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Introduction: Chronic obstructive pulmonary disease (COPD) has tremendous detrimental effects on patients’ quality of life, lung
function, disease progression and socioeconomic burden. This study aimed to investigate new serum biomarkers for COPD detection.
Three recently emerging biomarkers, including Clara cell secretory protein-16 (CC16), plasma fibrinogen (FIB) and serum amyloid
A (SAA), were investigated for their potential in stratifying the severity of COPD.

Methods: A total of 220 patients with AECOPD were recruited. Multivariate logistical regression was used to analyze odds ratios of
an array of characteristic of patients, including age, global initiative for chronic obstructive lung disease (GOLD), diabetes mellitus,
heart diseases, PaCO2, CC16, FIB, and SAA. Correlations of CC16, FIB and SAA levels to each other, GOLD, and PaCO2 were also
measured using Spearman correlation. Receiver operating characteristic (ROC)/curve analysis was used to assess sensitivity and
specificity of CC16, FIB, SAA and the combination of the three markers in identifying AECOPD patients with poor prognosis.
Results: Our data suggested that age, GOLD, diabetes mellitus, heart diseases, PaCO2, CC16, FIB, and SAA are all significant risk
factors for poor prognosis of AECOPD. CC16, FIB and SAA were positively correlated to each other and to GOLD and PaCO2 levels.
CCl16, FIB and SAA all had a high sensitivity and specificity in identifying patients with a poor prognosis. CC16, FIB and SAA are
new markers with potentially high predictive value in AECOPD.

Discussion: Our data support further development of these biomarkers to improve clinical management of AECOPD through
providing more accurate prognosis of AECOPD patients that enable timely adjustment of treatment plans.
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Introduction

Chronic obstructive pulmonary disease (COPD) has tremendous detrimental effects on patients’ quality of life, lung
function, disease progression and socioeconomic burden.' COPD is known to be triggered by cold weather, pollutants, or
irritants and exacerbated by acute respiratory tract infection.” Patients in the acute phase of COPD, acute exacerbation
COPD (AECOPD), suffer from elevated airway inflammation,® which in turn progresses into bronchial mucosal
congestion and edema, excessive mucus secretion, smooth muscle spasm, and aggravates airway narrowing, leading to
restricted expiratory airflow and dynamic hyperinflation of the lungs. Patients may also experience acute changes in
shortness of breath, cough or sputum, demanding abrupt change of treatment strategies. As a result, acute exacerbation
symptoms could occur, and may lead to a systemic inflammatory response.* Despite recent advancement in AECOPD
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treatment, the overall efficacy of AECOPD treatment is still unsatisfactory. There is a pressing unmet need to develop
simple but efficient physiological indicators to assess the prognosis of patients with AECOPD, and to take corresponding
measures for intervention and treatment to improve the prognosis of patients.’

Serum biomarkers are favored diagnostic tools owing to their cost-effectiveness and convenience. Emerging studies
demonstrated a few serum biomarkers, such as C-reactive protein (CRP),6 I-FABP, citrulline, D-Lactate, DAO, and a-
GST’ as biomarkers with predictive value in terms of readmission. However, the sensitivity and specificity of the
biomarkers remain unsatisfactory. For example, a previous study demonstrated that CRP could achieve a sensitivity of
74.5% and specificity of 81% for readmission events among AECOPD patients.® Among new biomarkers investigated,
serum amyloid A (SAA), which is a polygenic encoded acute temporal response protein, has stood out as patients in the
early stage of viral pneumonia,® early non-invasive bacterial pneumonia,” COVID19,'® rheumatic diseases,'' etc.

In addition, fibrinogen (FIB) is another promising serum biomarker for AECOPD as suggested in a previous study.'?
FIB is a glycoprotein synthesized by hepatocytes and its biological functions are closely related to blood coagulation, cell
adhesion, proliferation and extension, phagocytosis and other activities."® Its molecular weight is the largest among all
coagulogens, and it has a chain-like asymmetric structure, which can increase plasma thickening, contribute to the
formation of tiny arterial thrombi in the lungs, and aggravate the injury to the lung. Studies suggested that AECOPD
patients had a high FIB level at the time of discharge implicating that the patient is still in a state of hypoxia and thus has
a higher likelihood of respiratory failure and readmission.'*

Another biomarker focused in our study is Clara cell secretory protein-16 (CC16), a major functional protein secreted
by Clara cells.'> In COPD, inflammation, oxidative stress and increased alveolar-capillary permeability significantly
enhance the expression of CC16. CC16 can inhibit phospholipase A2 activity and reduce cell membrane phospholipid
catabolism, and also directly inhibit the expression of various inflammatory factors and their biological activities, which
play an important role in the development mechanism of asthma, COPD, and acute lung injury.'®

In this work, we aimed to characterize the levels of serum CC16, SAA and plasma FIB as a new set of serum
biomarkers for AECOPD diagnosis. A retrospective analysis was performed to follow up patients with AECOPD for
a period of one year, and the patients were divided into two groups with good and poor prognosis, and to analyze the
comparison between the levels of serum CC16, SAA and plasma FIB at admission in AECOPD patients with good and
poor prognosis, and to analyze the correlation between the three. The predictive value of the three and their combined
tests for prognosis was analyzed. The relationship between the three biomarkers and the severity of AECOPD at the time
of admission was then analyzed.

Methods

Subject Enrollment

Our study was approved by the ethics committee of Shanghai Fourth People’s Hospital, School of Medicine, Tongji
University, and it was performed in strict accordance with the Declaration of Helsinki, Ethical Principles for Medical
Research Involving Human Subjects. All enrolled patients met the diagnostic criteria for AECOPD according to the
Guidelines for the Diagnosis and Management of Chronic Obstructive Pulmonary Disease (2013 Revised Edition)
developed by the Chinese Medical Association’s Respiratory Diseases Branch in 2007. All patients had acute worsening
of respiratory symptoms such as dyspnea, cough or sputum pus and confirmed diagnosis of AECOPD and age >18 years.
Smoker was defined as who smokes continuously or accumulatively for >6 months. The patients gave written informed
consent to this study.

Exclusion Criteria

The following patients were excluded: 1) patients with non-acute exacerbation COPD, combined with liver disease,
urinary system disease, hematological system disease, tumor; 2) patients with asthma, interstitial lung disease, pneumo-
nia, tuberculosis, lung cancer, pulmonary embolism and other respiratory system diseases; 3) patients suffering from
heart failure, acute myocardial infarction, acute cerebral infarction, acute cerebral hemorrhage and other end-stage
diseases.
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Grading for AECOPD

Pulmonary function classification was defined as airflow impairment with reference to the criteria of the Chinese Expert
Consensus on the Diagnosis and Treatment of Acute Exacerbations of Chronic Obstructive Pulmonary Disease, and the
severity was divided into 4 grades: Grade I (mild): FEV1% > 80%; Grade II (moderate): 50% < FEV1% < 79%; Grade
III (severe): 30% < FEV1% < 50%; Grade IV (very severe): FEV1% < 30%. FEV1 and FVC were measured by

Masterscope lung function meter (GOLD: global initiative for chronic obstructive lung disease) from Jager, Germany.

Patient Follow-Up

Patients discharged from the hospital after treatment for AECOPD were followed up for 1 year. Patients were considered
to have a poor prognosis for worsening AECOPD if any of the following occurred: 1) death from respiratory disease
during hospitalization or follow-up; 2) intensive care unit admission; 3) invasive or noninvasive mechanical ventila-
tion; 4) COPD-related emergency visits or readmissions during follow-up.

Blood Test

Five milliliters of venous blood were drawn within 24 h of admission, and plasma was separated and stored in
a refrigerator at —80°C. 0.13 mol/L sodium citrate was used for anticoagulation. Blood was centrifuged at 3000 r/min
for 10 min, and plasma FIB levels were measured by a kit purchased from Fischer Diagnostics Pacific Coagulation
Products. Serum CC16 levels were measured by an enzyme-linked immunosorbent assay kit purchased from Emmett
BioVendor. SAA was measured by serum using Abbott Biochemistry Analyzer c16000 (Abbott, USA). Fresh arterial
blood was used for measuring carbon dioxide levels (PaCO,).

Statistical Analysis

The sample size was determined using established statistical power analysis (probability that it will reject a false null
hypothesis). Differences between the means of the two groups were divided by the standard deviation to determine the
standardized effect size, then using 5% as the significance level in Student’s #-test and 90% power, the minimum required
sample size was calculated. The data are presented with mean = SD or n (percentage). The comparisons of data were
done by Mann—Whitney test, Unpaired ¢ test with Welch’s correction or Fisher’s exact test. Anderson-Darling test,
D’Agostino & Pearson test, Shapiro—Wilk test, and Kolmogorov—Smirnov test were used for normality of the data before
analysis. For analyzing those with normal distribution, unpaired ¢ test with Welch’s correction. Otherwise, Mann—
Whitney test was used. The comparison of categorical data was performed using the chi-square test Fisher’s exact
test. Correlation test (Spearman correlation) was used because the analyzed data did not conform to a normal distribution.

Results

Study Design and Subjects

In our trial, we enrolled 220 eligible patients with AECOPD and after one year of follow-up, 151 patients had a good
prognosis and 69 patients had a poor prognosis (Table 1). Sixty-nine patients had a poor prognosis, of which 19 (27.5%)
died, accounting for 8.6% of all patients. A comparison of serum CC16 plasma FIB and SAA at admission between the
69 patients with poor prognosis who died and those who survived is shown in Figure S1. The comparison revealed no
significant differences in each parameter between the two groups. We compared patients’ age, gender, BMI, duration of
COPD, pulmonary function class (GOLD class), and whether they had comorbidities including diabetes, hypertension,
hyperlipidemia, or coronary artery disease. The patients’ smoking history, partial pressure of carbon dioxide, CC16, FIB,
and SAA at the time of admission were compared. Our results showed significant differences between the two groups in
terms of patient age, GOLD classification status, presence of diabetes, coronary artery disease, partial pressure of carbon
dioxide at admission, and serum CC16, plasma FIB, and SAA.
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Table | Analysis of Prognostic Factors in Patients with Acute Exacerbated Chronic

Obstructive Pulmonary Disease (AECOPD)

Factors Good (n=151) Poor (n=69) p value
Age (years) 59.05 + 10.62 64.39 £ 12.58 0.003
COPD course (years) 10.77 £ 4.09 1.6l £3.97 0.065
Body mass index (kg/m?) 24.10 +4.32 25.07 +4.39 0.129
Gender
Male 83 (54.9%) 43 (62.3%) 0.378
Female 68 (45.1%) 26 (37.7%)
GOLD
=l 87 (57.6%) 22 (31.9%) < 0.001
N-1v 64 (42.4%) 47 (68.1%)
Complicated diabetes mellitus
Yes 21 (13.9%) 20 (29.0%) 0.014
No 130 (86.1%) 49 (71.0%)
Complicated hypertension
Yes 25 (16.6%) 16 (23.2%) 0.265
No 126 (83.4%) 53 (76.8%)
Complicated hyperlipidemia
Yes 38 (25.2%) 21 (30.4%) 0417
No 113 (74.8%) 48 (69.6%)
Complicated coronary heart disease
Yes 42 (27.8%) 35 (50.7%) 0.001
No 109 (72.2%) 34 (49.3%)
Smoke
Yes 88 (58.3%) 44 (63.8%) 0.462
No 63 (41.7%) 25 (36.2%)
PaCO, (mmHg) 4742 + 5.97 5247 + 854 < 0.001
Serum CCl6 (ng/mL) 18.45 + 7.34 25.98 £ 9.13 < 0.001
Plasma FIB (g/L) 3.54 £ 091 439+ 1.18 < 0.001
SAA (mg/L) 827 + 4.02 1474 + 6.23 < 0.001

Notes: The data are presented with mean + SD or n (percentage). The p values were calculated by Mann—Whitney

test, Unpaired t test with Welch’s correction or Fisher’s exact test.

Abbreviations: GOLD, global initiative for chronic obstructive lung disease; CC16, Clara cell secretory

protein-16; FIB, fibrinogen; SAA, serum amyloid A.
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Multivariate Logistical Regression Analysis to Identify Risk Factors Associated with
Poor Prognosis of AECOPD

Table 2 shows a multifactorial regression analysis of risk factors associated with poor prognosis in patients with
AECOPD. Among independent variables, age >65 years, GOLD classification of grade III-IV, diabetes mellitus,
coronary artery disease, partial pressure of carbon dioxide >50 mmHg, serum CC16 >20 ng/mL, plasma FIB > 4 g/L,
and SAA > 10 mg/L were significant risk factors for poor prognosis in patients with AECOPD. The cut-off values were
determined using ROC analysis and Youden’s index (Table 3).

Correlations of Serum CC16, Plasma FIB and SAA at Admission to Prognosis of
AECOPD Patients

After one year of follow-up, among the 220 patients recruited, 151 patients had a good prognosis and 69 patients had
a poor prognosis, and the patients were grouped according to this and then the differences in CC16, FIB, and SAA levels
at admission were compared. All three levels were higher in those with poor prognosis (Poor Group) than in those with
a good prognosis (Good Prognosis) (p < 0.001 for all comparisons) (Figure 1A—C).

We then analyzed the correlation between the three biomarkers, including CC16, FIB and SAA. As shown in
Figure 1D-F, moderate correlations were found between the biomarkers (r=0.43, 0.46, and 0.34 for FIB vs CCI16,
SAA vs CCl16, and SAA vs FIB, respectively).

Table 2 Multivariate Logistic Analysis for Poor Prognosis in Patients with Acute
Exacerbated Chronic Obstructive Pulmonary Disease (AECOPD)

OR 95% CI p value
Age more than 65 years old 1.174 1.032 to 1.313 0014
GOLD (lli-IV) 2371 1.795 to 2.952 0.002
Complicated diabetes mellitus 1.085 1.023 to 1.149 0.026
Complicated coronary heart disease 1.693 1.248 to 2.139 0.003
PaCO; more than 50 mmHg 1.336 1.225 to 1.446 0.008
Serum CC16 more than 20 ng/mL 1.219 1.102 to 1.335 0.011
Plasma FIB more than 4 g/L 1.196 1.075 to 1.317 0.018
SAA more than 10 mg/L 1.287 1.095 to 1.479 0.009

Abbreviations: OR, Odds Ratio; Cl, confidence interval; GOLD, global initiative for chronic obstructive
lung disease; CC16, Clara cell secretory protein-16; FIB, fibrinogen; SAA, serum amyloid A.

Table 3 Predictive Values in ROC Analysis

AUC | 95% CI P Sensitivity (%) | Specificity (%) | Youden Index | Cut off
Serum CCl6 | 0.75 0.67 to 0.82 | <0.001 | 72.46 69.54 0.42 20.44 ng/mL
Plasma FIB 0.71 0.64 to 0.79 | <0.001 | 60.87 72.85 0.34 4.07 g/L
SAA 0.8l 0.75 to 0.88 | <0.001 | 8I.16 72.19 0.53 9.98 mg/L
Combination | 0.89 0.84 to 0.94 | <0.001 | 76.8I 88.74 0.66 7.05

Notes: *Logit (Combination) = 0.095 *CCl6 + 0.495 *FIB + 0.245 *SAA.
Abbreviations: Cl, confidence interval; CC16, Clara cell secretory protein-16; FIB, fibrinogen; SAA, serum amyloid A.
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Figure | Comparisons of serum CCI6 (A), plasma FIB (B) and SAA (C) at admission between AECOPD patients with good prognosis (n = 151) and poor prognosis (n = 69) in
one year follow-up. P values were calculated from Mann—Whitney test. Spearman correlation analysis of serum CC16 with plasma FIB (D), serum CCI6 with SAA (E), plasma
FIB with SAA (F) in all the AECOPD patients (n = 220), p < 0.001 in three analyses.

Correlation of Serum CCI6, Plasma FIB and SAA with the Severity of AECOPD
Correlations of CC16, FIB, SAA each other in 220 eligible patients are shown in Figure 2. We first compared the
differences in CC16, FIB, and SAA between patients in pulmonary function classes (GOLD classification criteria) I-11
and III-1V, showing that CC16, FIB, and SAA were significantly higher in patients in classes III-IV than in patients in
classes I-II (Figure 2A—C). In addition, the correlation analysis of partial pressure of carbon dioxide with CC16, FIB and
SAA also showed a significant positive correlation between CC16, FIB, and SAA and the severity of AECOPD
(Figure 2D-F).

ROC Analysis of Predictive Values of Serum CCI6, Plasma FIB, SAA at Admission and
Their Combination Test for the Prognosis Assessment of AECOPD in One Year

Follow-Up

Figure 3 shows among 220 eligible AECOPD patients, 151 had a good prognosis 69 patients had a poor prognosis after
one year of follow-up. For determining the diagnostic values of the biomarkers, we performed ROC analysis using
Youden’s index to determine the cutoff values (Table 3). As shown in Table 3, ROC analysis showed that CC16 had
a sensitivity of 72.46% and specificity of 69.54%; FIB had a sensitivity of 60.87% and specificity of 72.85%, and SAA
had a sensitivity of 76.81% and specificity of 88.74%. Their combined value 0.095 * CC16 + 0.495 * FIB + 0.245 * SAA
showed an outstanding sensitivity of 76.81% and 88.74%.
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Figure 3 ROC analysis of predictive values of serum CC16, plasma FIB, SAA at admission and their combination test for the prognosis assessment of AECOPD in one year
follow-up.

Discussions

It has been proven difficult to identify objective markers for AECOPD severity as suggested in a previous meta-
analysis,'” which found that only respiratory rate and arterial CO2 had predictive power for AECOPD severity. To
address this challenge, our study validated that SAA is one of the biomarkers for AECOPD, which is consistent with the
previous finding that SAA protein is rich in the proteomic analysis of the sera of patients hospitalized for severe
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AECOPD."® Our study shows that SAA had a sensitivity of 76.81% and specificity of 88.74%, which is higher than the
previously reported performance for CRP (sensitivity of 74.5% and specificity of 81%), echoing the conclusion that SAA
is a favored biomarker compared to CRP."® This result also underscores that AECOPD is strongly linked with systemic
inflammation, since SAA, as an acute-phase protein, like CRP, is highly expressed by liver after induction by
inflammatory mediators, including IL-1p, IL-6, and TNF-a, that prominently overexpress in AECOPD. SAA also directly
binds to gram-negative bacteria'® and serves as an immune opsonin to clear pathogens, and as bacteria are thought of to
play a role in up to 50% of exacerbations,” the interaction between SAA and bacteria could contribute to SAA’s
diagnostic role. Similarly, the close link between AECOPD and inflammation led us to investigate FIB and CC16 as
biomarkers, due to their essential role in mediating inflammatory diseases.”' Consistently, the cutoff values used for SAA
(20.44 ng/mL), FIB (4.07 g/L) and CC16 (9.98 mg/L) for AECOPD diagnosis were markedly higher than previously
reported values for stable COPD (3.5-4.5 ng/mL for SAA, ~3.5 g/L for FIB,*? and 0.22 ng/mL for CC16*'). In fact,
SAA, FIB and CC16 have considerable discriminative values independently, showing that elevated levels of SAA, FIB,
or CC16 strongly indicate a poor prognosis of AECOPD patients.

Notably, we demonstrated that the combination of SAA, FIB and CC16 led to a higher specificity in identifying AECOPD
patients with a poor prognosis, which is of significant clinical value as biomarkers with a high specificity is in lack despite some
traditional biomarkers, such as CRP, demonstrated a good detection sensitivity. The fact that the combination of the three
biomarkers yielded better diagnostic specificity is in line with the merely moderate correlations between the three biomarkers,
making a prediction based on all three biomarkers necessary. Our results not only verified that these are important biomarkers for
diagnosing AECOPD, but also unveiled the strength of the combinatory tests for risk assessment of AECOPD patients. Further, it
cannot be ruled out that by incorporating other metrics of the patient, such as demographics and comorbidity data, an even higher
specificity could be achieved, whereby a more sophisticated approach, eg, machine learning,” could play an important role.

Despite being the first study demonstrating the independent and combined diagnostic value of SAA, FIB and CC16 as
biomarkers in AECOPD, there are several caveats to this initial study. First, despite Youden’s index** as used to
determine the cutoff values for each biomarker, an optimal cutoff value should be determined empirically based on
further larger trials. In the future, SAA, FIB and CC16 may emerge as diagnostic tools particularly well suited for
community-based, at-home, or early point-of-care AECOPD management due to the cost-effective and accessible nature
of blood testing. One potential limitation is that our study is a single-center study and multiple-center study needs to be
carried out and results should be validated prospectively. We also did not look into the presence of coinfection with virus
and bacteria in our study, which could significantly worsen patient prognosis. In addition, differences in clinical
guidelines may affect subject recruitment, which limits the translatability of our research. Further work is required
before therapeutic implications and interpretative criteria can be established for these sensitive detection methods.

Conclusions

In conclusion, with the aim to address the heterogenous nature of AECOPD exacerbations, we have characterized SAA,
FIB and CC16 as biomarkers for AECOPD risk assessment. We found that elevated SAA, FIB and CC16 levels are
associated with poor prognosis of AECOPD patients and they have a good detection sensitivity and specificity when used
individually or in combination. These biomarkers may have great clinical utility in identification, prognosis, and timely
treatment planning of AECOPD. Future validation and utilization of these biomarkers will potentially expand the toolset
for precision medicine of AECOPD.
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