID-19 progression [24], severe lung involvement 
was more common in patients presenting with CPV, and 
patients with GGOs in moderate lung involvement were 
more likely to recover faster, than those with CPV [25]. In 
our study, patients with severe lung involvement were rel-
evant with 28-day mortality event, which is in agreement 
with a previous study [20]. The RSG yielded an AUC of 
0.818 (95% CI: 0.711–0.899, P < 0.001), which indicated 
that patients with a higher RSG (grade ≥ 3) would have a 
poor outcome (Fig. 3). A total of 56.9% (37/65) patients 
had a higher RSG (grade 3 and 4), accompanied by the 
CPV sign. In contrast, 25.0% (27/108) of patients had 
a lower RSG (grade 1 and 2), accompanied by the CPV 
sign. This result indicated that severe lung involvement 
was more likely to coexist with the CPV sign.

We further analysed the correlation between KL-6 level 
and RSG or CPV sign, and showed that high KL-6 level 
was linked to RSG and to CPV (P < 0.001) in the devel-
opment group. Patients with high KL-6 levels were more 
likely to present with an RSG greater than grade 3 or the 
CPV sign. These results indicated that KL-6 correlated 
with lung involvement.

This study has limitations mainly due to its retrospec-
tive nature, single-center design and selection bias. So, 
the model was developed in this study should be inter-
preted with caution. In addition, the primary endpoint 
was 28-day mortality after admission, the effect of applied 
interventional extracorporeal therapies such as extracor-
poreal membrance oxygenation (ECMO） on survival 
was not studied as this was not an endpoint of this study. 
Despite these limitations, we found that KL-6 and RSG 
were potential risk factors of 28-day mortality in COVID-
19 patients with pneumonia. Certainly, different factors 
affecting mortality were identified based on the various 
studies’ designs thus far. From that point of view, more 
prospective and multi-center studies are needed to assess 
the possible factors affecting mortality in patients with 
COVID-19 and clarify the understanding mechanisms to 

improve the management of patients and to help in the 
development of new forms of treatment.

Conclusions
In summary, our results suggested that the nomogram 
and combined score derived from KL-6 and RSG, might 
be a potential method for evaluating 28-day mortality 
in COVID-19 patients with pneumonia. Patients with 
higher KL-6 levels and higher RSG should be carefully 
considered. However, our results should be interpreted 
with caution and validated in longitudinal studies in a 
larger and multi-center cohort.

Table 3  Predictive performance of KL-6, RSG and combined score for 28-day mortality in COVID-19 patients
Variables Cut-off AUC(95%CI) Sensitivity Specificity P value
KL-6, U/ml 810 0.885(0.804–0.952) 73.1% 93.6% < 0.001
RSG 3 0.818(0.711–0.899) 76.9% 74.5% < 0.001
Combined scores (development group) 103.04 0.868(0.776–0.942) 46.2% 95.0% < 0.001
Combined scores (validation group) 103.04 0.932(0.862–0.997) 76.9% 90.0% < 0.001
Abbreviation KL-6 Krebs von den Lungen-6, RSG Radiological Severity Grade, AUC the area under the curve, CI confidence interval
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Fig. 3 (See legend on next page.)
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Abbreviations
COVID-19	� Coronavirus disease 2019
HRCT	� high resolution computed tomography
BMI	� Body Mass Index
COPD	� chronic obstructive pulmonary disease
KL-6	� Krebs von den Lungen-6
AECs	� type II alveolar epithelial cells
P/F ratio	� artery PO2 divided by the fraction of inspired oxygen
NLR	� neutrophil lymphocyte ratio
CRP	� C-reactive protein
IL-6	� serum interleukin 6 concentration
GPT	� glutamate pyruvate transaminase
LDH	� lactate dehydrogenase
SCr	� serum creatinine
BUN	� Urea nitrogen
GGO	� ground glass opacity
CPV	� crazy paving pattern
AUC	� area under the curve
CI	� confidence interval
ECMO	� extracorporeal membrance oxygenation
RSG	� Radiological severity grade
IPF	� idiopathic pulmonary fibrosis
ARDS	� acute respiratory distress syndrome
ILDs	� interstitial lung diseases
IQR	� interquartile range
ROC	� receiver operating characteristic
HR	� hazard ratio
OR	� odds ratio
SMOTE	� synthetic minority oversampling technique

Acknowledgements
We would like to appreciate all departments that were involved in this 
research, and Prof. Yuetian Yu, Prof. Huawei Wu and Dr. Xiaochuan Geng for 
supporting this research.

Author contributions
H.J.: the conception and design of the study. J.Z., Y.S., S.X.: acquisition of 
data. J.Z. and Y.S.: analysis and interpretation of data. J.Z. and Y.S. wrote the 
main manuscript. All authors drafted and revised the manuscript critically 
for important intellectual content and final approval of the version to be 
submitted.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data availability
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Ethics Committee of Ren Ji Hospital approved the study (LY2023-064-B). 
The Ethics Committee of Ren Ji Hospital waived the requirement for informed 
consent of patients due to the retrospective nature of the study. The study 
was performed accordance with the principles of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 October 2023 / Accepted: 2 April 2024

References
1.	 Fajgenbaum DC, June CH. Cytokine storm. N Engl J Med. 2020;383:2255–73. 

https://doi.org/10.1056/NEJMra2026131.
2.	 Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et al. Base-

line characteristics and outcomes of 1591 patients infected with SARS-CoV-2 
admitted to ICUs of the Lombardy Region, Italy. JAMA. 2020;323:1574–81. 
https://doi.org/10.1001/jama.2020.5394.

3.	 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics of 
coronavirus disease 2019 in China. N Engl J Med. 2020;382:1708–20. https://
doi.org/10.1056/NEJMoa2002032.

4.	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospec-
tive cohort study. Lancet. 2020;395:1054-62. https://doi.org/10.1016/
S0140-6736(20)30566-3

5.	 Paterson RW, Brown RL, Benjamin L, Nortley R, Wiethoff S, Bharucha T, et al. 
The emerging spectrum of COVID-19 neurology: clinical, radiological and 
laboratory findings. Brain. 2020;awaa240. https://doi.org/10.1093/brain/
awaa240.

6.	 Gao YD, Ding M, Dong X, Zhang JJ, Kursat Azkur A, Azkur D, et al. Risk factors 
for severe and critically ill COVID-19 patients: a review. Allergy. 2021;76:428–
55. https://doi.org/10.1111/all.14657.

7.	 Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical & mor-
tal COVID-19 cases: a systematic literature review and metaanalysis. J Infect. 
2020;81:e16–25. https://doi.org/10.1016/j.jinf.2020.04.021.

8.	 Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortal-
ity due to COVID-19 based on an analysis of data of 150 patients from 
Wuhan, China. Intensive Care Med. 2020; 46:846-8. https://doi.org/10.1007/
s00134-020-05991-x

9.	 Sun H, Ning R, Tao Y, Yu C, Deng X, Zhao C, et al. Risk factors for mortality in 
244 older adults with COVID-19 in Wuhan, China: a retrospective study. J Am 
Geriatr Soc. 2020;68:E19-E23. https://doi.org/10.1111/jgs.16533

10.	 Therapeutics. and COVID-19: living guideline,13 January 2023. Geneva: World 
Health Organization;2023(WHO/2019-nCoV/therapeutics/2023.1). https://
www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2023.1.

11.	 Hansell DM, Bankier AA, MacMahon H, McLoud TC, Müller NL, Remy J. 
Fleischner Society: glossary of terms for thoracic imaging. Radiology. 
2008;246(3):697–722. https://doi.org/10.1148/radiol.2462070712.

12.	 Gustavo EA, Batista PA, Ronaldo CP, Monard MC. A study of the behavior 
of several methods for balancing machine learning training data. SIGKDD 
Explor. 2004;6(1):20–9. https://api.sematicscholar.org/Corpus. ID:207155015.

13.	 Liu YP, Li GM, He J, Liu Y, Li M, Zhang R, Li YL, Wu YZ, Diao B. Combined use of 
the neutrophil-to-lymphocyte ratio and CRP to predict 7-day disease severity 
in 84 hospitalized patients with COVID-19 pneumonia: a retrospective cohort 
study. Ann Transl Med. 2020;8(10):635. https://doi.org/10.21037/atm-20-2372.

14.	 Li J, Huang DQ, Zou B, Yang H, Hui WZ, Rui F, et al. Epidemiology of COVID-19: 
a systematic review and meta-analysis of clinical characteristics, risk factors, 
and outcomes. J Med Virol. 2021;93:1449–58. https://doi.org/10.1002/
jmv.26424.

15.	 Kohno N, Inoue Y, Hamada H, Fujioka S, Fujino S, Yokoyama A, et al. Difference 
in sero-diagnostic values among KL-6-associated mucins classified as cluster 
9. Int J Cancer Suppl. 1994;8:81–3. https://doi.org/10.1002/ijc.2910570717.

16.	 Janz DR, Ware LB. Biomrkers of ALI/ARDS: pathogenesis, discovery, and 
relevance to clinical trials. Semin Respir Crit Care Med. 2013;34(4):537–48. 
https://doi.org/10.1055/s-0033-1351124.

17.	 Deng K, Fan Q, Yang Y, Deng X, He R, Tan Y, et al. Prognostic roles of KL-6 in 
disease severity and lung injury in COVID-19 patients: a longitudinal retro-
spective analysis. J Med Virol. 2021;93(4):2505–12. https://doi.org/10.1002/
jmv.26793.

(See figure on previous page.)
Fig. 3  ROC curve analysis using KL-6, RSG and combined score for predicting the 28-day mortality, and Kaplan-Meier curves of 28-day survival in patients 
according to binary risk group stratification. (1) KL-6 yielded an AUC of 0.885 (95% CI: 0.804–0.952), while RSG yielded an AUC of 0.818 (95% CI: 0.711–
0.899). The combined score in both development group and validation group yielded AUCs of 0.868 (95% CI: 0.776–0.942) and 0.932 (95% CI: 0.862–0.997), 
respectively. (2) K-P curve of KL-6 (low risk: <810 U/ml; high risk: ≥ 810 U/ml), (3) K-P curve of RSG (low risk: <3; high risk: ≥3), (4) K-P curve of combined 
score in the development group (low risk: < 103.04; high risk: ≥ 103.04), (5) K-P curve of combined score in the validation group (low risk: < 103.04; high 
risk: ≥103.04). KL6 Krebs von den Lungen-6, RSG radiological severity grade, K-P Kaplan-Meier

https://doi.org/10.1056/NEJMra2026131
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1093/brain/awaa240
https://doi.org/10.1093/brain/awaa240
https://doi.org/10.1111/all.14657
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1111/jgs.16533
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2023.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2023.1
https://doi.org/10.1148/radiol.2462070712
https://api.sematicscholar.org/Corpus
https://doi.org/10.21037/atm-20-2372
https://doi.org/10.1002/jmv.26424
https://doi.org/10.1002/jmv.26424
https://doi.org/10.1002/ijc.2910570717
https://doi.org/10.1055/s-0033-1351124
https://doi.org/10.1002/jmv.26793
https://doi.org/10.1002/jmv.26793


Page 10 of 10Zou et al. BMC Pulmonary Medicine          (2024) 24:187 

18.	 Arnold DT, Donald C, Lyon M, Hamilton FW, Morley AJ, Attwood M, et al. 
Krebs Von Den Lungen 6 (KL-6) as a marker for disease severity and persistent 
radiological abnormalities following COVID-19 infection at 12 weeks. PLoS 
ONE. 2021;16(4):e0249607. https://doi.org/10.1371/journal.pone.0249607.

19.	 Frix AN, Schoneveld L, Ladang A, Henket M, Duysinx B, Vaillant F, et al. 
Could KL-6 levels in COVID-19 help to predict lung disease? Respir Res. 
2020;21(1):309. https://doi.org/10.1186/s12931-020-01560-4.

20.	 Zhang HW, Yu J, Xu HJ, Lei Y, Pu ZH, Dai WC, et al. Corona Virus International 
Public Health Emergencies: implications for Radiology Management. Acad 
Radiol. 2020;27(4):463–7. https://doi.org/10.1016/j.acra.2020.02.003.

21.	 Pan F, Ye T, Sun P, Gui S, Liang B, Li L, et al. Time Course of Lung Changes at 
chest CT during recovery from Coronavirus Disease 2019 (COVID-19). Radiol-
ogy. 2020;295(3):715–21. https://doi.org/10.1148/radiol.2020200370.

22.	 Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P et al. Sensitivity of Chest CT for 
COVID-19: Comparison to RT-PCR. Radiology.2020;296(2):E115-E117. https://
doi.org/10.1148/radiol.2020200432.

23.	 Liu P, Tan XZ. 2019 Novel Coronavirus (2019-nCoV) Pneumonia. Radiology. 
2020; 295(1):19. https://doi.org/10.1148/radiol.2020200257.

24.	 Li M, Lei P, Zeng B, Li Z, Yu P, Fan B, et al. Coronavirus disease (COVID-19): spec-
trum of CT findings and temporal progression of the disease. Acad Radiol. 
2020;27(5):603–8. https://doi.org/10.1016/j.acra.2020.03.003.

25.	 Rajalingam B, Narayanan E, Nirmalan P, Muthukrishnan K, Sundaram V, Kuma-
ravelu S, et al. Pattern recognition of high-resolution computer tomography 
(HRCT) chest to guide clinical management in patients with mild to moder-
ate COVID-19. Indian J Radiol Imaging. 2021;31(Suppl 1):S110–8. https://doi.
org/10.4103/ijri.IJRI_774_20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0249607
https://doi.org/10.1186/s12931-020-01560-4
https://doi.org/10.1016/j.acra.2020.02.003
https://doi.org/10.1148/radiol.2020200370
https://doi.org/10.1148/radiol.2020200432
https://doi.org/10.1148/radiol.2020200432
https://doi.org/10.1148/radiol.2020200257
https://doi.org/10.1016/j.acra.2020.03.003
https://doi.org/10.4103/ijri.IJRI_774_20
https://doi.org/10.4103/ijri.IJRI_774_20

	﻿Use of serum KL-6 and chest radiographic severity grade to predict 28-day mortality in COVID-19 patients with pneumonia: a retrospective cohort study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patients
	﻿Chest HRCT protocols
	﻿Image analysis
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Cox regression analysis
	﻿Nomogram construction and calibration
	﻿Predictive performance of the KL-6, RSG and combined scores
	﻿Kaplan - Meier curve of subgroups stratified by KL-6, RSG and combined scores

	﻿Discussion
	﻿Conclusions
	﻿References


