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INTRODUCTION

Anthracofibrosis (AF) is a bronchoscopic finding and defined 
as bronchial narrowing with black pigmentation of the bron-
chial mucosa.1 In previous reports, AF was found to be com-

mon in elderly female patients who do not smoke.2 Although 
AF has rarely been reported in Western countries, it is com-
mon in Asian countries such as South Korea, Iran and India.1-6 

AF has several clinical significances. It can present as ob-
structive airway disease,2-4 and patients with chronic obstruc-
tive pulmonary disease (COPD) or asthma who do not respond 
to treatment often have undiagnosed AF.5 Additionally, AF is 
strongly associated with tuberculosis (TB).6,7 As the aforemen-
tioned countries are endemic areas of TB, AF is an important 
clinical problem in these populations.8,9 

The “gold standard” for diagnosing AF is bronchoscopy.1 
However, considering the fact that most AF patients are elderly 
people, performing bronchoscopy in all suspected patients is 
unrealistic; thus, more convenient and simpler methods for char-
acterizing AF are needed. Today, computed tomography (CT) 
scans can be performed at a lower cost and with reduced haz-
ards. Additionally, CT images are now commonly available for 
lung cancer screenings for many elderly patients. These CT scans 
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enable the detection of characteristic radiologic features of 
AF.1,6,10,11 Combining radiologic and clinical parameters could 
allow for the prediction of AF in high-risk patients. However, to 
date, there have been no studies aimed at developing a predic-
tion model for AF. Moreover, previous studies on AF are limited 
and include only small numbers of patients. Therefore, we aimed 
to evaluate the clinical and radiological parameters for predicting 
AF and develop a prediction model to be used as a scoring sys-
tem incorporating these clinical and radiological findings.

MATERIALS AND METHODS 

Study design and patients
The study population was selected from a registry and includ-
ed all patients who underwent bronchoscopies from January 
1, 2008 to March 31, 2014, at Seoul Metropolitan Government-
Seoul National University Boramae Medical Center Hospital 
in the Republic of Korea. AF was defined as a bronchial nar-
rowing with multiple dark pigmentation of the bronchial mu-
cosa. According to the presence of bronchoscopic AF, all pa-
tients were dichotomized into patients with AF (AF group) 
and patients without AF (controls). The enrollment criteria for 
the AF group were defined as patients older than 18 years with 
confirmed AF based on a bronchoscopy. We excluded patients 
presenting with simple pigmented spots without bronchial nar-
rowing and patients with endobronchial lung cancer. The con-
trol criteria were defined as patients older than 18 years show-
ing no endobronchial lesion on a bronchoscopic examination. 
Among subjects with no endobronchial lesion, we excluded 
those with missing data for bronchoscopic or radiologic vari-
ables. Fig. 1 shows the flowchart used in selecting the study pop-
ulation. 

Common indications for bronchoscopy in the control candi-
dates included possible TB (n=593, 42.7%), lung cancer (n=152, 
10.9%), pneumonia (n=239, 17.2%), interstitial lung disease 
(n=49, 3.5%), atelectasis (n=32, 2.3%), hemoptysis (n=179, 12.9%), 
and others (n=146, 10.5%). 

Indications for bronchoscopy in the AF group and controls 
included possible lung cancer (n=22, 13.2% vs. n=58, 24%), pos-
sible TB (n=63, 37.7% vs. n=0, 0%), pneumonia (n=30, 18.0% vs. 
n=107, 44.2%), interstitial lung disease (n=3, 1.8% vs. n=1, 0.4%), 
atelectasis (n=23, 13.8% vs. n=0, 0%), and others (n=26, 15.6% 
vs. n=76, 31.4%). 

This study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the internal Institutional Re-
view Board of Seoul National University Boramae Hospital (IRB 
No. 26-2015-7).

Clinical, bronchoscopic, and radiographic variables 
The clinical characteristics, comorbidities, findings on the 
bronchoscopy and chest CTs were analyzed retrospectively. AF 
was confirmed and reviewed by two independent pulmonolo-

gists. The pulmonologist team consisted of three staff mem-
bers and seven pulmonology fellows. The AF lesions were de-
scribed as segmental or subsegmental divisions using a visual 
approach. The CT analysis included bronchial narrowing, atel-
ectasis, peribronchial soft tissue infiltration or calcification, 
lymph node enlargement, and location and calcification of 
lymph nodes. All CT scans were reviewed retrospectively by a 
chest radiologist and a pulmonologist. The radiologist was un-
aware of the sites of the lesions and the bronchoscopy findings. 

Statistical analyses 
To compare cases and controls, we used the t-test or Wilcoxon 
rank-sum test for continuous variables and the χ2 test for cate-
gorical variables. Logistic regression modeling was used to find 
significant factors for predicting AF. Correlations between the 
variables (nominal scale) were analyzed by the phi coefficient. 
We assigned scores to predictors that were identified with the 
regression analysis, and the score was weighted in proportion to 
the exponential beta odds. The prediction score was then calcu-
lated for each patient by summing the weighted point scores. A 
receiver operating characteristic (ROC) curve was prepared 
using the weighted scores, and the area under the curve (AUC) 
for the new scoring system was calculated to evaluate the di-
agnostic ability in the two groups: patients with and without 
AF. A p value of <0.05 was considered to indicate a significant 
difference. To check the degree of overfitting of the prediction 
model, we used fivefold cross-validation. All statistical analyses 
were performed using the SPSS software (ver. 21.0 for Win-
dows; SPSS Inc., Chicago, IL, USA) and MedCalc (ver. 14.12.0, 
MedCalc Software, Ostend, Belgium).

Patients underwent FOB
(n=3214)

Patients with AF
(n=167)

Identification of predictors for
AF and development of ARS

Excludes subject  
with missimg values

Internal validation of the 
developed model

5-fold cross validation

Patients without 
 endobronchial lesion 

(n=1390)

Control (patients without AF)
(n=242)

Fig. 1. The scheme and flow in selecting study subjects from the bron-
choscopy registry. FOB, fiberoptic bronchoscopy; AF, anthracofibrosis; 
ARS, anthracofibrosis risk score.
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RESULTS 

Baseline clinical and radiological characteristics
Among the 3214 patients who underwent bronchoscopies, 167 
were enrolled as patients with AF and 242 were enrolled as 
controls from the 1390 patients with no endobronchial lesion 
(Fig. 1). All patients in this study were native to Korea. The de-
mographic and clinical characteristics of patients with and with-

out AF are summarized in Table 1. Females (67.7%) and non-
smokers (88.6%) were predominant among patients with AF. 
As a comorbid disease, active TB was more common in pa-
tients with AF (38.3% vs. 10.3%). Additionally, asthma and 
heart disease were also more frequent in patients with AF. In 
clinical symptoms, cough and sputum were the most common 
in both groups. Among symptoms, dyspnea (n=38, 22.8%) was 
more common in the AF group, while chest pain, blood tinged 
sputum and fever were more common in the control group. 

The anatomical distribution of AF in the bronchial tree is de-
scribed in Table 2. The upper and middle bronchi are frequent-
ly involved by AF. The AF lesions tend to be present in multiple 
lobar bronchi (85.0%) or bilaterally (73.7%).

In Table 3, we summarize the radiological characteristics, 
including bronchial stenosis and wall thickening, atelectasis, 
peribronchial calcification, and pleural calcification. Addition-
ally, we characterized the number, extent, and pattern of calci-
fication of the mediastinal and peribronchial lymph nodes in 
detail, as well as their distribution. Except pleural calcification, 
all other bronchial findings were more commonly detected in 
the AF group. Reviewing the distribution of lymph nodes, 
lymph node enlargements were common in patients in the AF 
group (n=62, 37.1%), while only 38 patients (15.7%) showed 
lymph node enlargement in control group. With regard to the 
location, both subcarinal or lower paratracheal nodal enlarge-
ments were most common in both groups (Table 3). Calcified 
lymph nodes were observed in 61 patients (36.5%) with AF, 
much higher than only 9 patients (3.7%) without AF. Addition-

Table 1. Clinical Characteristics of the Patients with and without AF

Variables (total=409) Patients without AF (n=242) Patient with AF (n=167) p value
Age (yrs) 61.08±14.71 76.74±8.14 <0.005 
Female (%) 95 (39.3) 113 (67.7) <0.005
BMI (kg/m2) 22.24±4.09 21.46±3.73 0.067 
Non-smoker (%) 184 (76) 148 (88.6) <0.005
Residence, urban (%) 209 (86.4) 143 (85.6) 0.833
Comorbidities

COPD 22 (9.1) 16 (9.6) 0.867 
Previous TB 25 (10.3) 26 (15.6) 0.115
Active TB 25 (10.3) 64 (38.3) <0.005
Diabetes 48 (19.8) 30 (18.0) 0.636
Asthma 4 (1.7) 12 (7.2) 0.005
Heart disease 12 (5.0) 23 (13.8) 0.012 

Symptom
Cough 97 (40.1) 77 (46.1) 0.226
Sputum 80 (33.1) 63 (37.7) 0.331
Blood tinged sputum 24 (9.9) 4 (2.4) 0.003
Dyspnea 32 (13.2) 38 (22.8) 0.012
Chest pain 25 (10.3) 5 (3.0) 0.005
Fever 39 (16.1) 6 (3.6) <0.005
Weight loss 10 (4.1) 9 (5.4) 0.544

BMI, body mass index; TB, tuberculosis; COPD, chronic obstructive pulmonary disease; AF, anthracofibrosis.
Values are mean±standard deviation or n (%). 

Table 2. Bronchoscopic Distribution of Anthracofibrosis

Location Case (%) 
Right main bronchus 7 (4.2)
Right upper lobar bronchus (RUL) 80 (47.9) 
Right bronchus intermedius (RBI) 22 (13.2) 
Right middle lobar bronchus (RML) 90 (53.9) 
Right lower lobar bronchus (RLL)

Superior segmental bronchus (RB6) 20 (12.0) 
Basal segmental bronchi of RLL 16 (9.6) 

Left main bronchus 3 (1.8) 
Left upper lobar bronchus (LUL)

Left upper lobe upper division 68 (40.7)
Left upper lobe lingular division 26 (15.6)

Left lower lobar bronchus (LLL)
Superior segmental bronchus (LB6) 25 (15.0)
Basal segmental bronchi of LLL 16 (35.5)

Multiple involvement 142 (85.0) 
Bilateral involvement 123 (73.7) 
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ally, patients with calcified lymph nodes involving more than 
two sites were more common in the AF group. Calcified lymph 
nodes larger than 1.0 cm, focally calcified lymph nodes, and 
lymph nodes with the extent of calcification less than 50% were 
the most common findings in the AF group. 

In addition, we evaluated clinical and radiological findings 
in endobronchial lung cancer confirmed by bronchoscopy. 
Among 3214 patients, we selected 1657 with endobronchial 
lung cancer and abnormal bronchoscopy findings. A total of 
117 patients, aged 18 years or more, with visible endobronchial 
tumors were included in the endobronchial cancer group. All 
cases were histologically proven on the basis of bronchoscopic 

biopsy, and patients with coexisting AF were excluded. The dif-
ferences between endobronchial lung cancer and AF are pre-
sented in Supplementary Table 1 (only online). Several factors 
correlated with the presence of AF, such as the following: older 
age, female gender, non-smoker status, active TB, multiple ar-
eas of involvement, bilateral involvement, stenosis, bronchial 
wall thickening, peribronchial calcification, lymph node en-
largement, and lymph node calcification. 

Predictive factors of AF 
Using the logistic regression model, we found that the statisti-
cally significant variables associated with AF were age >70, gen-

Table 4. Results of Binary Logistic Regression Analysis and Anthracofibrosis Risk Score in a Prediction Model

Variable β coefficient Standard error Odds ratio (exp B) 95% CI p value Point* 
Sex 1.34 0.35 3.83 1.94–7.57 <0.005 1
Age ≥70 2.34 0.36 10.37 5.08–21.13 <0.005 3
TB 1.90 0.41 6.69 2.97–15.05 <0.005 2
Stenosis 3.97 0.64 53.10 15.08–186.91 <0.005 13
LN enlarge 0.89 0.36 2.43 1.20–4.93 0.014 1
LN calcification 2.48 0.52 11.90 4.29–33.00 <0.005 3
Atelectasis 0.87 0.45 2.39 0.95–5.99 0.064 1
Bronchial wall thick 1.43 0.57 4.19 1.36–12.94 0.013 1
TB, tuberculosis; LN, lymph node; CI, confidence interval.
*Assignment of points to risk factors was based on a linear transformation of the corresponding exponential odds ratio. 

Table 3. Radiographic Characteristics Based on CT Findings in Patients with and without Bronchial AF

Radiologic factor Patients without AF (n=242) Patient with AF (n=167) p value
Bronchial tree

Stenosis 4 (1.7) 82 (49.1) <0.005
Atelectasis 33 (9.2) 49 (29.3) <0.005
Bronchial wall thickening 9 (3.7) 42 (25.1) <0.005
Peribronchial calcification 1 (0.4) 17 (10.2) <0.005
Pleural calcification 2 (0.8) 2 (1.2) 0.711

LN
Number of patients with LN enlargement (n=100) 38 (15.7) 62 (37.1) <0.005

Upper and aortopulmonary zone 9 (3.7) 6 (3.6) 0.947
Subcarinal or lower zone 37 (15.3) 54 (32.3) <0.005
Hilar-interlobal zone 5 (2.1) 22 (13.2) <0.005

Number of patients with calcified LN (n=70) 9 (3.7) 61 (36.5) <0.005
0 233 (96.3) 107 (64.1) <0.005
1 9 (3.7) 25 (15.0) <0.005
≥2 0 (0.0) 36 (21.6) <0.005

Size of calcified LN*
≤0.5 cm 0 (0.0) 3 (1.8) 0.036
0.5 cm< size ≤1.0 cm 4 (12.5) 20 (12.0) <0.005
>1.0 cm 5 (15.6) 38 (22.8) <0.005

Pattern of calcification* (n=70)
Focal 7 (21.9) 48 (28.7) <0.005
Capsular 0 (0.0) 4 (2.4) 0.016 
Complete 2 (6.3) 9 (5.4) 0.005 

AF, anthracofibrosis; LN, lymph node.
*In case of more than two LN exist, only large one was presented. 
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der, active TB, bronchial stenosis, bronchial wall thickening, at-
electasis, and lymph node enlargement and lymph node calci-
fication (Table 4). Based on the phi coefficient (φ coefficient 
from 0.07 to 0.69), only weak correlation was observed between 
the variables. The Hosmer-Lemeshow goodness-of-fit test sta-
tistic was 0.841, indicating good calibration of the model.

Results of the cross-validation
We performed a stratified fivefold cross-validation by dividing 
the sample into five subgroups. The mean AUC from the five-
fold validation was 0.926 [95% confidence interval (CI)=0.896–

0.949]. The AUC for the proposed model based on the total ob-
servations used to develop the model was 0.936 (95% CI=0.924– 
0.947), indicating a bias of 1%. Thus, the analysis did not show 
substantial overfitting of the prediction model. When we in-
vestigated the five models created during cross-validation, the 
predicting factors, including female gender, age >70 years, ac-
tive TB, stenosis and lymph node calcification, occurred in all 
five models, while lymph node enlargement, bronchial wall 
thickening and atelectasis were observed in only three models. 

Development of the AF risk score 
On the basis of results of the logistic regression analysis (Table 
4), we assigned points to each of the AF predicting factors in 
proportion to the exponential beta odds of the variable, to cal-
culate the risk score. As a result, points were assigned as follows: 
1 point for female gender [β=1.34, odds ratio (OR)=3.83], lymph 
node enlargement (β=0.89, OR=2.43), atelectasis (β=0.87, 
OR=2.39) and bronchial wall thickening (β=1.43, OR=4.19); 2 
points for TB (β=1.90, OR=6.69); 3 points for age >70 years (β= 
2.34, OR=10.37) and lymph node calcification (β=2.48, OR= 
11.90); and 13 points for stenosis (β=3.97, OR=53.10), resulting 
in 25 possible points. The scoring of each patient was deter-
mined by summing the weighted points for each predictor. A 
ROC curve was prepared using the total weighted scores. The 
diagnostic ability of the risk scoring model for detecting AF is 
shown in Table 5. Using the ROC curve, the optimal cutoff 
point in diagnosing AF was determined as 4 points. This cutoff 
represented an AUC of 0.939 (95% CI=0.911–0.960) (Fig. 2), 
which was similar to the AUC obtained from the internal vali-
dation using the fivefold validation method. The Youden index 
“J” was 0.741, and the cutoff value of >4 points showed a sensi-
tivity of 84.43% and a specificity of 89.67% for diagnosing AF 
(Table 5). 

Fig. 2. Predictability of anthracofibrosis risk score. Arrow indicate mark 
points corresponding to criterion value. AUC, area under the curve; CI, 
confidence interval.

100

80

60

40

20

0

20

100-specificity

AUC=0.939 (95% CI: 0.911–0.960)

Score

40 60 80 100

Se
ns

iti
vit

y

0

Table 5. Coordinates of the ROC Curve According to Score of Anthracofibrosis Prediction Model

Risk score Sensitivity (%) 95% CI Specificity 95% CI
>0 99.40 96.7–100.0 31.82 26.0–38.1
>1 97.01 93.2–99.0 52.89 46.4–59.3
>2 95.21 90.8–97.9 66.12 59.8–72.1
>3 92.22 87.1–95.8 76.86 71.0–82.0
>4 84.43 78.0–89.6 89.67 85.1–93.2
>5 74.25 66.9–80.7 96.28 93.1–98.3
>6 65.87 58.1–73.0 97.93 95.2–99.3
>7 59.28 51.4–66.8 98.35 95.8–99.5

>11 49.10 41.3–56.9 98.35 95.8–99.5
>13 48.50 40.7–56.3 98.76 96.4–99.7
>14 47.31 39.5–55.2 99.17 97.0–99.9
>15 43.71 36.1–51.6 99.59 97.7–100.0
>17 33.53 26.4–41.2 99.59 97.7–100.0
>18 26.95 20.4–34.3 100.00 98.5–100.0
>25 0.00 0.0–2.2 100.00 98.5–100.0

ROC, receiver operating characteristic; CI, confidence interval.
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information can be used to facilitate differentiation of endo-
bronchial lung cancer from AF. In our study, older age, female 
gender, TB, bilateral or multiple areas of involvement, bronchial 
wall thickening, bronchial wall calcification, lymph node en-
largement, and calcification favored a diagnosis of AF. Another 
study also reported that bronchial wall stenosis with enlarged 
calcified lymph nodes was a useful marker to differentiate be-
tween the two.11 

In our study, 64 patients (38.3%) in the AF group were con-
firmed by a culture test to have TB. As TB has been determined 
to be a possible causative factor of AF, it is no surprise that such 
a high prevalence of TB is seen in the AF group.1,11,24 

The important thing is the activities of TB. Even though no 
endobronchial TB (EBTB) findings were detected, there were 
still a large proportion of individuals with active TB in the AF 
group. A possible explanation may be that the anthracofibrotic 
lesions, which contain silicon, are vulnerable to TB infection, 
emphasizing the need for bronchial washing or further evalua-
tion for detecting TB in AF patients.18 

The radiologic and bronchoscopic findings can be explained 
in the same manner. Lymph node enlargement, lymph node 
calcification, stenosis, bronchial wall thickening and atelecta-
sis in the AF group are found frequently in EBTB patients.14,25 

In addition, possible TB or atelectasis was the most common 
indication for bronchoscopic examination in the AF group. 

Other studies suggest that the direct invasion of TB in the 
bronchial mucosa and implantation of acid-fast bacilli or drain-
age to the bronchus can cause granulomatous inflammation, 
which eventually results in bronchial fibrosis.26,27 

Additionally, upper and middle lobe predominance of AF 
can suggest a preferred site of TB. One hypothesis is that the 
right middle lobes adjacent to the lymph nodes and these lymph 
nodes may result in a narrower lumen compared to the other 
bronchi.9 However, the exact cause is still unknown, and further 
research is needed to determine whether the pre-existing AF 
lesion increases vulnerability to TB infection or if the post in-
flammatory stenosis is due to TB. Nonetheless, the possibility 
of active TB should be always considered in AF patients. 

This study has several limitations. First, it was a single-center, 
retrospective design. Second, some significant variables may 
have been excluded from the model due to a posterior variable 
selection. Additionally, we used cross-validation to decrease 
overfitting. However, problems may arise from differences be-
tween patient populations, which can only be addressed by 
external validation in further studies. Another limitation is the 
absence of exposure history. Although we adopted “old age” 
and “female gender” as a predictive model, these variables can 
fluctuate because the risk of noxious exposure in old age or fe-
males tends to be cumulative over time and can be influenced by 
socio-environmental circumstances. Furthermore, even though 
the exposure history is necessary for broader applications, it 
was difficult to determine in our retrospective data setting. 
Therefore, we used available data including old age and female 

DISCUSSION

In this study, we summarized the clinical and radiographic 
characteristics of AF and developed a simple and useful scoring 
system using clinical and radiographic findings such as gender, 
age, TB in clinical characteristics, and atelectasis, stenosis, 
bronchial wall thickening, enlarged lymph nodes and calci-
fied lymph nodes. Score >4 points showed good predictive 
ability in detecting AF, by using only clinical and radiographic 
variables, which can be obtained readily in the clinic. 

We developed the points-based scoring system and per-
formed cross-validation to minimize substantial overfitting.12 
Our prediction model showed good predictive performance 
and contained well recognized clinical and radiological fac-
tors. If our scoring model is appropriately validated in an exter-
nal population, it can be a useful tool for detecting AF. In par-
ticular, given that most patients with AF are elderly, this score 
can be easily implemented due to its non-invasive nature. 

The demographics of our AF population were similar to 
those of previous reports, and our model seems to similarly 
represent the characteristics of AF populations.8,13 In addition, 
we also described the distribution of AF and specified the loca-
tion, size and the characteristics of calcification of the medias-
tinal and peribronchial lymph nodes in patients with AF. To 
our best knowledge, this is the most detailed reported descrip-
tion of lymph nodes associated with AF, although a number of 
previous studies have mentioned some radiographic charac-
teristics of AF.11,14,15

Another noticeable finding of our study is that patients with 
dyspnea and asthma were more frequently found in the AF 
group than in the control group. As well as TB, the long-term 
exposure to biomass smoke can result in the depositing of black 
pigmentation and is regarded as a major culprit in nonsmoking 
airway diseases.16,17 Previous studies confirmed that the most 
common abnormal finding of the pulmonary function test in AF 
is an obstructive pattern.7,18,19 No, et al.9 reported that 37% of AF pa-
tients showed evidence of airway diseases such as asthma or 
COPD, confirmed by other studies in respiratory function tests.20-22 
In clinical findings, according to the extent of stenosis, the symp-
toms of AF are variable and patients are usually treated with 
different methods depending on their presenting symptoms. 
Because dyspnea and wheezing are frequent symptoms of AF, it 
is often misdiagnosed as intractable asthma or COPD.8,23 

Although bronchoscopy is the gold standard method for de-
tecting AF, it is difficult to perform bronchoscopy in all suspect-
ed patients. Therefore, our prediction score can be helpful for 
detecting these AF patients at high risk in the clinical field. For 
example, diagnosis of AF can be aided by using this tool in spe-
cific patient groups, such as those with old age, a long history of 
wheezing, or non-responsiveness to inhaled therapy. 

Because AF and bronchogenic cancer shares similar radio-
logic and clinical features, this model may not be suitable to 
distinguish AF from bronchogenic cancer. However, additional 
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gender as indirect surrogate factors in predictive models. 
We excluded bronchogenic cancer from the study cohort. 

In the clinical setting, discriminating bronchogenic cancer 
with or without atelectasis from AF is difficult. As validation of 
this model did not confirm the ability to distinguish lung can-
cer from AF, another prediction model may be required to de-
tect bronchogenic lung cancer. In this study, we additionally 
evaluated clinical and radiological findings of endobronchial 
lung cancer to differentiate AF from lung cancer. Finally, the CT 
protocol differed from case to case. Despite these issues, we be-
lieve that an easily applicable, non-invasive model predicting 
AF will be beneficial in a clinical setting and a meaningful step 
in expanding research on AF and its related respiratory diseas-
es. This can be promoted by further studies for external valida-
tion of our results.

In conclusion, AF is not rare disease in Asian countries and 
has significant clinical importance. We identified eight clinic-
radiographic variables that are significantly associated with AF 
and developed a scoring system predicting AF. It is easily ap-
plicable and an accurate predictive tool for detecting AF with-
out bronchoscopic examination in the study population.  
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