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ABSTRACT

Objective: Arc-welders' pneumoconiosis (AWP) is a less fibrogenic pneumoconiosis with radiographic shadows
that can improve after isolation from dusty environments. Therefore, early diagnosis is important. However, the
exact role of chest radiograph and computed tomography (CT) for diagnosing AWP is not fully understood. This
study was performed to assess the CT appearance of AWP using semi-quantitative methods and to compare the
findings with those of silicosis. The profusion of pulmonary abnormality on chest radiograph were also com-
pared with the semi-quantitative CT score.

Materials and methods: Sixty-six patients with clinically diagnosed AWP were included and compared with 33
patients with silicosis. The CT images were interpreted according to the International Classification of HRCT for
Occupational and Environmental Respiratory Diseases (ICOERD). Data on the profusion score by chest radio-
graph were also compared with CT score.

Results: 1ll-defined centrilobular nodules, ground-glass opacity (GGO) and centrilobular branching opacity were
more frequently observed (p = 0.0031) in AWP, whereas well-defined rounded opacity (p < 0.0001), pro-
gressive massive fibrosis (p < 0.0001), and mediastinal lymphadenopathy (p < 0.0001) were more frequently
observed in silicosis. Regarding lung nodules, there was a high correlation between the ICOERD and CXR
profusion scores in silicosis, but CXR underestimated AWP.

Conclusion: Ill-defined centrilobular nodules, GGO and centrilobular branching opacity were more frequently
observed in AWP than silicosis. Because these findings are difficult to detect by chest radiograph, CT should be
considered for the assessment of patients with suspected AWP.

1. Introduction

to be inert and to rarely cause fibrosis. However, several researches
have demonstrated that some fibrosis can occur from exposure to the

Arc-welders’ pneumoconiosis (AWP) is a type of pneumoconiosis various materials in welding smoke other than iron oxide [ 1.

that is caused by chronic inhalation of fumes, which is mainly com-
prises iron oxide, during the welding procedure [ “]. This condition
was first reported in 1936 by Doig and McLaughlin who assessed 16
electric arc welders clinically and radiologically and found that 6 of
them showed generalized fine mottling on both lung fields on chest
radiograph; the remaining showed less marked changes [“]. Subsequent
follow-up of the 15 patients for 9 years showed complete or partial
resolution of the chest radiograph abnormalities after isolation from
environmental exposure ["]. Therefore, iron oxide has been considered

* Corresponding author.
E-mail address: (M. Takahashi).

Welding smoke contains a mixture of several kinds of fumes and gases,
such as nickel, asbestos, manganese, silica, beryllium, oxides of ni-
trogen and ozone, although some researchers have believed that iron
oxide itself could cause fibrosis [1/," | 1]. Early detection of AWP is
crucial because early isolation from occupational exposure can con-
tribute to resolve the abnormality and reduce the risk of fibrosis de-
velopment.

High resolution computed tomography (HRCT) plays an important
role in managing pneumoconiosis, not only in detecting the lung
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parenchymal abnormalities but also in assessing its extent and severity.
This is especially applied in AWP because the chest radiograph is
generally believed to have limited value in demonstrating minimal lung
fibrosis. However, only few manuscripts have demonstrated the HRCT
appearance of AWP [ 1], and there have been no studies that as-
sessed the imaging difference between AWP and silicosis. This study
was performed to clarify the HRCT appearance of AWP in comparison
with that of silicosis using a semi-quantitative approach. The lung
parenchymal profusion score on chest radiograph were compared with
the semi-quantitative CT score, and their relationships were compared
between AWP and silicosis.

2. Materials and methods

This study was supported by the Ministry of Health, Labor and
Welfare Scientific Research Grant of Japan and was approved by the
institutional review board of Nagasaki University Hospital and in-
formed consent was waived from each subjects.

2.1. Subjects

A total of 66 arc welders who were seen at 3 institutes (i.e., Chugoku
Rodo Eiseikyoukai, Okayama-Rosai Hospital, and Hokkaido-Chuo-Rosai
Hospital) were analyzed. The cases who visited each institute for a
regular health check for workers who had histories of fume dust ex-
posure were consecutively collected from Jul 2014 to May 2015. All
were men, with a mean age of 64.3 years (range, 49-84 years), who
were exposed to dust fumes for a mean duration of 35.9 years (range,
9-55 years). All these subjects have been diagnosed at each institute as
AWP based on occupational history and clinical findings. For compar-
ison, 33 cases of silicosis were recruited from 1 institute (Okayama-
Rosai Hospital). The cases who visited an institute for a regular health
check for workers who had histories of silica dust exposure were con-
secutively collected from Oct 2014 to Jan 2015. 30 subjects were men
and 3 were women with a mean age of 74.0 years (range, 58-83 years)
and who were exposed to silica dust for a mean duration of 37.8 years
(range, 8-48 years). In both the AWP and silicosis groups, there were 16
and 0 current smokers (mean Brinkman Index (BI): 664.0), respectively;
41 (mean BIL: 764.0) and 26 (mean BI: 882.3) ex-smokers, respectively;
and 9 and 7 never-smokers, respectively.

2.2. Imaging studies

All the subjects in both the AWP and silicosis groups underwent
digital chest radiograph and CT for the purpose of regular health check,
according to the Japanese workplace health management system. The
CT machines used were Alexion TSX-032A/1J (Toshiba Medical
Systems, Japan); TSX-302A/1A Aquilion PRIME (Toshiba Medical
Systems, Japan); and Light Speed VCT (GE Health Care, USA). A supine
helical CT acquisition was performed at full inspiration without con-
trast injection. Axial images were reconstructed contiguously 1- or 2-
mm and 5mm slice thickness. On thin-section CT, an algorithm with
high spatial resolution was used for image reconstruction; the images
were displayed with window width (1500 HU) and levels (=550 to
—700 HU) that were appropriate for visualizing the pulmonary par-
enchyma. Posteroanterior digital chest radiographs were obtained using
the following systems and technical factors: Velocity U (Fuji Film
Medical, Japan): 125-135kV, 125-200 mA, 30 msec; DR CALENO HC
SQ (SE) (Fuji Film Medical, Japan): 125kV, 100 mA, 20-60 msec; and
KXO-80G (Toshiba Medical Systems, Japan): 125kV, 200-250 mA,
28-36 msec. CT and chest radiograph were displayed in a 3-megapixel
LCD medical-grade, gray-scale monitor (Radiforce GS 320, Eizo,
Japan).
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2.3. Imaging analysis

a) Semi-quantitative analysis of CT findings:

Chest CT was interpreted with a semi-quantitative system using the
International Classification of HRCT for Occupational and
Environmental Respiratory Diseases (ICOERD), with some mod-
ifications [, !%]. The grade of each CT finding was judged based
on the reference images of the ICOERD by consensus of 2 chest
radiologists with experience of 34 and 28 years, respectively. The
anonymized images of the AWP and silicosis cases were mixed and
randomly displayed on the monitor.

The definitions of each CT finding were as follows [, " ]:

a Well-defined rounded micronodule: less than 5 mm, well-defined
margin, intralobular distribution may be variable (Grade 0-3).

b Poorly-defined centrilobular micronodule, ground-glass opacity
(GGO), or branching linear structure: less than 5 mm, ill-defined
border, 2-3mm from the lobular borders, or intralobular
branching structure without normal tapering (Grade 0-3).

c Diffuse to regional GGO: GGO extent of larger than 10 mm (Grade
0-3).

d Large opacity: well-defined nodule larger than 10 mm (Grade 0,
A-C, details will be described in the following section).

e Honeycomb: clustered cystic air spaces, typically of comparable
diameters in the order of 3-10 mm but occasionally as large as
25 mm; usually subpleural and is characterized by well-defined
walls (Grade 0-3).

f Reticulation: interlobular septal thickening and intralobular lines
(Grade 0-3).

g Emphysema, bullae: focal areas or regions of low attenuation,
usually without visible walls; a rounded focal lucency or area of
decreased attenuation, =10 mm in diameter, and bounded by a
thin wall (Grade 0-3).

h Pleural plaque, thickening, calcification: well-demarcated areas of
pleural thickening, seen as elevated flat or nodular lesions that
often contain calcification.

i Mediastinal or hilar lymphadenopathy: bilateral, multiple en-
largement of lymph nodes larger than 10 mm in the short axis.

The lungs were divided into a total of 6 zones, according to the
following boundaries on the right and left: 1) upper (U), at the level of
the arch of the aorta and above; 2) middle (M), from the arch of the
aorta down to the inferior pulmonary vein; and 3) lower (L), inferior
pulmonary vein and below, including the diaphragm. The CT findings
in each zone were assessed to obtain the cumulative score for grading.
The semi-quantitative scores were compared between AWP and sili-
cosis.

b) Assessment of lung profusion abnormality by chest radiograph.
Chest radiograph was assessed in accordance with the
Pneumoconiosis Law Classification System of Japan [| ']. In this
system, the radiographic findings of the chest were classified as ei-
ther 1 of the 7 profusion (PR) categories (i.e., PR 0, 1, 2, 3, 4A, 4B,
and 4C), which was equivalent to the International Classification of
Radiographs of Pneumoconioses developed by the International
Labour Organization. The absence of radiographic signs of pneu-
moconiosis was designated as PRO, whereas the presence of pneu-
moconiosis abnormalities was designated as PR1 to PR4. Chest
radiographs with opacities that measured up to 10 mm were cate-
gorized as PR1, PR2, or PR3, depending on the increasing profusion.
Small opacity profusion was recorded on a 12-point scale from 0/—
to 3/+, where 0/— indicated no abnormality in both lungs and 3/
+ signified the highest concentration of small opacities. Rounded
and irregular opacities were independently assessed based on these
categories. Large opacities, which were defined as having > 10-mm
longest diameter, were classified as PR4 and sub-categorized into A,
B, or C, depending on the increasing size of the opacity; category A
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for up to 50 mm, B for larger than 50 mm but less than 1/3 of one
hemithorax, and C for larger than 1/3 of one hemithorax. The size of
a large opacity was determined by the longest diameter of a single
lesion or by the cumulative longest diameters of several large opa-
cities, relative to the area of the upper 3rd of the right lung field.
The chest radiographs were independently interpreted by 2 chest
radiologists with 34 and 28 years of experience, respectively; if
there was discordance, the final decision was made by consensus.
The anonymized chest radiographic images of the AWP and silicosis
cases were mixed and randomly displayed on the monitor. To
eliminate recall bias, an interval of 1 month from the CT reading
session was allotted. The chest radiograph PR category for small
rounded opacity was correlated with the ICOERD score, and the
correlation was compared between AWP and silicosis.

2.4. Statistical analysis

The interobserver agreement for the chest radiograph PR category
was assessed by Cohen’s kappa coefficient; values < 0 as no agreement,
0-0.20 as slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as
substantial, and 0.81-1 as almost perfect. The original 12-point scales
by the chest radiologists were converted into 5 grades (PR 0, 1, 2, 3 and
4) for statistical analysis. Comparison of the incidence of the CT find-
ings between AWP and silicosis was assessed by the chi-square test. The
relationship between the PR and ICOERD scores was compared between
AWP and silicosis using analysis of covariance (ANCOVA). In the
ANCOVA model, interaction terms and PR scores for the AWP and si-
licosis groups were included. In these analyses, a p value < 0.05 was
considered statistically significant. These statistical tests were per-
formed using MedCalc ver.10.0.2 (Medcalc Software, Mariakerke,
Belgium).

3. Results
and

3.1. The incidence of each computed tomography finding (| =

The incidence of poorly defined centrilobular nodule/GGO or
branching opacity was significantly higher in AWP than in silicosis (30/
66 vs. 5/33, p = 0.0031). On the other hand, the incidence of well-
defined rounded nodule was significantly higher in silicosis than in
AWP (25/33 vs. 5/66, p < 0.0001). Large opacity and mediastinal or
hilar lymphadenopathy with/without calcification were significantly
more frequent in silicosis than in AWP (14/33 vs. 4/66, p < 0.0001
and 27/33 vs. 10/66, p < 0.0001, respectively). There was no differ-
ence between AWP and silicosis in terms of reticulation, honeycomb,
diffuse GGO, emphysema, and pleural plaque. The lung distribution
tended to be diffuse for poorly-defined centrilobular nodule/GGO or
branching opacity and more in the upper and middle lung fields than in
the lower lung field for well-defined rounded nodule both in AWP and

Table 1
Incidence of each CT findings in the cases with AWP and silicosis.
AWP Silicosis
(n =66) (n=33)
Well defined round nodule 5 25 P < 0.0001
Poorly defined centrilobular nodule, 30 5 P = 0.0031
GGO, branching opacity
Large opacity 4 14 P < 0.0001
Reticulation 17 7 P =02772
Honeycomb 2 1 P = 1.000
Diffuse GGO 10 8 P =02714
Emphysema 43 17 P =0.1928
Pleural plaque 22 11 P = 1.0000
Mediastinal and hilar 10 (6) 27(27) P < 0.0001
lymphadenopathy (with calc.)
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silicosis.
3.2. The assessment of PR by chest radiograph

The interobserver agreement on the PR categories 0, 1, 2, 3, and 4
was substantial for both round opacity (x =0.748, 95% CI
0.654-0.858) and irregular opacity (x = 0.776, 95% CI 0.640-0.912).
The incidence of each category is shown in . Large opacity was
found in 5% of the AWP cases (4A, n = 2 and 4B, n = 1) and in 18% of
the silicosis cases (4A, n = 6). The category for small rounded opacity
was higher in silicosis than in AWP.

3.3. Correlation between chest radiograph PR and CT scores (' %)

The chest radiograph PR for small rounded opacity was almost
linearly correlated with the CT scores in silicosis, but it was under-
estimated in AWP. ANCOVA showed borderline significance
(p = 0.077) of these two relationships.

4. Discussion

This study revealed that 1) the incidence of ill-defined centrilobular
nodule/GGO or centrilobular branching opacity was significantly
higher in AWP than in silicosis; 2) the incidence of large opacity and
mediastinal lymphadenopathy with/without calcification was sig-
nificantly higher in silicosis than in AWP; and 3) chest radiograph had a
tendency to underestimate the lung parenchymal profusion abnorm-
ality of AWP, compared with that of silicosis.

The pathological findings of AWP include the presence of pigmented
macrophages in the air spaces and interstitium, close to the center of
the acinus, with limited fibrosis. This low component of fibrosis may be
seen as an ill-defined centrilobular opacity on CT. Akira et al. assessed
the thin-section CT findings of 21 arc welders and found that the most
common findings were ill-defined micronodules that were diffusely
distributed in the lungs (n = 15, 71.4%) [!]. Some of the micro-
nodules appeared as fine branching structures and tended to show
centrilobular distribution [ :]. These ill-defined centrilobular micro-
nodules reflect the deposition of minute iron oxide particles along the
perivascular and peribronchial lymphatic vessels [ ' ]. Han et al. ana-
lyzed the thin-section CT findings of 85 arc welders with 3-30 years of
exposure and found that the predominant CT findings were poorly-
defined centrilobular micronodules (n = 30, 35.3%); branching linear
structure (n = 18, 21.2%); and ground glass attenuation (n = 6, 7.1%)
[ 1]. Our results were basically consistent with previous two studies
and could confirm the consensus regarding HRCT appearances of AWP.
In this study, 45.5% (30/66) of the arc welders demonstrated ill-defined
centrilobular nodule/GGO or branching abnormality on CT. The slight
differences in the incidence of these findings among these studies were
probably due to the reversible nature of AWP. Our cohort was based on
a regular health check for workers who had histories of fume dust ex-
posure and might have included both active and inactive workers.

One differential diagnosis of centrilobular ill-defined opacity and
branching opacity on thin-section CT is respiratory bronchiolitis [I ],
which is similar to AWP in terms of the pathological findings of in-
flammatory cell infiltration, which is often accompanied by pigment, in
the walls of the membranous and respiratory bronchioles and alveolar
ducts. Han et al. revealed that centrilobular ill-defined opacity on thin-
section CT was much frequently observed in AWP than in smokers [ 1].
In that study, the high percentage of smokers in the AWP cases might
cast doubt on whether the findings truly represented exposure to
welding and were not the results of smoking; however, the authors
suggested that the findings were mostly due to exposure to arc welding
because the rates of positive thin-section CT findings in the arc welders
were almost equal between smokers and non-smokers. In our present
study, all cases had smoking history; therefore, the influence of smoking
on the thin-section CT findings cannot be excluded. To solve this issue,
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Poorly-defined centrilobular micronodule, GGO or branching linear structure

a.AWP

ANRRN
\

b. Silicosis

Fig. 1. Comparison of the CT score and the distribution of poorly-defined centrilobular micronodules, GGO, and branching linear structures within the lungs between
AWP (a) and silicosis (b). The height of each bar represents the average score for each lung zone. The lung distribution tended to be diffuse for poorly-defined

centrilobular nodule/GGO or branching opacity both in AWP and silicosis.

the CT findings should be compared between AWP and smokers, as
performed by Han et al. [| ].

Mixed dust pneumoconiosis (MDP) is another differential diagnosis.
MDP is a less fibrotic pneumoconiosis in the presence of low silica
content [!~]. Hyalinization which is a hallmark for silicosis is not ob-
served in MDP and infiltrative fibrosis is found in the surrounding in-
terstitium [/ /']. Therefore chest radiograph shows ill-defined nodules
and CT shows irregular shaped nodular opacity ['']. Usually mixed
dust fibrosis and silicotic nodules are coexisted in the lung field and
diffusely distributed ill-defined centrilobular nodule/GGO or branching
abnormality as observed in AWP is not demonstrated. Information re-
garding typical occupations associated with a diagnosis of MDP include
metal miners, quarry workers, foundry workers, pottery and ceramic
workers, and stonemasons is also helpful for making a diagnosis of MDP
[1E].

Silicotic nodules tend to conglomerate and form a > 1-cm large
opacity, which is consistent with progressive massive fibrosis [~].
Additionally, hilar and mediastinal lymphadenopathy with calcification
is a radiologic hallmark of silicosis [' '/, "/]. This study has demon-
strated that the incidences of both large opacity and lymphadenopathy

Well-defined rounded micronodule

a.AWP

were significantly lower in AWP than in silicosis. Many researchers
have believed that large opacity and lymphadenopathy are due to the
strong fibrogenic property of inhaled silica [ ']. Silica-exposed mac-
rophages release fibroblast growth factor that facilitates the accumu-

" lation of fibroblasts and fibroblast products, which, in turn, induce in-

flammatory and fibrogenic reactions in the interstitium, alveoli, and
lymph node [ ' ]. These fibrogenic reactions lead to the formation of
interstitial silicotic nodules that tend to conglomerate. Additionally, the
free-particulate silica that is not ingested by macrophages can enter the
perivascular lymphatic channels to be translocated to the draining
mediastinal lymph nodes and cause fibrosis [''/]. On the other hand,
iron oxide itself is considered an inert material and has a low potential
to cause fibrosis in both the lung and lymph node. The low incidence of
large opacity and lymphadenopathy in the imaging of AWP probably
reflected this pathological background. Attfield et al. analyzed the chest
radiograph of 661 British electric arc welders and found no case with
large opacity ['1].

Thus AWP have been believed not develop fibrosis both in the lung
field and lymphnode, some researchers found that AWP can be asso-
ciated with fibrosis [ ]. Akira et al. found that 3 of 21 arc welders

b. Silicosis

Fig. 2. Comparison of the CT score and the distribution of well-defined rounded micronodules within the lungs between AWP (a) and silicosis (b). The height of each
bar represents the average score for each lung zone. The lung distribution tended to be more in the upper and middle lung fields than in the lower lung field for well-

defined rounded nodule both in AWP and silicosis.
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Fig. 3. The incidence of chest radiograph profusion for small rounded opacity and irregular opacity. The large opacity (PR4) was excluded. The category for small

rounded opacity was higher in silicosis than in AWP.

P=0.077 (ANCOVA)

Fig. 4. Relationship between chest radiograph
profusion and CT score in cases with AWP and
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showed a pulmonary conglomerate mass on CT [! ']. The fibrosis in
AWP is suspected to develop from concomitant exposure to irritants,
such as asbestos and silica [ ']. Although the number of cases was
small, this study demonstrated that some AWP cases had large opacity
(4/66, 6.0%) and lymphadenopathy (10/66, 15.2%) on CT. Probably,
in these workers, the inhaled fumes contained some fibrogenic irritants
other than iron oxide.

The Ministry of Health, Labor and Welfare of Japan has established
the Pneumoconiosis Law in 1960 to protect the health and promote the
welfare of dust-exposed workers [ ]. This law indicated the use of
chest radiograph to assess and classify the severity of pneumoconiosis,
and CT can be used only as a reference. However, this present study
demonstrated that chest radiograph had a tendency to underestimate
the detection of lung abnormalities of AWP, in comparison with sili-
cosis. This result may account for the less fibrogenic features of the lung
nodule in AWP. To avoid overlooking the presence of AWP, the use of
CT should be considered if a detailed work history on arc welding is
obtained early. Although most of the lung abnormalities of AWP were
reversible, some cases developed lung fibrosis. Therefore, early detec-
tion of AWP is extremely important to prevent the development of fi-
brosis and to protect the health of arc welders.

This study had some limitations. First, in this cohort, pathological
proof was not obtained and the diagnosis of AWP was established only
by clinical findings and occupational history. As described above, the
possibility of disorders other than AWP, such as smoking-related dis-
eases, could not be confidently excluded because almost all of the
workers in this study were smokers. Second, the imaging protocol for
the workers was not fixed because the cohort was recruited from 3
different institutes. Therefore, the different technical factors of CT scan

1 2
Chest radiograph profusion

) silicosis.

Although there is an almost linear correlation
between the chest radiograph profusion and CT
scores in silicosis, the chest radiograph profu-
sion score was underestimated in AWP.
Analysis of covariance revealed borderline
significance of these 2 relationships
(p = 0.077).

might have influenced the incidence of each CT finding. Third, al-
though the ICOERD was used with some modification for semi-quan-
titative analysis, it did not contain enough imaging references, espe-
cially for ill-defined centrilobular nodules/GGO or branching opacity.
Therefore, subjective bias on the grading for each CT finding cannot be
completely excluded.

In conclusion, ill-defined centrilobular nodules/GGO and cen-
trilobular branching opacity were more frequently observed in AWP,
whereas well-defined rounded opacity, large opacity, and mediastinal
lymphadenopathy were more frequently observed in silicosis.
Regarding lung nodules, there was a high correlation between the CT
score and the chest radiograph PR for silicosis, but the chest radiograph
underestimated AWP. Therefore, in patients with suspected AWP, CT
should be considered for the detection of early-stage disease before
progression to fibrosis.
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Fig. 5. Images in a 71-year-old man who was employed as an arc-welder for 55 years.

(a) Chest radiograph reveals no parenchymal abnormality and was judged by both chest radiologists to have a score of 0 for lung profusion abnormality. (b—e) Thin-
section CT scans show numerous poorly defined centrilobular ground-glass nodules that are diffusely distributed throughout the lung. The ICOERD score for poorly-
defined centrilobular micronodule, GGO, or branching linear structure in this case is 10 (full score is 18).
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Background: Few studies have focused on the management of secondary spontaneous
pneumothorax (SSP) as a complication of pneumoconiosis. The aim of this study was to
investigate the clinical features and therapeutic course of SSP associated with silicosis.
Methods: Between April 2005 and March 2015, 17 patients with silicosis underwent chest
tube drainage for SSP in our institution. We retrospectively analyzed patient character-
istics, type of treatment, clinical course, rate of recurrence, and survival time, and
compared them with those of 30 patients diagnosed with chronic obstructive pulmonary
disease (COPD) during the same period.
Results: Fourteen patients with silicosis had performance status score > 2 and modified
Medical Research Council Grade > 2; these were significantly different from those in
patients with COPD (P = 0.047, P = 0.026). Patients with silicosis had a significantly longer
duration of chest tube placement and hospital stay. Recurrent pneumothorax occurred in
47.1% of patients with silicosis, which was not significantly different from the proportion of
patients with COPD (40.9%, P = 0.843). However, in the silicosis group, patients treated with
chest tube drainage alone tended to have a higher rate of ipsilateral recurrence than those
who had pleurodesis, although this was not statistically significant. The median overall
survival time of patients with silicosis was 82.6 months, while that of patients with COPD
was 104.1 months.
Conclusions: Patients with silicosis had worse physical status and respiratory functions at
the time of occurrence of pneumothorax than those with COPD. Pleurodesis could be an
effective treatment for SSP complicating silicosis.

© 2017 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.

List of abbreviations: SSP, Secondary spontaneous pneumothorax; COPD, Chronic obstructive pulmonary disease; ILO, International
Labour Organization; IQR, Interquartile range; PS, Performance status; mMRC, modified Medical Research Council, Hugh-Jones classifica-
tion; CVD, Cardiovascular disease; HOT, Home oxygen therapy
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1. Introduction

Secondary spontaneous pneumothorax (SSP) usually occurs
in elderly patients who are in poor general condition or have
underlying lung disease. The presence of an underlying
disease complicates the optimal management of pneu-
mothorax. Conservative management, including chest tube
drainage, alone or in combination with chemical pleurodesis,
is widely used in patients with poor physical status to stop air
leakage and to prevent recurrent pneumothorax.

Pneumoconiosis is an occupational lung disease caused by
the inhalation of dust particles, such as silica or asbestos,
leading to inflammation of the lung tissue ' . Many types of
secondary pulmonary complications can occur in patients
with pneumoconiosis, including chronic obstructive pulmon-
ary disease (COPD), hemoptysis, pneumothorax, pleural dis-
ease, infection, interstitial pneumonia, and malignancy
Emphysema and bullae are commonly observed in progres-
sive forms of silicosis, followed by SSP ||. Patients with
pneumoconiosis often have impaired pulmonary function
and poor physical status at the time of onset of pneu-
mothorax ; hence, surgical procedures are typically
avoided

Few studies have focused on the management of pneu-
mothorax occurring as a complication of pneumoconiosis,
although there are several guidelines on the management of
spontaneous pneumothorax . Most patients with pneu-
moconiosis are admitted to hospitals specializing in the care
of patients with occupational diseases. Therefore, many
chest physicians have little opportunity to treat pneu-
mothorax complicating pneumoconiosis, although they have
more clinical experience with COPD, most often the disease
underlying pneumothorax. The purpose of this study was to
investigate the clinical manifestations and therapy of SSP
occurring as a complication of silicosis, compared to those
that arise from underlying COPD, and to provide additional
guidance for clinical practice.

2. Patients and methods
2.1. Patients and data collection

Clinical records and radiological images of patients admitted
with SSP at a single institution over a 10-year period from
April 1, 2005, to March 31, 2015, were retrospectively
reviewed. A total of 17 patients with silicosis and 30 patients
with COPD were treated with chest tube drainage. We initially
analyzed the patients undergoing chest tube drainage regard-
ing age and clinical parameters including heart rate, (HR),
oxygen saturation (SpO,), oxygen requirement at admission,
performance status (PS), respiratory status based on the
modified Medical Research Council (mMRC) Grade at the
onset of pneumothorax, history of cardiovascular disease
(CVD), history of home oxygen therapy (HOT), and previous
history of pneumothorax. Radiological images were retro-
spectively reviewed as follows: (1) the extent of lung collapse
was assessed on chest radiographs using Kircher's method;
(2) computed tomography (CT) images were evaluated for the

presence of pleural adhesions; and (3) chest radiographs were
classified based on the International Labour Organization
(ILO) guidelines

The patient groups were divided according to the cause of
pneumothorax, and were compared based on the type of
treatment received. We recorded the duration of chest tube
placement, duration of the hospital stay, incidence of recur-
rent pneumothorax, time interval from the removal of the
chest tube to recurrence, and overall survival after pneu-
mothorax. We defined the duration of chest tube placement
as: (1) the time from insertion of the chest tube to removal in
the case of drainage alone; (2) from the administration of the
sclerosing agent to chest tube removal in the case of pleur-
odesis; and (3) from the time from insertion of the chest tube
to the day of surgery in the case of surgical treatment. The
requirement for informed consent was waived because of the
anonymous nature of the data. The study was approved by
our institutional review board (Approval No. 90; April 11,
2017).

2.2.  Statistical analysis

Continuous variables are expressed as median and inter-
quartile range (IQR, 25th-75th percentile). Categorical data
are expressed as counts and proportions. Continuous vari-
ables were analyzed using the Mann-Whitney U test, and
categorical variables using Fisher's exact test. Univariate
analysis was carried out with the log-rank test, to identify
significant variables affecting survival time, for inclusion in a
multivariate Cox regression model. Multivariate analyses of
independent prognostic factors were performed using a Cox
proportional hazards model. The results are presented as
estimated relative risks with 95% confidence intervals (CI).
Kaplan-Meier curves were plotted, and compared using the
log-rank test for univariate analysis.

The data were censored on March 31, 2015. Patients who
were lost to follow-up were censored at the date of the last
contact/follow-up. Patients who were alive on March 31, 2015,
were censored for overall survival analysis. A P value less
than 0.05 was considered statistically significant. Statistical
analysis was performed using StatMate version 5 (ATMS
Publishing, Japan).

3. Results
3.1. Patient characteristics

The patient characteristics are summarized in . There
were no significant differences in mean age, HR, SpO,, or
oxygen requirement at admission between the groups (P =
0.268, P = 0.266, P = 0.414, P = 0.487, respectively). Four
patients in the silicosis group and five patients in the COPD
group were on home oxygen therapy. There were signifi-
cantly more patients with PS > 2 in the silicosis group (14/17;
82.4%) than in the COPD group (16/30; 53.3%, P = 0.047).
Furthermore, 14 patients with silicosis (14/17; 82.4%) had an
mMRC Grade > 2 compared to 11 patients with COPD (11/30;
36.7%, P = 0.026).
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Table 1 - Characteristics of the patients.

Silicosis (n = 17) COPD (n = 30)

Age (years) 72 755
Median (IQR) (68-76) (69.5-80)
Performance status (0/1/2/3/4) 1/2/6/7/1 3/12/9/4/2
mMRC Grade (0/1/2/3) 1/2/5/9 10/8/6/6
History of cardiovascular disease 2 13
Previous history of pneumothorax 4 3
Receiving HOT 4 S

SPO2 95 (91-96) 96 (93-97)
Clinical parameters HR 94 (78-101) 82 (78-98)

Oxygen requirement 1.5 (0-2.5) 1 (0-2)

X-ray type
(ILO classification)

Level of lung collapse
pleural adhesion

Category A (n = 6)
Category B (n = 3)
Category C (n = 8)
38.3% (32-46.4%)
76.5% (13/17)

41.8% (31.9-53.7%)
40% (12/30)

COPD, chronic obstructive pulmonary disease; HOT, home oxygen therapy; ILO, International Labour Organization; SPO2, oxygen saturation;

HR, heart rate.

Table 2 - Clinical course and recurrence rate of pneumothorax in each group.

Silicosis (n = 17)

COPD (n = 30)

Type of treatment Tube drainage Pleurodesis (n = Surgery (n = 1) Tube drainage alone Pleurodesis (n = Surgery (n = 8)
alone (n = 8) 8) (n = 18) 4)
Duration of tube 14.0 (12.0-24.0) 7.5 (5.0-14.5)
placement (days) 11.5 ( 6.3-18.3) 145 (13.8-31.3) 4 5.0 (4.0-7.0) 145 (12.0-19.3) 4.0 (2.8-5.3)
Length of hospital stay 24.0 (15.0-46.0) 13,5 (11.3-23.5)
(days) 14.5 (14.0-47.0) 28.0 (19.5-415) 35 12.5 (7.3-14) 25.0 (22.3-27.0)  19.0 (12.8-28.5)
Complications during Interstitial Interstitial Pneumonia (1) Pneumonia (1)
hospitalization pneumonia (1) pneumonia (1) Pleural effusion (1) Asthma (1)
Recurrence (ipsilateral / 5 (5/0) 3(1/2 0 9(7/2) 0 2(2/0)
contralateral)

COPD, chronic obstructive pulmonary disease.

The mean extent of lung collapse was 38.3% (32-46.4%) in
the silicosis group and 41.8% (31.9-53.7%) in the COPD group.
Significantly more patients with silicosis had pleural adhe-
sions (13/17; 76.5%) compared to patients with COPD (12/30;
40.0%, P = 0.016). All patients with silicosis had extensive
opacities on the chest radiographs (Category A: 6 cases,
Category B: 3 cases, Category C: 8 cases).

3.2.  Clinical course

Clinical course and treatments are summarized in

One patient with silicosis and eight patients with COPD
received surgical treatment. Thirty-eight patients (38/47;
80.9%) were treated with chest tube drainage (26 patients
with tube drainage alone, 12 patients with pleurodesis). OK-

432, minocycline, or autologous blood were used for pleurod-
esis, which was performed through an intercostal drain in all
cases. Pleurodesis was performed for patients considered
unsuitable for surgical treatment, those with prolonged air
leakage for more than 7 days, those with a previous history of
pneumothorax, or those with fragile bullae causing recur-
rence. The rate of pleurodesis was higher in the silicosis
group (47.1%; 8/17) than in the COPD group (13.3%; 4/30, P =
0.042).

The mean duration of chest tube placement was 14.0 days
(IQR 12.0-24.0) in patients with silicosis, and 7.5 days (IQR 5.0-
14.5) in patients with COPD. The mean duration of hospital
stay was 24.0 days (IQR 15.0-46.0) in patients with silicosis
and 135 days (IQR 11.3-23.5) in patients with COPD. The
durations of chest tube placement and hospital stay were
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significantly longer in patients with silicosis than in those
with COPD (P = 0.016, P = 0.005, respectively, ). Even if
patients who received surgical treatment are excluded, the
duration of chest tube placement was longer in patients with
silicosis (14 days, IQR 11.8-20.8) than in those with COPD (5.5
days, IQR 4.0-12.5, P = 0.009). One patient with silicosis (PS 4,
mMRC Grade 2, ILO Category C) and two patients with COPD
(PS 4, mMRC Grade 3) died of respiratory failure during
hospitalization.

3.3. Recurrent Pneumothorax

The incidence of recurrent pneumothorax, on the same or
opposite side, was not significantly different between the
groups. It occurred in eight patients with silicosis (8/17; 47.1%)
compared to 11 patients with COPD (11/30; 40.9%, P = 0.843).
The mean time to recurrence after initial treatment was 394
days (IQR 167.5-672.5) in the silicosis group and 134 days (IQR
29.5-961) in the COPD group.

In the silicosis group, patients treated with chest tube
drainage alone had a higher rate of ipsilateral recurrence
than those who had pleurodesis (5/8 [62.5%] vs. 1/8 [12.5%],
P = 0.059), although the difference was not significant. The
success rate of pleurodesis was 87.5% (7/8) in the silicosis
group and 100% (4/4) in the COPD group. In the COPD group,
duration until chest tube removal was significantly shorter in
patients treated with surgery than those treated with chest
tube drainage and pleurodesis (P = 0.039). There was no
significant difference in ipsilateral recurrent pneumothorax
between groups (P = 0.547).

3.4.  Survival time after Pneumothorax

We analyzed the survival time after initial treatment. The
median overall survival time of patients with silicosis was
82.6 months, while that of patients with COPD was 104.1
months ( ). However, no significant difference was
observed between the groups (hazard ratio, 2.05; 95% CI,
0.69-6.66; P = 0.187). During the follow-up period, seven
patients (7/17; 41.1%) with silicosis died, all due to respiratory
failure. In the COPD group, six patients died, three each of
respiratory failure and gastrointestinal malignancy.

1
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0 20 40 60 80 100 120 140
Overall survival (months)

Fig. 1 - Kaplan-Meier analysis of the overall survival
(months) of the patients.

Univariate analyses were carried out using the log-rank
test with the following parameters: (1) age (< 75 or > 75
years), (2) PS (< 2 or > 2), (3) mMRC Grade (< 2 or > 2),
(4) receiving HOT, (5) complicating CVD, and (6) recurrent
pneumothorax after initial treatment. Out of the six variables
assessed, the following were significantly related to survival
time on univariate analysis: PS > 2, mMRC Grade > 2, and
receiving HOT. These variables were included in a multi-
variate analysis. On multivariate analysis, only HOT had a
significant relationship with survival time ( ).

4. Discussion

Typically, SSP occurs in elderly patients with underlying
pulmonary disease, most commonly with COPD ", |, and
can be life-threatening because of poor physical status and
pulmonary function. Pneumoconiosis is an occupational lung
disease caused by the inhalation of dust, which leads to
progressive respiratory impairment Pneumoconiosis
caused by silica or asbestos exposure have been the types
most studied in Japan. Although the occurrence of pneumo-
coniosis is decreasing due to improvements in occupational
health standards in recent years, complications related to
pneumoconiosis still lead to significant occupational health
problems.

SSP is one of the major complications of pneumoconiosis
A survey on the complications of pneumoconiosis, conducted
by the Rosai Hospital group in Japan from April 2008 to March
2010, reported that 41.3% of the patients had pneumoconiosis
accompanied by lung cancer (62/150), while 40.7% of the
patients had SSP (61/150) . Emphysema and bullae are
commonly observed in progressive silicosis, followed by sec-
ondary pneumothoraces | |. Reviews on spontaneous pneu-
mothorax do not provide details on the management of
pneumothorax complicating pneumoconiosis. There are only
a few studies that have addressed the management of SSP
caused by silicosis | |, . Therefore, the present study is of
importance as it investigated the clinical course of SSP, and the
therapeutic interventions available when it occurs as a compli-
cation of pneumoconiosis.

Almost all patients in the silicosis group were treated with
chest tube drainage, including pleurodesis. Only one patient
exposed to silica received surgical treatment during the study
period; this patient presented in a more favorable clinical
condition than the others (PS 1, mMRC Grade 0). A survey by
the Rosai Hospital groups in Japan also reported only five
patients (5/61; 8.2%) who underwent surgical procedures. This
may be because most patients with pneumoconiosis have
pulmonary complications other than pneumothorax . ; also,
pulmonary dysfunction progresses after the occurrence of
pneumothorax. In 82.4% (14/17) of the patients in the silicosis
groups, the mMRC Grade was more than 1, with radiographs
showing large opacities, indicating advanced silicosis. The
patients with silicosis had multiple large fibrotic nodules at
the onset of pneumothorax. The histopathology of pneumo-
coniosis is characterized by fibrotic lesions, leading to
reduced lung compliance and impaired healing at the surgical
site. Excessive tissue tension, or multiple pneumoconiotic
nodules in the lungs, also lead to tearing of tissue at the
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Table 3 - Univariate and multivariate analysis of variables to identify factors affecting prognosis.

Univariate Multivariate
Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value
Age (<75/>75 years) 0.52 0.18-1.38 0.179
PS (<2/22) 0.23 0.12-0.91 0.032 0.47 0.03-6.21 0.563
mMRC Grade (< 2/> 2) 0.18 0.07-0.54 0.002 16.44 0.82-328.72 0.067
HOT 0.17 0.01-0.23 P < 0.001 371 1.06-13.00 0.041
CVD 2.07 0.72-5.52 0.188
Recurrent pneumothorax 113 0.38-3.39 0.827

PS, performance status; mMRC, modified Medical Research Council; HOT, home oxygen therapy; CVD, cardiovascular disease;

CI, confidence interval.

surgical site and persistent air leakage. Prolonged air leakage
and a higher recurrence rate of pneumothorax are also major
problems after surgery. Previous studies reported that the use
of a reinforcing material at the surgical site, such as absorb-
able polyglycolic acid, is effective in preventing air leakage
after surgery [12,14]. In addition, patients with silicosis had
pleural adhesions at the time of occurrence of pneu-
mothorax. Pleural adhesions lead to difficulty in identifica-
tion and repair of the leak site by video-assisted
thoracoscopic surgery. Also, stripping the adhesions may
injure the visceral pleura or bullae, leading to air leakage.
Conversion from thoracoscopic surgery to thoracotomy
results in longer operating times, is more invasive, and may
further impair lung function. In summary, these features
highlight the reasons for avoiding surgery, considering the
poor physical and respiratory status of these patients, which
lead to poor outcomes.

The duration of chest tube drainage was greater in the
silicosis group than in the COPD group. We believe that
prolonged tube drainage was required because of incomplete
lung expansion caused by pulmonary fibrosis or pleural
adhesions. The incidence of pleural adhesions was signifi-
cantly higher in the silicosis group (13/17; 76.5%) than in the
COPD group (12/30; 40.0%, P = 0.016). In the silicosis group,
chest tube drainage alone resulted in a high risk of recurrent
pneumothorax. In our study, five patients (5/8; 62.5%) treated
with chest tube drainage alone had an ipsilateral recurrent
pneumothorax, whereas only one patient (1/8; 12.5%) treated
with pleurodesis had an ipsilateral recurrent pneumothorax,
although this difference was not statistically significant.
There were no adverse events related to pleurodesis in either
group. Considering the poor respiratory status and high
frequency of recurrence, pleurodesis is the preferred treat-
ment for patients with silicosis.

A major limitation of our study is that these are pre-
liminary results from a relatively small sample size; larger
studies need to be carried out for a more detailed analysis of
pneumothorax associated with silicosis.

S. Conclusions

Based on our findings, we conclude that most patients with
silicosis had a relatively poor physical status and respiratory

function, with pleural adhesions at the time of occurrence of
pneumothorax. Patients with silicosis who developed pneu-
mothorax required a longer time for cessation of air leaks,
and there was a higher tendency for recurrence with tube
drainage alone. The results of our study suggest that pleur-
odesis may be an effective treatment for SSP complicating
pneumoconiosis, to arrest air leakage and prevent recurrence.
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Indium is mainly used as indium-tin oxide (ITO), which has a unique character of transparency, and is a
requisite in making liquid crystal displays. Pulmonary toxicity of indium compounds in humans were not
recognized until the last 2 decades. Several initial human cases of indium-related lung disease, named
indium lung, were reported in Japan, with their main pathologic findings being interstitial pneumonia,
emphysema and cholesterol crystals-containing granulomas. In 2010, three cases with alveolar proteinosis
were reported from the United States and China. As of March 2019, more than 10 cases of interstitial
pneumonia-dominant indium lung have been reported. Cross-sectional studies in indium workers indicate
that the serum indium concentration (sIn) is closely related to the exposure period, the extent of interstitial
as well as emphysematous changes of the lung on high-resolution computed tomography (HRCT) and
serum biomarkers of interstitial pneumonia, including KL-6 and surfactant protein-D (SP-D). Longitudinal
studies have shown it is possible to reduce the sIn as well as the interstitial shadows on HRCT; however,
emphysematous lesions increased progressively in heavily exposed workers, even after cessation of
exposure. Early detection is required to prevent irreversible changes. The first case of lung cancer
associated with indium lung developed in a nonsmoking ex-worker. He had been diagnosed with indium
lung and stopped working in indium processing 17 years before. This suggested there is a need for

appropriate screening to detect for complications of lung cancer at early stages for those with indium lung.
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proteinosis
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Introduction

Indium is mainly used as indium-tin oxide (ITO), a
mixture of 90% indium oxide (In,O;) and 10% tin oxide
(SnO,). Its production has been increasing over the past
two decades as the primary use of ITO is for flat panel dis-
plays, such as liquid crystal displays (LCD). ITO plates,
called targets, are used as a source of transparent membra-
nous electrodes “sputtered” on the surface of the flat panel
displays. Fig. 1 illustrates the manufacturing process of an
ITO target, which consists of many processes, including
mixing of In,0; and SnO,, and sintering and surface grind-
ing of the ITO plates, most of which could generate respira-
ble particles containing In,O; and/or ITO.

The pulmonary toxicity of indium compounds inhaled
or instilled into the trachea has been reported in animal
experiments (Blazka et al. 1994; Uemura et al. 1997,
Tanaka et al. 2002); however, it was not until 2003 that the
first case of severe interstitial pneumonia was reported in a

worker who had been engaged in surface grinding of ITO
targets for three years (Homma et al. 2003; Fig. 2). Since
then, there have been several case reports (Homma et al.
2005; Taguchi and Chonan 2006; Nakano et al. 2007;
Takeuchi 2008; Chonan et al. 2010) and two reviews on
indium lung (Tanaka et al. 2010; Omae et al. 2011). In this
current review we aimed to clarify: 1) the typical clinico-
pathological features of indium lung initially reported in
Japan, and compare them with those reported from the
United States of America and China; 2) the results of the
longitudinal, as well as cross-sectional studies carried out in
indium processing workers, examining the potential effects
of improvements in the working environment; and 3) the
possible carcinogenicity of indium compounds in humans.
In addition, the review will examine the progress of
research on indium lung, in general.
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Fig. 1. Manufacturing process of indium-tin oxide (ITO) targets.
Every step could generate respirable particles of indium oxide or ITO.

Early Cases of Interstitial Pneumonia and/or
Pulmonary Fibrosis

The first case of indium lung described was followed
by reports of several milder cases of interstitial pneumonia
and/or pulmonary fibrosis (IP/PF), all from Japan (Homma
et al. 2003; Homma et al. 2005; Taguchi and Chonan 2006).
Serum indium levels (sIn) were increased in all these cases
(Normal levels: 0.06 + 0.03 ng/mL, Mean + SD), accompa-
nied by an increase in the serum biomarker of interstitial
pneumonia, Krebs von den Lungen-6 (KL-6; Kohno et al.
1989). Furthermore, all the cases showed pathological find-
ings of cholesterol granulomas, which are comprised of
macrophages, giant cells and cholesterol crystals, with the
latter presumably derived from the denatured surfactant and
macrophages. It was postulated that alveolar macrophages,
which have engulfed cholesterol crystals, formed the multi-
nucleated giant cells and cholesterol granulomas that are
characteristic of, although not specific to, indium lung.
Fine, brownish colored particles, probably containing
indium, were also observed in the macrophages and giant
cells found in most of the cases. Figs. 3, 4 and 5 show
high-resolution computed tomography (HRCT) images and
pathological findings obtained from three different patients.

The common features of these cases include 1) occu-
pational history of handling indium compounds, 2) increase
in sIn, 3) interstitial (and emphysematous) changes of the
lung on HRCT, 4) pathological confirmation of cholesterol
(crystals-containing) granulomas and particles engulfed by
alveolar macrophages and giant cells, 5) elevation of serum
biomarker of interstitial pneumonia including KL-6 and
SP-D, and 6) decrease in diffusing capacity of the lung for
carbon monoxide. Table 1 shows the characteristics of the
indium lung compared to the well-known pneumoconioses,

silicosis and asbestosis. Based on these findings it was
hypothesized that inhaled indium could cause a new inter-
stitial pulmonary disease, indium lung.

Cross-Sectional Studies

Confronted with the development of a severe intersti-
tial pneumonia in an ITO worker, Chonan et al. (2007), as
industrial physicians, carried out a cross-sectional study in
108 male indium workers in the factory where the five
cases, i.e., the first human case with indium lung and the
subsequently reported four cases originated (Homma et al.
2003; Homma et al. 2005; Taguchi and Chonan 2006).
They found interstitial and emphysematous changes in 23
(21%) and 14 (13%) workers on HRCT, respectively.
Notably, serum KL-6 levels were also abnormally high
(> 500 U/mL) in 40 (37%) workers. Those workers with
serum indium concentrations in the highest quartile had sig-
nificantly longer exposure periods, greater HRCT changes,
lower diffusing capacity of the lung for carbon monoxide
and higher KL-6 levels compared with those in the lowest
quartile. Hamaguchi et al. (2008) also obtained similar
results in a study of four ITO manufacturing or recycling
plants in Japan different from the one examined by Chonan
et al. (2007). By combining the data of Chonan et al.
(2007), Hamaguchi et al. (2008), and other eight indium
handling factories, Nakano et al. (2009) analysed data from
more than five hundred workers, who were either currently
or formerly exposed to indium. They found dose-dependent
increases in serum KL-6, surfactant protein (SP)-D, and
SP-A which strongly correlated with the increase in serum
indium levels which strengthened the relationship between
exposure to indium and the pulmonary effects observed.
Nakano et al. (2009) also proposed a cut-off value for
serum indium of 3 ng/ml to prevent early effects on the
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Fig. 2. First human case of indium lung.
a) Chest radiograph.
Severe interstitial pneumonia was diagnosed in a
27-year-old male who had been engaged in surface grind-
ing of ITO targets for three years (Homma et al. 2003).
The film shows diffuse reticulonodular shadows with
ground glass-like opacity in the right upper and lower
lung fields.
b) Autopsy specimen.
Affected alveolar areas are replaced by fibrosis and asso-
ciated with thick-walled bullae (left, black arrows, pan-
oramic view) and cholesterol granulomas (right upper,
blue arrow, HE, x 20). Brownish-colored particles are
engulfed by macrophages and giant cells (right lower,
green arrows, HE, x 800).

lungs, and this recommendation has been included in a
technical guideline issued by the Japanese Ministry of
Health, Labour and Welfare (MHLW) (2010). Based on the
case reports and the cross-sectional epidemiologic studies,
the concept of indium lung has been delineated. Table 2
describes the chronology regarding indium lung in Japan.

= - X
b !
T " -
} e s
o T 1
e TR
) T .
y
= ] “.‘.“'), | W
. F- X ~ )
U L i T &i
i i 2] it
= j‘.
I LY oL
i T
l;__' o A a
g - T
¥ i . 1 =
= 'F'_n s P
Lo L il L T
. o i -
A S Y .
« 50 . L i
i L T A
= ol / o i W Tage- L
1 e

Fig. 3. Interstitial pneumonia (indium lung) in a 31-year-old
non-smoking worker.
a) High-resolution computed tomography (HRCT)
image.
This worker had been engaged in indium processing for
12 years (Taguchi and Chonan 2006). The images show
diffuse fine reticulonodular or ground glass-like shadows,
i.e. interstitial shadows, in the lower lung fields.
DLCO (diffusing capacity of the lung for carbon monox-
ide) = 77% predicted. Serum indium concentration (sIn)
=40 ng/mL. KL-6 = 1,930 U/mL. See text for normal
values.
b) Trans-bronchial lung biopsy (TBLB) specimen.
Patchy spots of fibrosis (left, black arrows, HE, x 40)
with multiple cholesterol granulomas in fibrosis (right
upper, blue arrows, HE, x 200) are present. Many
brownish colored particles may be noted in giant cells
(right lower, green arrows, HE, x 400)

Pulmonary Alveolar Proteinosis and
Granulocyte-Macrophage Colony-Stimulating
Factor (GM-CSF) Autoantibodies

In 2010, there were two case reports from the US
(Cummings et al. 2010) and one from China (Xiao et al.
2010) on indium-related lung disease; however, distinct
from the Japanese cases, the main pathological findings
from these cases was pulmonary alveolar proteinosis (PAP).
Moreover, serum autoantibody against granulocyte-macro-
phage colony-stimulating factor (GM-CSF) was elevated in
one of the US cases, and the authors suggested inhaled ITO
might induce PAP through an autoimmune mechanism.
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Fig. 4. Interstitial pneumonia (indium lung) in a 39-year-old
ex-smoker.
a) HRCT images of upper and lower lung fields.

This worker had been engaged in indium processing for
12 years (Taguchi and Chonan 2006). Image shows dif-
fuse fine reticulonodular shadows with small low attenu-
ation areas suggestive of emphysematous changes. This
worker had an 18 pack-year smoking history. sIn = 127
ng/mL, KL-6 = 3,570 U/mL.

b) Specimen obtained by Trans-bronchial lung biopsy
(TBLB).

TBLB specimen contains many cholesterol granulomas
(blue arrows, HE, x 200) with infiltration of inflammato-
ry cells.

This is consistent with the findings that autoimmune dis-
eases are sometimes linked with occupational dust expo-
sure, such as the association between silica exposure and
rheumatoid arthritis (Costabel and Nakata 2010).

Surfactant lipids and proteins are synthesized, stored,
and secreted into the alveoli by type II alveolar epithelial

Fig. 5. Chronological changes in a case of indium lung: from

interstitial to emphysematous lesions.

a) HRCT taken at three levels (upper, middle, and lower
lung fields).

These are the data of a non-smoking patient with indium
lung, who had worked as a surface grinder of ITO targets
from 1992 to 2000 (Taguchi and Chonan 2006). The
images, taken in 2002 when the patient was aged 28 years
(left), are characterized by widely distributed interstitial
shadows, i.e., ground glass-like opacity (GGO), and reticu-
lonodular shadows whereas in the images of 2012 (right)
low attenuation areas and bullae are prevalent with little
GGO. Between 2002 and 2012 the values of sIn, DLCO,
and KL-6 changed from 98.8 to 58.2 ng/mL, from 78% to
49% predicted, and from 1,190 to 639 U/mL, respectively.
b) Lung specimen obtained by surgery for a left relapsing
pneumothorax.

Left panoramic view shows bullae (red arrows), emphyse-
ma, and patchy nodular lesions (black arrows) and the
repaired site for the rupture of bullae (triangle, HE). The
nodular lesions are mainly composed of cholesterol granu-
lomas (right upper, blue arrow, HE, x 200), and brownish
colored particles are noted (iron and suspected indium,
right lower, green arrows, HE x 800) in giant cells.
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Table 1. Characteristics of indium lung as compared to silicosis and asbestosis.

Indium Lung Silicosis Asbestosis
Latency Months to years Decades Decades
Metal in blood Indium detectable Nothing specific Nothing specific
Serum biomarker (KL-6) Increased Rarely increased Occasionally increased
Distribution No predilection Upper zone dominant Lower zone dominant

Characteristic pathology Cholesterol granuloma

Particles in giant cell

Alveolar proteinosis
IP or Pulmonary fibrosis ++ +
Bullae or emphysema ++ ++

Silicotic nodule Asbestos body

+ ++ +

Table 2. Chronology of investigation of indium lung in Japan.

1990s Animal experiments (Kyushu University; Keio University (Uemura et al. 1997))

2003 Report on the first human case of indium lung (Homma et al. 2003)

2005 Report on the second case (Homma et al. 2005)

2006 Reports on three additional cases (Taguchi and Chonan 2006)

2007-08 First cross-sectional studies (Chonan et al. 2007; Hamaguchi et al. 2008)

2009 Proposal for a cut-off level of serum indium at 3 ng/mL (Nakano et al. 2009)

2010 Announcement of technical guideline for preventing health impairment of
workers engaged in ITO handling (MHLW 2010)

2011 Reports on chronic animal experiments (Nagano et al. 2011b)

2014-15 Reports on longitudinal study (Nakano et al. 2014; Amata et al. 2015)

cells, 70-80% of which is cleared by reuptake into alveolar
type II cells for reuse or catabolism, with the remainder
being catabolized by alveolar macrophages. GM-CFS is
necessary for the maturation of alveolar macrophages that
digest 30% of the surfactant protein in the alveoli (Trapnell
et al. 2003); therefore, macrophage immaturity could cause
an imbalance between the production and the catabolism of
surfactants. Accumulation of surfactants could then result
in PAP and the formation of cholesterol crystals. To con-
firm this hypothesis, 17 ITO workers from the Japanese
cases who had elevated levels of both indium and KL-6 in
their serum were assessed for antibodies against GM-CSF;
however, they were not detected (Masuko et al. 2011).
Therefore, it was concluded that inhalation of ITO was
unlikely to induce GM-CSF autoantibodies, although it is
possible that ITO causes PAP through dysfunction of alveo-
lar macrophages by another mechanism, such as heavy
exposure swamping the capacity of macrophages to digest
the surfactants.

PAP or Pulmonary Fibrosis

Until 2010, there had been reports on eight cases of
mainly IP/PF from Japan, and three cases of mainly PAP
from the US and China. A workshop was held in 2010 by
the National Institute for Occupational Safety and Health
(NIOSH) to explore common and different features of the
two groups of indium-related lung disease (Cummings et al.
2012). Common characteristics were symptoms compris-

ing of cough, dyspnea and occasionally clubbed fingers, the
histopathological feature of cholesterol crystal-containing
granulomas, and the presence of fine particles in alveolar
macrophages.

The diagnostic latency, i.e., the time from the first
exposure to diagnosis, was 4-13 years for IP/PF and 1-2
years for PAP, which in both cases was relatively short
compared with classic pneumoconiosis. As US patients had
a shorter diagnostic latency, this may suggest PAP cases
were subject to earlier and heavier pathological events.

In many cases of IP/PF, there were localized PAP-like
findings, histopathologically characterised by the accumula-
tion of periodic acid-Schiff-positive materials in alveoli;
alternatively, in two cases of PAP, progression to fibrosis
was radiologically diagnosed over several years. It was
hypothesized that the disease caused by indium may begin
with PAP and then progress to fibrosis, and emphysema in
some cases (Cummings et al. 2012).

The possibility exists that the three cases reported
from the US and China may not be typical cases of indium
lung (Cummings et al. 2010; Xiao et al. 2010). The blood
indium level was undetectable in the second case of the US
workers, which might suggest the possibility of idiopathic
PAP, rather than an ITO related form. For the Case 1 US
worker, the blood indium was not available, although the
existence of indium in the lung was assessed by scanning
electron microscope and energy dispersive X-ray analysis
on a biopsied specimen. The Chinese case appeared to



148 T. Chonan et al.

have been exposed to massive amounts of silica, which
could have caused secondary PAP (Trapnell et al. 2003).
On the other hand, 2 additional cases that were reported by
the NIOSH group at the workshop probably had the fea-
tures of IP reported from Japan, which may suggest that the
IP/PF pattern is more prevalent than the PAP pattern.

In 2011, the results of chronic inhalation toxicity stud-
ies in rats and mice were published, where low concentra-
tions (0.01-0.1 mg/m®) of ITO were inhaled for two and 13
weeks (Nagano et al. 2011a). Similar studies were also
extended to 104 weeks in carcinogenicity and chronic tox-
icity studies (Nagano et al. 2011b). In addition to carcino-
genesis in rats in these studies, non-neoplastic lesions,
including alveolar proteinosis, infiltration of alveolar mac-
rophages and inflammatory cells were observed, which was
followed by alveolar fibrosis (Nagano et al. 2011a, b).
These results are consistent with the hypothesis proposed at
the workshop, and it is plausible that PAP plays some role
in the pathogenesis of indium lung; however, the process of
progression from PAP to IP/PF is not yet clear. Further
research is needed to determine whether these 2 pathologic
changes represent different stages in the same spectrum of
disease or result from different mechanisms.

Regulations and Improvements
in the Working Environment

Faced with the report of the first human case of indium
lung, the MHLW announced provisional regulations on
inhaled indium levels in 2004. After issuing risk communi-
cations and recruiting public comments, the MHLW issued
a technical guideline for preventing health hazards for ITO
workers (MHLW 2010). In the guidelines the target level
of environmental indium was set at 0.01 mg/m®, provided
that a high-quality dust respirator was used, even though an
acceptable concentration based on the animal carcinogenic-
ity studies (Nagano et al. 2011a, b) was considered to be 3
x 10 mg/m’>. Employers are required to provide ITO
workers with a medical examination at the start of employ-
ment and for every six months thereafter. The medical
examination includes a questionnaire on respiratory symp-
toms, measurement of serum indium and KL-6 concentra-
tions and a computed tomography scan (CT) of the lungs.
Restrictions on working can be implemented, following the
advice of a doctor, when blood indium is > 3 ng/mL or
KL-6 is > 500 U/mL and associated with symptoms, or
there is an abnormality caused by indium in radiological or
functional tests. In 2013 MHLW enacted the rules and
restrictions regarding workers handling indium, with obli-
gations for employers based on the guidelines.

Since the report of the first case, the working environ-
ment has been improved by a combined effort of industry,
government and researchers. Indium concentrations in the
air at the factory where the first victim occurred have
decreased from 0.01-0.02 mg/m® (Geometric Mean) in 2001
t0 0.0001-0.0012 mg/m® in 2016.

Longitudinal Surveillance and Progression of
Emphysematous Changes

From the beginning of the cross-sectional studies, the
researchers have been aware of the need for longitudinal
studies, since the natural history and the long-term effects
of environmental improvements were not known for this
peculiar disease. Amata et al. (2015) conducted longitudi-
nal surveillance of 84 indium workers for nine consecutive
years in the factory where the first cases of indium lung had
been reported. In association with an improvement in the
work environment and work practices, serum indium
concentration(sIn), KL-6, and SP-D levels decreased signif-
icantly. Notably, the biological half-life of sIn was esti-
mated to be 8.09 years. Interstitial lesions assessed by
HRCT had also regressed partially, whereas emphysema-
tous lesions increased progressively in workers with high
sIn values; the progression of emphysematous changes was
not related to their smoking history. Consistent with these
results, the annual reduction rate of FEV1/FVC (forced
expiratory volume in one second/forced vital capacity) was
greater in heavily exposed workers, as compared with that
in lightly exposed workers.

Nakano et al. (2014) reported similar results in a five-
year longitudinal cohort study in which progression of
emphysematous changes was observed among those with
sIn levels higher than 20 ng/mL, especially smokers. It
appeared that inhaled indium compounds could cause
chronic pulmonary inflammation involving alveolar macro-
phages and inflammatory cells, leading to paracicatricial,
paraseptal or bullous emphysema (Honma 1999), and
smoking facilitated the formation of emphysematous
lesions. It is uncertain whether PAP could cause emphy-
sema.

Lung Cancer as a Complication of Indium Lung

Carcinogenicity of inhaled indium phosphide (National
Toxicology Program 2001) and ITO (Nagano et al. 2011b)
has been reported in chronically exposed rats; however, car-
cinogenicity in humans is unclear. Amata et al. (2019) have
recently described the development of a lung adenocarci-
noma in a 46-year-old, non-smoking, former indium
worker, who was transferred to a non-indium section 16
years ago, having an IP/PF type of indium lung, and had
been examined once or twice a year. He visited the authors’
clinic complaining of left chest discomfort, and a large, 32
x 30 mm diameter nodule was found by chest X-ray and CT
in the left upper lung. Video-assisted thoracoscopy revealed
many small nodules on the pleura, and together with lung
biopsy from the left lower lobe, pleural dissemination from
the primary cancer in the left upper lobe of the lung was
diagnosed. The progression of carcinoma may have
occurred in the sub-pleural fibrotic zone, such as reported
in cases of lung cancer complicated with the usual intersti-
tial pneumonia (Watanabe et al. 2017). In considering the
pathogenesis of lung cancer in this case, it should be noted
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that serum KL-6 and sIn were elevated in the 17 years since
the patient stopped working in indium processing, decreas-
ing very slowly, which suggests that elevated pulmonary
inflammation may have facilitated the carcinogenesis. An
early detection strategy against newly developed lung can-
cer is needed for indium workers, especially for those who
have been heavily exposed.

Uncertain Areas

The difference between the two main pathological
findings of indium lung, those that have mainly an IP/PF
pattern and are Japanese in origin and those with an alveo-
lar proteinosis pattern found in the US cases, has been dis-
cussed already. However, the role of smoking in the patho-
genesis of emphysematous lesions has yet to be explored

more extensively. Since there are non-smoker cases of

indium lung with emphysema, it is clear that inhaled indium
compounds can evoke emphysema alone; however, the
interaction between indium and smoking in generating
emphysema is unclear. It is plausible that smoking and
indium interact in the formation of emphysema, and so this
issue is important in maintaining the health of indium work-
ers. Even without evidence for a link, a strong recommen-
dation to quit smoking should probably be implemented.

The case reports as well as the results of both cross-
sectional and longitudinal studies suggest that inhaled
indium compounds could be retained in the lungs for more
than ten years. Small particles of indium are likely pro-
cessed by macrophages, and then gradually dissolved in the
blood and excreted in the urine. Some part of the inhaled
indium may also be expectorated by the mucociliary trans-
port system of the airway. While in the lungs, indium com-
pounds could evoke interstitial and emphysematous
changes, and also lung cancer; however, the longer time
course (> 15 years) of these adverse effects is not known.
In addition, distribution and elimination rates of inhaled
indium compounds have not been reported in humans.

In modern industry, where an old substance rather than
a totally novel one is used in a different manner, unexpected
adverse effects sometimes occur. As industrial physicians,
we have to be aware of novel work-related diseases brought
about by historically used substances, such as indium.
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Quantitative assessment for pneumoconiosis severity diagnosis

using 3D CT images
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*] System Innovation Engineering Graduate School of Advanced Technology and
Science The University of Tokushima
*2 Tokushima University
*3 Kawasaki Medical School
*4 Okayama Rosai Hospital
*5 Nagasaki University

Pneumoconiosis is an occupational respiratory illness that occur by inhaling dust to the lungs. 240,000 participants are
screened for diagnosis of pneumoconiosis every year in Japan. Radiograph is used for staging of severity rate in
pneumoconiosis worldwide. CT imaging is useful for the differentiation of requirements for industrial accident
approval because it can detect small lesions in comparison with radiograph. In this paper, we extracted lung nodules
from 3D pneumoconiosis CT images by two manual processes and automatic process, and created a database of
pneumoconiosis CT images. We used the database to analyze, compare, and evaluate visual diagnostic results of
radiographs and quantitative assessment (number, size and volume) of lung nodules. This method was applied to
twenty five pneumoconiosis patients. Initial results showed that the proposed method can assess severity rate in
pneumoconiosis quantitatively. This study demonstrates effectiveness on diagnosis and prognosis of pnemmoconiosis

in CT screening.

Key words: X-ray image, CT, Medical image processing
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ANCA BEERE - MERIEFIE A D AAT

FHiEik, ETY—bLTRERZRYAALHICERRE
ERHoa¥—%2mEINL ANCA BEERS - mMERICE
BHTH20EIhERFL, BERHNICZRLZROED
ANCA BIEERE - MERKEF &L L1z, T, L
ABEECTEIEREHICT ARZ =Y A0 H - 7=
26, M7 S5 — 27 ORI D o 72 1 6, ARG OTLES
Holz1BIDABINETNTVD, ETHREZITLA
B & DFEBAEC2DIECAMFEORICANLT T L L
7o, CAMIBEBEECAMBEROERBRIELS
728, EREERL L ERLRERERE L.

B, BB RETEET, ANCA BEE X% RHE
L7ZZ2CAMBEED 1L (MEYS -2 ] ORXTHE
Ml BE-TBH S, TCAMIBICY — P SEAKX
nonTws (R4 ERS). AT CAMEESSHIR
FTREEFTIED 525, BREV<) —2 AR TN
ERETE 2D ANCA BEME A% FIEL2HOA
THY, BELTVRW [CAME] 12 RBRER
WAHEZEPEEIND., ZDD, BIELIEGRDOASE
BIRTAZEiE, SV F— DR ZELTREES DD,
ZDFF [CAME] OERE L.

WEhE, BETREE S S ICHEERTRLTIOFAD
o) OFREFLE LTREL ¢*REICTHERS L, p<
005 2FEE L7

B R

A, R L7 CAMBEEERIIHRE 3597 A, T
Fin 724 % (R#ERZE (SD) 1 71#&). €05 H ANCA
BEMmEREEIL, 8 N o7, —F, ELAMBEES
HoBERIZ, 523541 AT, FHEH 7145 (SD: 96
). ANCA BIEERE - MEXABEFHI12Z ATH-



KES  RIES @ CAMBEICEIT 2 ANCA BEME 5 nHE

x2 ANCABEFRE  MEABZEOBRET

C AN FEC ARB MR

N 8 123
i () +SD 72471 714+96
IR 65 ~ 85 34 ~94
Fip  PRME 685 72
MPO-ANCA £SD (U/ml) 6251117 316479

MPA/RPGN/GPA/EGPA/Z D1t (EBIE) 6/2/0/0/0 67/28/3/19/6

MPO-ANCA : myelo peroxidase anti-neutrophil cytoplasmic antibody, MPA :
microscopic polyangiitis, RPGN : rapidly progressive glomerular nephritis,
GPA : granulomatosis with polyangiitis, EGPA : eosinophilic granulomatosis
with polyangiitis.

x3 FRMEEEEH

261

C A FECAM (B)
FiPER ANCA BEH  HHHBEH BRISE%  ANCABHEH (W#E)
65 ~ 69 7% 5 384 65,820 857.0
70 ~ 74 1% 0 689 71,758 0
75~ 79k 1 958 68,379 714
80 ~ 84 ik 1 807 50,619 1253
85 ~ 89 ik 1 364 26,805 736
90 ~ 94 i 0 90 9,183 0
9%~ & 0 16 1,830 0
Bl 8 3,308 294,395 1,064.7

F4 UAMCRS>Nh7z ANCA BYHELIME JHEH D PR

FEB  4E# MPO-ANCA (U/ml) E: EROERRE
1 85 3,130 MPA-P U ABi
2 68 68 MPA-P U ABi
3 68 186 RPGN U A
4 76 it MPA-P P2yl
5 65 188 ANCA Bt 1P Mg 75—
6 68 60 MPA-P eyl
7 80 561 MPA-P FHBAE
8 69 182 MPA, RPGN eyl

MPO-ANCA : myelo peroxidase anti-neutrophil cytoplasmic antibody

MPA : microscopic polyangiitis

MPA-P : MPA with pulmonary involvement
RPGN : rapidly progressive glomerular nephritis

GPA : granulomatosis with polyangiitis
IP : pulmonary interstitial pneumonia

7o, TNENOBET ANCA BEERE - MBELBED
ERER2IORT. MBERBFETOATIL, CAMET
MPA, S EEITHRIKMAEE 4 (rapidly progressive
gromerular nephritis : ZL'F RPGN) 25572 DIZ HEE
L, JE LU A% Tl MPARPGN L4k @ GPA, EGPA
A bz

EH 100 HTABD ) OFEHIT, UAMB X 2362
N/EZ D, FLAMBEHEEREHETIZI00FAHZY
29N/ FEThHol:. MEZHETLE, HEICUAMA
EHECHENIB 272 (p<001). 72, CAMBEDE
BIOFEFHEBEDORIER % D LI CAMBET, £EH
FERDONE % # T T LAMBE CHREIS N BEKZ 5T

BEBE, 10647 N2 . EBROBRKIZ123ATH
D, JECAMBEDOERE/LEB=123x100/1064.7=11.55%
(95% EHBIX M ; 11.53~1157) T100% % 722572\ 2
L0, LABEICHELARMBCEEICEETHS
LEZLNT (£3I).

CARMBEHETALN: ANCA BEME XS4 % 3%
41T, SBIHR A BIAEM, 1BSHESS -2 T
Holz. FITULAMBLZRBMZFICREETSE, 2
DOHIFMICAEMMIE 754 AB Y, ZOH T ANCA &
MEHR%Z 4 AFEELTVAS. 100 5AHY IcHET 2
L5632 N/EIZRY, EHICEWHEEE ST
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Z £

HWI0EMICBIT 2 2EOFKBBEICAR L - 8E
T=5ZbeZ, CAMBUBLIELAMBUET
ANCA BEERE - MERBEEEZWHEL,. 208K
R, FHERBPEERCCAMBETE WD OD, ANCA
BIEERE - MBERIIAZICCAMBECREZRNBET
ol Fio, FEEFREL ANCA BEERS - M5
REBLEZFHELTO CARMBTE» 572, L LS
b, CAMBECTRAEL 8HD ANCA BMEEESE -
BERBEOSHOBERIAMICHEL-HEETH -
o VIANEETELEENEBDRIBITHoT. 2
D3PI TTICHWHETORIERZ LB L, (2 REZFTo T
b, LAMBTEECERTH o7 (p<0.001).

CABBETIX, CAMBEICRID CAMPIEREDSICTE
WC1EDS 2 &R KRR € LTS, 2072
O, ECAMBERICHE L T, ANCA BIEEEE - I
FRVIFIE LB BN KRR 22 LT WER
BEZOND. 20720, ZLOULAMBENETY
ANCA BIEERE - MBEROBIERZ EHD TV 5 Wi
HLEZONB,

FERICOWTE, CAMBCTHBEELI)IEHRTHo
72, CAMIPRETA7:012130% L L HEELR A
BEES10ED ELETH L. CAMZRIELTE2L LA
i BEREITMD B 720, e AMBICHCTERTE
BRABEDIUWARTHALERDNS. SHD UAMBEDOFEY
EHH 724 5% (SD @ 83 /%) 13, EIEFRTHSE L7 ANCA
BLEERE - MERBEDOFHER 704 5% (SD: 109
R)LVERTHYY, BREOY— s 2BE-—BHOKE
ZHTVBEHREDEZEZ SN, Dk BED 5 WM
HBH. EBRICIZ, CAMBECEERIC ANCA BHESERS -
MERDOFBIENALNTEY, EHEIMEENEED
na.

4 CAMBER T ANCA BEBERE - MEARE
BBIDM LABEZ R 5 L 5 BIASHEMICEE L 7- Mg A
Tho. 5BIP4BNTEMITH Y, ZoM 1 BT
TI—0Thol:. SHICESHEODUAMBERCAMKM
La— FENEFICHEE L THRE LZER, 100 5 A
Bl ITBET S L5632 N/EE LARIBERSKD
BFIDDESHZEWHELEESNEZ ozt A
WMBLADIZSEE D - AMM T ANCA BI#EE %
B-MEROBENEZAONITWREZRBL T
%.Pelclova 5 b, AMIESELNERE T2y fu—n
IZHRTHEIZ ANCA BEEEFBVI EZHEL T
5%, ZoZ ki, AMIEIKETY IS LY ANCA
BEMERDOBEICEHSE LTV ATEELRET 2. A
#E  BE T ANCA BRI E W L%, ANCA B#E
MERPE N2 E ) PEBIET 57201213, ARISE
R IRFATORERZ AR50 X BRI L 5 REE

BLETH S,

SEOWFEIZIE, W OPDBRRANH S, JFEUAME
BT, HRWEOMM ERHHCEB) 22D
BERICEBARSEOEME S 25461, L D ANCA
MEREFIDER LT WERNDH L2 E, LFLLZ
DHIBOFEREEZ KB L 2 WA EEENH S, /2, TA
FiBERETIE, CAMFPIRZE-2RET L ORSLD
D, Y CAMBEDED, BHERICR - 2ZBICHHY
DI DHERFRRIIEL ZZTH2EANH L0 Lk
W L LRAS, SEOFECAMBERED 100 D
720 ORFER 249 N/FEiL, BFETRES L7 ANCA
BLEEIRA - MERDORIESR 226 N/4E LI ITEVE
THHY, TZhILRoBFETRENEEZ OIS, £
D7D, URBEDT—5 2 LD B L THRUAMBER
FH—LEh, BONEE D LAk,

UL, SEOBEIEFEN MR TH 5720, LA
MiEFHETLD ANCA BIEBRE - MELBEZLHBER
LR T WERMIET D 2\WA, AREEMREZBRL A
fioAse LTh, ANCABEIMERIIZERY, WEB
HLHEBLTABICHEENSE L, LA ANCA M
MERBEZHEMS L ERNTHAAEEIH LD L
N, 51T, BMITTL Y% D ANCA B Mm%
FBEVAOLNT, VA L) LAMELBOFH LY
ANCA BIEMERFEDIREICHE L T A TS
HEPD LN,

W Z OB, BIATEIE A S RS SRES 3 B
FRRTSEMEI &I & D b,

B4 RETIHIEL B8V E LS BERER SR
B OMBEEBSEL, F—yWES S CICHENLEE LTW v
HBEREREHERDFEMELIIR RARTR, ARYAFA
IYVSTHUBER 7 -ANSLEEEE SEESK 2
RERSELT EREETR, SEXKHEEEREL SRR
HHREBLOBRAICEHE LT ET.

ZOMFEDO—EE, T 28 4F B ABE R EZEEHAS (IB)
BLUFEH 24T A Y 2 WHERZARETHRE VLT L.
FURAR © AR S HE 12 B 2 L

X &
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Hokkaido Chuo Rosai Hospital, 4-jyo, Higashi 16-5, Iwami-
zawa, Hokkaido, 068-0004, Japan

Incidence Rate of ANCA-related Vasculitis and Renal Disease in Pneumoconiosis and Asbestosis Patients
—A Retrospective Study of 34 Rosai Hospital Group Admission Records—

Yoshinori Ohtsuka”, Tkuji Usami®, Keiichi Mizuhashi®, Takumi Kishimoto®, Kouichi Sakamoto®,
Kenji Miyamoto”, Kiyonobu Kimura”, Nobukazu Fujimoto®, Munehiro Kato?,
Takako Yokoyama® and Chiharu Ohta?
"Department of Internal Medicine, Hokkaido Chuo Rosai Hospital
“Department of Respiratory Medicine, Asahi Rosai Hospital
9 Asbestos Related Disease Prevention Center, Toyama Rosai Hospital
“Department of Internal Medicine, Okayama Rosai Hospital
"Department Respiratory Medicine, Kobe Rosai Hospital

Backgrounds: ANCA-related vasculitis and renal disease has been reported to be frequent among silica or
asbestos exposed patients. However, it is not clear whether it is true among Japanese pneumoconiosis or asbes-
tosis patients.

Purpose: To know the incidence rate of ANCA-related vasculitis in Japanese pneumoconiosis and asbesto-
sis patients, retrospectively.

Methods: Using ICD-10 cords(from J60 to J64), we selected 3597 pneumoconiosis or asbestosis male pa-
tients and male 523,541 neither pneumoconiosis nor asbestosis patients as a control group among 34 Rosai hos-
pitals’ admission records from April 1%, 2005 to September 19*, 2014. Then we sorted data with 4 ICD-10 key
words in both groups. We avoided duplication of cases and counted the number of patients. We examined the
discharge summary of the sorted cases and compared the incidence rate of ANCA-associated vasculitis with
the control group. Statistical analyses were done with Chi-square test, p<0.05 was considered as significant.

Results: The number of ANCA-related vasculitis patients was 8 (made up of 3 pneumoconiosis, 4 asbesto-
sis, and 1 asbestos-related pleural plague), and annual incidence per million per year was 236.2. Restricted to as-
bestosis patients, annual incidence per million per year was 563.2, which was higher than that of the whole
pneumoconiosis group. In the control group, the number of ANCA-related vasculitis patients was 123, and an-
nual incidence rate was 24.9 per million. The incidence rate of ANCA-related vasculitis in PReumoconiosis or as-
bestosis was significantly higher than that in control patients (p<<0.001). The standardized incidence ratio of
control group was 11.55% (95%CL: 11.53-11.57) and was significantly low.

Conclusion: Not only silica but also asbestos might have a role in the development of ANCA-related vascu-
litis and renal disease in Japanese pneumoconiosis patients.

(JJOMT, 66: 259—263, 2018)

—Key words—
Asbestosis, silica

©]Japanese society of occupational medicine and traumatology http://www.jsomt.jp
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%
CANBHICH T 2 R MRE i (ANCA) BEROB

—2% il 3L RV RE W W e —

KE #®K, FEEME, KME - BE 5B’
WA B, mA BT, K OBE, BEA MY
W EEY, LS, KE T

Vil 57 S BE PR

Df855 IR e R R

VEIFF SRR T ANA MEEE Y S —
DAL S BN R
O 55 S IR BERT IR R

(P 29 410 A 5 BH3A)

E:[I3L®IZ] ANCA BMBEEREIC, YU NELEL2ZTLBPSLVWETLHREDNAL
NB D5, KIIZBWTUAMIBHZICHEF S ANCA BIEERE - MEROHERW S, TR, Z
ZCTUANIEE (DT PP#) BXUOLANMUSDBE T 7213 % A (LT NP #) 12813 %5 MPO-
ANCA, PR3-ANCA ORpt:s% 7z,

(5 & 58] 201448 11 A 1 HA 5 201748 1 A 14 B OB P B ik 2 %2 L7z U A
BFHIVLOBHEZEB3LZBLOLAMUNAOBEREE BIOATu0( MiHAES X OHEER
FIIBR ) B L ORERAZ WS E I BBEE 447 4 2 L7z, J713, $RIMIC T MPO-ANCA,
PR3-ANCA, PPk (ANA), Vv <F KT (RF), ¥t CCPHifk? ELISA Mt #1T- 72, #Hat
X, PURBETERERZ 4 ZRBREICTHRI L, p<0052FHEE L.

[R] BUABEOEZ b DIFRINST 4 (81%), Z%224 (49%) Thor:. PPEIL,
EHEH 3(2) ULET, BEFTRLE88% U EICKEEERDL. FIYERD PP BT 78664
SD %, NP # T 752+ 6.3 i T PP BN E RICHEETd o 722%, eGFR IIWBEIC A B 2o 72
NP #C GPA JEB 1 BIOFIEN D - 72. MPO-ANCA Otk (PP# 66 : NPE3H) BX Y
PR3-ANCA DRt (1361 : 11 ) I12C, MBI THEEEL L o7z, ZOM, $TCCP I,
(14 B : 461), ANA (59 Bl : 26 1), RF (58 % : 29 #) \»§°I b PP B CH IR MR E 2o
72 (p<0.001).

[#%55] PP BECHIG4ERD NP BEICHATHEETH 07225, ANCA BRI cAEE LA
»oiz. LaL, PPEETRE, ANA, ¥ CCPIERDOBHRIIARICEP o772 IhSDKEEL
5, UAMiE ANCA Btk & BIfRDS % Wi REED S % .

(HRRSEBERS, 66 : 196—200, 2018)
—%—7—F—
MPO-ANCA, PR3-ANCA, E:ffifE

He 1)
e LNLLOWEDALNL".

CABBICIES 7T VERBELZIZLD, BEY v~ F
R ZDOMDOBIEHROEHEHH S, FAE TILUF Bk
M itk (anti-neutrophil cytoplasmic antibody ; BAF
ANCA) [CB#E L - MERRPEROEGH CANMERZICR

ANCA X H ¥k —>o T, 1982 4E pauciimmune
gromerulonephritis & XN 5 BB ERILE ZEb %
WHRERABRICER S TR, 20%omseT, W
JEPES 51 9% (granulomatosis with polyangitis : B\ T
GPA), BEMSERIZ %14 % (microscopic polyangitis :
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R1 NREB L ORIMAER

Y97 U Al ASVEE
N 453 447 P
i+ R (§ER) 78664 (57~ 92) 752+63 (60 ~ 92) <0.001
MPO-ANCA BrtE#se (Bt B/ MAsie o1 5k) 1.3% (6/447) 0.7% (3/443) NS
PR3-ANCA Btkse (R B/ a2 51%%) 29% (13/447) 24% (11/443) NS
Hi CCP HLikBthse (B B/ i %) 32% (14/439) 0.9% (4/440) <005
BBV (Bt 5/ A 1 %) 151% (59/390) 6.3% (26/416) <0.001
RF Btkse (Bt f/ A il i) 16.3% (58/355) 7.0% (29/417) <0001
eGFR (ml/min) +REHfRz2 65.6+17.6 65.0+154 NS

N : Number of subjects, P : chi-squared test, NS : not significant

LT MPA), BHREMEINLE R E QMM S h/d,
IEE)E D GPA 2 MPA @ 90% %5 ANCA Btk & &h?,
E 5 I HF B ERVE P 3 B L A % D 49 40% 12 ANCA 78
IR D Z EH LI ENRTW S,

ANCA DM, #IEPikE L ELISA 0 2D
MY, BEGHREDFDIEEILEV2S ELISA 0 )
PLOVEREFEVESDLR, L0 EBW %L ELISA
DBAETIE—IRIIC R o TWA, ME£TIE, Fhiko
T A =IWVERPEIRORVE XV 5 —EBET A VYV —
LT B ZF 1L ZF PR3 (proteinase-3) & MPO
(myeloperoxidase) ® 2 D DHFEIFERIZ>THBD,
N SHITHT % PR 2 PR3-ANCA, MPO-ANCA Td
57,

AIRIZBVTD CAMBEITBIT 5 ANCA BEE R
BOREFREEDH B, TOHEEIWPSLL TR, 22
TULAMBEEZZ PP A5 5 EmEIEREPTH S
CAMEREE CAMDAAOBE 2 3REANCBT 5
MPO-ANCA, PR3-ANCA OO lLEKRF 2B 2
ol

MR EFE

WHIE, 2014411 H1HA 520171 A 14 HOM
BHic 5 oD ke %2 L7 CARIEE 3 DLk
DBEMBHE 5% (95 28 TIFHE) BLULA
YAt BEEE (65 L, ROATFaA FMEAES
X OB IR L) EARLR LIERSGNFHER L T
WHBERTONIEEL. T2 BAF—AEEY
WN=KTF V54 7 —FRD 65 kL LoEEE S (O
2704 FBXUCHBEZ 2R, CAMDSYL, #EfEL
TWAHIEBRBIIAM) 2 34EL, feTUrRE L

HE A2 T AENCERICCHRESRL IURE, il
AT o7 500FE S OMKIE, F—oBRESH
BML TiT\, HikiHifk, MPO-ANCA, PR3-ANCA, ¥t
CCP (cyclic citrulinated peptide) $tfk, RF (rheumatoid
factor), REEH, 7L 7F=Vv2UELL ThZh
DOMATE B O3 HeE S MBL AL L #EfE % v 72, MPO-
ANCA, PR3-ANCA IZ2W T, & H12=351U/ml % B
P L7z, 72, HEHEARERAIEAE (estimate glomeru-

lar filtration rate : AN eGFR) 22w Tid, HARB R
2L THWSLNTWS eGFR (ml/min/1.73m?) =194
xCr™'"x i~ OFMAER 2 $RA L CRHE L 720,

WMatid, CAMIBER L ZNUNOBOLEL IBM
SPSS Statistics Base, version 24 % i\ Ch 4 ZF ke
WTHETL, p<005 ZFEE L7z 2B, RPEELVOH
FEEHAS L) H/ASwE &2, Fisher DEHEEICK
ZEMEAEE Tz

LBIOWEE, FEHEREZEBBORELZER S
5NTEIN 5 MR OMBEERERICTTARIN TV,

B R

U ABEE 453 %, U AMTLALEE 447 B8R S hz.
CARIEZ O EREREEZ, #1367 & (81.0%), 2322
% (49%), FBE 124 (26%), £EE1L104 (22%),
B 64 (13%), AMINT 54 (1.1%), F# 34 (0.7%),
8934 (07%), Z0M25% (55%) Thotz. Fiz,
TIGR e e PEHAERUL, 280+ 93 4F (PHEIE
#FE DTRKETS) Thot. LAMBEONRE
HbE, B3 (T) A 45%, EHAH55% & LD
U AR OWEER R i, WMEFEOEE TH % Profusion
Rate (BLF PR) 1 D%EFIA5%, PR2 DIEHI 5%, PR3
DIEBIAS 2%, PRAA 24%, PRAB 35%, PR4C 29% TdH o
72. D WV KBREZFHEOEN 8% & H7:. MR % iR
L7zRAR IR L. BRETORK T, FHE
AU AMIEE T 78664 1%, U AMILIAMET752+63
BT UAMBESEEICERTH o 7. eGFR I3 UAMRE
T 65.6=175ml/min, U AMiiLA#MEE T 65.1 = 154ml/min
EREEE o7z WEET ANCA BN 4% % FIE
LTwzEid, UAJNMLALEE O GPAJERI 151 (PR3-
ANCA 33.1IU/ml) D& T U AMBEICRIEZ 3 D00 72,
PR OBERZ T 5 &, MPO-ANCA OBMZHIL L
AREET 6 61(1.3%), UAMLAEET 361(0.7%) TH o
7z. PR3-ANCA OFitk# 3, U AR T 13461 (28%),
CABDSMEET 11 6 (25%) TH o7z, WFRHWEET
HEEE P o7z, bAIZ, ANCA BB REE
HZEORE, CAMBETS &4, CAMUAETLIZTHo
72. CrH>1llmg/dl Dy DIE, EHT24TOTHho
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Jo. F7z, UAMBEOHT, HuEBES & PuRBEMEEIC
BWT, 4 (789+54 5% 1 786=64 %) BLUBM LA
BAEHER (275+804F 1 281+934F) (CHEEE %
Nolz.

Z DM H EHARD G O ik Tk, i CCP Hifkid
UAMEET 14 61 (32%), U AMLAMEET 461 (09%) &
U ABGBECH BRI E» o 72 (p<0.001). WFho
BTHHEY v~ FORIE LD o 72, Pilik, RF
b CANIEETHY NS 59 B (151%), 58 Bl (151%) &
C AU EED 22 26 B (63%), 2961 (7.0%) &
BB LA BCHERIE D o 72 (WFhd p<0001). %
PEOBEEE CEROT RO B IZA %, hodukic
X 5T ANCA BIEFUAEBEO FINTEE L v, #2138,
MPO-ANCA & PR3-ANCA TIZ 1 Bl A TH o 7-.

£ =

SEDOKEHISRIC % o 72 CARTBER I, SR
FICT LAMERTRE, & A IHEREH 4 TEMKR
E2ZTTVBIEIERETORENNRTHS. £P0OR
HEBLTLEMREZZITTVWLREDLEL, 20
DXL 2 5 CAMPSEOER L ) DE#E L o7z
bDLEZD. TOMBEEEDLIIRHEBI ol
ZORER, FREHZ L U ANV TO A GPA AEBI AT
L, CAMBETORIERIIW P72 72, CAM
HECTEYERTIRIEFTEETVD O, M TMPO-
ANCA 3 X " PR3-ANCA OB HRICEEEZ I b -
2. LaLAAS, ZhUAo BHESATH 5 RF, Hitk
Pifk, PLCCPHAZ CAMBCHECHBEELE -
7=,

Beaudreuil 5 OMETIE, BEIYFAETH CABRA
BEHdH HT50%26 D ANCA BHEOBRELH Y, Y
HICHERZIZLEEZZTTVALATIIESITE W 34
%D ANCA Btk DfEtErd 5 L #E LT 5. 4
DA DBRE L7215 D 88% S KIEHEH L7 UANM
BETHY, ZOHLH-TLTD ANCA BHERITSE
{id %oz, CAMTRONBNEELR S ICKEE
DEILIE, YU ADFEEFLETH Y, SR L7z
U AR UABABIEFEL L 28 4 & RIIICH 7
D, BEXS3UELES I Z2ELHLAZEEICRA
LBEERRICLTWS. 207D, Y ABRACEL
TRTHENGELEZZ L. TR 2P DOT, DE
DWELIIRLBERTH o7

U AMEET U A DA BB L CERS 3 RIZ LR
BUIBEWHMTHo. Z0iz, BEIZ ANCA B EE R
BMERICBEELLZDODVEIANTLE ) NAL 7 AN
PRBLERERD A, LA LY S, 4HO LAY
BEICBIT B ANCA BthE=RIZ, c-ANCA (BBHifkiEIC X
% Hufk. ELISA T PR3-ANCA (241 Y) Btk AR 7
5500, UHIREES—HK 77 AANEBHED
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MPO-ANCA B2 073% & IZIZREOBEETH -
7219 ZOHETIE -ANCA X 0% TH Y, SREIOKHE
D PR3-ANCA B MEERIZ 25% TH Y, TORITHRE
5. FOWETIE, TLOMET LD D S5 HIV EHR
BROWILE L72REBEEBRAL TS HPRR L0
b Lz,

% 7>, Fujimoto 5D EIFED ANCA BIEE R EBH
DFHER T HD E 7042109 TH Y, SR LA
U A DIAVEE O SEIGAE RS AS 75.2 + 6.3 ik (PR 65~92 #%)
THY, IFTFREBEIN—LTVDEEEZ LY,
L EOBETO UAMEEE, SREOIZIZUAMESS
BOF—¥Thh, ZOERTIIARO LAMEZ OB
KAEELTVWDLEFEZ B, ANCA BHEBHRE - MR
EREICRETAIENE L, SHICLAMBERLE
BILLTWwWaBZ T, JECAMMD EmkE 2 P OICEEE
L7.

Zn—7J5T, ANCA DS HEHETH 5 RF, Hilsdt
1K, Pt CCP Hifklzow T, UANIBE CTHEBICHIESRA
BETH o7z, Zaghi 5OMETDH, EROMEY Y=< F
1 72 VASEEIAE 823 C RE OB ERDE <, R L
FEZIZEREPo7z LTWA?, SRIOFK 4 OMET
S LAMBECREFBUZIAZICHECANMBELIY LS
{, ¥72UAMBTREBESS % (>151U/ml) H, #t
CCP yifkBitks (>45U/m) 1k 9 % CThH o7z Tz, U
ANLIAVEE T RE BitE# 20 47, L CCP Bkt
3HTHo/z. WITNOBBMBET, AT a4 FEH
FIEH DML {, MY 7~ FOBWIEZITTw
v, UANGE RE B & U° CCP PR ) < BRI
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Clinical Investigation of ANCA (Anti-neutrophil Cytoplasmic Antibody) in Japanese
Pneumoconiosis Patients—Multicenter Cross-sectional Study—

Yoshinori Ohtsuka”, Tkuji Usami”, Keiichi Mizuhashi®, Takumi Kishimoto®, Kouichi Sakamoto’,
Kenji Miyamoto", Kiyonobu Kimura®, Nobukazu Fujimoto®, Munehiro Kato®,
Takako Yokoyama® and Chiharu Ohta®
"Department of Internal Medicine, Hokkaido Chuo Rosai Hospital
“Department of Respiratory Medicine, Asahi Rosai Hospital
3 Asbestos Related Disease Prevention Center, Toyama Rosai Hospital
“Department of Internal Medicine, Okayama Rosai Hospital
9Department of Respiratory Medicine, Kobe Rosai Hospital

Background: Silica exposure history has been reported as one of the etiological/environmental factors of
ANCA-related renal disease patients. Several cases of ANCA-related renal or vasculitis with silica exposure
have been reported in Japan, although no epidemiological study has been conducted. Therefore we have
planned a cross-sectional study to evaluate the prevalence rate of MPO (myeloperoxidase)-ANCA and PR3
(proteinase 3)-ANCA positivity both in Japanese pneumoconiotic patients (PP) and in non-pneumoconiotic pa-
tients or volunteers (NP).

Subjects and Method: During the period of November 1, 2014 to January 14, 2017, 455 PP recognized as
more than grade 3 (2 patients rejected later) and 477 NP without steroid treatment and without past history of
cancer treatment were recruited from 3 hospitals. With written permission of agreement, serum antibodies in-
cluding MPO-ANCA, PR3-ANCA, RF (rheumatoid factor), anti-CCP (citrulinated cationic protein) antibody,
ANA (anti-nuclear antibody) were analyzed with ELISA in a nation-wide clinical examination company. Statis-
tical analyses were conducted with chi-square tests and were considered as significant .with p value under 0.05.

Results: Four hundred fifty three PP and 447 NP were studied. PP were consisted with 45% of grade 3 and
55% of grade 4 according to the Japanese Pneumoconiosis Law grade criteria. PP were consisted with 12 %
simple silicosis type and 88 of complicated silicosis type. Mean age of PP was 78.6 +/ — 6.4 SD years old and was
significantly higher than that of NP group 75.2+/— 67.3 years old (p<0.05). Estimated eGFR was not signifi-
cantly different between the two groups. One GPA (granulomatous poly angitis) was detected in NP group.
There was not significantly difference in the positive rate of MPO-ANCA, and PR3-ANCA antibodies between
the two groups (MPO-ANCA,; 6 case vs 3 case, PR3-ANCA; 13 cases vs 11 cases). Although, PP group had sig-
nificantly higher autoantibody positivity in anti-CCP antibody (14 cases vs 4 cases), ANA (59 cases vs 26 cases),
and RF (58 cases vs 29 cases). There were few overlap among antibody positivity and were difficult to estimate
the ANCA positivity form other antibody results.

Conclusion: PP group patients were significantly older than NP group by 3 years. Except ANCA, autoanti-
bodies, such as RF, ANA, and anti-CCP antibodies were more frequently positive in PP group than in NP
group. From these results, pneumoconiosis might have no relationship with the positivity of MPO-ANCA and
PR3-ANCA.

(JJOMT, 66: 196—200, 2018)

—Key words—
MPO-ANCA, PR3-ANCA, pneumoconiosis, silicosis

©Japanese society of occupational medicine and traumatology http://www.jsomt.jp
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BE: LAMRRIHECEERE Sh, HRERY 7 20BRISEHEESN, HARTHILER
Ko [EXAFIHEEIERAKRT] LIHEINERENTE . Z0HBTA <1 POFHCHE
BOEAIZLYD, KEHLAOREL LEHICLAMOREIHMZ, SSICELFRINL LI
ol 19 HROBREMHDOFRER 20 LASDOL Y M U BEOMEAIZ X ) FBINZ U AN
DLWV TEIC e 072, TOEE ) RL CAMOBEA Y. ENb, S5ICEBKIZS ILO (F
BRI ERE) oRE, FEEHOE T PHADOREICHEY, FEKEICHT s MESEEZIF
LHE LTEETHEAICEZ Sh:. RETOHL OFERIBEDL L22S, CAMICHS 2 HiE
1355 2 IR KA ICHIE SN @AEEEDRETH S, WED (B »o [KEME] &4
D, HEHEOHMELTROONS X)) ITh o7z 1955 E121E TV A4 BIR#E: |, 1960 4
Wi TUAME: (I8) ] & [958 RBE] BHlEsh, RMENLHEIEE o2 £z, [
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FEIZCAMEIIRIE SN, EBEPEHED—2 L2, EEEZ RV THEC U AN O EEE
KIS CCEHERSDPED DNz, OO CAMOBW HENSHICES., 20, 2003 FIi2ik
iASA D EBED—D LBESN., LALADS, BETOIHRCAMERRED 100413
BEESNDRE, BEH7 7 VHETA7 QDBEARERIFENS. SOREH2WE (4
YUY ALRE) KEAULAMBBAEIN, HLOWEICE 2 BEMMREDSIEDRY, CT
E{RO LAMZHICBI AL CAMBEENDOCRATFTA AT LA DEANSHOREL
RoTWnhb.

(HERKERRE, 68 :199—205, 2020)
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History of Pneumoconiosis and Issues in the Future

Yoshinori Ohtsuka and Kiyonobu Kimura
Department of Internal Medicine, Hokkaido Chuo Rosai Hospital

Pneumoconiosis is considered as the oldest work-related diseases in the world. It has been recorded by
Hippocrates since the ancient ages of Greek. In Japan, they were called as “yoroke”, “kemurino-doku”, “tsukare
daiku” since Edo period. Pneumoconiosis had been spread widely because of the mass production of dusts
caused by dynamite and rock drill et al. and was recognized by the people. Accurate diagnosis of pneumoconio-
sis was made possible by the introduction of pathological autopsy and chest X-ray. With these methods, the
definition pneumoconiosis was established. Compensation for work-related disaster was settled in UK and in
other countries, according to the start of ILO and the growing of the labor unions. In Japan, compensation for
pneumoconiosis was built up after the Labor Standard Law enacted after the World War II. Compensation was
changed from “lump sum” to “disaster compensation”. It was admitted as a right for workers. “Special Protec-
tion for Silicosis and Spinal injury” was enacted in 1955, and old Pneumoconiosis Law and Compensation for
Work-related Law were established in 1960, and then real compensation has started. The name of “keihai (sili-
cosis) ” was changed to the new name “jinpai (pneumoconiosis) ” in 1960, it targeted all of the mineral dusts in-
cluding silicates. According to the revision of the Pneumoconiosis Law in 1977, the division of management was
decided depends on the severity of pneumoconiosis independent of pulmonary tuberculosis. Tuberculosis was
determined as one of the complications of pneumoconiosis. The way of diagnosis for pneumoconiosis at that
time leads to today’s diagnosis. In 2003, lung cancer was designated as one of the complications. Still now
around 100 workers were newly designated as pneumoconiosis. Introduction of masks with electronic fun and
its spreading are expected. And more recently occupational lung diseases by the new materials have come
across. There are issues such as establishment of the diagnosis of the occupational lung disease caused by new
materials, the use of CT for the diagnosis of pneumoconiosis, and the introduction of CR display by the board of
pneumoconiosis in every local Labor bureau. We face these problems to solve now.

(JJOMT, 68: 199—205, 2020)

—Key words—
pneumoconiosis, silicosis, compensation
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