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Abstract

Background: Previous studies have indicated that people with malignant pleural mesothelioma (MPM) have a poor
quality of life (QOL); however, information about the QOL of people with MPM in Japan is anecdotal. The aims of
this study were to investigate the QOL of survivors of MPM in Japan and to determine the factors that correlate

with their QOL.

Methods: This was a cross sectional study. The included patients were those diagnosed with MPM in Japan. We
created a self-administered questionnaire consisting of 64 questions. The questionnaires were sent to hospitals and
patient advocacy groups, distributed to the patients, completed, and sent back to the researchers by postal mail.
QOL was assessed with the European Organization for Research and Treatment of Cancer 16 questionnaire (QLQ)
and the short version of the core domains of the Comprehensive Quality of Life Outcome questionnaire (CoQolo).

Results: In total, 133 questionnaires were collected. The QLQ assessments demonstrated that the survivors of MPM
most frequently complained of fatigue, pain, sleep disturbances, and dyspnea. The symptom scales were
acceptable, but the functional scales were significantly poorer for the patients with poor performance statuses (PSs).
The short CoQolo assessment was very unfavorable for ‘Being free from physical pain.’ Being a long-term survivor
and a survivor with a poor PS were significantly correlated with poor global health status.

Conclusions: Survivors of MPM have impaired function, a variety of symptoms, and lower QOL. Survivors of MPM,
even those in good physical condition, need broad support.

Keywords: Asbestos, CoQolo, Mesothelioma, Palliative care, Quality of life, Questionnaire

Background

The World Health Organization (WHO) reported that
107,000 people die from occupational exposure to asbes-
tos each year, and the WHO advocates for the elimin-
ation of asbestos-related diseases [1, 2]. Mesothelioma is
a rare malignancy caused by asbestos exposure that af-
fects the pleura, peritoneum, and pericardium [3]. Ma-
lignant pleural mesothelioma (MPM), which is the most
common mesothelioma, is almost always fatal [4]. The
overall median survival time and 2-year survival rate of
patients with resectable disease, who have undergone
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trimodal treatment composed of induction chemother-
apy followed by extrapleural pneumonectomy and post-
operative radiation therapy, are 19.9 months and 42.9%,
respectively [5], and the median overall survival of pa-
tients with advanced surgically unresectable disease who
received cisplatin and pemetrexed is approximately
12 months [6]. Additionally, MPM causes debilitating
physical symptoms, such as pain, dyspnea, fatigue, and
loss of appetite [7, 8]. The British Thoracic Society Stan-
dards of Care Committee recommends that palliative
care and symptom control be central to any manage-
ment plan for mesothelioma patients [9]. Recently,
maintaining patients’ quality of life (QOL) has become
more important in the treatment of MPM because of its
poor prognosis. The Australian guidelines were
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developed by employing questions about the QOL of
the patient, interventions, comparisons, and outcomes
[4]. The QOL has been assessed in studies of treat-
ments for MPM, such as chemotherapy [10], pleurect-
omy [11], and extrapleural pneumonectomy [12].
There are previous reports that MPM impairs the
QOL of patients and their care givers [13, 14]. Kao et
al. reported that health-related QOL is associated
with survival in MPM patients [15].

Japan is one of the world’s largest importers and users
of asbestos [16, 17], and the number of deaths due to
MPM reached 1500 in 2015 [18]. A total of 100,000
deaths are expected in Japan in the next 40 years [19].
Previous research has demonstrated that patients with
MPM in Japan exhibit different care needs in the differ-
ent stages of the disease. A previous study reported a
lack of information about their disease and treatment
options upon diagnosis, pain and deteriorated physical
condition after extrapleural pneumonectomy, uncom-
fortable symptoms from chemotherapy, shock of the re-
currence of the disease, uncontrolled symptoms in the
terminal stage, anxiety and anger about developing dis-
ease due to asbestos, and burden of legal procedures in
all stages [20]. Nurses who care for patients with MPM
also experienced difficulties, such as struggling with care,
failure to introduce palliative care, limited support for
patients with decision making, difficulty in dealing with
families, unsuccessful communication, and emotional
distress after being with patients with MPM [21]. Previ-
ous studies indicate that people with MPM have a poor
QOL. Moore et al. reported that support groups can
provide an important source of information and support
for patients with MPM and their family members [22].
However, information about the QOL of people with
MPM in Japan is anecdotal.

This study investigated the QOL of patients with
MPM in Japan and determined factors that correlated
with their QOL.

Methods

Study design

This was a cross-sectional study. The inclusion criteria
were 1) patients who were diagnosed with MPM and 2)
those who could respond to self-administered question-
naires written in Japanese. No exclusion criteria were ap-
plied. A request for cooperation was sent to all hospitals
designated to promote quality oncologic care by the Jap-
anese Ministry of Health and Welfare. Based on their
agreements, the questionnaires were sent to the hospi-
tals and distributed to patients with MPM. Question-
naires were also sent to 15 branches of a patient
advocacy group (Patients and Family Support Group in
Japan) for distribution to survivors of MPM. Completed
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questionnaires were returned to the researchers by pos-
tal mail.

QOL assessment

A self-administered questionnaire was developed that
consisted of 64 questions about QOL and collected in-
formation about the patients’ age, gender, duration of
their disease, and treatments received. The questionnaire
also asked whether the patient had received worker’s
compensation or support from the asbestos-related
health damage relief system and whether the patient had
contact with a patient advocacy group. QOL was
assessed with the European Organization for Research
and Treatment of Cancer questionnaire (EORTC-QLQ
C30; QLQ) [23] and the short version of the core do-
mains of the Comprehensive Quality of Life Outcome
questionnaire (CoQoLo) [24]. These measures were in-
cluded in the distributed questionnaire.

The QLQ is a validated, patient-rated, core question-
naire for assessing the health-related QOL of cancer pa-
tients. The questionnaire incorporates 5 functional
scales (physical, role, cognitive, emotional, and social),
symptom scales (fatigue, pain, and nausea and vomiting),
a global health and QOL scale, and single items for
assessing additional symptoms commonly reported by
cancer patients (i.e., dyspnea, loss of appetite, sleep dis-
turbances, constipation, and diarrhea) as well as the per-
ceived functional influence of the disease and its
treatment. All items are scored on a 4-point Likert scale
(1 =not at all, 2 =a little, 3 = quite a bit, 4 = very much)
except for the global health and QOL scale, which uses a
modified 7-point linear analog scale (from 1 = very poor
to 7 =excellent). The scores for each scale and single-
item measures were averaged and linearly transformed
into a score ranging from 0 to 100. A high score for the
Global Health Status/QOL represents health-related
QOL, whereas high scores for the functional and symp-
tom scales and single items represent worse functional
ability or significant symptomatology.

The CoQoLo consists of 10 subscales and 28 items
and has been validated for Japanese cancer patients. The
CoQoLo assesses the QOL of patients with advanced
cancer in the terminal stage to support a ‘good death’
based on the patient’s perspective [24]. In the current
study, we applied the short version of the CoQoLo
(short CoQoLo) to minimize the burden on participants.
The short CoQoLo includes the following 10 items that
assess physical and psychological comfort: staying in the
patient’s favorite place, maintaining hope and pleasure,
good relationships with the medical staff, not being a
burden to others, good relationships with family, inde-
pendence, environmental comfort, being respected as an
individual, and having a fulfilling life. These items were
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answered on a 7-point Likert scale (from 1 = completely
disagree to 7 = completely agree).

Statistical analysis

The scores on the QLQ were calculated using a previ-
ously described scoring procedure [25]. The Likert scales
for each item on the short CoQoLo were used to score
each item. A multiple regression analysis was assessed to
estimate the correlations between the QOL scores and
the clinical and social factors that potentially affected
the factors for the QOL scores. Age was categorized as
less than 60 vyears, 60—-69 years, 70-79 vyears, and
80 years or older. Sex, receiving surgery, receiving
chemotherapy, receiving radiotherapy, receiving support-
ive care, receiving compensation, and membership in an
advocacy group were treated as dichotomous variables.
The years from diagnosis were divided into categories of
less than 2 years and two or more years. A p value less
than 0.05 was considered statistically significant. The
statistical analyses were performed using STATA version
14.2 (STATA corporation, College Station, TX, USA).

Results

Collection of questionnaires

Requests for cooperation were sent to 422 cancer hospi-
tals, and 64 (15.2%) agreed to participate. The main rea-
son for nonparticipation was the absence of patients
with MPM. In February 2016, 438 questionnaires were
distributed throughout the hospitals to patients with
MPM. By the end of April 2016, 88 patients had
returned the questionnaires to the researchers by postal
mail. Additionally, 94 questionnaires were mailed to sur-
vivors of MPM through a patient advocacy group in
March 2016. Among these, 45 (47.9%) were returned. In
total, 133 questionnaires were collected.

Characteristics of the participants

The characteristics of the participants are presented in
Table 1. Overall, 83.5% were male, and the mean age
was 69.3 years. The mean (+ standard deviation) dur-
ation of MPM was 31.0 (+ 43.6) months, 55.6% of the
patients had undergone surgery, 83.5% had received
chemotherapy, 28.6% had received radiotherapy, and 45.
9% had received palliative care. Either worker’s compen-
sation or assistance from the asbestos-related health
damage relief system was received by 74.4%, and 36.8%
were members of a patient advocacy group.

QOL assessment in MPM survivors

The QOL scores are presented in Table 2. The mean
global QOL score was 47.9, and the mean scores for the
5 functional scales, i.e., physical, role, cognitive, emo-
tional, and social function, were 64.4, 54.1, 64.5, 70.1,
and 67.0, respectively. Regarding the symptom scales,
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Table 1 Sociodemographics of the participants

N (133)  Percent

Sex

Male m 83.5

Female 22 16.5
Age

<59 17 12.8

60-69 56 42.1

70-79 47 353

2380 13 9.8
Duration of disease (months)

0-11 49 36.8

12-23 35 263

24-35 17 12.8

36-47 6 45

48-60 6 45

261 20 15.0
Performance status

0 19 14.3

1 66 496

2 21 15.8

3 25 188

4 2 1.5
Received treatment 0 0
Surgery 57 556

Extra pleural pneumonectomy 31

Pleurectomy decortication 23

Unknown 3
Chemotherapy 111 835
Radiotherapy 38 286
Palliative Care 61 459
Compensated (there is some overlap) 99 744

Workmen's accident compensation insurance 58

The asbestos-related health damage relief system 61

Patient and family support group membership 49 36.8

the mean scores for fatigue, pain, nausea and vomiting,
dyspnea, appetite loss, sleep disturbance, constipation
and diarrhea were 50.8, 34.7, 12.9, 50.1, 38.3, 36.1, 38.1,
and 14.8, respectively. The scores on the symptom scales
and functional scales were significantly worse among
those with poor performance statuses (PSs).

The results of the short CoQoLo assessment re-
vealed favorable scores for ‘Trusting physician’ (5.8),
‘Being dependent in daily activities’ (5.4), ‘Being val-
ued as a person’ (5.4), ‘Being able to stay at one's fa-
vorite place’ (5.3), and ‘Spending enough time with
one's family’ (5.0). The scores were not very favorable
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Table 2 Quality of life scores of the survivors with MPM
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EORTC QLQ C-30 Mean SD Short CoQolo Mean SD
Global QOL 479 249 Total score 489 9.7
Physical functioning 64.4 258 Being free from physical pain 38 19
Role functioning 54.1 303 Being able to stay at one’s favorite place 53 14
Emotional functioning 70.1 24.8 Having some pleasure in daily life 44 1.7
Cognitive functioning 64.5 257 Trusting physician 58 1.5
Social functioning 67.0 28 Feeling like the cause of trouble for others 40 18
Fatigue 50.8 264 Spending enough time with one’s family 50 16
Nausea & Vomiting 129 21.7 Being dependent in daily activities 54 1.6
Pain 34.7 290 Living in calm circumstances 54 14
Dyspnea 50.1 29.0 Being valued as a person 54 13
Insomnia 36.1 309 Feeling that one’s life was complete 44 1.7
Appetite loss 383 347

Constipation 38.1 346

Diarrhea 14.8 230

Financial difficulties 331 319

for ‘Having some pleasure in daily life’ (4.4), ‘Feeling
that one's life was complete’ (4.4), ‘Feeling like the
cause of trouble for others’ (4.0), and ‘Being free from
physical pain’ (3.8). The mean total score across the
10 items was 48.9.

Clinical factors correlated with QOL

The correlations between the QOL scores and the clin-
ical factors are presented in Table 3. The score for the
global health status on the QLQ among female survivors
was 10.89 points higher than that among males. Long-
term survivors (=2 years from diagnosis) and survivors
with poor PSs were significantly correlated with poor
global health status. The total score on the core domain
of the short CoQoLo was also significantly lower among
the long-term survivors and survivors with poor PSs.

Discussion

In this cross-sectional study, we intended to clarify the
QOL of survivors with MPM at various stages of their
disease, including diagnosis and during and after cancer
treatment. To our knowledge, this is the first study in
Japan to focus on the assessment of QOL of patients
with MPM and to include a considerable number of
long-term survivors.

The QLQ assessment in the current study indi-
cated that emotional function and social function
were relatively impaired in survivors of MPM, and
the survivors complained more frequently of fatigue
and dyspnea. Arber et al. reported that patients with
MPM receive insufficient psychososial support at the
time of the diagnosis [26]. Previous reports on the
QOL of patients with MPM during systemic

chemotherapy revealed impairments on QOL scales
that were similar to the results reported here [10].
Another study that included patients with MPM who
were treated with either chemotherapy or best sup-
portive care produced consistent impairments of
QOL [27]. Although the current study included sub-
jects with poorer PSs, the results are quite similar to
those of the previous studies and support the notion
that patients with MPM experience diverse, overlap-
ping symptoms that are often difficult to control

[21, 28]. The QLQ scores reported in the current
study were similar to those reported in previous
studies of patients with MPM in other countries [10, 11].

The short CoQoLo assessment revealed relatively fa-
vorable scores concerning items such as “Trusting phys-
ician; ‘Being dependent in daily activities, ‘Being valued
as a person, ‘Being able to stay at one's favorite place,
and ‘Spending enough time with one's family’. However,
the score for ‘Being free from physical pain’ was not fa-
vorable, which suggests that pain is an important elem-
ent of QOL in patients with MPM.

The results of the multiple regression analysis of
the QLQ indicated that a longer duration from diag-
nosis and a poor PS were factors correlated with im-
paired QOL. The results of multivariate regression
analysis of the short CoQoLo scores also indicated
that impaired QOL was correlated with poor PS and
a longer duration from the diagnosis. A better QOL
in patients with better PSs has been widely reported
in previous studies [10, 11, 29]. The current study
includes a considerable number of people who had
survived for more than 2 years. We speculate that
MPM can be cured in only a few cases; therefore, a
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Table 3 Multiple regression analysis of the QLQ-C30 and CoQol.o scores

QLQ-C30; Global health status

CoQolo; Core domain total

Coefficient 95% Cl p-value Coefficient 95% Cl p-value

Age at survey

=59 0 0

60-69 -3.08 —-1448, 833 0.5%4 244 —-2.69, 7.56 0348

70-79 —4.55 -16.52, 743 0454 2.25 -3.13,763 0409

80- 1.10 —14.83, 17.03 0.891 497 —2.19,12.13 0172
Sex

Male 0 0

Female 10.89 1.30, 2048 0.026 4.03 —-0.28, 8.34 0.067
Years from diagnosis

<2 0 0

22 -10.36 -1853, =219 0.011 -4.73 -840, — 1.06 0.012
Treatment

Surgery

=) 0 0

+) 499 —-3.30, 13.27 0235 1.10 —-262,482 0.558
Chemotherapy

=) 0 0

+) =575 —-15.50, 4.00 0.245 0.65 —-3.73,5.04 0.768
Radiation

=) 0 0

+) 1.25 -2.56, 5.06 0.65 125 —-2.56, 5.06 0.65
Palliative care

=) 0 0

+) —-263 —5.93, 066 0.116 —-263 -5.92, 066 0.116
Performance Status

0 0 0

1 -16.55 —-27.26, -5.84 0.003 -3.54 -836,1.26 0.147

2 —34.49 —47.69, -21.28 0.000 —7.64 -1357, =171 0.012

3 -40.97 —53.78, =28.15 0.000 -1142 -17.18, =567 0.000

4 —73.01 —102.99, —43.02 0.000 —24.09 —37.56, —10.62 0.001
Compensation

Not approved 0 0

Approved 5.86 —-2.98, 14.70 0.192 175 -222,572 0385
Patient advocacy group

Non-member 0 0

Member 097 —747,941 0.821 0.15 —-3.64, 3.95 0.936

prolonged clinical course would result in more se-
vere and continuous struggles with the disease.
Several studies have been performed from a qualitative
perspective, focusing on the MPM patient’s perspective,
suggesting that patients living with MPM undergo a
traumatic shock and a “Damocles’ syndrome” character-
ized by intense fears of death and anxiety along with the

awareness of the absence of effective treatments [30].
There are other studies performed with semi-structured
interviews, those seem to suggest that the reduced QOL
of these cancer patients is strictly related with the sever-
ity of symptoms, the poor prognosis, along with the
awareness of the “unnatural” origin of MPM, the ethical
issues connected to the human responsibilities in the
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contamination, and intense worries for the beloved ones
who will survive [14, 26, 31, 32]. From a clinical point of
view of the subjective experience of patients living with
the disease, specific tailored psychological interventions
should be developed in the understanding of the in-
depth psychological functioning of these patients.

This study has some limitations. First, the current
study included a small convenience sample. We re-
cruited as many patients as possible from the hospitals
that provide oncological care and through a patient ad-
vocacy group in Japan. Our results may not be represen-
tative of the general population of patients with MPM;
however, our participants may at least be representative
of survivors to a certain extent. Second, our participants
had a relatively longer duration of disease, had received
surgery, chemotherapy, and/or palliative care, and had
better PSs. The data from the patients in the terminal
stage and from those with poor general conditions may
have been missed due mainly to the difficulty of acces-
sing such people. The QOL of our participants might be
better than those of the general population of patients
with MPM, which indicates that the QOL of patients
with MPM on site may be more impaired. Finally, this
study was a cross-sectional study of prevalent cases. A
longitudinal study of incident cases is warranted to iden-
tify the factors that affect the QOL of incident cases of
MPM and to develop systems for the desired support
and care.

Conclusions

Survivors of MPM have impaired function, experience a
variety of symptoms, and have a lower QOL. The dur-
ation of disease and a poor PS correlated with impaired
QOL. Survivors of MPM, even those in good physical
condition, need broader support.
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ARTICLE INFO ABSTRACT
Keywords: Objectives: The primary aim was to reveal the prevalence of lung cancer (LC) and malignant pleural mesothe-
Asbestos lioma (MPM) in subjects with past asbestos exposure (AE). We also examined pulmonary or pleural changes
Low-dose CT correlated with the development of LC.
Screening Materials and methods: This was a prospective, multicenter, cross-sectional study. There were 2132 subjects
]I;/}l;it;i;icj;a enrolled between 2010 and 2012. They included 96.2% men and 3.8% women, with a mean age of 76.1 years;
78.8% former or current smokers; and 21.2% never smokers. We screened subjects using low-dose computed
tomography (CT). The CT images were taken with a CT dose Index of 2.7 mGy. The evaluated CT findings
included subpleural curvilinear shadow/subpleural dots, ground glass opacity or interlobular reticular opacity,
traction bronchiectasia, honeycombing change, parenchymal band, emphysema changes, pleural effusion, dif-
fuse pleural thickening, rounded atelectasis, pleural plaques (PQs), and tumor formation.
Results: The PQs were detected in most of subjects (89.4%) and emphysema changes were seen in 46.0%.
Fibrotic changes were detected in 565 cases (26.5%). A pathological diagnosis of LC was confirmed in 45 cases
(2.1%) and MPM was confirmed in 7 cases (0.3%). The prevalence of LC was 2.5% in patients with a smoking
history, which was significantly higher than that in never smokers (0.7%, p = 0.027). The prevalence of LC was
2.8% in subjects with emphysema changes, which was higher than that of subjects without those findings
(1.6%); although, the difference was not statistically significant (p = 0.056). The prevalence of LC in subjects
with both fibrotic plus emphysema changes was 4.0%, which was significantly higher than that of subjects with
neither of those findings (1.8%, p = 0.011). Logistic regression analysis revealed smoking history, fibrotic plus
emphysema changes, and pleural effusion as significant explanatory variables.
Conclusions: Smoking history, fibrotic plus emphysema changes, and pleural effusion were correlated with the
prevalence of LC.
1. Introduction thickening, and malignant neoplasms such as malignant pleural me-
sothelioma (MPM) and lung cancer (LC) [3,4]. According to the World
Asbestos was commonly used during the 20th century and remains Health Organization, > 107,000 people die each year from asbestos-
prevalent in many developing countries [1]. Asbestos causes patholo- related diseases due to occupational exposure [1]. These diseases
gical changes in the lung or the pleura including asbestosis, pleural usually develop after long latency periods of 40-50 years [5]. Thus,
plaques (PQs), benign asbestos pleural effusion [2], diffuse pleural there will be more LC or MPM developing in the next few decades,

Abbreviations: AE, asbestos exposure; CT, computed tomography; LC, lung cancer; LDCT, low-dose computed tomography; MPM, malignant pleural mesothelioma; PQs, pleural plaques;
SCLS/DOTS, subpleural curvilinear shadow/subpleural dots
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despite that asbestos use was banned in Japan in 2004. Subjects with
histories of asbestos exposure (AE) in Japan are examined by annual
chest X-ray; however, it is established that chest X-ray is not an efficient
method forLC screening [6,7]. Thus, there is a need to establish a more
useful screening strategy for subjects.

Mass screening of high-risk groups to detect LC could potentially be
beneficial. Multidetector computed tomography (CT) has made high-
resolution volumetric imaging possible during a single breath hold with
acceptable levels of radiation exposure [8]. There were several reports
that low-dose helical CT of the lung detected more nodules and LCs,
including early-stage, than chest X-ray [9]. Recently, the National Lung
Screening Trial, which recruited subjects at high-risk for LC, demon-
strated that low-dose CT (LDCT) screening could decrease the death
rate due to LC by about 20% compared with screening using chest X-ray
[7]. In addition, there are some recent reports that LDCT screening is
useful to detect LC at the earlier stages [10-12].

In the current study, we performed LDCT screening for subjects with
histories of AE. The primary aim of the study was to reveal the pre-
valence of LC and MPM in the subjects. In addition, we focused on other
pulmonary or pleural changes, such as fibrotic or emphysema changes
and plaques, to determine what findings correlated with the prevalence
of LC.

2. Materials and methods
2.1. Study approval

This study was conducted in compliance with the principles of the
Declaration of Helsinki. This study was carried out according to The
Ethical Guidelines for Epidemiological Research by the Japanese
Ministry of Education, Culture, Sports, Science, and Technology, and
the Ministry of Health, Labour, and Welfare. This study was approved
by the Japan Health, Labour, and Welfare Organization and the in-
stitutional review boards of each institution. Patient confidentiality was
strictly maintained and written informed consent was obtained from
the subjects.

2.2. Subjects

This was a prospective, multicenter, cross-sectional study to reveal
the prevalence of LC and MPM, and the prevalence of CT findings due to
AE. The inclusion criteria of the subjects are 1) those who had engaged
in asbestos-product manufacturing for more than 1 year, 2) those who
had engaged in other industries related to AE for more than 10 years, or
3) those who had engaged in industries related to AE and demonstrated
pleural plaques on chest X-ray or CT (regardless of the duration of AE).
There were 2132 subjects enrolled in this study between 2010 and
2012. They included 2050 (96.2%) men and 82 (3.8%) women, with a
mean (range) age of 76.1 (51-101) years. There were 502 subjects from
Okayama Rosai Hospital, 392 from Chiba Rosai Hospital, 370 from
Tamano Mitsui Hospital, 313 from Kinki Chuo Chest Medical Center,
214 from Kagawa Rosai Hospital, 196 from Toyama Rosai Hospital, 96
from Yamaguchi-Ube Medical Center, and 49 from Hokkaido Chuo
Rosai Hospital. The occupational categories associated with AE are
shown in Fig. 1. The main categories included 612 subjects (28.7%) in
shipbuilding, 260 (12.2%) in chemical manufacturing, 259 (12.2%) in
asbestos-product manufacturing, and 245 (11.5%) in construction. The
smoking history was obtained from 2095 subjects and revealed 1651
(78.8%) former or current smokers and 444 (21.2%) never smokers.

2.3. CT acquisition and analysis

The CT images were taken in each institution with a median (range)
CT dose Index of 2.7 (2.4-2.8) mGy. 2 mm thick images were obtained
and stored in Digital Imaging and Communications in the Medicine
format. The evaluated CT findings included pulmonary fibrotic
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changes, such as subpleural curvilinear shadow/subpleural dots (SCLS/
DOTS), ground glass opacity or interlobular reticular opacity, traction
bronchiectasia, honeycombing change, and parenchymal band (Fig. 2).
Other evaluated findings were emphysema change, pleural effusion,
diffuse pleural thickening, rounded atelectasis, PQs with or without
calcification, and tumor formation. The CT images were taken with the
subject in a prone position to differentiate slight pulmonary changes on
the dorsal portion of the lungs from gravitational effects. Images were
analyzed independently on the monitor, based on a quality standard,
agreed on by two reference radiologists who were blinded to the clin-
ical and demographic information of the subject and the results of one
another’s assessments. If there was a difference between the inter-
pretations of the two radiologists, more rigorous interpretation was
adopted with regard to emphysema changes, pleural effusion, diffuse
pleural thickening, PQs, and tumor formation. For fibrotic changes, a
third radiologist made the second-round interpretation and gave the
final decision. When LC or MPM was suspected in subjects, further
examinations such as bronchoscopy, needle biopsy, thoracentesis, and/
or surgery were performed in the clinical practice.

This was a cross sectional study with only one CT performed in each
subject. No follow up was performed for patients with a negative CT.

2.4. Statistical analysis

Comparisons between independent groups were performed using
the chi-square test and the Mann-Whitney U test was used for non-
parametric analysis. The average values were compared using the t-test.
Overall survival of LC patients was obtained by using Kaplan-Meier
methods. Logistic regression analysis was conducted as a multivariate
analysis. Statistical calculations were performed using SPSS statistical
package version 22.0 (IBM, Armonk, USA).

3. Results
3.1. CT findings

The CT findings of the 2132 subjects are summarized in Table 1. The
PQs were detected in the majority of subjects (89.4%) and emphysema
changes in about half of the subjects (46.0%). Fibrotic changes (at least
one of: SCLS/DOTS, ground glass opacity or interlobular reticular
opacity, traction bronchiectasia, honeycombing change, and par-
enchymal band) were detected in 565 cases (26.5%). There were 116
cases (5.4%) with suspected LC, including 101 with possible LC and 15
with definite LC.

The pathological diagnosis of LC was confirmed in 45 cases (2.1%),
44 men and 1 woman. Median (range) age at the diagnosis was 73
(60-87) years old. There were 31(68.9%) adenocarcinoma, 10(22.2%)
squamous cell carcinoma, 3(6.7%) small cell carcinoma, and 1(2.2%)
adenosquamous carcinoma. According to the International Association
for the Study of Lung Cancer staging (7th Edition), there were 13 Stage
IA, 14 Stage IB, 4 Stage IIA, 3 Stage IIB, 4 Stage IIIA, 2 Stage IIIB, and 1
Stage IV patients. Median overall survival (95% confidence interval) of
these 13 patients was 26.8 (4.01-71.93) months.

Pleural effusion was detected in 45 subjects. Among them, LC was
diagnosed in six cases including four adenocarcinomas and two squa-
mous cell carcinomas. Pleural carcinomatosis was revealed in 2 of the 4
cases of adenocarcinoma. Another two subjects with adenocarcinoma
and one of the 2 subjects with squamous cell carcinoma underwent
thoracic surgery, suggesting they had post-operative pleural effusion.
There were 16 subjects (0.8%) with suspected MPM and the patholo-
gical diagnosis was confirmed in seven cases (0.3%) including 4 cases of
epithelioid, 2 cases of biphasic, and 1 case of sarcomatous subtype.

3.2. CT characteristics of LC cases

We examined the specific characteristics of patients in whom LC
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Fig. 1. Occupational categories of the enrolled subjects.

Fig. 2. Examples of pulmonary CT findings. (A) Subpleural curvilinear shadow, (B) subpleural dots, (C) parenchymal band, (D) ground-glass opacity, and (E) intralobular reticular

opacities.

was detected. There was no significant difference in the prevalence
when comparing genders, 2.1% (44/2050) in men and 1.2% (1/82) in
women (p = 0.567). The prevalence of LC was 2.5% (42/1651) in pa-
tients with a smoking history, which was significantly higher than the
prevalence in never smokers (0.7%, p = 0.027).

The associations between CT findings and the prevalence of LC are
shown in Table 2. There was no difference concerning the prevalence of
LC in those with and without PQs (2.1% and 2.2%, respectively,
p = 0.910). The prevalence of LC was 2.8% in subjects with emphysema
changes, which was higher than that of subjects without those findings

126

(1.6%); although, this difference was not statistically significant
(p = 0.056). The prevalence of LC in subjects with both emphysema
changes and fibrotic changes was 4.0%, which was significantly higher
than that of subjects with neither of those findings (1.8%, p = 0.011).
The prevalence of LC was significantly higher in subjects with pleural
effusion.

Logistic regression analysis was conducted using smoking history,
fibrotic plus emphysema change, and pleural effusion as explanatory
variables, and revealed that all of them were statistically significant
(Table 3).
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Table 1
CT findings of enrolled subjects.

Findings Cases %
Pleural plaques 1906 89.4
Emphysematous changes 980 46.0
Ground glass opacity/Interlobular reticular opacity 482 22.6
Subpleural curvilinear shadow/Subpleural dots 297 13.9
Diffuse pleural thickening 292 13.7
Parenchymal band 287 13.5
Traction bronchiectasia 186 8.7
Rounded atelectasis 70 3.3
Pleural effusion 45 2.1
Honeycombing change 42 2.0
Table 2
Associations between CT findings and the prevalence of lung cancer.
Findings Lung Lung Total P
Cancer Cancer
=) (+)
Subpleural curvilinear + 289 8 297
shadow/subpleural dots
(SCLS/DOTS)
- 1798 37 1835 0.451
Ground glass opacity/ + 469 13 482
interlobular reticular
opacity
- 1618 32 1650 0.309
Traction bronchiectasia + 182 4 186
- 1905 41 1946  0.968
Honeycombing change + 40 2 42
- 2047 43 2090 0.277
Parenchymal band + 282 5 287
- 1805 40 1845 0.641
Emphysema changes 953 27 980
- 1134 18 1152 0.056
Pleural effusion 38 7 45
- 2049 38 2087 < 0.001
Diffuse pleural thickening + 287 5 292
- 1800 40 1840 0.61
Rounded atelectasis + 70 0 70
- 2017 45 2062 0.212
Fibrotic® plus emphysema + 315 13 328
change
- 1772 32 1804 0.011

@ Either of traction bronchiectasia, honeycombing change, or parenchymal band.

Table 3
Logistic regression analyses concerning the risk of lung cancer.

Exp(B) 95% C.1.* p-value
Smoking 0.270 0.082-0.891 0.032
Fibrotic” plus emphysema changes 1.954 0.999-3.824 0.050
Pleural effusion 10.238 4.221-24.833 < 0.001

? C.I confidence interval.
b Either of traction bronchiectasia, honeycombing change, or parenchymal band.

4. Discussion

Asbestos is one of the risk factors for LC as well as MPM; therefore, a
strategy should be established for medical checkups among subjects
with past AE. In the current study, we screened subjects with occupa-
tional AE using LDCT. The primary aim was to reveal the prevalence of
LC and MPM, and the secondary aim was to examine what findings
correlated with the prevalence of LC to determine the subjects at high-
risk for LC. For this reason, we focused on slight pulmonary or pleural
changes such as SCLS/DOTS, ground glass opacity or interlobular re-
ticular opacity, in addition to emphysema changes or PQs. To our
knowledge, this is the largest study (> 2000 subjects) evaluating
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subjects with past AE.

In the current study, PQs were detected in 89.4% of the enrolled
subjects. In previous reports of CT screening of subjects with AE
[13-18], the detection rates of PQs varied from 32 to 81% [13,15-18].
The high detection rate of PQs in the current study supports the con-
firmed history of AE for the enrolled subjects. As a result, 45 cases
(2.1%) of LC and 7 cases (0.3%) of MPM were detected. The prevalence
of LC in the current study was higher than that of previous studies using
LDCT screening in Japan [10,11]. These findings suggest that subjects
with past AE are a high-risk population for LC. There is another report
of CT screening of subjects with AE that found the prevalence of LC was
4.28% in the high-risk group of subjects with AE and a heavy smoking
history [19]. Smoking and AE are independent risk factors for LC and
raise the incidence in a synergistic manner [20]. Subjects with past AE
should be screened with LDCT, especially those with a smoking history.

We examined the prevalence of pulmonary CT findings, including
pulmonary fibrotic changes in subjects with AE. Pulmonary fibrotic
changes were found in 26.5% of the subjects. There are previous reports
of radiologic findings of subjects with AE [16,18]. In those reports,
pulmonary fibrotic changes were found in 6-24% of the subjects. There
is another report that some sort of pulmonary fibrotic change was de-
tected in 27% of subjects with a smoking history [21]. Many subjects in
the current study had a history of smoking, so it is unclear whether
these slight fibrotic changes are specific to AE or due to other causes,
such as smoking. In either case, the prevalence of LC was higher in
subjects with fibrotic changes, such as traction bronchiectasis and
honeycomb fibrosis. In addition, the prevalence of LC was significantly
higher in subjects with both fibrotic and emphysema changes. Multi-
variate analysis revealed smoking history, fibrotic plus emphysema
changes, and pleural effusion as significant explanatory variables.
These findings suggest that subjects with AE and these factors are at
high-risk for LC.

There were 7 subjects with MPM detected in the current study. In
previous studies, two cases of MPM were identified in 516 AE in-
dividuals [13] and no case was detected in 1045 AE workers [17].
Unlike LC, the treatment outcome of MPM is poor even when cases are
diagnosed in the earlier stages [22]. The usefulness of LDCT for the
early diagnosis and improvement of treatment outcome in MPM should
be addressed and investigated in future studies.

There are limitations to the current study. It is a cross-sectional
study. The causal connection between LC and some CT pulmonary
findings were suggested; however, these should be clarified in a future
prospective study.

5. Conclusions

We demonstrated that smoking history, fibrotic plus emphysema
changes, and pleural effusion were correlated with the prevalence of
LC. Future studies are warranted to examine the utility of LDCT
screening for subjects with AE to improve the prognosis of LC.
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The Incidence of Mesothelioma or Lung Cancer for Diffuse Pleural Thickening Induced
by Asbestos Exposure

Takumi Kishimoto and Nobukazu Fujimoto
Asbestos Research Center in Okayama Rosai Hospital

(Aim): Incidence and features of diffuse pleural thickening induced by asbestos exposure complicated of
mesothelioma or lung cancer were investigated.

(Material and method): 224 patients, whose dimension criteria of chest radiograph for diffuse pleural thick-
ening approved by compensation or relief law for asbestos-related diseases, were investigated. The incidence of
mesothelioma or lung cancer for 224 patients were investigated from April 2010 to February 2016. In contrast,
we compared with the incidence of mesothelioma or lung cancer for former asbestos exposed 2,130 cases who
were taken low-dose chest CT.

(Results): There were no patients of mesothelioma and 8 patients of lung cancer (3.6%) for 224 patients. The
incidence of lung cancer was high of 610.3 person year for 100,000 people according to 6 years observation. On
the other hand, 56 patients (2.6%) got lung cancer which is 443.9 person year for 100,000 people. All 8 patients
with lung cancer were male with the median of 72 years. All patients were heavy smokers with the histology of
4 small cell carcinoma, 1 squamous cell carcinoma and 3 adenocarcinoma. Almost all patients exposed more
than intermediate rates of asbestos exposure and exposed term was long with the median of 33.5 years and la-
tent period also longer with the median of 54 years. Only 2 patients had remarkable impaired pulmonary dys-
function without asbestosis.

(Discussion): Diffuse pleural thickening induced by asbestos exposure appeared at more than fixed dosage
of asbestos exposure. Eight patients who got lung cancer also exposed by more than fixed dosage and heavy
smokers. The incidence of lung cancer was higher than those of former asbestos exposed people who were
given notebooks of national asbestos health check. The incidence of lung cancer almost equaled those of people
of 55 to 94 years old male with more than 30 pack year which was 645 person year by National Screening Trial
Lung Research Investigation. However, there were no patients of mesothelioma for 6 year observation whose
incidence was reported to be higher incidence than lung cancer. We cannot explain why no mesothelioma ap-
peared.

(JJOMT, 65: 153—159, 2017)

—Key words—
asbestos exposure, diffuse pleural thickening, lung cancer
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Abstract

A 65-year-old woman visited our hospital due to right chest pain and dyspnea on exertion.
Chest radiography revealed decreased permeability of the right lung. Computed tomography
demonstrated a huge mass in the right upper lobe and right pleural effusion. Right pleural
effusion cytology yielded a diagnosis of adenocarcinoma and was positive for mutation of
epidermal growth factor receptor (EGFR; exon 21 L858R). Afatinib was selected for the initial
treatment. Multiple tumors regressed remarkably, but then rapidly progressed 3 months
later. We performed re-biopsy to detect the mechanism of resistance to afatinib. Histo-
pathology revealed a mixture of small cell carcinoma (SCC) and adenocarcinoma harboring
same EGFR mutation. To the best of our knowledge, this is the first report of transformation

to SCC after treatment with afatinib. © 2017 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Lung cancers harboring epidermal growth factor receptor (EGFR) mutations usually re-
spond to EGFR tyrosine kinase inhibitors (TKIs), but most acquire resistance [1, 2]. Trans-
formation of the tumor has been reported to be one of the mechanisms of acquired re-
sistance after treatment with first-generation EGFR-TKIs [3]. However, few reports have
described transformation during treatment with the second-generation EGFR-TKI afatinib
[4]. We report a case of adenocarcinoma of the lung that acquired resistance to afatinib via
transformation to small cell carcinoma (SCC).

Case Report

A 65-year-old woman visited our hospital due to right chest pain and dyspnea on exer-
tion. A chest radiograph revealed decreased permeability of the right lung (Fig. 1a). Comput-
ed tomography (CT) demonstrated a huge mass in the right upper lobe (Fig. 1b) and right
pleural effusion. In addition, multiple masses were detected on the left lung, liver, and left
adrenal grand, as well as mediastinal lymphadenopathy. Pathological examination of the
right pleural effusion and a transbronchial biopsy from the right upper bronchus yielded a
diagnosis of adenocarcinoma of the lung. Because an EGFR mutation (exon 21 L858R) was
detected, treatment with afatinib was initiated.

Multiple tumors remarkably regressed in 1 month, but paronychia (grade 3) appeared
in 2 months. Due to difficulties in daily life, the treatment was interrupted for 2 weeks. CT
images 3 months after the initial treatment demonstrated growth of the tumors in the lung.
We performed another transbronchial biopsy to determine the mechanisms of resistance to
afatinib. Histopathological examination revealed a mixture of SCC and adenocarcinoma (Fig.
2) harboring the same EGFR mutation as the initial biopsy specimen. Systemic chemothera-
py consisting of cisplatin and irinotecan was administered, but no tumor regression was
evident and carcinomatous pericarditis occurred. In addition, the patient complained of con-
sciousness disorder and convulsions. Lumbar puncture identified adenocarcinoma cells in
the cerebrospinal fluid. The patient was diagnosed with carcinomatous meningitis and erlo-
tinib treatment was administered. However, no symptomatic improvement occurred and the
patient died 5 months after the initial diagnosis. Autopsy was not allowed.

Discussion

In lung cancers harboring EGFR mutations, EGFR-TKIs demonstrate a favorable re-
sponse, but drug resistance emerges in most cases. A transformation of adenocarcinoma to
SCC is one of the resistance mechanisms in first-generation EGFR-TKIs and occurs in 14% of
resistant cases, in which the same EGFR mutation is found before and after the changes [5].
An amplification of MET, a high affinity tyrosine kinase receptor for hepatocyte growth fac-
tor, and a T790M mutation have been reported as resistance mechanisms of the second-
generation EGFR-TKI afatinib [4]. However, to the best of our knowledge, this is the first
report of transformation to SCC after afatinib treatment.

In the current case, SCC cells were found 3 months after the initial treatment with afat-
inib. After the chemotherapy for SCC, the carcinomatous meningitis progressed rapidly.
Thus, we hypothesized that a very early stage of SCC development was observed in the cur-
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rent case. Although there is a possibility that adenocarcinoma and SCC coexisted from the
initial diagnosis, a transbronchial biopsy from the same spot demonstrated adenocarcinoma
alone at the time of the initial diagnosis and adenocarcinoma and SCC at the re-biopsy. We
consider these findings to support our hypothesis.

When resistance to an EGFR-TKI occurs in lung cancer harboring an EGFR mutation, re-
biopsy is recommended to reveal the resistance mechanisms. For cases with a T790M muta-
tion in exon 20, osimertinib has been reported to be a promising treatment option [6]. Re-
cently, the utility of liquid biopsy has been reported for the detection of the T790M mutation
[7]. However, to date, SCC transformation cannot be detected by liquid biopsy. In cases in
which EGFR-TKI treatment fails, re-biopsy should be applied to reveal the resistance mecha-
nisms and aid in the selection an appropriate treatment.

Favorable results of systemic chemotherapy consisting of platinum and etoposide or iri-
notecan have been reported in cases of SCC transformation [8], but little response was ob-
served in the current case and the adenocarcinoma progressed rapidly. The effect of EGFR-
TKIs for transformed SCC is reported to be limited [9]. A treatment strategy for transformed
SCC and existing adenocarcinoma should be established.

In conclusion, we reported a case of EGFR-mutated adenocarcinoma of the lung that
transformed to SCC.
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Fig. 1. a Chest radiograph showing decreased permeability of the right lung. b CT image of the chest
demonstrating a huge mass in the right lung and right pleural effusion.
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Fig. 2. Pathological analysis of the transbronchial re-biopsy specimen revealed adenocarcinoma (left circle)

and small cell carcinoma (right circle).
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Abstract

A 73-year-old man was referred to our hospital after a 2-week history of bloody sputum and
cough. Computed tomography (CT) images of the chest showed a mass grouped with medi-
astinal lymph nodes, and bronchoscopy showed a projecting mass in the right main bron-
chus. After a transbronchial biopsy, the patient was diagnosed with squamous cell carcinoma
(TAN2MO stage IIIB). The patient was treated with systemic chemotherapy, consisting of cis-
platin (40 mg/m? days 1 and 8) and docetaxel (30 mg/m? days 1 and 8), and concurrent
thoracic irradiation at a daily dose of 2 Gy. On day 35 of treatment, the patient complained of
a sore throat and cough. A CT of the chest showed punctate low-attenuation foci between
the esophagus and bronchus. Gastrointestinal endoscopy and bronchoscopy demonstrated a
fistula in the middle intrathoracic esophagus and the left main bronchus. The patient’s symp-
toms gradually improved, and the fistula was closed after the suspension of chemoradiother-
apy. Radiotherapy was resumed and completed on day 82. However, on day 108, he devel-
oped a fever and cough, and a tumor with fistula was revealed in the right main bronchus.
He had an esophageal stent inserted, but he later died of sudden hemoptysis.
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Introduction

An esophagobronchial fistula represents a connection between the esophagus and the
bronchus, resulting from direct neoplastic infiltration and necrosis between the esophagus,
bronchi, and mediastinum [1]. A fistula could also be induced by necrosis or cytoreduction of
the tumor, though there is no clear evidence that treatment modalities such as chemothera-
py or radiotherapy increase the incidence of fistula formation [2]. We report on a patient
with squamous cell carcinoma of the lung who developed an esophagobronchial fistula twice
in his clinical course. The first one developed during chemoradiotherapy, and the second one
was thought to be due to extension of the tumor.

Case Report

A 72-year-old Japanese man was referred to our hospital after 2 weeks of bloody spu-
tum and cough. He had a history of hypertension but was not treated with medication. He
had smoked between the ages of 20 and 72 years, and had been exposed to asbestos at ship-
yards for 15 years. Physical examination revealed a slight wheeze in the bilateral lungs, and
no superficial lymph nodes were palpated. A blood test revealed elevated white blood cells,
C-reactive protein, and serum calcium levels. Tumor markers were slightly elevated in carci-
noembryonic antigen (13.4 ng/mL) and cytokeratin 19 fragment (12.9 ng/mL). Computed
tomography (CT) of the chest showed a 60-mm mass grouped with mediastinal lymph
nodes, which invaded the right main bronchus (Fig 1a, b). After a transbronchial biopsy of
the mass, the diagnosis of squamous cell carcinoma was made. The staging workup, includ-
ing magnetic resonance imaging of the brain and whole-body fluorine-18 2-fluoro-2-deoxy-
d-glucose positron emission tomography, revealed his disease as cT4N2MO, stage I1IB.

The patient was treated with systemic chemotherapy, consisting of cisplatin (40 mg/m?,
days 1 and 8) and docetaxel (30 mg/m?, days 1 and 8), and concurrent thoracic irradiation at
a daily dose of 2 Gy. On day 35 of treatment, he complained of a sore throat and cough, and a
CT of the chest showed punctate low-attenuation foci between the esophagus and bronchus
(Fig. 1c). Gastrointestinal endoscopy and bronchoscopy demonstrated a fistula in the middle
intrathoracic esophagus and the left main bronchus, respectively (Fig. 2a, b). After the sus-
pension of chemoradiotherapy and abstaining from eating, his symptoms gradually im-
proved and the fistula was closed on day 52 (Fig. 2c). Radiotherapy at 2 Gy was resumed
every other day and 60 Gy was completed on day 82. The fistula remained closed and the
patient was discharged after the second course of chemotherapy.

However, he was referred to our hospital for a sore throat and fever again on day 108. A
CT of the chest showed a clear connection between the esophagus and the right main bron-
chus (Fig. 3a), and there was ground glass opacity spread in the right lower lung. Bronchos-
copy demonstrated a mass with the fistula in the right main bronchus (Fig. 3b). Pathological
analyses of the mass showed poorly differentiated squamous cell carcinoma. Based on these
findings, the patient was diagnosed with a relapse of the cancer. He had an esophageal stent
inserted; however, he died of sudden hemoptysis on day 146. An autopsy was not allowed.
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Discussion

The development of an esophagobronchial fistula is a devastating and life-threating
complication. The incidence of fistula in lung cancer is rare compared with that in esophage-
al cancer (0.16 vs. 4.9%). A fistula may occur in lung cancer when the tumor makes contact
with the esophagus [2]. In the current case, the tumor was located in the mediastinal space
and close to the middle intrathoracic esophagus. The first fistula was considered the result of
tumor necrosis and damage to the mucous membrane induced by chemoradiotherapy, be-
cause the fistula developed in the left main bronchus and the initial tumor in the right main
bronchus disappeared at that time. This speculation was also supported by the finding that
the fistula improved after 3 weeks’ interruption of chemoradiotherapy. On the other hand,
the second fistula was considered the result of tumor progression, because the fistula was
associated with a tumor that had the same histology as the initial tumor. To our knowledge,
this is the first report of an esophagobronchial fistula developing twice in 1 patient by differ-
ent mechanisms.

An esophagobronchial fistula is a serious complication and the survival time is around 8
months [3]. Direct surgical closure, chemotherapy, and radiotherapy [4] may be used to
close the fistula. However, the utility of these treatments was not established, and stent in-
sertion is currently recommended in such situations for symptomatic relief [5]. An esopha-
geal stent was inserted in the current case; however, long-term symptomatic relief was not
obtained due to massive hemoptysis.

Chemoradiotherapy is a standard treatment option for locally advanced lung cancer [6],
even in cases where the tumor is located close to or invades the esophagus. In such cases,
physicians should be extremely cautious about the development of esophagobronchial fistu-
la during and after treatment. In addition to the CT scanning, gastrointestinal endoscopy,
before and during treatment, might be considered for early detection of a fistula. In conclu-
sion, we reported a case of squamous cell carcinoma of the lung in a patient who twice de-
veloped an esophagobronchial fistula that was caused by different mechanisms.
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Fig. 1. Computed tomography (CT) of the chest at the initial presentation showing a mass grouped with
mediastinal lymph nodes, which invaded the right main bronchus: axial view (a) and coronal view (b).
¢ The CT of the chest on day 35 of treatment demonstrated punctate low-attenuation foci between the
esophagus and bronchus.
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A"b

Fig. 2. Gastrointestinal endoscopy and bronchoscopy demonstrated a fistula in the middle intrathoracic
esophagus (a) and the left main bronchus (b), respectively. After the suspension of chemoradiotherapy and
abstaining from eating, the fistula was closed (c).

Fig. 3. a Computed tomography of the chest on day 108, showing a connection between the esophagus and
the right main bronchus. b Bronchoscopy demonstrated a tumor with the fistula in the right main bron-
chus.
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