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ABSTRACT

Background: Although patients with chronic obstructive pulmonary disease (COPD)
experience high morbidity and mortality worldwide, few biomarkers are available for COPD.
Here, we analyzed potential biomarkers for the diagnosis of COPD by using word embedding.
Methods: To determine which biomarkers are likely to be associated with COPD, we selected
respiratory disease-related biomarkers. Degrees of similarity between the 26 selected
biomarkers and COPD were measured by word embedding. And we infer the similarity with
COPD through the word embedding model trained in the large-capacity medical corpus,

and search for biomarkers with high similarity among them. We used Word2Vec, Canonical
Correlation Analysis, and Global Vector for word embedding. We evaluated the associations
of selected biomarkers with COPD parameters in a cohort of patients with COPD.

Results: Cytokeratin 19 fragment (Cyfra 21-1) was selected because of its high similarity and
its significant correlation with the COPD phenotype. Serum Cyfra 21-1 levels were determined
in patients with COPD and controls (4.3 5.9 vs. 3.9 £ 3.6 ng/mL, P=0.611). The emphysema
index was significantly correlated with the serum Cyfra 21-1 level (correlation coefficient =
0.219, P=0.015).

Conclusion: Word embedding may be used for the discovery of biomarkers for COPD and
Cyfra 21-1 may be used as a biomarker for emphysema. Additional studies are needed to
validate Cyfra 211 as a biomarker for COPD.

Keywords: Chronic Obstructive Pulmonary Disease; Biomarker; Word Embedding; Cyfra 211

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a pulmonary disorder characterized by
irreversible airflow limitation, with a partially reversible component.1 COPD is caused by
airway and pulmonary parenchymal damage, which can be prevented and treated. Notably,
COPD has a high prevalence and mortality rate worldwide, such that it represents a very large
socioeconomic burden.24 The Global Burden of Disease, revised in 2010, reported that 300
million people worldwide have COPD; moreover, 3 million deaths worldwide occur each
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year, due to COPD.5,6 The reported prevalence of COPD significantly differs among studies;
however, according to research using the Global Initiative for Obstructive Lung Disease
guidelines and forced expiratory volume in 1 sec/forced vital capacity (FEV,/FVC) < 0.7, the
overall prevalence is 10%.

A biomarker is a measurable substance or molecule that reflects the state and course of a
disease.” Suitable biomarkers can be used to identify patients early and improve the diagnosis
of acute or chronic diseases.89 FEV; is relatively easy to determine in patients with COPD; it
is also highly repeatable and is used to track health outcomes. However, FEV; is difficult to
change during treatment, does not reflect disease activity, and is not adequately related to
mortality and hospitalization; thus, it is not an ideal biomarker.10 Accordingly, there is an
ongoing effort to identify meaningful biomarkers in patients with COPD. However, no ideal
biomarkers have been identified.

Word embedding is a method for learning a vector representation of all words in a given corpus.
Inferences are added by measuring the similarity among multiple words and performing vector
calculations by vectorizing the semantics. In the present study, we investigated the relationships
of COPD with its potential biomarkers by using word embedding models, such as Canonical
Correlation Analysis, Word2vec, and Global Vector (GloVe).10,11

A few studies have attempted to identify new biomarkers for COPD from the literature.12

Word embedding offers the possibility of identifying new biomarkers that may exhibit robust
associations with COPD, in addition to known biomarkers. However, word embedding cannot be
used to verify the usefulness of a biomarker, because of the lack of clinical trials. In the present
study, potential biomarkers were selected using word embedding, then measured in patients
with COPD and assessed to determine their correlations with various COPD parameters.

METHODS

Cohort

Patients and controls were selected from the COPD in the Dusty Areas study cohort, which
was established to observe the clinical outcomes of patients living near cement plants. The
design of this cohort has been detailed in other previous studies.13:14 Registered patients
were assessed by medical interview, physical examination, spirometry, laboratory testing,
and computed tomography. COPD was defined as FEV,/FVC < 0.7 after bronchodilator
aspiration.15> COPD grade was defined as grade 2 (50% < FEV, < 80%), grade 3 (30% < FEV, <
50%), or grade 4 (FEV, < 30%), according to the 2017 Global Initiative for Obstructive Lung
Disease rating system.

Patients and study design

The COPD and control groups were matched for age, sex, and smoking history. In total,
130 patients were enrolled by one-to-one matching in the cohort; they were classified as
65 patients with COPD and 65 controls (Table 1). The blood concentrations of biomarkers
identified by word embedding were examined. Eight patients in the COPD and control
groups were excluded because of insufficient blood samples. Thus, 63 patients with COPD
and 59 controls were included in the analysis.
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Table 1. Basic characteristics of the participants in this study

Characteristics Values (n =130)
Sex

Male 88 (67.7)

Female 42 (32.3)
Age, yr 71.80 + 7.02
BMI, kg/m? 23.81 + 3.09
Pack-years 26.80 +22.12
Smoking

Current smoker 20 (15.4)

Ex-smoker 52 (40.0)

Never smoker 58 (44.6)
mMRC score

0 33 (25.4)

1 48 (36.9)

2 18 (13.8)

3 29 (16.9)

4 9 (6.9)
CAT score 17.71 £10.07
Post-BD FEV,, L 2.00 + 0.69
Post-BD FVC, L 3.03£0.83
Post-BD FEV,/FVC, % predicted 65.93 +12.25
Emphysema index, % 5.56 * 6.88
MWA%, % 68.49 + 5.61
IL-6, ng/mL 92.53 +3.12
IL-8, ng/mL 18.14 £ 20.59

Data are shown as number (%) or mean * standard deviation.

BMI = body mass index, mMRC = modified Medical Research Council, CAT = COPD assessment test, Post-BD =
post-bronchodilator, FEV, = forced expiratory volume in 1 second, FVC = forced vital capacity, MWA = mean wall
area, IL = interleukin.

The following variables were recorded for the included patients: age, sex, height, weight,
smoking history, modified Medical Research Council Dyspnea Scale (mMRC) score, COPD
Assessment Test (CAT) score, emphysema index (EI), and mean wall area% (MWA%).

Word embedding and Cyfra 21-1 measurements

To determine the degrees of similarity between COPD and its biomarkers, 26 biomarkers
known to be associated with respiratory diseases were selected (Supplementary Table 1).16,17
It was difficult to set the criteria for selecting these biomarkers to find new biomarkers of
COPD, so we searched the papers for biomarkers related to other lung diseases and chronic
disease. And we randomly selected 26 biomarkers for the word embedding. Information
related to the biomarkers was extracted from Google searches. Similarities between several
words were measured and vector computations with vectorized semantics were performed
to enable additional inferences. Relationships between COPD and respective biomarkers
were investigated using the Canonical Correlation Analysis, Word2vec, and GloVe word-
embedding models. To replace the clinical evaluation, the titles and abstracts of papers
retrieved from Google Scholar were analyzed and quantified to estimate the performance of
the word embedding models.12

Serum Cyfra 211 concentrations were determined using the Cyfra 21-1 enzyme-linked
immunosorbent assay kit (Demeditec Diagnostics GmbH, Kiel, Germany), in accordance
with the manufacturer's protocol. Enzyme-linked immunosorbent assay plates were analyzed
using a microplate reader (Molecular Devices, Sunnyvale, CA, USA).
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Quantitative analysis of CT was performed using an Aview® system (Coreline Soft Inc., Seoul,
Korea). Emphysema index was calculated as the volume fraction (%) of the lung below -950
HU at full inspiration. MWA% [defined as WA/(WA + lumen area) x 100], were measured near
the origin of the right apical and left apicoposterior segmental bronchi.

Statistical analysis

Statistical analysis was performed using Pearson's y* test and the #-test to compare
characteristics between the COPD and control groups. Correlation analysis was used to
determine the relationships of respective variables with the serum Cyfra 21-1 concentration.
Multivariate logistic regression analysis was used to calibrate each variable, including

age, sex, smoking, and body mass index (BMI); the correlation between serum Cyfra

211 concentration and EI was independently assessed. A Pvalue < 0.05 was considered
statistically significant. Data analysis was performed using SAS software, version 9.4 (SAS
Institute, Cary, NC, USA).

Ethical statement

Witten informed consent was given by each participant. The study was reviewed by the
Institutional Review Board (IRB) of Kangwon National University Hospital (IRB No. KNUH-
2012-06-007).

RESULTS

Table 1 summarizes the characteristics of the 130 participants in this study. The proportion of
men in the cohort was twofold greater than the proportion of women (67.7% vs. 32.3%). The
mean age was 71.8 years, mean BMI was 23.81 kg/m>.

Table 2 shows the similarities between markers with the highest correlation values to COPD
in the Word2vec 100 and GloVe 100 dimensions. ‘Title_both’ is the frequency at which

the biomarker (eg, ‘CC-16’) appears simultaneously with COPD in the title of a medical
paper. And ‘Abs_both’ is the frequency at which the biomarker (e.g., ‘CC-16’) appears
simultaneously with COPD in the abstract of a medical paper. The Clara cell secretory protein
(recommended by Word2vec) and adiponectin and leptin (recommended by GloVe) were

Table 2. Biomarkers exhibiting highest similarities with chronic obstructive pulmonary disease

Biomarkers Similarity Title_both Abs_both Words

Word2vec
CC-16 0.57279 n 15 1
Eotaxin-1 0.48002 1 3 4
SP-D 0.45937 7 8 2
Cyfra 21-1 0.40179 0 8
IP-10 0.35346 4 10 5
Average 4.6 8 4

Glove
Adiponectin 0.15436 1 17 1
CEA 0.14091 1 8 1
PAI-1 0.11407 1 5 1
SAA 0.10816 4 7 1
Leptin 0.10062 13 17 1
Average 6 10.8 1

CC-16 = Clara cell protein-16, SP-D = surfactant protein-D, Cyfra 21-1 = cytokeratin 19 fragment, IP-10 = interferon-
inducible protein 10, GloVe = Global Vector, CEA = carcinoembryonic antigen, PAI-1 = plasminogen activator
inhibitor-1, SAA = serum amyloid A.
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involved in large amounts of research related to COPD. In contrast, eotaxin-1 and Cyfra

211 (recommended by Word2vec) and carcinoembryonic antigen and serum amyloid A
(recommended by GloVe) were not involved in large amounts of research related to COPD.
Notably, Cyfra 211 had a high correlation with COPD, but has had minimal research interest.

Table 3 shows the demographic and clinical characteristics of the matched COPD and
control groups. Significant differences between the two groups were observed in the mMRC
score, CAT score, post-bronchodilator (post-BD) FEV,, EI, and MWA. The mMRC and CAT
scores were higher in the COPD group than in the control group; the EI and MWA were also
significantly higher in the COPD group. No differences were found in the serum levels of
interleukin-6 or interleukin-8. No significant differences were detected in serum levels of
Cyfra 211 (4.3 £5.9vs. 3.9 £ 3.6, P=0.611) between the COPD and control groups.

Correlations of demographic and clinical characteristics with serum Cyfra 21-1 concentration
were analyzed (Table 4). BMI (P=0.044) and EI (P = 0.015) were significantly correlated
with serum Cyfra 21-1 concentration. Multivariate regression analysis confirmed these
correlations: a negative correlation (B =-10.282, P=0.030) between Cyfra 211 and BMI and a
positive correlation (B = 8.44, P=0.046) between Cyfra 21-1 and EI (Supplementary Table 2).

Table 3. Basic characteristics of participants in COPD and control groups

Characteristics COPD group (n = 63) Controls (n = 59) P value
Sex 0.583

Male 49 (66.7) 43 (72.9)

Female 21 (33.3) 16 (27.1)
Age, yr 715 +7.0 71.6 £ 7.2 0.925
BMI, kg/m? 24.1+3.2 93.8+3.1 0.591
Pack-years 28.1 +27.0 23.7 £15.3 0.431
Smoking 0.821

Current smoker 9 (14.3) 10 (16.9)

Ex-smoker 925 (39.7) 925 (42.4)

Never smoker 29 (46.0) 24 (40.7)
mMRC score 0.003

0 8 (12.7) 23 (39.0)

1 26 (41.3) 19 (32.9)

b) 11 (17.5) 5 (8.5)

3 10 (15.9) 11 (18.6)

4 8 (12.7) 1(1.7)
Post-BD FEV;, L 1.7+ 0.6 2.4 +0.6 <0.001
Post-BD FVC, L 3.0+0.8 3.2+0.8 0.173
Post-BD FEV,/FVC, % predicted 571+8.9 75.3+4.7 <0.001
CAT score 19.3+9.8 15.7 £10.1 0.049
Emphysema index, % 7.3+8.1 3.6+37 0.002
MWA%, % 70.4 +5.8 66.8 +4.9 <0.001
IL-6, ng/mL 2.3+£29 2.9+3.5 0.323
IL-8, ng/mL 17.3 +16.0 191+ 25.6 0.647
CRP, mg/dL 0.95 + 0.51 0.30 = 0.69 0.636
Neutrophil-platelet ratio 27.45 + 8.70 24.82 +7.76 0.081
Lymphocyte-platelet ratio 13.43 + 4.87 14.58 + 6.33 0.265
Eosinophil, x10°/L 0.24 + 0.24 0.23 £ 0.15 0.729
Cyfra 21-1, ng/mL 43+5.9 3.9+3.6 0.611

Data are shown as number (%) or mean * standard deviation.

P value from Pearson's y* test.

The neutrophil-platelet ratio was calculated by neutrophil count (x10°/L) x1,000/platelet count (x10°/L).

The lymphocyte-platelet ratio was calculated by lymphocyte count (x10°/L) x1,000/platelet count (x10°/L).
COPD = chronic obstructive pulmonary disease, BMI = body mass index, mMRC = modified Medical Research
Council, Post-BD = post-bronchodilator, FEV, = forced expiratory volume in 1 second, FVC = forced vital capacity,
CAT = COPD assessment test, MWA = mean wall area, IL = interleukin, CRP = C-reactive protein, Cyfra 21-1 =
cytokeratin 19 fragment.
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Table 4. Correlations of cytokeratin 19 fragment with clinical and demographic variables

Variables Correlation coefficient (P value)
Age, yr -0.100 (0.271)
BMI, kg/m? -0.182 (0.044)
Smoking, pack-years -0.074 (0.555)
mMMRC score -0.050 (0.581)
CAT score 0.018 (0.840)
Post-BD FVC, liters -0.016 (0.860)
Post-BD FVC, % predicted 0.013 (0.8971)
Post-BD FEV,, liters -0.044 (0.627)
Post-BD FEV,, % predicted -0.046 (0.611)
Post-BD FEV,/FVC ~0.055 (0.543)
Emphysema index, % 0.219 (0.015)
Wall area percentage, % -0.109 (0.230)
IL-6, ng/mL 0.072 (0.431)
IL-8, ng/mL 0.064 (0.485)
CRP, mg/dL -0.018 (0.847)
Neutrophil-platelet ratio 0.098 (0.284)
Lymphocyte-platelet ratio -0.019 (0.834)
Eosinophil, x10°/L 0.048 (0.596)

Bold font indicates statistically significant results.

BMI = body mass index, mMRC = modified Medical Research Council, CAT = COPD assessment test, Post-BD =
post-bronchodilator, FVC = forced vital capacity, FEV, = forced expiratory volume in 1second, IL = interleukin,
CRP = C-reactive protein.

DISCUSSION

In this study, we selected potential biomarkers using word-embedding techniques. We compared
the serum concentrations of Cyfra 211 between a COPD group and a matched control group

in the COPD in the Dusty Areas cohort, with the aim of characterizing Cyfra 21-1 as a potential
biomarker for COPD. We found a higher El and lower BMI in patients with a high serum
concentration of Cyfra 21-1. Notably, we found that the serum Cyfra 211 concentration was not
associated with other COPD clinical indicators, such as dyspnea or pulmonary function.

Word embedding is a method for digitization of a word constituting text. Word2vec was
developed by Mikolov, who implemented continuous bag-of-words and Skip-Gram word
embedding.10 Words can be embedded based on their meaning in the context of surrounding
words. A sufficient number of documents is collected in the target field; embedding is then
performed in a low-dimensional space using a representative technique (i.e., Word2vec).

The embedded space is generated by reproduction of the contextual meaning of the
corresponding vocabulary; if a particular word is very positive, it can be inferred that words
near the corresponding word are also likely to have a positive meaning.18 Various studies have
used word embedding; recent research on cancer and biomarkers has provided a new method
to study potential biomarkers.19

COPD is a disease with high prevalence and mortality rates worldwide.20 Pulmonary function
tests is relatively easy to determine from patients with COPD, with repeatability and ease of
tracing; however, it is not an ideal biomarker because it does not reflect disease activity and

is not associated with acute hospitalization, mortality, or quality of life.2! Ideal biomarkers
improve patient care by allowing early detection of clinical conditions, thereby improving

the diagnosis of acute or chronic diseases; they also enable prediction of patient risk,
determination of optimal treatment for a given patient, observance of disease progression,
and observance of the response to treatment.22 Many studies have been conducted to identify
ideal biomarkers of COPD.2325
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Cyfra 211 is a cytokeratin 19 segment that was identified as a marker of lung cancer in 1993.
It has been repeatedly validated as a marker for non-small cell lung cancer.26:27 The Cyfra 21-1
serum tumor marker was related to the proximity of COPD using the Word2vec technique.12
In our study, serum Cyfra 211 levels were significantly correlated with BMI and EI values. In

a study of the clinical utility of the tumor marker Cyfra 211 in health assessments, factors
affecting Cyfra 21-1 were age, sex, smoking status, blood pressure, diabetes, and hepatitis B
infection; no analysis of height or weight was performed in that study.2?

To the best of our knowledge, the present study is the first to reveal associations of Cyfra 21-1
with BMI and the EI. Thus, in addition to its role as a marker for cancer, Cyfra 211 constitutes
a marker for benign pulmonary disease. Several studies have shown increased Cyfra 211
levels in patients with interstitial pulmonary fibrosis, collagen disease-associated pulmonary
fibrosis, and autoimmune pulmonary alveolar proteinosis.22,26,27

There were some limitations in our study. First, we did not consider additional variables
associated with Cyfra 211 (e.g., hepatitis B infection, diabetes, and blood pressure), which
were identified in previous studies. In particular, serum Cyfra 211 levels are known as adjuvants
for the diagnosis and prognosis of lung squamous cell carcinoma.28 Additionally, Cyfra 21-1
has recently been reported to be elevated in idiopathic pulmonary fibrosis or head and neck
squamous cell carcinoma.2? In our cohort, COPD patients did not have enough patients with
underlying diseases to analyze these underlying diseases (Supplementary Table 3).30 Second,
word embedding study was designed to review other potential biomarkers, in addition to
Cyfra21-1. However, only one marker was identified due to research cost limitations. Third,
COPD is a heterogeneous disease caused by a combination of small airway disease (chronic
bronchitis) and parenchymal destruction (emphysema).31 However, there is a limitation that
cannot be analyzed because there is no information according to the type of COPD in our
cohort. Finally, even in the analysis based on the GOLD group, there were only 2 patients with
stage 3 or higher, which could not be sufficient for analysis (Supplementary Table 4).

Our study is the first to identify a biomarker for COPD using word embedding. We measured
serum Cyfra 21-1 concentrations in the COPD and control groups. Correlations of BMI and EI
with Cyfra21-1, which were not identified in previous studies, were confirmed. Active research
regarding the use of word embedding in various medical fields is expected to be performed in
the future. Cyfra 211, BMI, and EI should be assessed in patients at risk of COPD, in addition
to the conventional parameters of age, diabetes, cancer, and infection.

In conclusion, Cyfra 211 concentration was correlated with El and BMI. Word embedding

is expected to be involved in the discovery of new biomarkers for COPD and other medical
conditions.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Twenty-six selected biomarkers

Click here to view
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Supplementary Table 2
Multivariate stepwise regression analysis of the BMI and emphysema index

Click here to view

Supplementary Table 3
Analysis according to comorbidity in COPD and control groups

Click here to view

Supplementary Table 4
Characteristics of chronic obstructive pulmonary disease patients by Global Initiative for
Chronic Obstructive Lung Disease stage

Click here to view
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