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Correlation between serum
carbohydrate antigen 19-9 levels
and computed tomography
severity score in patients

with nontuberculous mycobacterial
pulmonary disease
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There is no validated clinical biomarker for disease severity or treatment response for nontuberculous
mycobacterial pulmonary disease (NTM-PD). We investigated the correlation between elevated
serum carbohydrate antigen (CA) 19-9 levels and NTM-PD disease activity, defined using an imaging
severity score based on chest computed tomography (CT). We retrospectively examined 79 patients
with NTM-PD who underwent serum CA19-9 level assessments and chest CT less than 1 month apart.
NTM-PD severity was rated using a CT-based scoring system. The correlation between the CT score
and serum CA19-9 levels was evaluated. Chest CT revealed nodular bronchiectasis without cavitation
in most patients (78.5%). Serum CA19-9 levels were elevated in 19 (24%) patients. Serum CA19-9
levels were positively correlated with the total CT score and bronchiectasis, bronchiolitis, cavity,

and consolidation subscores. Partial correlation analysis revealed a significant positive correlation
between serum CA19-9 levels and CT scores for total score and bronchiectasis, bronchiolitis,
cavitation, and consolidation subscores after controlling for age, sex, and BMI. Serum CA19-9 levels
were positively correlated with the CT severity score for NTM-PD. Serum CA19-9 may be useful in
evaluating disease activity or therapeutic response in patients with NTM-PD.

The incidence of nontuberculous mycobacterial pulmonary disease (NTM-PD) and its associated disease burden
have increased worldwide'. This is supposedly due to multiple etiologies including environmental?, bacterial,
and host factors such as increased life expectancy’, a higher prevalence of immunocompromised conditions
(e.g., immunosuppressive therapy, organ transplantation, chemotherapy)?®, and an increase in the number of
patients with comorbidities such as pre-existing lung disease, like chronic obstructive pulmonary disease®, cystic
fibrosis®, or lung cancer®*.

It is well-known that the diagnosis of NTM-PD itself does not always require initiation of treatment. Not all
patients with NTM-PD progress to severe disease®, and the antimicrobial treatment of NTM-PD is frequently
accompanied by adverse effects”. Therefore, it is essential to devise effective measures for the evaluation of
NTM-PD disease activity to facilitate the assessment of disease progression and provide patients with timely
and appropriate medical treatment.

The disease activity of NTM-PD is currently evaluated by the clinician, based on a comprehensive review of
clinical symptoms, trends on chest imaging over time, or microbiologic investigations (e.g., sputum acid-fast

IDivision of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Severance Hospital,
Yonsei University College of Medicine, Seoul, Republic of Korea. 2Department of Radiology, Research
Institute of Radiological Science, Severance Hospital, Yonsei University College of Medicine, Seoul, Republic
of Korea. 3Institute of Immunology and Immunological Disease, Yonsei University College of Medicine, Seoul,
Republic of Korea. *email: IAMOTWO @yuhs.ac; mdkang@yuhs.ac

Scientific Reports |

(2021) 11:2777 | https://doi.org/10.1038/s41598-021-82363-5 nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-82363-5&domain=pdf

www.nature.com/scientificreports/

bacillus smears and mycobacterial cultures)®. The decision to initiate treatment for NTM-PD is based on this
assumption of disease activity or future possibility of disease progression, and potential adverse effects of
treatment.

The following obstacles are to be considered while measuring disease activity: (1) the clinical signs are not
disease-specific; (2) the time-trend pattern of chest imaging require months of follow-up and cannot reflect the
disease activity of NTM-PD at a given point in time; (3) chest imaging is not always disease-specific, although
some imaging features are known to be specific for NTM-PD?; and (4) microbiologic tests can evaluate the
microbiological burden using smear positivity or culture positivity, but are relatively poor indicators with a crude
scale, and the quality of the sputum specimen can affect test results™.

Consequently, there is dire need for a simple biomarker that reflects the disease activity of NTM-PD. Few
studies have reported on the hematological biomarkers of NTM-PD, including IgA antibodies against glyco-
peptidolipids (GPL)", serum Krebs von den Lungen-6 (KL-6)'?, and carbohydrate antigen 19-9 (CA19-9)'>!.

We focused on a previous study, which suggested a correlation between active NTM-PD and serum CA19-9
levels. In that study, patients with NTM-PD exhibited elevated serum CA19-9 levels, which plummeted signifi-
cantly after treatment for NTM-PD. However, the previous study did not investigate the quantitative correlation
between the disease activity and serum CA19-9 levels, which may be a useful biomarker.

Therefore, we aimed to further investigate the correlation between elevated serum CA19-9 levels and NTM-
PD disease activity, which was defined using an imaging severity score based on chest computed tomography
(CT).

Methods
Participants. This retrospective study examined patients with NTM-PD who visited Severance Hospital, a
university-affiliated tertiary referral hospital in South Korea, between January 2005 and December 2019.

All procedures performed in studies involving human participants were in accordance with the ethical stand-
ards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards. The study was carried out under the permission of the Ethics
Review Committee of Severance Hospital (IRB No. 4-2020-1103), and the need for informed consent was waived
by the Committee because of the retrospective nature of this study.

The diagnosis of NTM-PD was based on the American Thoracic Society/Infectious Diseases Society of Amer-
ica (ATS/IDSA) diagnostic criteria'>. We excluded patients with comorbidities that could independently cause
elevated serum CA19-9 levels from 1823 patients with NTM-PD. These comorbidities included stomach cancer',
colon cancer!’, pancreatobiliary cancer'®'?, lung cancer?, thyroid cancer?!, benign hepatobiliary diseases?*?*,
thyroiditis®*, and ovarian cysts*>?¢. The inclusion criteria were as follows: patients who underwent assessments
for serum CA19-9 levels and chest CT scanning with an interval of less than 30 days between the two examina-
tions and participants who underwent serum CA19-9 assessment in the time period between 1 month before
the diagnosis and the initiation of NTM-PD treatment, which was considered as the active disease period of
NTM-PD. We selected 79 patients for the final analysis, based on the above-mentioned eligibility criteria (Fig. 1).
Because of the small number of participants, we additionally explored the data of patients with an extended time
interval between chest CT acquisition and serum CA19-9 assessment up to 180 days, which accounted for an
additional 17 participants. We performed supplementary analysis including those 17 additional participants.

Data collection and measurement. We collected the patients’ demographic information, comorbidities,
past medical history, symptom profile and progression of NTM, and treatment from their electronic medical
records. The radiologic patterns of NTM-PD were categorized into the fibrocavitary (FC) type, nodular bron-
chiectatic (NB) type without cavitation, or NB type with cavitation. The NB form was characterized by bron-
chiectasis with multiple centrilobular nodules, and the FC form was defined by the presence of a FC lesion on
chest CT?.

Serum CA19-9 levels were measured with the cobas 8000 modular analyzer (Roche Diagnostics GmbH,
Mannheim, Germany) using the electrochemiluminescence immunoassay technique. The normal range was set
at<34 U/mL according to the manufacturer’s instructions.

CT image evaluation. Chest CT images were obtained using 64-detector CT scanners (Discovery CT750
HD, GE Healthcare, Chicago, IL; Somatom Sensation 64, Siemens Healthineers, Erlangen, Germany) and a
second-generation dual-source scanner (Somatom Definition Flash; Siemens Healthineers). According to the
purpose of the CT scans (e.g., evaluating active hemoptysis or suspected pleural disease, workup for malignancy,
ruling out pulmonary thromboembolism, etc.), iodinated contrast agents were used for 22 patients (27.8%,
22/79), and other patients (72.2%, 57/79) underwent non-contrast enhanced CT.

Iodinated contrast agents were used with an intravenous injection of 60 mL of contrast material (Iomeron
300, 400 mg I/mL; Bracco Imaging, Milan, Italy) into the antecubital vein at a flow rate of 4 mL/s following by
a 20-mL saline chaser at a rate of 4 mL/s, triggering the scan from the main pulmonary artery. All scans were
performed from the level of the supraclavicular fossae to the adrenal glands under an inspiratory breath-hold
with following scanning parameters: tube voltage of 120 kVp, average tube current of 300 mA, average pitch
0f 0.9, and volume CT dose index less than 6.0 mGy. After scanning, axial images were reconstructed at a slice
thickness of 1 mm and slice increment of 1 mm with a medium-smooth convolution kernel.

We adopted the following NTM-PD CT scoring system described by a previous study?® to evaluate the sever-
ity of NTM-PD. Bronchiectasis was considered to be present if the bronchial lumen diameter was greater than
that of the adjacent pulmonary artery without tapering of the bronchial lumen diameter. Mucus plugging was
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Patients who diagnosed with NTM-PD

(N=1.823)
Patients who have comorbities as the known cause
of elevated serum CA 19-9
(N=424)
Study candidates
(N=1399)

Patients who tested for serum CA 19-9
AND
At least one chest CT scan acquired
AND
Date difference of the two tests is less than 30 days
(N=79)

Figure 1. Selection process of the study population. NTM-PD nontuberculous mycobacterial pulmonary
disease, CA carbohydrate antigen, CT computed tomography.

considered to be present if a broad linear or branching attenuating lesion was observed within a proximal airway
(lobar, segmental, or subsegmental bronchus) associated with airway dilatation.

Cellular bronchiolitis was defined as the presence of centrilobular small nodules (10 mm in diameter) and
branching nodular structures (i.e., tree-in-bud sign) on the CT scans.

The presence of other abnormalities, including cavitations; nodules (10-30 mm in diameter); and lobular
(consolidation measuring 10-20 mm in diameter with a polygonal shape), peribronchial, or segmental consoli-
dation, was also recorded. A total CT score of 30 was allocated to determine the overall extent of lung lesions
in each patient.

Two independent readers (one radiologist and one pulmonologist) evaluated the chest CT scans according
to the scoring guidelines without being provided any clinical information about NTM-PD severity and CA19-9
levels.

Statistical analysis. Descriptive variables were summarized using medians, interquartile ranges, and pro-
portions. These variables were compared based on serum CA19-9 levels (normal or elevated) using the chi-
squared test/Fisher’s exact test or the Mann-Whitney U test.

We calculated the interobserver agreement with respect to the extent and severity of bronchiectasis, cellular
bronchiolitis, cavities, nodules, and consolidation using the intraclass correlation coefficient (ICC) because each
observer evaluated the CT scans independently. The ICC was calculated based on a two-way random-effects
model. The observer was allocated to the fixed-effect category, and the patient to the random-effect category.
The ICC was considered to show poor agreement if its value was less than 0.5, moderate agreement if between
0.5 and 0.75, good agreement if between 0.75 and 0.9, and excellent agreement if greater than 0.90%.

The correlation between serum CA19-9 levels and the CT score for NTM-PD was analyzed using Spearman’s
correlation coefficient and Spearman’s partial correlation coefficient, controlling for variables such as age, sex,
and body mass index (BMI) for the latter test.

A P-value <0.05 was considered significant for all analyses. Data analysis was performed using SPSS version
25 (IBM, Armonk, NY) and R (version 3.6.3; R Foundation for Statistical Computing, Vienna, Austria).

Results

Clinical characteristics. Of the 79 patients, 60 were women and 19 were men; the median age was 63 years
(57-69 years). Twenty-three patients (29.1%) had a history of pulmonary tuberculosis and twelve patients
(15.2%) had a history of diabetes mellitus. Expectoration of sputum (55.7%) and cough (44.3%) were the most
common symptoms. Mycobacterium avium complex (MAC) was the most common pathogen (68.4%; M. avium
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Total Normal CA19-9 | Elevated CA19-9
(N=79) (N=60) (N=19) P-value
Sex, female 60 (75.9%) 45 (75.0%) 15 (78.9%) 0.494
Age, years 63 (56-68) 61 (55-68) 64 (60-72) 0.092
BMI 20.4 (18.4-22.7) |20.4 (18.4-21.9) 20.4 (17.4-23.0) | 0.991
Smoker, current or former 16 (20.3%) 13 (21.7%) 3(15.8%) 0.423
Past history
Pulmonary TB 23 (29.1%) 19 (31.7%) 4(21.1%) 0.550
HTN 21 (26.6%) 14 (23.3%) 7 (36.8%) 0.338
DM 12 (15.2%) 9 (15.0%) 3 (15.8%) 0.594
COPD 4(5.1%) 2(3.3%) 2 (10.5%) 0.243
CKD 3(3.8%) 2 (3.3%) 1(5.3%) 0.567
Symptom
Cough 35 (44.3%) 26 (43.3%) 9 (47.4%) 0.965
Sputum 44 (55.7%) 34 (56.7%) 10 (52.6%) 0.965
Dyspnea 11 (14.9%) 9 (15.0%) 2 (10.5%) 0.476
Hemoptysis 18 (22.8%) 11 (18.3%) 7 (36.8%) 0.089
Fever 3(3.8%) 3 (5.0%) 0 (0.0%) 0.433
Weakness 4(5.1%) 3 (5.0%) 1(5.3%) 0.675
Weight loss 5(6.3%) 4 (6.7%) 1(5.3%) 0.653
Species 0.480
MAC 54 (68.4%) 39 (65.0%) 15 (78.9%)
M. abscessus 17 (21.5%) 13 (25.0%) 2 (10.5%)
MAC+ M. abscessus 6 (7.6%) 6 (6.7%) 2 (10.5%)
Others 2 (2.5%) 2(3.3%) 0 (0.0%)
Treatment recommendation 37 (46.8%) 25 (41.7%) 12 (63.2%) 0.120
Radiologic type 0.077
FC type 4(5.1%) 1(1.7%) 3 (15.8%)
NB type with cavitation 13 (16.5%) 10 (16.7%) 3 (15.8%)
NB type without cavitation 62 (78.5%) 49 (81.7%) 13 (68.4%)
CA 19-9 (U/mL) 15.1(9.2-33.7) | 12.9 (6.5-16.3) 67.6 (54.5-108.0) | 0.000

Table 1. Clinical characteristics of patients with pulmonary nontuberculous mycobacterial disease according
to the serum CA19-9 level. Values are expressed as numbers (%) or medians (1Q-3Q). CA carbohydrate
antigen, BMI body mass index, HTN hypertension, DM diabetes mellitus, COPD chronic obstructive
pulmonary disease, CKD chronic kidney disease, MAC Mycobacterium avium complex, FC fibrocavitary, NB
nodular bronchiectatic.

45.6%, M. intracellulare 22.8%, both 6.3%) and most patients (78.5%) presented with the NB type without cavita-
tions on chest CT.

A clinician recommended antimicrobial treatment for NTM-PD in 37 of 79 (46.8%) patients during the
follow-up period, and 6 patients refused treatment. Thus, only 31 (39.2%) patients received antimicrobial treat-
ment. There was no significant difference in clinical characteristics such as sex, age, BMI, symptoms, NTM
species, or treatment initiation between the groups of patients with and without elevated serum CA19-9. The
proportion of patients with the FC type of NTM-PD seemed to be higher in the elevated CA19-9 group, but this
was not significant (Table 1).

Interobserver agreement. We calculated the ICC for each subcategory of the CT score and the total score
to evaluate the interobserver agreement for CT scoring for NTM-PD severity.

The ICC for the total score exhibited good agreement (0.87, 95% CI 0.76-0.93). The ICC for the “cavitation”
score showed good agreement (0.81, 95% CI 0.72-0.88), those for “bronchiectasis” and “cellular bronchiolitis”
showed moderate agreement (ICC 0.73, 0.51, respectively), and those for “nodules” and “consolidation” showed
poor agreement (ICC 0.26 and 0.27, respectively) (Table 2).

Correlation between NTM-PD CT score and serum CA19-9 level. We divided and compared the
participants according to their serum CA19-9 levels (normal or elevated). Those with elevated serum CA19-9
had significantly higher total CT scores and bronchiectasis and cavitation subscores (P <0.05) (Table 3).

Correlation analysis revealed significant positive correlations between serum CA19-9 levels and NTM-PD
CT scores (total score and bronchiectasis, bronchiolitis, cavity, and consolidation subscores) and a negative
correlation between the total score and BMI (Table 4, Fig. 2). Age and BMI were not correlated with the serum
CA19-9 level (Table 4).
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Pattern ICC | 95% CI

Bronchiectasis 0.73 | 0.60-0.82
Cellular bronchiolitis | 0.51 | 0.16-0.71
Cavitation 0.81 |0.72-0.88
Nodules 0.26 | 0.04-0.45
Consolidation 0.27 |0.02-0.48
Total CT score 0.87 |0.76-0.93

Table 2. ICC for each pattern of lung abnormality. ICC intraclass correlation, CI confidence interval, CT
computed tomography.

Normal Elevated

CA19-9 CA19-9
Category (N=60) (N=19) P-value
Total (30 points) 7.8 (6.0-10.5) 12.5 (9.5-14.0) 0.001
Bronchiectasis (9 points) 3.0 (2.0-4.0) 4.0 (3.0-4.5) 0.031
Cellular bronchiolitis (6 points) 2.5 (2.0-4.0) 3.5(2.5-5.0) 0.099
Cavitation (9 points) 0.0 (0.0-0.0) 2.5 (0.0-4.0) 0.021
Nodules (3 points) 0.5(0.5-1.5) 0.5 (0.5-1.0) 0.318
Consolidation (3 points) 1.0 (0.5-1.5) 1.5 (1.0-1.5) 0.096

Table 3. CT scores of patients with pulmonary nontuberculous mycobacterial disease, according to the serum
CA19-9 level. Values are presented as medians (Q1-Q3). CT computed tomography, CA carbohydrate antigen.

Serum
Age BMI Bronchiectasis | Bronchiolitis | Cavitation | Nodules | Consolidation | Total CA19-9
Age 1
BMI - 0.080 1
Bronchiec- | o pux | _g374 |1
tasis’
Bronchi- | ; g, ~0.116 | 0.301** 1
olitis
Cavitation® | 0.034 —0.255* 0.320** 0.175 1
Nodules® 0.068 -0.171 0.059 0.151 —-0.001 1
g(‘)’:f"hda’ 0.284* [ -0275* |0322% 0.431%* 0.331% 0.072 1
Total® 0.154 —0.358%* | 0.691** 0.630** 0.737** 0.191 0.618** 1
Serum _ - ot % - -
CA19-9 0.171 0.043 0.251 0.289 0.221 0.137 0.303 0.416 1

Table 4. Result of correlation analysis using Spearman’s correlation coefficient. BMI body mass index, CA
carbohydrate antigen. *Level of significance is 0.05, **Level of significance is 0.01. *Categories of the computed
tomography scoring system.

Partial correlation analysis revealed a significant positive correlation between the serum CA19-9 level and
NTM-PD CT subscores for bronchiectasis, bronchiolitis, cavity, consolidation, and the total score, after control-
ling for age, sex, and BMI (Table 5).

In the supplementary analysis including additional 17 participants, the positive correlation between serum
CA19-9 levels and NTM-PD CT score was still statistically significant (total score and bronchiolitis, cavity, and
consolidation subscores; Table S2, Figure S1), and partial correlation analysis also revealed a significant positive
correlation between serum CA19-9 levels and NTM-PD CT scores (total score and bronchiectasis, bronchiolitis,
cavity, and consolidation subscores) after controlling for age, sex, and BMI (Table S3).

Discussion
This study sought to conduct a detailed investigation on the correlation between an increase in serum CA19-9
levels and NTM-PD disease activity, which was defined by the CT severity score.

In this study, the serum CA19-9 level was significantly correlated with the chest CT severity score in patients
with NTM-PD after adjusting for age, sex, and BMI. Considering the wide range of serum CA19-9 levels (within
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Figure 2. Scatter plot depicting the total CT score total and serum CA19-9 levels. CT computed tomography,
CA carbohydrate antigen.

Category Spearman’s partial r (95% CI)*
Bronchiectasis 0.2512 (0.1152-0.3793)
Bronchiolitis 0.2907 (0.1509-0.4040)
Cavitation 0.1567 (0.0004-0.3885)

Nodule 0.1450 (- 0.0155 to 0.2785)
Consolidation 0.3039 (0.1671-0.4122)

Total score 0.4162 (0.2846-0.5186)

Table 5. Partial correlation coeflicient for CA19-9 and CT score for NTM-PD. CA carbohydrate antigen, CT
computed tomography, NTM-PD nontuberculous mycobacterial pulmonary disease, CI confidence interval,
BMI body mass index. *The controlled variables included age, sex and BMI.

normal limits) in patients with NTM-PD in this study, its utility as a diagnostic marker for NTM-PD was appar-
ently limited; however, it may be useful in assessing the severity of NTM-PD.

CA19-9 is the most commonly used serum marker for pancreatic cancer. CA19-9, which is synthesized by
normal human pancreatic and biliary ductal cells and gastric, colonic, endometrial, and salivary epithelia, is pre-
sent in small amounts in serum, and may be elevated in several benign or malignant gastrointestinal disorders™.

Moreover, increased CA19-9 levels have been observed in patients with several pulmonary diseases®'. Studies
have shown that patients with idiopathic interstitial pneumonia (IIP)*?, collagen disease-associated pulmonary
fibrosis*, diffuse panbronchiolitis (DPB)?**, and bronchiectasis®! had elevated serum CA19-9 levels.

The mechanism responsible for the elevation of serum CA19-9 in pulmonary diseases has not fully elucidated.
However, previous studies using immunohistochemical staining reported that CA19-9 was selectively expressed
in bronchiolar epithelial cells in patients with ITP and DPB, whereas alveolar epithelial cells or bronchiolar
glandular cells were negative for CA19-9, irrespective of the etiology*>**. Moreover, there was good correlation
between the degree of inflammation and antigen expression and between the intensity of staining and antigen
levels in bronchoalveolar lavage fluid**. KL-6, which has been previously shown to be a potential biomarker of
NTM-PD'?, was also shown to be strongly expressed in bronchiolar epithelial cells*. These findings indicate that
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inflammation and damage to bronchiolar epithelial cells may be responsible for the elevation in serum CA19-9
in chronic airway inflammatory diseases.

CT imaging indicates that small and large airways are the major sites of involvement in NTM-PD, which
manifest with inflammatory bronchiolitis and bronchiectasis. Histopathologically, granulomatous inflammation
of the airway walls is correlated with imaging findings®. Although the assessment of the disease-specific activity
and severity of NTM-PD is one of the most important factors in treating patients with NTM-PD, none of the
known assessment tools are appropriate for NTM-PD. From the various clinical, radiological, and microbiologi-
cal assessments, radiographic examinations have played an essential role in the diagnosis of NTM-PD and also
in determining the extent of the disease and assessing the response to treatment. CT imaging has considerably
improved the assessment of this disease. Several scoring criteria have been devised for grading the disease sever-
ity of NTM-PD based on CT imaging. In the present study, the CT scores of the severity of lung involvement in
NTM-PD were calculated using a modified version of a previously published scoring system proposed by Song
et al.’” A previous study found that the scoring system was correlated with the results of the pulmonary function
test and functional impairment in patients with MAC pulmonary disease and is also used to assess the treatment
response of M. abscessus and M. massiliense pulmonary disease®.

The prognostic value and effect of the extent of the disease or number of lung segments affected by NTM-PD
on chest CT on the health-related quality of life of patients with NTM-PD have been investigated®**-*!. Thus, the
good correlation between serum CA19-9 levels and CT scores of patients with NTM-PD in our study suggests
that serum CA19-9 levels may be used as a biomarker of the disease severity of NTM-PD.

Blood monitoring-based biomarkers, correlated with NTM-PD disease activity, may provide clinicians with
reliable clues regarding the appropriate time to initiate treatment or information of treatment response during
the course of treatment. Although some researchers have proposed a few biomarkers (i.e., anti-GPL IgA'!, type |
cytokine-associated molecules*’, and KL-6'2) for assessing the response to therapy, they have not been validated
sufficiently to be used in daily practice.

Hong et al.'* examined the clinical significance of CA19-9 as a biomarker for monitoring treatment for NTM-
PD. In that study, patients with good treatment response showed a significant decline in the CA19-9 level, while
no difference was observed in the CA19-9 level between before and after treatment in non-responders.

Our study sought to reveal a direct correlation between serum CA19-9 and NTM-PD disease activity, which
was reflected by the severity score based on chest CT imaging. We found a positive correlation between serum
CA19-9 levels and the CT severity score for NTM-PD, which means that serum CA19-9 could be a potential
biomarker for NTM-PD. Further studies are needed, especially those focusing on serial trends in serum CA19-9
levels following disease progression or antimicrobial treatment.

Our study had a few limitations. First, we could not exclude patients with a negative Lewis antigen phenotype,
because the Lewis antigen test was not performed routinely for all patients owing to the retrospective nature of the
cohort study. Serum levels of CA19-9 are not elevated in patients with the Lewis negative phenotype®. Therefore,
there is a possibility of false-negative findings with respect to the serum CA19-9 levels in our study population,
which means that the actual magnitude of the positive correlation may be greater. A study that evaluated blood
samples from 225 healthy Korean volunteers found that 11.1% of participants exhibited the Lewis negative
phenotype*. Second, our study included a small sample with a retrospective study design, not including a control
group. A group of participants with bronchiectasis without NTM-PD might be a good control. Third, we could
not evaluate the effect of treatment, because serial measurements of serum CA19-9 levels were not available.

In conclusion, serum CA19-9 levels showed a positive correlation with the CT severity score for NTM-PD,
especially the total score and subscores for bronchiectasis, bronchiolitis, cavitation, and consolidation. Serum
CA19-9 may be a useful marker in evaluating disease activity or therapeutic response in patients with NTM-PD,
and further studies on this topic are warranted.

Data availability
The data that support the findings of this study are available from the corresponding author, upon reasonable
request.

Received: 22 November 2020; Accepted: 20 January 2021
Published online: 02 February 2021

References

1. Prevots, D. R. & Marras, T. K. Epidemiology of human pulmonary infection with nontuberculous mycobacteria: A review. Clin.
Chest. Med 36, 13-34. https://doi.org/10.1016/j.ccm.2014.10.002 (2015).

2. Dirac, M. A. et al. Environment or host?: A case-control study of risk factors for Mycobacterium avium complex lung disease. Am.
J. Respir. Crit. Care Med. 186, 684-691. https://doi.org/10.1164/rccm.201205-08250C (2012).

3. Henkle, E. & Winthrop, K. L. Nontuberculous mycobacteria infections in immunosuppressed hosts. Clin. Chest Med. 36, 91-99.
https://doi.org/10.1016/j.ccm.2014.11.002 (2015).

4. Adjemian, J., Olivier, K. N, Seitz, A. E., Holland, S. M. & Prevots, D. R. Prevalence of nontuberculous mycobacterial lung disease
in U.S. Medicare beneficiaries. Am. J. Respir. Crit. Care Med. 185, 881-886. https://doi.org/10.1164/rccm.201111-20160C (2012).

5. Furukawa, B. S. & Flume, P. A. Nontuberculous mycobacteria in cystic fibrosis. Semin. Respir. Crit. Care Med. 39, 383-391. https
://doi.org/10.1055/s-0038-1651495 (2018).

6. Moon, S. M. et al. Long-term natural history of non-cavitary nodular bronchiectatic nontuberculous mycobacterial pulmonary
disease. Respir. Med. 151, 1-7. https://doi.org/10.1016/j.rmed.2019.03.014 (2019).

7. Kamii, Y. et al. Adverse reactions associated with long-term drug administration in Mycobacterium avium complex lung disease.
Int. J. Tuberc. Lung Dis. 22, 1505-1510. https://doi.org/10.5588/ijtld.18.0171 (2018).

8. Haworth, C. S. et al. British Thoracic Society Guideline for the management of non-tuberculous mycobacterial pulmonary disease
(NTM-PD). BM] Open Respir. Res. 4, €000242. https://doi.org/10.1136/bmjresp-2017-000242 (2017).

Scientific Reports |

(2021) 11:2777 | https://doi.org/10.1038/s41598-021-82363-5 nature portfolio


https://doi.org/10.1016/j.ccm.2014.10.002
https://doi.org/10.1164/rccm.201205-0825OC
https://doi.org/10.1016/j.ccm.2014.11.002
https://doi.org/10.1164/rccm.201111-2016OC
https://doi.org/10.1055/s-0038-1651495
https://doi.org/10.1055/s-0038-1651495
https://doi.org/10.1016/j.rmed.2019.03.014
https://doi.org/10.5588/ijtld.18.0171
https://doi.org/10.1136/bmjresp-2017-000242

www.nature.com/scientificreports/

9. Erasmus, J. J., McAdams, H. P, Farrell, M. A. & Patz, E. F. Jr. Pulmonary nontuberculous mycobacterial infection: Radiologic
manifestations. Radiographics 19, 1487-1505. https://doi.org/10.1148/radiographics.19.6.g99n0101487 (1999).

10. Mekonen, A. et al. Factors which contributed for low quality sputum smears for the detection of acid fast bacilli (AFB) at selected
health centers in Ethiopia: A quality control perspective. PLoS ONE 13, e0198947. https://doi.org/10.1371/journal.pone.0198947
(2018).

11. Shibata, Y. et al. Diagnostic test accuracy of anti-glycopeptidolipid-core IgA antibodies for Mycobacterium avium complex pul-
monary disease: Systematic review and meta-analysis. Sci. Rep. 6, 29325. https://doi.org/10.1038/srep29325 (2016).

12. Asakura, T. et al. Serum Krebs von den Lungen-6 level in the disease progression and treatment of Mycobacterium avium complex
lung disease. Respirology https://doi.org/10.1111/resp.13886 (2020).

13. Hong, J. Y. et al. Elevated serum CA 19-9 levels in patients with pulmonary nontuberculous mycobacterial disease. Braz. J. Infect.
Dis. 20, 26-32. https://doi.org/10.1016/j.bjid.2015.09.005 (2016).

14. Chang, B. et al. Normalization of elevated CA 19-9 level after treatment in a patient with the nodular bronchiectatic form of
Mycobacterium abscessus lung disease. Tuberc. Respir. Dis. 75, 25-27. https://doi.org/10.4046/trd.2013.75.1.25 (2013).

15. Griffith, D. E. et al. An official ATS/IDSA statement: Diagnosis, treatment, and prevention of nontuberculous mycobacterial
diseases. Am. J. Respir. Crit. Care Med. 175, 367-416. https://doi.org/10.1164/rccm.200604-571ST (2007).

16. Choi, A. R. et al. High level of preoperative carbohydrate antigen 19-9 is a poor survival predictor in gastric cancer. World J.
Gastroenterol. 19, 5302-5308. https://doi.org/10.3748/wjg.v19.i32.5302 (2013).

17. Aoyama, H. et al. Elevated carbohydrate antigen 19-9 caused by early colon cancer treated with endoscopic mucosal resection.
Dig. Dis. Sci. 52, 2221-2224. https://doi.org/10.1007/s10620-006-9247-5 (2007).

18. Goonetilleke, K. S. & Siriwardena, A. K. Systematic review of carbohydrate antigen (CA 19-9) as a biochemical marker in the
diagnosis of pancreatic cancer. Eur. J. Surg. Oncol. 33, 266-270. https://doi.org/10.1016/j.js0.2006.10.004 (2007).

19. Patel, A. H., Harnois, D. M., Klee, G. G., LaRusso, N. E. & Gores, G. J. The utility of CA 19-9 in the diagnoses of cholangi-
ocarcinoma in patients without primary sclerosing cholangitis. Am. J. Gastroenterol. 95, 204-207. https://doi.org/10.111
1/j.1572-0241.2000.01685.x (2000).

20. Sato, Y. et al. The prognostic value of serum CA 19-9 for patients with advanced lung adenocarcinoma. BMC Cancer 16, 890. https
://doi.org/10.1186/s12885-016-2897-6 (2016).

21. Elisei, R. et al. Elevated level of serum carbohydrate antigen 19.9 as predictor of mortality in patients with advanced medullary
thyroid cancer. Eur. J. Endocrinol. 173, 297-304. https://doi.org/10.1530/EJE-15-0304 (2015).

22. Mann, D. V,, Edwards, R., Ho, S., Lau, W. Y. & Glazer, G. Elevated tumour marker CA19-9: Clinical interpretation and influence
of obstructive jaundice. Eur. J. Surg. Oncol. 26, 474-479. https://doi.org/10.1053/ejs0.1999.0925 (2000).

23. Bertino, G. et al. Carbohydrate 19.9 antigen serum levels in liver disease. Biomed. Res. Int. 2013, 531640. https://doi.
org/10.1155/2013/531640 (2013).

24. Parra, J. L., Kaplan, S. & Barkin, J. S. Elevated CA 19-9 caused by Hashimoto’s thyroiditis: Review of the benign causes of increased
CA 19-9 level. Dig. Dis. Sci. 50, 694-695. https://doi.org/10.1007/s10620-005-2559-z (2005).

25. Coskun, A, Kiran, G. & Ozdemir, O. CA 19-9 can be a useful tumor marker in ovarian dermoid cysts. Clin. Exp. Obstet. Gynecol.
35, 137-139 (2008).

26. Pyeon, S. Y., Park, J. Y., Ki, K. D. & Lee, J. M. Abnormally high level of CA-19-9 in a benign ovarian cyst. Obstet. Gynecol. Sci. 58,
530-532. https://doi.org/10.5468/0gs.2015.58.6.530 (2015).

27. Jeong, Y.]. et al. Nontuberculous mycobacterial pulmonary infection in immunocompetent patients: Comparison of thin-section
CT and histopathologic findings. Radiology 231, 880-886. https://doi.org/10.1148/radiol.2313030833 (2004).

28. Kim, H. S. et al. Serial CT findings of Mycobacterium massiliense pulmonary disease compared with Mycobacterium abscessus
disease after treatment with antibiotic therapy. Radiology 263, 260-270. https://doi.org/10.1148/radiol. 12111374 (2012).

29. Koo, T. K. & Li, M. Y. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J. Chiropr.
Med. 15, 155-163. https://doi.org/10.1016/j.jcm.2016.02.012 (2016).

30. Scara, S., Bottoni, P. & Scatena, R. CA 19-9: Biochemical and clinical aspects. Adv. Exp. Med. Biol. 867, 247-260. https://doi.
0rg/10.1007/978-94-017-7215-0_15 (2015).

31. Kodama, T, Satoh, H., Ishikawa, H. & Ohtsuka, M. Serum levels of CA19-9 in patients with nonmalignant respiratory diseases. J.
Clin. Lab Anal. 21, 103-106. https://doi.org/10.1002/jcla.20136 (2007).

32. Shimizu, Y., Hamada, T., Tanaka, Y., Sasaki, A. & Nemoto, T. Colocalization of CA19-9 and KL-6 to epithelial cells in dilated
bronchioles in a patient with idiopathic pulmonary fibrosis complicated by diffuse alveolar damage. Respirology 7, 281-284. https
://doi.org/10.1046/j.1440-1843.2002.00391.x (2002).

33. Jin, Q. et al. Value of serum carbohydrate antigen 19-9 and carcinoembryonic antigen in evaluating severity and prognosis of
connective tissue disease-associated interstitial lung disease. Arch. Rheumatol. 33, 190-197. https://doi.org/10.5606/ ArchRheuma
t01.2018.6419 (2018).

34. Mukae, H. et al. Elevation of tumor-associated carbohydrate antigens in patients with diffuse panbronchiolitis. Am. Rev. Respir.
Dis. 148, 744-751. https://doi.org/10.1164/ajrccm/148.3.744 (1993).

35. Kohno, N. et al. Detection of soluble tumor-associated antigens in sera and effusions using novel monoclonal antibodies, KL-3
and KL-6, against lung adenocarcinoma. Jpn. J. Clin. Oncol. 18, 203-216 (1988).

36. Fujita, J. et al. Pathological and radiological changes in resected lung specimens in Mycobacterium avium intracellulare complex
disease. Eur. Respir. J. 13, 535-540. https://doi.org/10.1183/09031936.99.13353599 (1999).

37. Song, J. W. et al. High-resolution CT findings of Mycobacterium avium-intracellulare complex pulmonary disease: Correlation
with pulmonary function test results. AJR Am. J. Roentgenol. 191, W160. https://doi.org/10.2214/AJR.07.3505 (2008).

38. Kim, S.J. et al. Risk factors for deterioration of nodular bronchiectatic Mycobacterium avium complex lung disease. Int. J. Tuberc.
Lung Dis. 18, 730-736. https://doi.org/10.5588/ijtld.13.0792 (2014).

39. Kim, S. J. et al. Characteristics associated with progression in patients with of nontuberculous mycobacterial lung disease: A
prospective cohort study. BMC Pulm. Med. 17, 5. https://doi.org/10.1186/s12890-016-0349-3 (2017).

40. Pan, S. W. et al. Microbiological persistence in patients with Mycobacterium avium complex lung disease: The predictors and the
impact on radiographic progression. Clin. Infect. Dis. 65, 927-934. https://doi.org/10.1093/cid/cix479 (2017).

41. Asakura, T. et al. Impact of cavity and infiltration on pulmonary function and health-related quality of life in pulmonary Mycobac-
terium avium complex disease: A 3-dimensional computed tomographic analysis. Respir. Med. 126, 9-16. https://doi.org/10.1016/j.
rmed.2017.03.010 (2017).

42. Kim, S. Y. et al. Changes in serum immunomolecules during antibiotic therapy for Mycobacterium avium complex lung disease.
Clin. Exp. Immunol. 176, 93-101. https://doi.org/10.1111/cei.12253 (2014).

43. Parra-Robert, M. et al. Relationship between CA 19.9 and the lewis phenotype: Options to improve diagnostic efficiency. Anticancer
Res. 38, 5883-5888. https://doi.org/10.21873/anticanres.12931 (2018).

44. Song, S., An, S., Ryu, S., Kim, J. & Suh, I. Evaluation of the genotypes of the Lewis blood group in a Korean population using direct
sequencing. Korean J. Hematol. https://doi.org/10.5045/kjh.2008.43.1.34 (2008).

Scientific Reports | (2021) 11:2777 | https://doi.org/10.1038/s41598-021-82363-5 nature portfolio


https://doi.org/10.1148/radiographics.19.6.g99no101487
https://doi.org/10.1371/journal.pone.0198947
https://doi.org/10.1038/srep29325
https://doi.org/10.1111/resp.13886
https://doi.org/10.1016/j.bjid.2015.09.005
https://doi.org/10.4046/trd.2013.75.1.25
https://doi.org/10.1164/rccm.200604-571ST
https://doi.org/10.3748/wjg.v19.i32.5302
https://doi.org/10.1007/s10620-006-9247-5
https://doi.org/10.1016/j.ejso.2006.10.004
https://doi.org/10.1111/j.1572-0241.2000.01685.x
https://doi.org/10.1111/j.1572-0241.2000.01685.x
https://doi.org/10.1186/s12885-016-2897-6
https://doi.org/10.1186/s12885-016-2897-6
https://doi.org/10.1530/EJE-15-0304
https://doi.org/10.1053/ejso.1999.0925
https://doi.org/10.1155/2013/531640
https://doi.org/10.1155/2013/531640
https://doi.org/10.1007/s10620-005-2559-z
https://doi.org/10.5468/ogs.2015.58.6.530
https://doi.org/10.1148/radiol.2313030833
https://doi.org/10.1148/radiol.12111374
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1007/978-94-017-7215-0_15
https://doi.org/10.1007/978-94-017-7215-0_15
https://doi.org/10.1002/jcla.20136
https://doi.org/10.1046/j.1440-1843.2002.00391.x
https://doi.org/10.1046/j.1440-1843.2002.00391.x
https://doi.org/10.5606/ArchRheumatol.2018.6419
https://doi.org/10.5606/ArchRheumatol.2018.6419
https://doi.org/10.1164/ajrccm/148.3.744
https://doi.org/10.1183/09031936.99.13353599
https://doi.org/10.2214/AJR.07.3505
https://doi.org/10.5588/ijtld.13.0792
https://doi.org/10.1186/s12890-016-0349-3
https://doi.org/10.1093/cid/cix479
https://doi.org/10.1016/j.rmed.2017.03.010
https://doi.org/10.1016/j.rmed.2017.03.010
https://doi.org/10.1111/cei.12253
https://doi.org/10.21873/anticanres.12931
https://doi.org/10.5045/kjh.2008.43.1.34

www.nature.com/scientificreports/

Acknowledgements
We express our sincere appreciation to Kyunghwa Han, PhD (a biostatistician at Severance Hospital, Seoul, South
Korea), who performed the statistical analysis for our data.

Author contributions

K.K., Y.Kang and H.L. wrote the main manuscript text and K.K. prepared Figs. 1, 2. S.Y., Su Hwan Lee, Sang
Hoon Lee, A.L., S.KX, K.C,, EX, J.J, M.P, YK, Y.Kim collected the data. K.K. and H.L. analyzed the data. All
authors reviewed the manuscript and Y.Kang and H.L. managed the entire study.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/s41598-021-82363-5.

Correspondence and requests for materials should be addressed to H.-J.L. or Y.A.K.
Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:2777 | https://doi.org/10.1038/s41598-021-82363-5 nature portfolio


https://doi.org/10.1038/s41598-021-82363-5
https://doi.org/10.1038/s41598-021-82363-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Correlation between serum carbohydrate antigen 19-9 levels and computed tomography severity score in patients with nontuberculous mycobacterial pulmonary disease
	Methods
	Participants. 
	Data collection and measurement. 
	CT image evaluation. 
	Statistical analysis. 

	Results
	Clinical characteristics. 
	Interobserver agreement. 
	Correlation between NTM-PD CT score and serum CA19-9 level. 

	Discussion
	References
	Acknowledgements


