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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-

667

<
©
S
&
@
=
it
=]
g
S
&
S



http://dx.doi.org/10.1159%2F000479147

COSE Reports In Case Rep Oncol 2017;10:666-670

DOI: 10.1159/000479147 © 2017 The Author(s). Published by S. Karger AG, Basel

onCOIogy www.karger.com/cro

Nishimura et al.: Adenocarcinoma of the Lung Acquiring Resistance to Afatinib by
Transformation to Small Cell Carcinoma: A Case Report

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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Abstract. Aim: The objective of this study was to determine the
computed tomographic (CT) features of malignant peritoneal
mesothelioma (MPM). Patients and Methods: We analyzed CT
features of MPM cases and compared them to those of other
malignant conditions (non-MPM). Results: Multiple nodular
lesions occurred more frequently in the MPM group compared
to non-MPM cases (p=0.013). Thickening of the mesentery was
detected more frequently in MPM cases than in non-MPM cases
(56% vs. 18%, p=0.029). Pleural plaques were detected in 13
cases (45%) in the MPM group but were not detected in the
non-MPM group. The MPM-CT index score, determined in each
case as the sum of the findings which are potentially
characteristic of MPM, was significantly higher in MPM than in
non-MPM cases (p=0.001). Conclusion: MPM presented
characteristic CT findings, and the MPM-CT index may be
useful for differential diagnosis of MPM.

Malignant mesothelioma (MM) is an aggressive tumor that
develops from mesothelial cells of the pleura, peritoneum,
pericardium, or testicular tunica vaginalis. It is generally
associated with a history of asbestos exposure (1) and has a
very poor prognosis (2). Once rare, the incidence of MM has
increased worldwide as a result of past wide-spread exposure
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to asbestos. Malignant peritoneal mesothelioma (MPM)
represents the second most common site of MM, accounting
for 10-20% of MM (3, 4).

A diagnosis of MPM should be based on the histology of
an adequate specimen of the peritoneum or cytological
analyses of ascites, but this is often difficult. Paracentesis with
fluid cytology has a variable sensitivity of 32-76%, with the
major limitation being difficulty in distinguishing benign from
malignant lesions (4, 5). In particular, the differential diagnosis
between MPM and peritoneal carcinomatosis is a critical
issue. Radiological analysis is essential for this differential
diagnosis; computed tomographic (CT) imaging is the most
common initial imaging modality and can reveal moderate to
extensive ascites with peritoneal, visceral, or omental
involvement. Magnetic resonance imaging may more
accurately quantify the extent of disease; however, its routine
use is not yet supported (6). The role of positron-emission
tomography is not well defined in detection of this disease (7).

In the current study, we retrospectively examined the CT
features for patients with MPM.

Patients and Methods

Study approval. All procedures performed in the current study were
in accordance with the Helsinki declaration. This study was
performed in accordance with the Ethical Guidelines for
Epidemiological Research of the Japanese Ministry of Education,
Culture, Sports, Science and Technology, and Ministry of Health,
Labour and Welfare and was approved by the Japan Labour Health
and Welfare Organization and the Institutional Review Boards of
Okayama Rosai Hospital. Patient confidentiality was strictly
maintained. As described below, informed consent was provided by
the closest living relatives of each patient.

Patients. This study was a part of our previous nationwide survey
of MM. Methods of the retrospective survey have been described
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previously (1, 8). In brief, we requested and received authorization
to view the death records from the Vital Statistics database in Japan.
We then extracted all cases of death due to MM between 2003 and
2005. There were 2,742 deaths due to MM (Figure 1). We contacted
the closest living relatives of each patient to obtain consent for our
study by postal mail. As a result, informed consent was obtained by
postal mail for 1,153 cases. Based on authorization from relatives,
we contacted the patients’ medical institutions to obtain medical
information, including medical records, X-ray and CT images by
postal mail. These data were obtained in 743 cases. Among them,
we found 105 cases in which the clinical diagnosis of MPM had
been made. Pathological specimens were provided in 53 out of the
105 cases. We reviewed the pathological specimen of these cases
according to World Health Organization criteria (9), and analyzed
the radiological features of the cases.

CT analysis of MPM. The items examined on the CT images were
as follows: (i) degree of accumulation of ascites, (ii) location of the
lesion, (iii) maximum dimensions of the nodular lesion, (iv) number
of tumor masses, (v) extent of peritoneal thickening, (vi) extent of
thickening of the mesentery, (vii) stellate pattern findings in the
mesentery, and (viii) pleural plaques. These items were examined
according to the criteria listed in Table I.

Statistical analysis. Comparisons between independent groups were
performed using the Chi-square test and non-parametric analysis
was performed with the Mann—Whitney U-test. Average values were
compared by 7-test. Areas under the receiver operating characteristic
(ROC) curves (AUCs) were calculated using standard techniques.
Statistical calculations were performed with SPSS statistical
package, version 11.0 (SPSS Inc., Chicago, IL, USA).

Results

Pathological review of the cases. As shown in Figure 2,
pathological diagnosis of MPM was confirmed in 34 cases.
Among the 34 cases, there were 27 (79.0%) cases of
epithelioid, four (12.0%) cases of biphasic, and three (9%)
cases of sarcomatous sub-types. There were 16 cases ultimately
diagnosed as other conditions (non-MPM), including six cases
of serous papillary four cases of
adenocarcinoma, two cases each of carcinosarcoma and

adenocarcinoma,

unclassified sarcoma, and one case each of peritoneal
metastasis of renal cell carcinoma and rhabdomyosarcoma.
Differentiation between the epithelioid sub-type of
mesothelioma and poorly differentiated adenocarcinoma was
impossible in one case. In another case, a confirmed
pathological diagnosis could not be made as to whether it was
an epithelioid sub-type of mesothelioma, another malignant
condition, or reactive mesothelium. In addition, there was one
case in which a malignant condition was highly suspected from
CT images, but only reactive mesothelium was demonstrated
in the pathological specimen. These three cases were finally
categorized as “diagnosis could not be made,” and they were
excluded from further analyses. The MPM group included 30
(88.2%) males and 4 (11.8%) females and the non-MPM group
included two (12.5%) males and 14 (87.5%) females.
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Figure 1. The schema of the case collection of this study.

Radiological analyses. Among the 50 cases, abdominal and
pelvic CT scans were available in 32 MPM cases and 11 non-
MPM cases (three cases of serous papillary adenocarcinoma,
two cases each of adenocarcinoma, carcinosarcoma and
unclassified sarcoma, and one case each of peritoneal
metastasis of renal cell carcinoma and rhabdomyosarcoma).
Chest CT images were available in 40 cases (29 MPM and 11
non-MPM). CT findings of the MPM and non-MPM groups
are shown in Table I.

There were 19/32 (59%) cases of moderate to massive
accumulation of ascites in the MPM group, and 3/11 (27%)
cases in the non-MPM group. Although the proportion was
higher in the MPM compared to non-MPM group, the
difference did not reach statistical significance (p=0.066).
We analyzed the location of MPM. For this purpose, the
existence or non-existence of MPM in the parahepatic space,
great omentum, paracolic gutter, mesentery proper,
rectovesical pouch, and perisplenic space was determined.
There was no difference concerning the location of the
disease between the MPM and non-MPM groups.

We next categorized the maximum dimension of the
nodular lesion as <1 ¢m, 1-3 cm, >3-5 cm, or >5 c¢cm based
on the abdominal CT images (Figure 3A). As shown in Table
I, the proportion of cases with a maximum dimension of
<1 cm was higher in the MPM group than in the non-MPM
group, but this difference was not statistically significant
47% vs. 18%, p=0.097).

In the MPM group, there were multiple nodular lesions in
30 cases (94%), which was significantly more frequent in
MPM than in non-MPM cases (p=0.013).

Thickening of the peritoneum was categorized as none, mild,
irregular, or massive (defined as =1 cm, Figure 3B). As shown
in Table I, MPM cases had a higher proportion of irregular or
massive thickening compared to non-MPM cases, although this
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Table 1. Computed tomographic findings of malignant peritoneal mesothelioma (MPM) and finding of cases ultimately diagnosed as other conditions

(non-MPM).
Characteristic Proportion of cases with the finding (%)
Findings MPM Non-MPM p-Value
Ascites accumulation None 2 (6.3) 2 (18.2)
Small 11 (34.4) 6 (54.5)
Moderate 12 (37.5) 2(182)
Massive 7(21.9) 1(9.1) 0.066
Maximum dimension of nodular lesion <1l cm 15 (46.9) 2 (18.2)
1-3 cm 6 (18.8) 2(182)
>3-5 cm 2 (6.3) 3(27.3)
>5 cm 9 (28.1) 4 (36.4) 0.097
Location of MPM
Parahepatic space Yes 18 (56.3) 5(45.5)
No 14 (43.8) 6 (54.5) 0.536
Great omentum Yes 29 (90.6) 8 (72.7)
No 3094 3(27.3) 0.139
Paracolic gutter Yes 18 (56.3) 5(45.5)
No 14 (43.8) 6 (54.5) 0.536
Mesentery proper Yes 25 (78.1) 8 (72.7)
No 7(21.9) 3(27.3) 0.715
Rectovesical pouch Yes 18 (56.3) 9 (81.8)
No 14 (43.8) 2(18.2) 0.13
Perisplenic space Yes 14 (43.8) 3(27.3)
No 18 (56.3) 8 (72.7) 0.668
Nodular lesions Solitary 2 (6.3) 4 (36.4)
Multiple 30 (93.8) 7 (63.6) 0013
Thickening of the peritoneum None 3094) 3(27.3)
Slight thickening 15 (46.9) 6 (54.5)
Irregular thickening 6 (18.8) 2 (18.2)
Massive thickening 8 (25.0) 0 (0.0) 0.066
Thickening of the mesentery None 14 (43.8) 9 (81.8)
Slight thickening 12 (37.5) 2(182)
Irregular thickening 4 (12.5) 0 (0.0)
massive thickening 2 (6.3) 0 (0.0) 0.029
Stellate pattern findings Yes 11(34.4) 3(27.3)
No 21(65.6) 8 (72.7) 0.665
Pleural plaques Yes 13 (44.8) 0 (0.0)
No 16 (55.2) 11(100.0) 0.007
difference was not statistically significant (44% vs. 18%, Cases with pathological specimen ‘
p=0.066). N=53 |
Thickening of the mesentery was categorized as none, }—:_ng_gnosié could not be made 3 |
mild, irregular thickening, or massive thickening (defined as l ' l
=3 mm, Figure 3C). Thickening of the mesentery was MPM | ‘ Non-MPM ‘
detected more frequently in MPM cases than in non-MPM N=34 | N=16
cases (56% vs. 18%, p=0.029). Sl o I _
We examined stellate pattern findings as an indicator of | Epithelioid 27 | | Serous papillary adenocarcinoma 6
. . Biphasic 4 Adenocarcinoma 4
mesenteric vascular enlargement (Figure 3D). Stellate |Sarcomatous 3 | | Carcinosarcoma 2
patterns were detected in 11 cases (34%) in the MPM group Unclassified sarcoma 2
and in three cases (27%) in the non-MPM group. This Peritoneal metastasis of renal cell carcinoma 1
Rhabdomyosarcoma 1

difference was not statistically significant (p=0.665).
Finally, pleural plaques were examined in chest CT
images, which were available for 29 out of the 32 MPM

Figure 2. The breakdown of the confirmed pathological diagnosis of
enrolled patients.
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Figure 3. Examples of computed tomographic images of malignant peritoneal mesothelioma with maximum dimension of the nodular lesion >5 cm
(A), massive thickening of the peritoneum (B), massive thickening of the mesentery (C), and stellate structure findings (D).

cases and 11 of the non-MPM cases. Pleural plaques were
detected in 13 cases (45%) in the MPM group. None were
detected among the non-MPM cases.

Proposal of an MPM-CT index. Among the findings
analyzed above, we selected six findings that were detected
more frequently in MPM than in non-MPM with a p-value
of <0.100: degree of accumulation of ascites, maximum
dimension of the nodular lesion, number of tumor masses,
extent of peritoneal thickening, extent of thickening of the
mesentery, and pleural plaques. In each case, CT findings
were scored as 1 in the case of (i) moderate to massive
accumulation of ascites, (ii) maximum dimension of nodular
lesion <1 cm, (iii) multiple nodular lesions, (iv) irregular to
massive thickening of the peritoneum, and (v) mild to
massive thickening of the mesentery. The MPM-CT index
was determined in each case as the sum of these six findings.
As shown in Figure 4A, the index was significantly higher
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in MPM than in non-MPM cases (p=0.001). To evaluate the
utility of the index for differentiation between MPM and
non-MPM cases, we performed an ROC analysis. The AUC
value for the differential diagnosis between the two groups
was 0.821 (95% confidence interval=0.694-0.945) (Figure
4B). Based on a cutoff value of 3, sensitivity was 53% and
specificity was 100%.

Discussion

MPM is poorly described and the knowledge of its natural
history is very limited. In previous reports, at least 70% of
cases of MPM were associated with chronic exposure to
asbestos (10, 11); however, it is not clear how inhaled
asbestos induces peritoneal neoplasms.

It is often difficult to make a pathological distinction
between MPM and peritoneal metastatic adenocarcinoma
(12, 13), although some immunohistochemical markers, such
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Figure 4. A: Comparison of malignant peritoneal mesothelioma (MPM)—computed tomography (CT) index between MPM and non-MPM groups. B:
Receiver operating characteristic curves to evaluate the usefulness of the MPM-CT index for the differentiation between MPM and non-MPM.

as calretinin, thrombomodulin, and cytokeratin 5/6, could
facilitate this (14, 15). In the current study, we reviewed the
pathological specimens of 53 cases that had been diagnosed
as MPM, and confirmed a diagnosis of MPM in only 34
cases (64.2%). The difficulty involved in making a clinical
and pathological differential diagnosis often results in a
diagnostic delay. Factors contributing to the diagnostic delay
include the rarity of this entity, the long latent period from
the exposure to asbestos, and the non-specific clinical
features of the disease. Biochemistry and tumor markers are
of limited assistance in this regard.

In the current study, we analyzed CT features of MPM. For
this purpose, we extracted all cases of death due to MM
between 2003 and 2005 based on death records from the Vital
Statistics in Japan. A strength of our study is that it contained
many cases of MPM. To the best of our knowledge, this is
the largest study of radiological analysis of MPM. We tried
to analyze 105 cases in which the clinical diagnosis of MPM
had been made, and after the pathological review of the
provided specimens, we determined there were 34 MPM
cases. We had to accept the low collection rate of the study
based on the postal mail method. However, there is no
selection bias throughout the process of data collection.

There is a wide spectrum of imaging findings in MPM, the
most common of which include a thickening of the mesentery
and peritoneum. Findings on CT images are highly variable;
therefore differentiating MPM from other intra-abdominal

malignancies is difficult (12, 16-18). Based on the results of
the current study, we proposed the use of an MPM-CT index
that comprises accumulation of ascites, maximum dimension
of the nodular lesion, number of tumor masses, extent of
peritoneal thickening, extent of mesenteric thickening, and
pleural plaques. We found marked differences in these findings
between the MPM and non-MPM groups. With a cut-off score
of 3, diagnostic sensitivity was 53% and specificity of 100%,
while ROC analysis revealed an AUC value of 0.821. These
results indicate the clinical utility of this MPM-CT index for
the differential diagnosis of MPM. In fact, the sensitivity is
around 50%; however, the high specificity would contribute to
the differentiation.

A limitation of the current study is that this was a
retrospective analysis. A validation study to confirm the
utility of the index is warranted, with a new patient cohort
that includes pathologically confirmed MPM cases and other
peritoneal malignant conditions.

Conclusion

MPM is a rare tumor that is difficult to diagnose and treat. An
accurate diagnosis of MPM is essential in order to determine
the prognosis, and occupation-related compensation claims
following asbestos exposure. MPM demonstrates characteristic
radiological findings, and the MPM-CT index may be useful
for the differential diagnosis of MPM.
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Abstract

Purpose The purpose of this study was to clarify the char-
acteristic findings of mesothelioma at the time of diagnosis,
and determine precautions and guidelines for diagnosing
mesothelioma early in imaging studies.

Materials and methods Overall, 327 patients with pleural
mesothelioma were selected from 6030 patients who died
of mesothelioma between 2003 and 2008 in Japan. Their
imaging findings were examined retrospectively.

Results Plaques were found in 35 % of computed tomog-
raphy (CT) scans. Asbestosis, diffuse pleural thickening,
and rounded atelectasis were found in only seven (2 %),
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five (2 %), and two cases (1 %), respectively. Pleural
thickening findings on CT scans were classified into four
stages: no irregularity, mild irregularity, high irregularity,
and mass formation. Overall, 18 % of cases did not show
a clear irregularity. Localized thickening was observed in
the mediastinal (77 %) and basal (76 %) pleura and in the
interlobar fissure (49 %). Eight percent of cases did not
have any thickening in these three areas.

Conclusions Upon examination of the CT scans at diagno-
sis, 18 % of mesothelioma cases did not show a clear irregu-
larity. When diagnosing pleural effusion of unknown etiology,
it is necessary to consider the possibility of mesothelioma
even when no plaque and pleural irregularity are observed.

Keywords Mesothelioma - Computed tomography -
Japan
Introduction

Mesothelioma is a rare, asbestos-related disease [1, 2] with a
poor prognosis [3]. Asbestos was used extensively in Japan
for construction and industrial products owing to its useful
characteristics; however, since the discovery of its carcino-
genic potential, alternative products have been introduced
and the manufacture and use of asbestos is now prohibited.
It takes 3040 years of incubation to develop mesothelioma
or lung cancer originating from asbestos [4—7], and the num-
ber of patients with mesothelioma has been increasing over
recent years; this has become a problem in many countries.
The United States prohibited asbestos usage earlier com-
pared to other countries, and the number of patients devel-
oping asbestos-related problems reached a peak there in
2004, with the number now decreasing. In Europe, the peak
is expected be around 2015-2020, and in Japan, where the
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prohibition occurred later, the peak will be around 2025,
which implies that the number of patients will keep increas-
ing until this time [6]. In accordance with Japanese law, cro-
cidolite and amosite usage was stopped in 1995; chrysotile
usage was stopped in 2004. The country’s recent discontinu-
ation is evidence of the delay in asbestos regulations in our
country, and the damage caused by these delays is apparent.
A newspaper article published in June 2005 reported that
five residents who lived near the now-closed asbestos cement
pipe plant in Amagasaki, Japan, developed pleural mesothe-
lioma [8]. Since this report, asbestos-related problems have
raised significant social concern. We performed a nationwide
retrospective survey to evaluate all cases of mesothelioma
in Japan. As a result, we analyzed more than 6000 cases
of mesothelioma that were registered in the Vital Statistics
yearly survey performed by the Japanese Ministry of Health,
Labour, and Welfare between 2003 and 2008. To the best of
our knowledge, this is the largest study of Japanese cases of
mesothelioma. Our study used images, mainly computed
tomography (CT) and plain radiography, from deceased
patients with pleural mesothelioma that were acquired with
family and institutional permissions. In a review of the lit-
erature, we found no other reports examining the number
of cases with mesothelioma and their images. The clinical
features of the cases with mesothelioma in this study have
already been reported [9]. The purpose of the current study
was to clarify the characteristics of the imaging findings
obtained at the time of the diagnosis of pleural mesotheli-
oma, and determine precautions and guidelines for diagnos-
ing mesothelioma early in imaging studies.

Subjects and methods
Study approval

This study was conducted according to the Ethical Guide-
lines for Epidemiological Research by the Japanese Minis-
try of Education, Culture, Sports, Science and Technology,
and the Ministry of Health, Labor, and Welfare. The study
was approved by the relevant institutional ethical review
boards.

Patient selection and imaging studies

The methods of this retrospective survey have been previously
described [9]. In brief, we requested and received authoriza-
tion to view the death records in the Vital Statistics register in
Japan, and we extracted all cases of death due to malignant
mesothelioma between 2003 and 2008; in total, 6030 deaths
were found to be due to mesothelioma. We contacted the
closest living relatives of each patient to obtain consent for
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our study by postal mail. As a result, informed consent was
obtained by mail from the relatives of 2069 patients (34.3 %).
Subsequently, we contacted the patients’ respective medi-
cal institutions to obtain the following information by mail:
medical records, radiographs, and/or CT images. Different
institutions had different types of CT images. We accepted
both digital and film CT scans for review to examine as many
cases as possible. We also reviewed the medical records and
radiological images to confirm the clinical and pathological
diagnoses of malignant mesothelioma.

Image interpretation

All patients underwent CT and plain radiography at the
time of diagnosis of pleural mesothelioma. CT images were
obtained using various CT scanners and a range of scan pro-
tocols at each institution. CT scans with a 5-mm thickness
were the most common, but other slice thicknesses were
found, ranging from 1 to 10 mm. Plain radiographs and CT
images were retrospectively reviewed with consensus by
three co-researchers: one chest radiologist and two pulmo-
nologists. The chest radiologist (K.K.) had 24 years of experi-
ence and the two respiratory physicians (T.K. and K.G.) had
28 and 20 years of experience, respectively. Additionally, all
three co-researchers had worked in a hospital that specialized
in occupational respiratory disease for more than 10 years,
and they were members of the official pneumoconiosis exam-
ination committee for laborers in the Okayama prefecture.

Evaluating items

First, pleural plaque and its calcification were evaluated
on CT images. Pleural plaques were also assessed on plain
chest radiographs of the same cases. Additionally, the
images were checked for pleural effusion, lung asbestosis,
diffuse pleural thickening, and rounded atelectasis.

Next, the pleural findings from the CT images were clas-
sified into four stages: no irregularity, mild irregularity, high
irregularity, and mass formation. The four stages are shown
in Fig. 1. No irregularity indicated that there was no pleural
thickening found or that the thickening was <3 mm with no
irregular surface. Mild irregularity indicated a regular sur-
face with a thickening >3 mm but <5 mm; this stage also
included cases of slight asperity with no clear nodular irreg-
ularity. Clinically, this was non-specific thickening due to
either a benign or a malignant lesion. Mild irregular findings
on CT may indicate benign pleural lesions such as pleurisy.
High irregularity indicated a thickening >5 mm. Clear nodu-
lar thickening was required for this classification, and clini-
cally, a malignancy was strongly suspected. Mass formation
indicated that the irregularity was even more severe and that
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Fig. 1 a No irregularity: pleural
effusion but no irregularity of
the pleura. b Mild irregularity: a
slight irregularity of the pleura;
however, the irregularity does
not indicate a severe irregular-
ity, such as a malignancy. ¢
High irregularity: severe irregu-
lar thickening of the pleura; a
malignant lesion is suspected. d
Mass formation: severe irregular
thickening of the pleura, with
clear mass formation; this find-
ing suggests a malignant lesion

a partial mass with a diameter of >1 cm was clearly formed.
We did not include massive irregularity in mass formation;
we included only the CT findings that identified a clearly
formed mass. We examined the entire pleura very carefully,
because the grading of pleural irregularity changes even
with a localized pleural thickening. Both multiple and iso-
lated masses were defined as a mass formation; clinically,
this indicated a malignant lesion.

When we considered the tumor (T) part of the tumor
node metastasis classification of malignant tumors staging
system, used by the International Mesothelioma Interest
Group, for pleural mesothelioma, it was difficult to distin-
guish between T1 and T2 by using CT alone; therefore, T1
and T2 were considered a single group. Thus, our examina-
tion was based on three groups: T1-2, T3, and T4.

Following the staging classification, localization of
the pleural lesions was examined; we evaluated for signs
of mediastinal pleural lesions, which are characteristic of
mesothelioma [10]. The interlobar pleura, where pleural

lesions are more easily identified, and the basal lung, which
frequently has lesions, were also examined for the presence
of abnormalities (Fig. 2).

Statistical analysis

Statistical analysis was performed using the chi-squared
test to analyze the correlation of each CT finding with the
pathological diagnoses that were divided into the epithe-
lial type and non-epithelial type. We considered p < 0.05
significant. Statistical calculations were performed using
the SPSS statistical package, version 22.0 (IBM Corp.,
Armonk, NY, USA).

Results

Data from 1111 patients were obtained. We confirmed
the clinical diagnosis of mesothelioma in 929 patients,
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Fig. 2 a Mediastinal pleural irregularity: a thickened pleura with
a slight irregularity in a broad area of the mediastinal pleura. The
thickness is not severe in this classification, but if broad thickening
is found in this area, a high potential for mesothelioma can be sus-
pected. b Pleura irregularity in the base of the lungs: Tuberous irregu-
lar pleural thickening at the base of the left lung. A malignant pleu-
ral lesion can be suspected. ¢ Irregular interlobar pleura: Tuberous

including 753 men (81.1 %) and 176 women (18.9 %).
The median age at diagnosis was 67.0 years (range,
16-94 years). The origin of mesothelioma was the pleura in
794 patients (85.5 %), peritoneum in 123 (13.2 %), pericar-
dium in seven (0.8 %), and testicular tunica vaginalis in five
(0.5 %). Of those 794 patients, 327 (273 men, 54 women;
mean age, 68 years) had chest CT images obtained at the
time of diagnosis; we examined those images (Fig. 3).

The histological subtypes of mesothelioma were deter-
mined in 327 cases based on the World Health Organiza-
tion’s criteria [11]: 176 (54 %) with epithelioid mesotheli-
oma, 75 (23 %) with sarcomatoid mesothelioma, 59 (18 %)
with biphasic mesothelioma, and 17 (5 %) with other types.

Pleural plaque was found on chest CT images of 114/327
patients (35 %), and 56 of those (49 %) had calcification.
Plain chest radiographs showed that only 36 (11 %) of 327
patients had plaque.

Pleural effusion was found in 304 patients (93 %), but
lung asbestosis, diffuse pleural thickening, and rounded
atelectasis were only found in seven (2 %), five (2 %), and
two patients (1 %), respectively.

Table 1 shows the classification of pleural findings into
the four stages. Table 1 compares these four stages with
the T classification system. Among the 327 cases of pleu-
ral mesothelioma, seven were classified with no irregular-
ity (2 %); 53 with a mild irregularity that included a pos-
sible benign lesion (16 %); 140 with a high irregularity that
included seemingly malignant lesions (43 %); and 127 with
a mass formation that indicated a malignant lesion. Thus,
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thickening begins in the right interlobar pleura. The interlobar pleural
layer is surrounded by lung parenchyma; therefore, the pleura can be
easily evaluated on the images. High-resolution computed tomogra-
phy (CT) can provide clearer images, but evaluation of the interlobar
pleural irregularities is also possible using average CT scans, if care-
fully examined

82 % of cases showed severe pleural irregularities on CT
images that were indicative of a potential malignancy, and
18 % of cases did not have irregularities that were indica-
tive of malignant lesions. All the cases with no irregular-
ity were classified as T1-2; 49 cases (92 %) with a mild
irregularity were also classified as T1-2. Cases with a mild
pleural irregularity progressed slowly. However, cases with
a high irregularity and mass formation had a high malig-
nant potential; 78 % of cases with a high irregularity and
84 % of cases with a mass formation were classified as
T3-4.

Lesion localization was as follows: the mediastinal
pleura in 251 patients (77 %), base of the lungs in 250
(76 %), and interlobular pleura in 159 (49 %) (Table 2).
Only 27 cases (8 %) had no lesions in the mediastinal and
interlobular pleurae.

Statistically, there was no significant correlation between
the CT findings and pathological subtypes (Table 2).

Discussion

Eighty percent of patients with pleural malignant meso-
thelioma are men [6, 12]. In the present study, 273 patients
(83 %) were men. The high percentage of men in our
study is similar to the finding of a previous report [6].
The age range of our study was extremely wide, ranging
from 16-94 years at diagnosis. This wide age range indi-
cates that cases of mesothelioma caused by environmental
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Fig. 3 Procedures used to
select computed tomography
images of the cases with pleural
mesothelioma

All 6030 cases of death due to mesothelioma between

2003 and 2008 in Japan

¥

2069 cases: informed consent of living relatives provided by postal mail

¥

1111 cases: informed consent obtained from the closest relatives
by postal mail and with medical information including medical records,
radiographs, CT images, and pathologic specimens

¥

794 cases: confirmed pleural mesothelioma after review of
the medical records and radiological images to confirm the clinical and
pathological diagnosis of Malignant mesothelioma

¥

327 cases: obtained CT images
at clinical diagnosis

Imaging findings
were evaluated

-

Table 1 CT images at the

. . ; Pleural findings No irregularity Mild irregularity High irregularity Mass formation
time of the diagnosis of pleural
mesothelioma and pleural No. of cases 7 33 140 127
findings from CT i t th
[nAINSs trom &% nages at the Percentage 2 16 43 39
time of the diagnosis pleural
mesothelioma compared to the T1-2 7 49 31 20
T classification system in 327 T3 0 4 89 58
cases T4 0 0 20 49

CT computed tomography, no. number

exposure were included in this study. The average latency
period (i.e., the time interval between the first asbestos
exposure and death) for mesothelioma development is
3040 years [13]. Bianchi et al. [7] reported that the latency
period ranges from 14-75 years (mean 48.8 years, median
51.0 years). This suggests that if the onset is diagnosed at
16 years old, the patient must have been exposed to the
attributing environmental conditions since birth. This could
be the case, for example, if the patient was born in a neigh-
borhood with an asbestos factory. Due to this environmen-
tal exposure, juvenile mesothelioma would occur; these
cases were also included in our study.

The image findings, mainly CT results, of 327 patients
with pleural mesothelioma were selected from 6030

patients who died of mesothelioma between 2003 and
2008. Although there are a number of previous studies that
have described the findings of pleural mesothelioma on CT
scans [10, 13-16], no reports have evaluated the CT scans
of as many as 327 patients by using uniform criteria. There-
fore, the results of our study are of interest, as we present
the first broad report on the results of mesothelioma on CT
scans obtained at the time of the initial diagnosis.

Pleural plaque was observed in 35 % of the CT scans but
in only 11 % of plain chest radiographs. Previous studies
that used CT have shown pleural plaque in 12.1-78 % of
cases [10, 14-16]. Additionally, only one-third of cases that
had plaque on CT scans also had plaque on radiographs;
this result is similar to that of a previous study [17]. Only
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Table 2 Results of the statistical evaluation of the difference in CT
findings between the epithelial type and non-epithelial type of meso-
thelioma

Epithelial Non-epithelial p value
( Xz—test)
CT findings
Asbestosis + 3 4 0.523
- 176 144
Plaque + 119 94 0.575
- 60 54
Rounded atelec-  + 1 1 0.893
tasis - 178 147
Diffuse pleural + 1 4 0.116
thickening _ 178 144
Pleural effusion 4+ 167 137 0.798
- 12 11
CT stages
No irregularity 5 2 0.370
Mild irregularity—mass 174 146
formation
No irregularity—mild 36 24 0.365
irregularity
High irregularity—-mass 143 124
formation
No irregularity—high 75 52 0.212
irregularity
Mass formation 104 96

CT computed tomography, 4 positive, — negative

2 % of cases had pulmonary fibrosis equivalent to asbesto-
sis in the current study. Asbestosis results from high-dose
asbestos exposure. This examination was a national investi-
gation that included patients who did not work with asbes-
tos and those who worked in asbestos-related industries.
Plaque was observed in only 35 % of cases. Therefore, we
believe that the ratio of persons with a high concentration
of asbestos exposure among the target cases was low.
Regarding pleural irregularities, 18 % of cases had either
no irregularity (no clear malignancy on the image) or a
mild irregularity (these cases were mainly T1-2). Although
previous reports have described the pleural effusion occur-
rence rate [5, 18], to our knowledge, no reports to date have
described the difficulties in diagnosing malignancy based
on CT images among the more than 300 known cases.
To make a successful early diagnosis, it is necessary to
be aware that there could be cases with no irregularities
among T1-2 cases. It is necessary to pay extra attention
to the possibility of a mild pleural irregularity. According
to the International Mesothelioma Interest Group staging
system, the median overall survival (OS) rates for patients
with stages I and II (T1-2 and NO), stage III, and stage IV
tumors were 11.2 months (9.4—13.0 months), 7.9 months
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(7.1-8.7 months), and 3.9 months (3.0-4.6 months) (95 %
confidence interval), respectively. The OS was significantly
shorter for stage III patients than for stages I and II patients
(p < 0.001); the OS was significantly shorter for stage IV
patients than for stage III patients (p < 0.001) [8].

Regarding lesion localization, the mediastinal pleura
was the most common site (77 % of cases). Abnormal find-
ings were also observed in the basal lung and interlobular
pleurae. Overall, lesions in these three sites encompassed
82 % of all cases. Mediastinal pleural lesions can be con-
sidered to have a relatively high specificity as malignant
pleural lesions, and the basal lung and interlobar pleura
are surrounded by lung parenchyma, which makes the
evaluation of microlesions easier. Therefore, focusing on
these three locations on CT images during diagnosis could
improve the sensitivity and potential for diagnosing meso-
thelioma earlier.

There was no significant correlation between each CT
finding and the pathological subtypes. Although the epithe-
lial type of mesothelioma is associated with a better prog-
nosis than the sarcomatous and biphasic subtypes [19], less
irregularity subtype groups are not significantly correlated
with the epithelial subtype of mesothelioma.

There are a number of limitations in our study. First, our
study was retrospective, and the cases were collected from
many institutions. Therefore, a variety of imaging devices
and methods for both CT and plain radiography were used.
However, because we evaluated CT images obtained with
various scanners, our image evaluation process was simple;
the principal objective was to identify irregular findings
that the mesothelioma expert believed to be malignant. In
Japan, there is a wide range of CT imaging techniques, but
in most cases, an evaluable image was obtained. However,
an advantage of this multi-center study was the large num-
ber of cases we were able to collect and examine. Secondly,
the ability to diagnose mesothelioma differed among the
hospitals. As the timing of the mesothelioma diagnosis var-
ied according to the diagnostic ability of each institution,
this may have introduced bias into our study; the progres-
sion of the mesothelioma lesion could be associated with
a delay in diagnosis. Therefore, we speculate that the num-
ber of cases with mesothelioma with less severe irregular-
ity findings would increase if each institution had made the
diagnosis at an appropriate time. Additionally, in our study,
we did not evaluate interobserver variation, thus this was
a limitation too. However, all observers were adequately
experienced with asbestos-related diseases, and thus good
evaluation for radiologic images was performed.

In conclusion, 18 % of cases with mesothelioma in our
study did not display a clear irregularity on CT images, and
these cases were classified as low T-stage at the time of
diagnosis. Therefore, when diagnosing pleural effusion of
unknown etiology, the possibility of pleural mesothelioma
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must be considered even in cases with no identifiable
plaque. When the findings do not indicate a malignant
lesion, we can still suspect potential mesothelioma when
slight changes are observed in the mediastinal or interlo-
bar pleura. Images of early-stage mesothelioma need to be
interpreted accurately.
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Objective: To elucidate differences in the level and localization of pleural irregularities in early malignant
pleural mesothelioma (eMPM) and benign asbestos pleural effusion (BAPE) using CT.

Study design: Retrospective assessment of CT findings of consecutive patients with BAPE at a single centre
and patients with eMPM reported in Japanese vital statistics.

Methodology: Thirty-six patients with confirmed diagnoses of BAPE and sixty-six patients with confirmed
diagnoses of eMPM (mesothelioma stages T1 or T2) were included. Informed consent, CT scans, and
clinical and pathologic details were obtained for all patients and were reviewed by one radiologist, two
pathologists, and two pulmonologists. Asbestosis, pleural plaque, rounded atelectasis, and diffuse pleural
thickening were assessed in all patients.

Results: Prevalence of asbestosis, pleural plaque, rounded atelectasis, and diffuse pleural thickening was
significantly higher in the BAPE group. Low-level irregularity was more common in the BAPE group
(p<0.001), whereas high-level irregularity, mediastinal localization, and interlobar fissure were more
prevalent in the eMPM group (p <0.001). Interlobar pleural irregularity was not observed in any patients
in the BAPE group, although 55% of patients in the eMPM group showed interlobar pleural irregularity.
Mediastinal pleural involvement was observed in 74% of patients in the eMPM group and had a positive
predictive value of 89%.

Conclusion: This study demonstrates that the level and localization of plural irregularities significantly
differed between patients with BAPE and eMPM. Large-scale prospective studies are needed to fully
establish the diagnostic utility of such differences.
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1. Introduction ably later stages. Unfortunately, however, the diagnosis of MPM is

often delayed, either because of nonspecific symptoms or the unre-

Malignant pleural mesothelioma (MPM) is a neoplasm of meso-
dermal origin and is associated with exposure to asbestos [1]. MPM
has a poor prognosis, but detection in early stages can significantly
increase patient survival, as distant metastasis occurs at consider-
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liability of radiological imaging and pleural biopsy techniques [2].
In particular, the variability of pleural findings makes features of
anatomical imaging modalities complicated [3], leading to poor dif-
ferential diagnosis with benign tumours and with other malignant
tumours, such as sarcomas and adenocarcinomas [4-6].

Benign asbestos pleural effusion (BAPE) is a complication of
chronic exposure to asbestos. It is generally classified as the accu-
mulation of pleural fluid and may be asymptomatic or associated
with pain, fever, and dyspnoea. Differentiation of BAPE from early
stages of MPM is difficult, due to several overlapping radiological
features [7,8]. Considerable work has been conducted to discern
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All 2742 cases of death due to mesothelioma between 2003
and 2005 in Japan

¥

375 cases: informed consent obtained from the closest relatives
by postal mail and with medical information including medical
records, radiographs, CT images, and pathologic specimens

¥

¥

325 cases were diagnosed as
pleural mesothelioma

50 cases were diagnosed as
peritoneal mesothelioma

¥

233 cases; confirmed pleural mesothelioma after review# of the medical
records, pathological specimens and radiological images to confirm the
diagnosis of mesothelioma

211 cases; obtained CT images
at the time of diagnosis

# The review was performed by 5 pulmonologists,
‘ 2 pathologists and 1 radiologist with discussion.

=

66 cases; T1or T2 (IMIG

classification

Fig. 1. Flow chart summarizing enrolment of patients in eMPM group.

distinct features of MPM and BAPE, using different diagnostic
modalities including X-ray, PET, MR[, and CT [9-11]. However, con-
firmatory diagnoses of MPM mostly still depend on histopathologic
evaluations of biopsy specimens, even though the procedure is
associated with complications [12].

In Japan, the production and application of asbestos have been
prohibited since 2004. However, since asbestos-related diseases
have long latency periods, the number of mesothelioma patients
has increased in recent years [13-15]. Evidence suggests that it
takes 30-40 years of incubation to develop mesothelioma after
exposure to asbestos. It has therefore been postulated that the num-
ber of MPM patients in Japan will peak in 2025. The trend is in line
with other advanced countries, as in the past, asbestos was used
extensively for construction and industrial products [16,17]. We
researched the Vital Statistics survey carried out by the Japanese
Ministry of Health, Labour, and Welfare and found more than 6000
mesothelioma cases [17]. These statistics, along with the diagnostic
issues outlined above, clearly stress an immediate need for efficient
strategies for the early diagnosis and management of MPM.

Computed tomography (CT) has been used as a non-invasive
tool for diagnosing, staging, and following-up MPM. Asbestos expo-
sure may lead to pleural effusion, pleural thickening, and pleural
plaques, which can be effectively diagnosed using CT scans [18].
However, the differences between the CT features of benign and
malignant pleural diseases are poorly understood [3,4,19]. The pur-
pose of this study was to evaluate the differences between the CT
findings of patients diagnosed with stage I and Il MPM and patients
diagnosed with BAPE. We also attempted to assess changes in the
grade of pleural irregularity, localization of pleural irregularity, and
changes in CT scan features during follow-up.

2. Subjects and methods
2.1. BAPE group

Thirty-six patients who were referred to the Okayama Rosai
Hospital between Mar 1, 2005 and Apr 30, 2008 and who had a
definitive diagnosis of BAPE were included. BAPE was indicated by
symptoms including chronic cough, abnormal pulmonary function
tests, chest pain, breathlessness, hoarseness of the voice, and CT
scan results. All patients had a history of asbestos exposure. Pleural
biopsy was performed in all cases. All pathologic specimens were

reviewed by a pathologist, and the histological assessment of malig-
nancy was made on the basis of standard cytological tests. BAPE was
defined on the basis of four criteria: (a) history of asbestos exposure,
(b) radiologic or thoracentesis confirmation of pleura, (c) absence
of another cause for the pleural effusion, and (d) no malignant
tumour developing within one year [20-22]. Follow-up was con-
ducted through routine visits. Informed consent was obtained from
all patients, and the Institutional Ethical Review Board of Okayama
Rosai Hospital approved the study.

The CT scans were obtained using X-vigor in 6 cases and
Aquilion™32 (Toshiba Medical Systems, Otawara, Tochigi, Japan)
in 30 cases. Patients were screened in the supine position with or
without injection of contrast media, depending on the radiologists’
judgment; 9 cases were screened without contrast media, while
24 cases used it and 3 cases were screened both with and with-
out contrast media. A slice thickness of 5mm and mediastinal and
lung parenchymal window settings were used. The window width
was 1500 HU for parenchymal imaging and 350 HU for soft tis-
sues. Parenchymal and soft tissue images were reconstructed with
sharp and smooth filters, respectively. Intravenous iodinated con-
trast medium was used to determine lymph node enlargement and
pleural irregularities. The CT scans and accompanying chest radio-
graphs were reviewed by one radiologist and two pulmonologists
(K. K., T. K., and N. F.) who were familiar with asbestos-related
disease and who were members of the official pneumoconiosis
examination committee for labourers in the Okayama prefecture.
The observers were unaware of the pathologic diagnosis; a conclu-
sion was reached by consensus.

2.2. Early MPM (eMPM) group

Sixty-six patients were included in the early MPM group. The
subjects were selected from mesothelioma death cases in the
Japanese Vital Statistics (2003-2005). The detailed method for
patient selection and data collection has been described elsewhere
[23]. In brief, we extracted all cases of death due to malignant
mesothelioma in the Vital Statistics register in Japan (2003-2005).
Informed consent was obtained from living relatives, and complete
medical records, radiographs, and/or CT images were obtained from
the respective medical institutions. We reviewed medical records
and radiological images with clinically and pathologically con-
firmed diagnoses of malignant mesothelioma based on ICD CD46.
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Table 1
Characteristics of patients in BAPE and eMPM groups.
Characteristic Total (n=102) BAPE (n=36) eMPM (n=66) P value
Age, years (Mean + SD) 69.3+9.3 72.0+7.2 67.8+10.1 0.0297
Sex (M/F) 92/10 36/0 56/10 0.0133
History of asbestos exposure, years (Mean £ SD) 24.1+£15.9 28.1+14.7 16.6+17.0 0.0009
Latency, years (Mean +SD) 313+216 463+11.5 24.0+21.6 0.0001
eMPM histological subtype
Epithelioid 41(62.12%)
Sarcomatoid 8(12.12%)
Biphasic 12 (18.18%)
Unknown 5(7.58%)
Table 2
Clinical imaging characteristics in BAPE and eMPM groups.
BAPE (n=36) eMPM (n=66) P value
Asbestosis 6 (17%) 1(2%) <0.05
PR classification PR1 4 1
PR2 1 0
PR3 1 0
Pleural plaque 33(92%) 23 (35%) <0.001
Calcification (+) 25 10
Rounded atelectasis 16 (44%) 0 (0%) <0.001
Diffuse pleural thicknesses 9 (25%) 1(2%) <0.001
Pleural effusion 36 (100%) 64 (97%) 0.291

PR: profusion rate.

Thirty-four cases were screened without contrast media, while 27
cases used contrast media, and 5 cases were screened both with and
without contrast media. Patients with incomplete CT findings were
excluded. All CT scans were retrospectively reviewed at our insti-
tution by one radiologist and two pulmonologists (K. K., T. K., and K.
G.) who were familiar with asbestos-related disease and who were
members of the official pneumoconiosis examination committee
for labourers in the Okayama prefecture. The TNM Classification
of Malignant Tumors staging system used by the International
Mesothelioma Interest Group (IMIG) for pleural mesothelioma was
used to stage MPM [24]. Only patients with stage T1 and T2 tumours
were included in the analysis (Fig. 1).

2.3. Pleural findings

The images were analysed to identify pleural plaques and calcifi-
cation, pleural effusion, lung asbestosis, diffuse pleural thickening,
and rounded atelectasis. Pleural plaques were defined as cir-
cumscribed, pleural areas of opacity with well-demarcated edges
[25]. The pleural findings from the CT images were classified into
four stages: “no irregularity”,” low-level irregularity”, “high-level-
irregularity”, and” mass formation”. These four stages are shown
in Supplementary Figs. 1-4. “No irregularity” indicated complete
absence of pleural thickening or thickening <3 mm with no irreg-
ular surface. “Low-level irregularity” indicated a regular surface
with a thickening >3 mm but <1 c¢m; this stage also included cases
of slight asperity with no clear nodular irregularity <5 mm. Clini-
cally, this was non-specific thickening due to either a benign or a
malignant lesion. Mild irregular findings on CT may indicate benign
pleural lesions such as pleurisy. “High-level-irregularity” indicated
aregular thickening >1 cm, anirregular thickening >5 mm, and clear
nodularity >3 mm but not “mass formation”. For an irregular thick-
ening, slight asperity was required for this classification. Clinically
“high-level irregularities” have a high index of suspicion for malig-
nancy. “Mass formation” indicated a clearly formed partial mass
with a diameter of >1cm. We examined the entire pleura very
carefully, to ensure careful grading of pleural irregularity changes,
even with localized pleural thickening. Both multiple and isolated
masses were defined as mass formation; clinically, this indicated

a malignant lesion [17]. Metintas et al. showed that thicknesses
>1cm were not a meaningful variable in univariate analyses [9].
In this work, we therefore proposed criteria based on much lower
pleural thickening (no irregularities <3 mm; low-level irregulari-
ties >3 mm but <5 mm, high-level >5 mm, and mass formation was
noted at >1 cm). We believe that these criteria can be useful for the
diagnosis of the early stages of MPM (I & II) [26]. In the case of the
BAPE and eMPM groups, all pleural thickenings were measured on
the monitor with electronic callipers in the DICOM medical image
viewer at an appropriate digital magnification. In the BAPE group,
all measurements were made with the Synapse medical imaging
and information management system (Fuji Medical, Tokyo, Japan).
In the eMPM group, when digital data were available, measure-
ments were performed in the POP-net system (Image ONE, Tokyo,
Japan). When digital images were not available, we measured the
numbers of pixels in a 1 cm scale on the scanned film and used the
pixels in the pleura to calculate the thickness of the pleura. All cases
where diffuse pleural thickening was observed involved contrast
CT, and we could differentiate thickened pleura from the collapsed
lung.

2.4. Statistical analysis

Statistical analysis was carried out using the SPSS 20 software.
Descriptive statistical tests were used for analysis of data. Unpaired
t-tests and Mann-Whitney tests were used to compare differences.
P values less than 0.05 were considered to be statistically signifi-
cant.

3. Results

Thirty-six patients (all males), with a mean age of 72.0 years,
were included in the BAPE group, and sixty-six patients, with a
mean age 67.8 years, were included in the eMPM group. In the
BAPE group, histopathological results indicated chronic inflamma-
tion in the majority of cases; the average history of exposure to
asbestos was 28.1 years and the mean latency (the gap between
exposure to asbestos and diagnosis) was 46.3 years. In the eMPM
group, complete data and informed consent were obtained from
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Table 3
Grade of pleural irregularity in BAPE and eMPM groups.
BAPE (n=36) eMPM (n=66) P value
No irregularity 8 (22%) 6 (9%) <0.001#
Low-level irregularity 26 (72%) 36 (54%)
High-level irregularity 2 (5%) 15 (23%) <0.001"
Mass formation 0 (0%) 9(14%)

Low-level irregularity” indicated a regular surface with a thickening >3 mm but
<1cm, and “High-level-irregularity” indicated a regular thickening >1cm, or an
irregular thickening >5 mm, and clear nodularity >3 mm but not “mass formation”.
#No- and low-level pleural irregularity together (BAPE vs. eMPM: 94.4% vs. 63.6%;
P<0.001).

*High-level pleural irregularity and mass formation together (BAPE vs. eMPM: 5.5%
vs. 36.4%; P<0.001 (x? test).

Table 4
Localization of pleural irregularity in BAPE and eMPM groups.
BAPE (n=36) eMPM (n=66) P value
Mediastinal 8(22%) 49 (74%) <0.001
Basal 32 (91%) 51 (77%) 0.150
Interlobar fissure 0 (0%) 36 (55%) <0.001

1111 patients, and thoracoscopic biopsy, pleural biopsy, and pleu-
ral fluid cytology confirmed the diagnosis of stage I and stage II
MPM in 66 patients. The mean age at diagnosis was 67.8 years, and
the origin of eMPM was epithelioid in 41 cases, sarcomatoid in 8
cases, biphasic in 12 cases, and unknown in 5 cases. Of the eMPM
subjects, 60.6% had an occupational exposure to asbestos, with a
mean duration of exposure of 16.6 years and a mean latency of
24.0 years (Table 1).

Asbestosis was found in 6 patients in the BAPE group, and the
incidence was higher than that observed in the eMPM group. The
prevalence of pleural plaque was notably higher in the BAPE group.
Rounded atelectasis and diffuse pleural thickening were also sig-
nificantly more common in the BAPE group, although there was no
significant difference in pleural effusion (Table 2).

The grades of pleural irregularity are presented in Table 3. No
irregularity was found in 22% of the BAPE group and 9% of the eMPM
group. No mass formation was observed in the BAPE group, but it
was found in 14% of patients in the eMPM group. Interestingly,
no- or low-level pleural irregularity together were more preva-
lent in the BAPE group and high-level pleural irregularity and mass
formation together were more prevalent in the eMPM group

Table 4 presents the locations of pleural irregularity. Mediasti-
nal and interlobar fissure were found to be statistically different
between the two groups. Interlobar pleural fissure was not
observed in any of the patients in the BAPE group, although
55% of patients in the eMPM group had interlobar pleural fissure
(P<0.001). Mediastinal pleural involvement was observed in 74%
of patients in the eMPM group and just 22% in the BAPE group
(P<0.001); notably, mediastinal involvement had a sensitivity of
79.5%, specificity of 81%, positive predictive value of 89%, and nega-
tive predictive value of 68% for eMPM diagnosis. Basal irregularities
were higher in the BAPE group (91% vs. 77%), although the differ-
ence did not reach statistical significance.

In addition to differences in pleural irregularity, location, and
plaques in the BAPE and eMPM groups, a significant difference was
observed in the pleural parameters during follow-up. In patients
diagnosed with BAPE, pleural irregularities either regressed or
remained unchanged, whereas in patients diagnosed with eMPM,
pleural irregularities were found to worsen or remain unchanged
during follow-up. Fig. 2 presents arepresentative case of a patientin
the BAPE group who had shown high-level unilateral pleural irreg-
ularities at diagnosis. During the 5-year follow-up period, the level
of pleural irregularities remained high, with little change in fea-
tures. Fig. 3(A-D) shows changes in the CT scan features during

follow-up of two patients in the BAPE group. One patient showed
bilateral mediastinal pleural thickening at diagnosis, which signif-
icantly regressed within two months in both axial and coronal CT
scans. In another patient (Fig. 3C,D), unilateral mediastinal pleural
thickening and effusion in the right thorax was observed at pre-
sentation and significantly regressed before the CT scan recorded 3
months later. Fig. 4 shows a CT scan of a patient in the eMPM group
at presentation and follow-up; CT findings did not indicate any
regression of pleural irregularities. Fig. 5 shows a CT scan of another
patient diagnosed with eMPM at presentation and at follow-up; it
was evident that pleural irregularities rapidly worsened within a
period of few months.

4. Discussion

Our results indicate that CT imaging features can aid early
diagnosis of MPM. One distinct feature was the involvement of
mediastinal pleura, which was found to be significantly more
prevalent in patients with eMPM than in patients with BAPE.
Metintas et al. reviewed the CT findings of patients with MPM
and benign pleural disease [9]. They concluded that circumferen-
tial lung encasement by multiple nodules and pleural thickening
with irregular pleuropulmonary margins were more prevalent in
patients with MPM. They also reported mediastinal pleural involve-
ment as an independent factor that could be used for differentiation
of MPM from benign pleural diseases; in our work, mediasti-
nal pleural involvement was observed in 74% of patients with
eMPM and just 22% of patients with BAPE (P<0.001), highlight-
ing the mediastinal pleural involvement even in early stages of
MPM. Leung et al. investigated differential diagnoses of benign and
malignant pleural diseases using CT scans and also reported medi-
astinal pleural involvement [25]. In our work, asbestosis was found
more frequently in the BAPE group, which supports the belief that
asbestosis is probably not involved in the initial stages of asbestos-
induced lung carcinogenesis, though it might increase the risk of
lung cancer [1,19,27].

Okten et al. reported pleural effusion in 83% of patients with
MPM [28]; they cautioned that no CT scan findings were pathog-
nomonic for MPM, although such findings may provide clues
for differential diagnosis. In another study, plural effusion was
observed in almost 80% of the cases, but an independent associ-
ation was not established [29]. In our work, we found 97% and
100% pleural effusion in the BAPE and eMPM groups, respectively,
without any statistical difference. This observation supports the
findings of Okten et al. and indicates that pleural effusion should
be used with caution for the diagnosis of MPM, especially in the
early stages. Interestingly, we found that pleural plaques were more
prevalent in the BAPE group than in the eMPM group (92% vs. 35%,
P<0.001), undermining the diagnostic utility of pleural plaques for
the diagnosis of eMPM. This finding is of particular importance
since pleural plaques are reported in some studies to have strong
association with mesothelioma [27], even after adjustment for time
since first exposure to asbestos and cumulative exposure index.
Conversely, out of 13 identified studies on the association of pleural
plaques with lung cancer, only three have reported such correla-
tions [19,27,30]. In spite of disagreement among different studies
on association of pleural plaques with MPM, the markedly higher
prevalence of pleural plaques observed in patients with BAPE in
this work provides strong evidence for the poor utility of pleural
plaques for the diagnosis of early stages of MPM.

Our results suggest that pleural irregularity grade and loca-
tion have different features in BAPE and eMPM patients. Patients
with BAPE showed a high prevalence of low-level pleural irregular-
ity, whereas MPM patients had high-level pleural irregularity and
mass formation. We defined irregularities on the basis of pleural
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Fig. 2. Changes in the CT scan features of a patient in the BAPE group (male, 70 years) with a 21-year history of asbestos exposure. (A) Axial CT scan at diagnosis, showing
high-level irregular pleural thickening (arrows). (B) Axial CT scan after five years of follow-up; a similar level irregular pleural thickening persists.

Fig. 3. Changes in the contrast-enhanced CT scan features of a patient in the BAPE group (male, 64 years) with a 39-year history of asbestos exposure. (A) Coronal view of the
patient at diagnosis, with visible bilateral mediastinal pleural thickening and left pleural effusion. (B) Coronal view of the same patient after two months, showing regression.
(C) Another patient (male, 69 years) with a 42-year history of asbestos exposure. Axial CT scan at diagnosis, showing unilateral mediastinal pleural thickening and effusion
in the right thorax (arrows). (D) Axial CT scan after three months of follow-up, showing regression.

thickening. Leung et al. reported that parietal pleural thickening
greater than 1 cm was helpful in distinguishing benign cases from
malignant ones, although they also used criteria such as circum-
ferential and nodular pleural thickening [28]. MPM is generally
locally aggressive, with frequent invasion of the chest wall, medi-
astinum, and diaphragm, which might complicate CT scan. In the
analysis of follow-up CT scans, it was evident that in cases of BAPE,
pleural effusion either regressed or remained constant, whereas
in cases of eMPM, pleural effusion either advanced or remained
constant. Mavi et al. used dual time point 18F-fluorodeoxyglucose
positron emission tomography to differentiate between benign and
malignant plural diseases [31]. They showed that, in MPM, 18F-FDG
uptake increased with time. Conversely, in benign pleural disease,
the uptake of 18F-FDG decreased with time. Our results indicated
that changes in pleural irregularities during follow-up might be
useful for eMPM and BAPE diagnosis, although a more extensive

study is needed to clearly establish the suitability of follow-up CT
scans for differential diagnosis.

Our study had certain limitations. First, as the eMPM group used
retrospective data collection from multiple centres, there was an
inhomogeneity in the CT scan parameters and protocols used. How-
ever, the multicentre nature of the eMPM group helped us avoid any
regional biases. Furthermore, adding to the strength of this work,
obtaining a prospective group with this much sample size is prac-
tically difficult considering the rarity of the disease, and all CT scan
image analyses were done by a team of independent reviewers who
were blinded to the histopathologic results. The other limitation
was that the BAPE group was another unique group and was sin-
gle centre based. There is therefore a possibility that the patients
were representative only of a particular region in Japan. Another
limitation is that there could be an effect of contrast media in CT
scan images; however, being a retrospective and registry-based
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Fig. 4. A representative axial CT scan showing mediastinal pleural thickening and interlobar fissural pleural thickening of patients in eMPM group. (A) Male, 75 years old,
with a 33-year history of asbestos exposure, showing unilateral mediastinal pleural thickening. (B) Posterior pleural thickening in the same patient. Mediastinal pleural

thickening (arrows) and basal pleural thickening (arrow heads).

Fig. 5. Arepresentative axial CT scan depicting changes during follow-up in a male, 78 years old, with a 35-year history of asbestos exposure. (A) Unilateral mediastinal and
posterior pleural thickening and pleural effusion. (B) Progressed irregular pleural thickening after two months. (C) Progressed irregular pleural thickening after 8 months.

study, we could not investigate the effect of contrast media on pleu-
ral irregularities in all cases. Nevertheless, in 8 cases (3 BAPE and
5 eMPM) we could obtain CT scans both with and without con-
trast media. Our analysis indicated no difference between CT scans
with or without contrast media. Despite this, a dedicated indepen-
dent study with a large sample size is needed to further strengthen
the effect of contrast media. Additionally, in this study, to avoid
ambiguity, decisions on CT findings were made by relying on the
agreement within a team of one radiologist and two pulmonolo-
gists. Inter-rater reliability and independent association between
parameters should to be taken in future studies.

However, in spite of these limitations, this work clearly
underscores the significance of level and localization of pleural
irregularities, which could provide important clues for the diag-
nosis of early stages of MPM. More large-scale, multicentre studies
with long-term follow-up are needed to establish a diagnostic stan-
dard for eMPM and to fully elucidate pleural irregularities in the
early stages of MPM. This study serves as a basis for such studies.

5. Conclusion

This study indicated that the level and location of pleural irreg-
ularities could be of potential help in the differential diagnosis
between BAPE and eMPM. There was no significant difference
between the two groups in term of prevalence of pleural effu-
sion. However, mediastinal pleural involvement was found more
frequently in patients with early MPM. Large-scale multicentre

prospective studies with long-term follow-up are needed to fully
establish a standard protocol.
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Abstract The brain is a rare site of metastasis in malig-
nant pleural mesothelioma (MPM), and its clinical features
and prognosis remain unclear. The aim of this study was to
investigate the incidence, prognosis, and risk factors for
brain metastases (BM) in MPM patients. Between July
1993 and October 2014, 150 patients with histologically
proven MPM were included in this retrospective study. The
cumulative incidence of BM was estimated with the
Kaplan—-Meier method, and differences between groups
were analyzed by the log-rank test. Multivariate logistic
regression analysis was applied to assess risk factors for
BM. The median follow-up time was 11 months (range
0-154.0 months). A total of eight patients (5.3 %) devel-
oped BM during the course of their illness. Multivariate
analysis identified age <65 years (odds ratio [OR] = 5.83,
p = 0.038) and International Mesothelioma Interest Group
stage IV (OR = 1.69, p = 0.040) as independent factors
related to increased risk of developing BM. The 1-and
2-year cumulative rates of BM were 4.0 % (95 % confi-
dence intervals [CI] 1.4-8.5 %) and 5.3 % (95 % CI
2.3-10.2 %), respectively. Our study showed that the
overall survival (OS) of patients with BM was worse than
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that of patients without BM (median OS 6.5 vs.
11.0 months, p = 0.037). The prognosis for BM in MPM
patients is poor. Clinicians should perform careful
screening for BM, especially in patients with risk factors.
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MPM Malignant pleural mesothelioma

BM Brain metastasis

ECOG Eastern Cooperative Oncology Group
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IMIG International Mesothelioma Interest Group
EPS European Organization for Research and

Treatment of Cancer Prognostic Score

CALGB Cancer and Leukemia Group B
MRI Magnetic resonance imaging
CT Computed tomography

(0N Overall survival
Introduction

Malignant pleural mesothelioma (MPM) is a rare but
aggressive primary pleural neoplasm that is associated with
asbestos exposure [1]. Its prognosis remains poor, as most
patients have unresectable disease at the time of diagnosis.
Although several treatment options are available to patients
with MPM, the median survival time is approximately
12 months [2].

Brain metastasis (BM) is the most common type of
intracerebral neoplasm and occurs in 10-30 % of adult

@ Springer



Clin Exp Metastasis

patients with systemic cancer [3]. The incidence of BM
may be increasing, because of improved imaging tech-
niques to detect BM and more effective systemic treatment
that can prolong the tumor-bearing period of time, per-
mitting the cancer to disseminate to the brain. Lung cancer,
breast cancer, and malignant melanoma are the neoplasms
most frequentlyassociated with BM [4].

MPM typically spreads by local invasion or extension.
Distant metastasis may occur; however, BM is quite rare
and the majority of reported cases were identified by
postmortem examination. The incidence of BM was
reported to be only 3 % of MPM patients [5]. To date, there
have been few reports on BM in patients with MPM.
Recently, Chari et al. a case report and review of the lit-
erature on the topic [6], however, its clinical features and
prognosis remain unclear. The aim of this single-institution
retrospective study was to evaluate the incidence, risk
factors, and survival outcome associated with BM inpa-
tients with MPM.

Materials and methods
Patient population

The study included 150 consecutive patients with histo-
logically proven MPM who were seen between July 1993
and October 2014 at Okayama Rosai Hospital, Japan.
Baseline demographic and clinicopathological variables
were collected retrospectively from patients’ medical
records. These included age at initial diagnosis, gender,
histological subtype, clinical stage, and baseline Eastern
Cooperative Oncology Group (ECOG) performance status
(PS).Clinical staging was determined according to the
International Mesothelioma Interest Group (IMIG) stag-
ing system [7]. The European Organization for Research
and Treatment of Cancer Prognostic Score (EPS) was
used to subcategorize patients into low- or high-risk
groups based on age, gender, histology, probability of
diagnosis, and leukocyte count [8]. We also used the
Cancer and Leukemia Group B (CALGB) score, which
incorporates the presence of nonepithelial histology,
weight loss, chest pain, high platelets and WBC, low
hemoglobin, high serum lactate dehydrogenase, advanced
age, and PS [9]. The patients were divided based on their
CALGB score into three groups (i.e., groups 1/2, 3/4, or
5/6), because of the small numbers in the even-numbered
groups [10].

Diagnosis of BM in MPM was based on magnetic res-
onance imaging (MRI) or contrast-enhanced computed
tomography (CT) scans. Routine brain imaging was per-
formed at the diagnosis but not during the follow-up per-
iod, unless BM was suspected. Leptomeningeal metastases
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were not included in the actuarial incidence of BM in this
study.

This study was approved by the Japan Labour, Health
and Welfare Organization and the institutional review
board of Okayama Rosai Hospital. Patient confidentiality
was strictly maintained.

Statistical analysis

A comparison of patient characteristics at diagnosis was
performed by Fisher’s exact test or Student’s ¢ test, as
appropriate. Overall survival (OS) was calculated from
the date of initial diagnosis to the date of last follow-up
or death from any cause. OS was obtained by using
Kaplan—-Meier methods, and between-group differences
were compared with the log-rank test. To determine risk
factors associated with the development of BM, univariate
and multivariate logistic regression models with a step-
wise selection procedure were generated. A two-tailed
p value of <0.05 was considered statistically significant.
All statistical analysis was performed with STATA soft-
ware (version 12.1; StataCorp, College Station, TX,
USA).

Results
Patient characteristics

The median follow-up time for the 150 study participants
was 11.0 months (range 0-154.0 months). Eight of the
patients developed BM: three at diagnosis of MPM and five
during the clinical course of MPM. Thus, the crude inci-
dence rate of BM was 2.0 % (95 % confidence interval
[CI] 0.4-5.7 %) at diagnosis and 5.3 % (95 % CI
2.3-10.2 %) overall. The median time from initial diag-
nosis to development of BM was 4.5 months (range
0-24.0 months); the 1-and 2-year cumulative rates for BM
were 4.0 % (95 % CI 1.4-8.5 %) and 5.3 % (95 % CI
2.3-10.2 %), respectively.

In the cohort of patients with BM (n = 8), the median
(£SD) age was 61.3 (£6.3) years and all patients were
men. The majority of the histological types were epithe-
lioid (62.5 %) followed by sarcomatous (37.5 %). Three
patients (37.5 %) had stage III disease, and five patients
(62.5 %) had stage IV disease. Four patients (50 %) had
symptoms of BM, such as ataxia (n = 2), headache
(n =1), and sensitivity disorders (n = 1). BM were in
various locations including 5 in parietal lobe (62.5 %), 3 in
frontal lobe (37.5 %), and each 2 in temporal lobe (25.0 %)
and the cerebellum (25.0 %). The size of BM was 2 cm or
less in all cases. At the time of detection of BM, four
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=z patients (50 %) had developed other distant metastases,
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Table 2 Patient characteristics

Characteristic Brain metastases (n = 8)  No brain metastases (n = 142)  p value
Median age, years (range) 61.3 £ 6.7 689 £9.9 0.034
Men 8 (100 %) 132 (93 %) 0.568
ECOG PS > 2 2 (25 %) 19 (13 %) 0.311
Pleural effusion at diagnosis 0.044
Yes 3 (38 %) 104 (73 %)
No 5 (62 %) 38 (27 %)
Histological subtype 0.584
Epithelioid subtype 5 (63 %) 92 (65 %)
Nonepithelioid subtype 3 (37 %) 50 (35 %)
Calretinin 0.07
Positive 5 (63 %) 121 (85 %)
Negative 2 (25 %) 9 (6 %)
Missing 1 (12 %) 12 (8 %)
IMIG stage 0.051
I-1I 0 (0 %) 54 (38 %)
1I-1v 8 (100 %) 88 (62 %)
EORTC prognostic score 0.712
High risk 4 (50 %) 87 (61 %)
Low risk 4 (50 %) 55 (39 %)
CALGB score 0.076
1-2 0 (0 %) 49 (35 %)
34 5 (63 %) 63 (44 %)
5-6 3 (37 %) 30 (21 %)
Treatment modality 0.630
Surgery 1 (12 %) 43 (30 %)
Systemic chemotherapy alone 6 (75 %) 80 (56 %)
Radiotherapy 0 (0 %) 32 %)
Best supportive care 1 (13 %) 16 (11 %)

ECOG Eastern Cooperative Oncology Group, PS performance status, /IMIG International Mesothelioma
Interest Group, CALGB Cancer and Leukemia Group B, EORTC European Organisation for Research and

Treatment of Cancer

o
S+
1 —— Without brain metastases (n = 142), 11.0 mo
A With brain metastases (n = 8), 6.5 mo
1 p=0.037
_ © :
© :
2 Y
g i
» 3] i
@ o
9]
>
O
[Te]
N
o
o
S
o T T T T T

T T
0 24 48 72 96 120 144
Months after diagnosis

Fig. 1 Overall survival in malignant pleural mesothelioma patients
with and without brain metastases
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Discussion

MPM is an uncommon tumor of the thorax; typically, there
is pernicious local invasion and extension into the pleural
space and surrounding organs. The brain is a rare site for
metastasis from MPM, and the majority of reported cases
were identified in postmortem studies. To the best of our
knowledge, this is the first report to have focused on the
incidence, risk factors, and survival outcome associated
with BM in patients with MPM.

In our patient cohort, eight out of 150 patients (5.3 %)
developed BM. Falconieri et al. reviewed 171 cases of
MPM at postmortem examination and discovered that
54 % of patients had distant metastases. The most fre-
quently involved organs were the liver (55.9 %), adrenal
glands (31.1 %), kidney (30.1 %), and contralateral lung
(26.8 %). Intracranial (brain and meningeal) metastases
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Table 3 Cox regression model

for factors associated with Variable Univariate Multivariate
incidence of brain metastases Odds ratio (95 % Cl) p value Odds ratio (95 % CI) p value
Age at initial diagnosis
>65 years 1 1
<65 years 6.06 (1.17-31.19) 0.031 5.83 (1.10-30.73) 0.038
ECOG PS
<1 1 NI
>1 2.15 (0.40-11.48) 0.367
Pleural effusion at diagnosis
Yes 1 NI
No 4.56 (1.03-20.01) 0.044
Histological subtype
Epithelioid 1 NI
Nonepithelioid 1.10 (0.25-4.81) 0.895
Calretinin
Positive 1 NI
Negative 5.02 (0.85-29.62) 0.075
IMIG stage
I-1II 1 1
v 1.72 (1.05-2.81) 0.031 1.69 (1.02-2.80) 0.040
Surgery
Yes 1 NI
No 0.32 (0.03-2.75) 0.305
CALGB score
1-3 1 NI
4-6 2.22 (0.53-9.31) 0.273
EORTC prognostic score
Low risk 1 NI
High risk 1.58 (0.37-6.58) 0.529

ECOG Eastern Cooperative Oncology Group, PS performance status, /IMIG International Mesothelioma
Interest Group; CALGB Cancer and Leukemia Group B, EORTC European Organisation for Research and
Treatment of Cancer; NI not included

30 ~
X
=
o0
G
o 204 18.75
(8]
C
[}
T
[}
£
2 101 8.11 8.33
-
)
>
1S
=
© 0
0 T T
Age 2 65 Age < 65 Age 265 Age < 65
Stage I-lI Stage I-lI Stage IV Stage IV
No. of BM 0 3 2 3
N 73 37 24 16

Fig. 2 Cumulative incidence of brain metastases in malignant pleural
mesothelioma patients characterized by identified risk factors. BM
brain metastases

were found in only 3 % of cases [5]. Furthermore,
pooling analysis of seven postmortem studies consisting
of 655 patients revealed that the rate of intracranial
metastases from malignant mesothelioma (including those
of pleural, pericardial, and tunica vaginalis testis origin)
was 2.7 % [11]. Our study demonstrated that the inci-
dence of BM was approximately 5 %, which is higher
than that in previous studies. The previous studies were
limited to autopsy cases, and not all MPM patients were
included. We believe that the true incidence of BM may
be higher.

In our study, multivariate analysis showed that age
<65 years and IMIG stage IV were independently asso-
ciated with BM. An increased risk for BM in younger
patients was reported in several studies on other malig-
nancies [12-15]; however, the reason why younger patients
are at a higher risk of BM is not well understood. Further
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investigations are needed to determine the biological fac-
tors associated with BM in younger patients.

Among the clinicopathological features of MPM, his-
tological subtype is one of the most important factors
influencing survival and sarcomatous histology has the
worst prognosis [16]. Miller et al. showed that the sarco-
matous subtype predominates in patients with BM [11];
however, another study observed that the rate of extra
thoracic dissemination does not differ among histology
subtypes [17]. Our findings also demonstrated that histol-
ogy was not a risk factor for BM.

The current study showed that outcomes for BM were
equally poor regardless of treatment modalities. Surgery,
stereotactic therapies, and systemic chemotherapy may
play a role in selected situations; however, rapid recur-
rence after surgical excision [18] or after regression in
response to systemic chemotherapy [19] has been repor-
ted. Clarification regarding the most appropriate treatment
strategy for BM is urgently needed. The next best policy
would be to identify patients with MPM who are at
greater risk of developing BM. Based on our results, it
may be reasonable to perform brain imaging on MPM
patients with risk factors such as age <65 years and IMIG
stage IV, even in the absence of neurological signs and
symptoms.

There are a few limitations to the current study. First,
this was a retrospective single-institution study. Second,
due to the relatively small number of patients and events,
statistical analysis was limited. Another limitation is that
most BM were detected based on patients’ symptoms.
Therefore, asymptomatic BM may have been missed.

In conclusion, the prognosis for MPM patients with BM
is poor. The incidence of MPM is predicted to reach a peak
between 2015 and 2025 [20], and the development of BM
has a severe effect on patients’ quality of life and survival.
Clinicians should perform careful screening for BM,
especially in patients with risk factors.
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Summary

An 81-year-old woman visited a local clinic due to chest pain and a skin induration on
the right precordia. She had a history of right breast cancer, and she had undergone a
mastectomy and radiation therapy 10 years prior. Computed tomography (CT) imaging
of the chest demonstrated a lobular mass that involved the right anterior thoracic wall
and partially extruded from the thoracic cavity into the subcutaneous tissue. The tumor
was surgically excised, and pathological analyses yielded a diagnosis of angiosarcoma.
Five months after the operation, CT imaging showed multiple masses on the right pleura,
indicating a local relapse and pleural dissemination of the angiosarcoma. Systemic
chemotherapy composed of nanoparticle albumin-bound paclitaxel (nab-PTX) (80 mg/m’)
was delivered weekly. After 4 courses of chemotherapy, the tumors regressed remarkably.

Nab-PTX may be an effective treatment option for recurrent or metastatic angiosarcoma.

Keywords: Angiosarcoma, paclitaxel, chemotherapy

1. Introduction

Angiosarcoma is an extremely rare malignant vessel
tumor that comprises 1% of all soft tissue sarcomas
(7). It develops in subcutaneous tissue at many sites
in the body, and a previous medical history of trauma,
breast cancer, and/or radiotherapy are considered risk
factors for the disease. Localized tumors are treated
with surgical removal. However, for recurrent and
unresectable conditions, there is limited evidence to
support chemotherapy regimens. Here, we describe a
patient with angiosarcoma that developed in the thoracic
wall, which responded well to systemic chemotherapy
composed of nanoparticle albumin-bound paclitaxel
(nab-PTX).
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2. Case report

An 81-year-old woman was referred to our hospital
for an examination due to right chest pain. She had
a history of right breast cancer and had undergone
a mastectomy and adjuvant radiotherapy 10 years
prior. Upon examination, a skin induration with
tenderness was found on the right precordia. Computed
tomography (CT) imaging of the chest demonstrated
right pleural effusion and a lobular mass that involved
the right anterior thoracic wall; this mass had partially
extruded from the thoracic cavity into the subcutaneous
tissue (Figure 1A). On enhanced CT images, the
mass showed a contrast effect in the early stages of
the arterial phase. The tumor was surgically excised.
Pathological analyses of the tumor showed disarrayed
growth of hyperchromatic and vasoformative
mesenchymal tumor cells with abnormal mitosis (Figure
2A). Immunohistochemical analyses revealed that the
cells were positive for CD31 (Figure 2B) and CD34
(Figure 2C), but negative for epithelial markers, S-100
(Figure 2D) and D2-40 (Figure 2E). Based on these
findings, the diagnosis was confirmed as angiosarcoma.
Five months after the operation, CT images showed

www.ddtjournal.com
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multiple masses on the right pleura, indicating a local
relapse and pleural dissemination of the angiosarcoma
(Figure 1B). Systemic chemotherapy composed of nab-
PTX (80 mg/m®) was delivered weekly. After 4 courses
of chemotherapy, the masses in the pleura regressed
remarkably (Figure 1C). The only adverse event was
alopecia, no myelosuppression or neurotoxicity was
observed. After a total of 14 courses of chemotherapy,
multiple tumors reappeared, and the patient died at

(A) (B)

Figure 1. Computed tomography images of the chest. (A)
Right pleural effusion and a lobular mass (white arrowhead)
were observed at the initial examination. (B) Multiple masses
on the right pleura (red arrowheads) appeared 5 months after
the operation. (C) Regressed masses on the pleura after 4
courses of chemotherapy.
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18 months after the initial diagnosis. Autopsy was not
allowed.

3. Discussion

Angiosarcoma is an uncommon malignant vessel tumor.
Angiosarcoma can develop in the subcutaneous tissue
in almost all parts of the body, but the most common
sites are the head and neck, followed by the breast and
liver (2). Angiosarcoma of the pleura is extremely rare
(3). A history of breast cancer and radiation therapy are
known risk factors for this disease (4,5), and both these
factors were present in the current case study. There is
limited evidence to support chemotherapy regimens for
unresectable and recurrent angiosarcomas; however,
a few reports have suggested that anthracyclines,
ifosfamide, and taxanes are potential treatment options.
A retrospective study showed that, when paclitaxel was
used to treat unresectable angiosarcomas, progression-
free survival was achieved for 6.8 months for scalp
angiosarcoma and 2.8 months for sites below the clavicle
(6). Nab-PTX is a novel, soluble, polyoxyethylated,
castor oil-free, biologically interactive form of paclitaxel,
which allows shorter infusion times and requires no
premedication for hypersensitive reactions. Nab-PTX
has been approved for breast cancer (7), non-small
cell lung cancer (8), and gastric cancer (9) in Japan.
Moreover, in the future, it will be used in more patients
as an alternative to PTX. In the current case, nab-
PTX was delivered to an aged patient with recurrent
angiosarcoma that had disseminated in the pleura. This

T
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Figure 2. Pathological analyses. (A) Resected tumor specimen showed disarrayed growth of hyperchromatic and vasoformative
mesenchymal tumor cells with abnormal mitosis (x40). Immunohistochemical analyses revealed that the cells were positive for
CD31 (B) and CD34 (C), but negative for epithelial markers, S-100 (D) and D2-40 (E) (x40).
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treatment elicited a favorable response and few adverse
events, though the tumor acquired resistance eventually.
To our knowledge, the current case was the first to show
that angiosarcoma significantly responded to nab-PTX.
Our results suggested that weekly administration of nab-
PTX may be an effective treatment option for recurrent
angiosarcoma.

In conclusion, we described a case of angiosarcoma
in the pleura, which showed a significant response to
nab-PTX.
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Objectives: Chronic inflammation plays a key role in the pathogenesis of malignant pleural mesothelioma
(MPM) as a result of asbestos exposure. Several inflammation-based prognostic scores including the
lymphocyte-to-monocyte ratio (LMR), Glasgow Prognostic Score (GPS), neutrophil-to-lymphocyte ratio
(NLR), and platelet-to-lymphocyte ratio (PLR) reportedly predict survival in many malignancies, while
the role of LMR in MPM remains unclear. The aim of this study was to evaluate the clinical value of LMR
and to compare the prognostic value of these inflammation-based scores in predicting overall survival
(0S) in MPM.
Materials and methods: One hundred and fifty patients with histologically proven MPM were included in
this retrospective study. Kaplan-Meier curves and multivariate Cox-regression analyses were calculated
for OS. The area under the receiver operating characteristics curve (AUC) was calculated to compare the
discriminatory ability of each scoring system.
Results: An elevated LMR was significantly associated with prolonged 0S. Patients with LMR <2.74 had
significantly poor survival compared with LMR >2.74 (median, 5.0 versus 14.0 months; p=0.000). The
LMR consistently had a higher AUC value at 6 months (0.722), 12 months (0.712), and 24 months (0.670),
compared with other scores. Multivariate analysis showed that the LMR was independently associated
with OS.
Conclusions: The LMR is an independent prognostic marker for OS in patients with MPM and is superior
to other inflammation-based prognostic scores with respect to prognostic ability.

© 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Malignant pleural mesothelioma (MPM) is a rare but aggres-
sive primary pleural malignancy that is associated with asbestos
exposure [1]. Its prognosis remains poor, as most patients present
with unresectable disease at diagnosis or are deemed inoperable
owing to age or medical comorbidities. Although several treatment
options have been delivered to patients with MPM, the median
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survival time is approximately 12 months [2]. Despite a very poor
prognosis, some selected patients live with the disease for a con-
siderable period of time; median survival is 12.8-46.9 months
when treated using a multimodality therapy that contains either (1)
neoadjuvant chemotherapy and surgery with or without radiation
therapy, or (2) adjuvant chemotherapy [3].

The best-known clinical prognostic scoring systems for MPM
have originated from the European Organization for Research and
Treatment of Cancer (EORTC) [4] and the Cancer and Leukemia
Group B (CALGB) [5], and take into account a combination of bio-
logical and clinical factors. However, these scoring systems are not
routinely used in MPM prognosis because they are time-consuming
to perform.

It is well known that systemic inflammatory response plays an
important role in cancer progression [6]. Although the mechanisms
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of carcinogenesis in MPM are incompletely understood, chronic
inflammation is critically involved in the pathogenesis of MPM
as a result of asbestos exposure. In addition to its involvement
in the pathogenesis of cancer-related cachexia, systemic inflam-
mation can predict clinically meaningful outcomes, such as overall
survival (OS) and response to systemic treatment [7]. Several stud-
ies have shown that inflammation-based prognostic scores that
include a combination of serum C-reactive protein (CRP) and albu-
min (ALB) (e.g., the Glasgow Prognostic Score [GPS] and modified
GPS [mGPS]), a combination of neutrophil and lymphocyte counts
(e.g., the neutrophil-to-lymphocyte ratio, NLR), and a combination
of platelet (PLT) and lymphocyte counts (e.g., the platelet-to-
lymphocyte ratio, PLR) are associated with survival in patients with
various cancers, including MPM [8,9]. Lymphocytes act as tumor
suppressors by inducing cytotoxic cell death and inhibiting tumor
cell proliferation and migration [10]. The important role of mono-
cytes and macrophages in cancer, including thoracic malignancies,
has recently been uncovered [11]. More recently, some studies
demonstrated that lymphocyte-to-monocyte ratio (LMR) is asso-
ciated with prognosis in several cancers, including hematological
malignancy [12] and some solid tumors. However, to the best of
our knowledge, there is no evidence determining the association
between LMR and the survival of MPM patients.

The aim of this study was to assess the prognostic role of
inflammation-based prognostic scores such as the GPS, mGPS, NLR,
PLR, and LMR in patients with MPM.

2. Materials and methods
2.1. Patient population

The study included 150 consecutive patients with histologically
proven MPM between July 1993 and October 2014, at Okayama
Rosai Hospital. No patients showed obvious clinical evidence of
infection or other inflammatory conditions such as rheumatoid
arthritis at the diagnosis of MPM. Baseline prognostic clinical and
laboratory variables were collected retrospectively from patients’
medical records. These included age, gender, histological subtype,
stage, and Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS). Staging was determined according to the
International Mesothelioma Interest Group (IMIG) staging system
[13], based on enhanced CT of whole body, magnetic resonance
imaging of the brain, and bone scintigraphy. Positron-emission
tomography was available since 2012 and substituted to bone
scintigraphy in 20 cases.

This study followed REMARK guidelines [14] and was conducted
according to The Ethical Guidelines for Epidemiological Research by
Japanese Ministry of Education, Culture, Sports, Science and Tech-
nology, and the Ministry of Health, Labour and Welfare, This study
was approved by the Japan Labour, Health and Welfare Organiza-
tionand the institutional review boards of Okayama Rosai Hospital.
Patient confidentiality was strictly maintained.

2.2. Inflammation-based prognostic scores and other variables

Blood samples were obtained at the time of diagnosis of MPM for
measurement of white blood cell count (WBC), absolute neutrophil
count (ANC), absolute lymphocyte count (ALC), absolute monocyte
count (AMC), PLT, CRP, and ALB. The LMR was defined as the ALC
divided by the AMC. The NLR was calculated by dividing the ANC
by the ALC; we applied a cutoff value of <5 versus >5 in accordance
with the first report of NLR in MPM [15]. The same calculation was
applied to derive the PLR; the cutoff for positivity was 150 [16].

The GPS was calculated as described in previous studies [17].
Briefly, patients with both elevated CRP (>1.0 mg/dL) and low ALB

(<3.5g/dL) were allocated a score of 2. Patients in whom only one
of these biochemical abnormalities was present were allocated a
score of 1. Patients in whom neither abnormality was present were
allocated a score of 0. Regarding mGPS, patients with both elevated
CRP (>1.0mg/dL) and low ALB (<3.5g/dL) were allocated a score
of 2, patients in whom only CRP was elevated (>1.0 mg/dL) were
allocated a score of 1, and those with normal CRP were allocated a
score of 0 [18]. The EORTC Prognostic Score (EPS) was devised to
subcategorize patients into low-risk or high-risk groups based on
age, gender, histology, probability of diagnosis, and leukocyte count
[4]. The CALGB score incorporates the presence of non-epithelial
histology, weight loss, or chest pain; high platelet (PLT) and WBC;
low hemoglobin; high serum lactate dehydrogenase; advanced age;
and PS {5]. The CALGB groups were combined into three prognostic
groups (e.g., groups 1/2, 3/4, or 5(6), because of the small numbers
in the even numbered groups [19].

2.3. Statistical analysis

Receiver operating characteristic (ROC) curve analysis was per-
formed to select the most appropriate cut-off point for LMR, AMC,
and ALC to predict poor prognosis in patients with MPM. The score
with the maximum sensitivity and specificity was selected as the
best cut-off value. Survival outcomes were dichotomized by sur-
vival (alive versus death) in the ROC analysis. The relationships
between the LMR and clinico-pathological features were evalu-
ated using the chi-squared test. The primary objective of this study
was to assess the association of inflammation-based scores and
0S, which was defined as the time from diagnosis until death
from any cause. OS was obtained by using Kaplan-Meier meth-
ods, and between-group differences were compared using the
log-rank test. Univariate and multivariate analyses were performed
regarding the potential prognostic factors using the Cox propor-
tional hazard model. A stepwise backward procedure was used to
derive a final model of the variables. Age (<70 versus >70 years),
gender (male versus female), ECOG PS (<1 versus >1), histologi-
cal subtype (epithelioid versus non-epithelioid), IMIG stage (I/II
versus [II/IV), EPS (high-risk versus low-risk), CALGB scoring system
(group 1/2 versus group 3/4 versus group 5/6), surgical intervention
(ves versus no), baseline WBC (<8.3 x 10%/L versus >8.3 x 10%/L)
and PLT (<400 x 10%/L versus >400 x 10°/L), ALB (>3.5 g/dL versus
<3.5g/dL), and difference in hemoglobin (<10g/L versus >10g/L)
entered the calculations. An ROC curve was also generated and the
area under the curve (AUC) was calculated to evaluate the discrim-
inatory ability of each scoring system. A two-tailed p-value <0.05
was considered statistically significant. All statistical analysis was
performed using STATA software (version 12.1; StataCorp, College
Station, Texas).

3. Results
3.1. Patient characteristics

The patient and tumor characteristics at baseline are shown in
Table 1. Median age at the time of diagnosis was 70 (range: 38-92)
years. The majority of study participants were male (93.3%) and
had a diagnosis of stage III/IV (64.0%). Surgery was performed in 44
(29.3%) patients including 38 extrapleural pneumonectomy, 3 pleu-
ral decortication, and 3 tumor excision. Systemic chemotherapy
and radiotherapy were delivered as initial treatment to 86 (57.3%)
and 3 (2.0%) patients, respectively. The remaining 17 (11.3%)
patients received best supportive care. The median follow-up dura-
tion was 11 (range: 1.0-150.0) months. At the time of analysis,
116 (77.3%) patients had died, and the median OS was 13.0 [95%
confidence interval (CI), 10.0-16.0] months.
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Table1
Patient characteristics (n=150).
No. of patients %
Median age at diagnosis (range) 70(38-92)
Gender
Male 140 933
Female 10 6.7
ECOG PS
<1 129 86.0
>1 21 140
Histological subtype
Epithelioid 97 64.7
Non-epithelioid 53 363
IMIG stage at diagnosis
I/ 54 36.0
mav 36 64.0
Treatment modalities
Surgery (including multimodal treatment) 44 29.3
Systemic chemotherapy only 86 573
Radiotherapy only 3 2.0
Best supportive care only 17 113
CALGB group
1-2 49 327
3-4 68 453
5-6 33 220
EORTC progneostic score
Low risk 9 60.7
High risk 59 39.3
Platelet counts, mean = SD (x10%/L) 2995+ 102.1
=400 130 86.7
>400 20 133
Hemoglobin difference (g/L)
<10 18 120
>10 132 88.0
Albumin (g/dL)
=35 76 50.7
<35 74 49.3
White cell count, mean +SD (x10%/L) 8.32+5.25
<83 102 68.0
>8.3 48 320
Neutrophil count, mean +SD (x10°/L) 6.015.00
Lymphocyte count, mean £ SD (x10°/L) 1.50:+0.57
Monocyte count, mean = SD (x10%/L) 0.57 £0.42
Neutrophil-to-lymphocyte ratio, mean SD 5.63+£10.99
=<5 112 74.7
>5 38 25.3
Platelet-to-lymphocyte ratio, mean+SD 228.40+114.18
<150 4 29.3
>150 106 70.7
Lymphocyte-to-monocyte ratio, mean +SD 3.36+2.26
>2.74 109 727
<2.74 41 273
The Glasgow Prognostic Score
0 45 300
1 37 247
2 68 453
The modified Glasgow Prognostic Score
0 51 340
1 31 20.7
2 68 453

ECOG: Eastern Cooperative Oncology Group; PS: performance status; IMIG: Interna-
tional Mesothelioma Interest Group; CALGB: Cancer and Leukemia Group B; EORTC,
EORTC: European Organisation for Research and Treatment of Cancer.

3.2. The cutoff value for ALC, AMC, and LMR at diagnosis for
survival analysis

The mean (+SD) lymphocyte count was 1.50 (£0.57) x 10°/L,
and the mean monocyte count was 0.57(+0.42) x 10%/L. The mean
(£SD) LMR level was 3.36 (+2.26). Applying ROC analysis, the
optimal LMR cut-off was 2.74 (AUC, 0.736; 95% CI, 0.647-0.824)

for OS. All patients were categorized as either high-LMR (>2.74)
or low-LMR (<2.74). Overall, there were 41 (27.3%) patients with
LMR <2.74 and 109 (72.7%) patients with LMR >2.74. Similarly,
AMC of 0.28 x 109/L (AUC, 0.741; 95% CI, 0.648-0.834) and ALC of
1.73 x 10%/L(AUC, 0.532; 95% Cl, 0.408-0.656) were selected as the
optimal cut-off values.

3.3. Prognostic factor analysis for OS

Univariate analysis variables that predicted poor OS included
male gender (p=0.022), PS>1 (p=0.001), non-epithelioid his-
tologic subtype (p=0.000), stages llI-IV (p=0.000), no surgical
intervention (p=0.000), baseline WBC >8.30 x 10°/L (p=0.038),
baseline ALB <3.5g/L (p=0.031), high CALGB (p=0.010), high-
risk EPS (p=0.014, Fig. 1A), NLR >5 (p=0.002, Fig. 1B), PLR
>150 (p=0.014, Fig. 1C), LMR <2.74 (p=0.000, Fig. 1D), high GPS
(p=0.006), high mGPS (p=0.014), AMC >0.28 x 10°/L (p=0.011,
Fig. 1E), and ALC <1.73 x 109/L(p=0.009, Fig. 1F). Multivariate anal-
ysis revealed PS>1 (hazard ratio [HR], 1.84; 95% CI, 1.07-3.16;
p=0.027), non-epithelioid histologic subtype (HR, 2.24; 95% (I,
1.51-3.33; p=0.000), stage II[/IV (HR, 1.70; 95% CI, 1.08-2.69;
p=0.022), no surgical intervention (HR, 2.41; 95% Cl, 1.43-4.04;
p=0.001), LMR <2.74 (HR, 2.34; 95% ClI, 1.58-3.47; p=0.000) as
independent prognostic factors of OS (Table 3).

ROC curves were constructed for survival status at 6, 12, and
24 months of follow-up, and the areas under the ROC curves were
compared to assess the discrimination ability of each inflamma-
tion scoring system. The LMR consistently had higher AUC value
at 6 months (0.772), 12 months (0.712), and 24 months (0.670)
in comparison with other inflammation-based prognostic scores
(Fig. 2).

An elevated LMR was significantly associated with prolonged
0S. Patients with an LMR of <2.74 exhibited a median OS of 5.0
(95% (I, 4.0-10.0) months, while patients with an LMR >2.74 had
a median OS of 14.0 (95% CI, 13.0-23.0) months (p=0.000). Sub-
group analyses were performed regarding histological subtype
(epithelioid versus non-epithelioid), stage (I/Il versus III{/IV), and
surgical intervention (yes versus no). In univariate analysis, the
prognostic value of LMR was significant in patients with epithe-
lioid subtype (HR, 2.76; 95% Cl, 1.61-4.71; p=0.000), patients with
non-epithelioid subtype (HR, 3.38; 95% Cl, 1.67-6.87; p=0.001),
and patients designated stage I/Il (HR, 2.85; 95% CI, 1.21-6.71;
p=0.016) or stage III/IV (HR, 2.71; 95% CI, 1.69-4.35; p=0.000). In
addition, the predictive value of LMR was significantly stratified by
surgical intervention (HR, 2.90; 95% Cl, 1.20-6.98; p=0.017) and
by no surgical intervention (HR, 3.15; 95% Cl, 1.98-5.05; p=0.000).
Kaplan-Meier curves revealed that decreased LMR (<2.74) about
these factors was significantly associated with decreased OS (Fig. 3).

This study demonstrated that the LMR was associated
with ECOG PS (p=0.001), histological subtype (p=0.035), stage
(p=0.010), surgical intervention (p=0.043), CALGB (p=0.022),
EPS (p=0.001), and baseline ALC (p=0.000) and AMC (p=0.000)
(Table 2).

4. Discussion

In the present study, we demonstrated that elevated LMR, an
inflammation-based prognostic score, was a favorable prognosis
factor for OS in MPM. To the best of our knowledge, this study is
the first to demonstrate that the LMR is an independent marker
of prognosis in patients with MPM and features prognostic ability
superior to that of the NLR, PLR, GPS, and mGPS.

Accumulating studies have demonstrated a strong link between
systemic inflammatory responses (including neutrophils, lympho-
cytes, and monocytes) and cancer, and those responses have been
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months, (B) 12 months, and (C) 24 months in patients with malignant pleural mesothelioma. LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; GPS, Glasgow Prognostic Score; mGPS, modified Glasgow Prognostic Score.

significantly associated with clinical outcomes in cancer patients

[20,21]. Among some inflammation-based scores, GPS is the most
extensively validated [22]. However, recent years have seen a
wealth of information about the prognostic value of ALC and AMC,
together with their ratio, LMR.

Lymphocytes are components of the host immunity; they are
important in the destruction of residual tumor cells and related
micrometastases [23], and infiltrating lymphocytes can activate an
effective antitumor cellular immune response [24]. Over the last
few decades, a vast amount of evidence has highlighted the impor-
tance of monocytes and macrophages in cancer. Macrophages are
derived from circulating monccytes and myeloid progenitor cells

when entering tissues. Macrophages in tumors, which are usu-
ally referred to as tumor-associated macrophages (TAM), promote
tumor cell invasion, migration, tumor-asseciated angiogenesis [25],
and the suppression of antitumor immune reactions [26]. The role
of TAMs in tumor biology and their prognostic value in various can-
cers, including thoracic malignancies, has become a major topic of
interest [11]. The peripheral monocytes may reflect an increased
production of tissue macrophage as a surrogate marker of high
tumor burden. Burt et al. reported that higher numbers of circulat-

ing monocytes are associated with poor survival in all patients with

MPM and higher densities of tumor-infiltrating macrophages are
associated with poor survival in patients with the non-epithelioid
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Table2
Association of LMR with baseline clinical characteristics.
Variable LMR>274 LMR<274 p
N=109(%) N=41(%)

Age, years 0.828
<70 51(47) 20(49)
=70 58(53) 21(51)

Gender 0.352
Male 103 (95) 37(90)

Female 6(5) 4(10)

ECOG PS 0.001
<1 100(92) 29(70)
>1 9(8) 12(30)

Histological subtype 0.035
Epithelioid 76 (70) 21(51)
Non-epithelioid 33(30) 20(49)

IMIG stage 0.010
il 46 (42) 8(20)
mav 63(58) 33(80)

Surgery 0.043
Yes 72(66) 34(83)

No 37(34) 7(17)

CALGB group 0.022
1-2 40(37) 9(22)

3-4 51(47) 17 (41)
5-6 18(16) 15(37)

EORTC prognostic score 0.001
Low risk 75(69) 16(39)

High risk 34(31) 25(61)
Lymphocyte count, mean+SD (x10°/L)  1.63+£0.54 1.13:x048 0.000
Monocyte count, mean +SD (x10°/L) 044+0.17 093+0.62 0.000

LMR: lymphocyte-to-monocyte ratio; ECOG: Eastern Cooperative Oncology Group;
PS: performance status; IMIG: International Mesothelioma Interest Group; CALGB:
Cancer and Leukemia Group B; EORTC: European Organisation for Research and
Treatment of Cancer.

subtype [27]. These findings might explain how decreasing LMR
confers a negative prognosis in cancer patients.

Historically, the prognostic value of LMR was investigated
mainly in hematological malignancies{12,28], and data were sparse
in the context of solid tumors. In recent years, LMR has also been
documented as an independent predictor of survival in a variety of
patients with solid tumors, including colorectal tumor [29], breast
cancer [30], lung cancer [31,32], pancreatic cancer [33], bladder
cancer [34], and nasopharyngeal carcinoma [35]. However, until
now, LMR data has not been reported in patients with MPM.

MPM is strongly associated with exposure to airborne asbestos
fibers. Inhaled asbestos fibers present in the lung cause circulating
macrophages to infiltrate the pleural space, where they attempt to
phagocytose the inhaled foreign bodies [36]. As the macrophages
are unable to eliminate the asbestos fibers, a state of chronic inflam-
mation occurs, during which the secretion of free radicals causes
genotoxic damage, which in turn facilitates the transformation of
normal mesothelial cells to malignant mesothelioma [37].

In the present study, we initially evaluated the usefulness of
LMR for predicting OS in patients with MPM. This study demon-
strated that the ALC (=1.73 x 109/L) was a favorable prognosis
factor and the AMC (=0.28 x 109/L) was an inferior prognostic fac-
tor for MPM patients. Multivariate analysis showed that LMR, ECOG
PS, histological subtype, stage, and surgical intervention were sig-
nificantly associated with OS. Moreover, AUC analysis has shown
that the LMR was superior to other inflammation-based prognostic
scores regarding predictive accuracy. In our study cohort, an ele-
vated LMR (>2.74) was significantly associated with increased OS.
Similar results were observed in Hodgkin's lymphoma [38]), dif-
fuse large B-cell lymphoma [28], and nasopharyngeal carcinoma
[35]. We also focused on the relationship between LMR and prog-
nosis according to subtype. Our results showed that decreased
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Table 3
Analysis of prognostic factors regarding overall survival.

Variable 0S (univariate analysis) 0S (multivariate analysis)
Hazard ratio p Hazard ratio p
(95% Cl) (95% Cl)
Age (<70/>70 years) 1.00(0.69-1.43) 0.993 NI
Gender (male/female) 2.36(1.13-4.93) 0.022 NI
ECOGPS(<1/>1) 239(1.44-3.98) 0.001 1.84(1.07-3.16) 0.027
Histological subtype (epitheliold/non-epithelioid) 1.95(1.34-2.84) 0 2.24(1.51-3.33) 0
IMIG stage (IfIl vs. 1II/1V) 2.73(1.81-4.12) ] 1.70(1.08-2.69) 0.022
Surgery (yes/no) 0.35(0.22-0.55) 0 2.41(1.43-4.04) 0.001
Hemoglobin difference (g/L) (<10/>10) 1.33(0.76-2.33) 0.31 NI
White cell count (x10%/L) (<8.30/>8.30) 1.49(1.02-2.17) 0.038 NI
Platelet count (x 10%/L) (<400{>400) 1.17 (0.72-1.90) 0517 NI
Albumin (g/dL) (>3.5/<3.5) 1.48(1.03-2.12) 0.031 NI
CALGB group (1-2/3-4/5-6) 1.43(1.09-1.89) 0.01 NI
EPS (low risk/high risk) 1.57(1.09-2.26) 0.014 NI
NLR (<5/>5) 1.93(1.28-2.92) 0.002 NI
PLR (<150/>150) 1.65(1.10-2.47) 0.014 NI
LMR (>2.74/<2.74) 3.10(2.07-4.66) 0 2.34(1.58-3.47) 0
GPS (0/1/2) 1.32(1.08-1.63) 0.006 NI
mGPS (0/1/2) 1.28(1.05-1.56) 0.014 NI
AMC (x109/L) (<0.28/>0.28) 2.16(1.19-3.93) 0.011 NI
ALC (x10%/L)(>1.73/<1.73) 1.66 (1.13-2.44) 0.009 NI

ECOCG: Eastern Cooperative Oncology Group; PS: performance status; IMIG: International Mesothelioma Interest Group; CALGB: Cancer and Leukemia Group B; EPS: European
Organisation for Research and Treatment of Cancer prognostic score; NLR: neutrophil-to-lymphocyteratio; PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte
ratio; GPS: Glasgow Prognostic Score; mGPS: modified Glasgow Prognostic Score; AMC: absolute monocyte count; ALC: absolute lymphocyte count; NI: Not included.

LMR was significantly associated with poor prognosis for patients
with the epithelioid subtype, as well as for those with the non-
epithelioid subtype. In addition, the predictive value of LMR was
also significant in patients with stage IfIl and stage II/IV dis-
ease, and in patients with or without surgical intervention. Some
studies reported that the inflammation-based prognostic scores
are associated with responses to treatment (e.g., chemotherapy
and radiotherapy) and perioperative outcomes (e.g., post-operative
mortality and complications) [17,21]. Additional work is required
todefine the clinical utility of LMR within the individual therapeutic
process.

Although the roles of monocytes and macrophage in tumor biol-
ogy and their prognostic value in cancer have become major topics
of interest, and much recent research has been dedicated to tar-
geting these cells, there is currently no available clinical therapy
to target these cells in patients with MPM. Conventional treatment
strategies have met with limited success for patients with MPM. The
combination strategy, which targets cancer cells directly, as well as
macrophages and monacytes, may present a potentially new ther-
apeutic approach [39]. Additional research is warranted regarding
the use of immune-modulatory therapies to treat this malignancy.

One potential limitation of this study is that this is a retrospec-
tive and single-centre study. In addition, the study did not assess
potential confounding factors (e.g., local or systemic infection,
ischemia, acute coronary syndrome, metabolic syndrome, diabetes
mellitus, and renal or hepatic dysfunction) that might affect the
lymphocyte and monocyte counts. A large-scale prospective vali-
dation study is needed to confirm the results.

5. Conclusion

Our study is the first to demonstrate that the LMR is an indepen-
dent marker of prognosis in patients with MPM and is superior to
the other inflammation-based scores regarding prognostic ability.
LMR s easily assessed using a simple complete blood count test, and
is both technically and financially feasible to predict patients’ clin-
ical outcomes in routine practice. The identification of simple and
valuable prognostic markers for MPM will enable clinicians to select
patients who are most likely to benefit from intensive therapy, and
avoid subjecting unsuitable candidates to futile treatment.
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There is no detailed information about benign asbestos pleural effusion (BAPE). The aim of the study was to clarify the clinical
features of BAPE. The criteria of enrolled patients were as follows: (1) history of asbestos exposure; (2) presence of pleural effusion
determined by chest X-ray, CT, and thoracentesis; and (3) the absence of other causes of effusion. Clinical information was
retrospectively analysed and the radiological images were reviewed. There were 110 BAPE patients between 1991 and 2012. All were
males and the median age at diagnosis was 74 years. The median duration of asbestos exposure and period of latency for disease
onset of BAPE were 31 and 48 years, respectively. Mean values of hyaluronic acid, adenosine deaminase, and carcinoembryonic
antigen in the pleural fluid were 39,840 ng/mL, 23.9 IU/L, and 1.8 ng/mL, respectively. Pleural plaques were detected in 98 cases
(89.1%). Asbestosis was present in 6 (5.5%) cases, rounded atelectasis was detected in 41 (37.3%) cases, and diffuse pleural thickening
(DPT) was detected in 30 (27.3%) cases. One case developed lung cancer (LC) before and after BAPE. None of the cases developed
malignant pleural mesothelioma (MPM) during the follow-up.

1. Introduction

Asbestos-related pathological changes of the pleura include
pleural plaques, malignant pleural mesothelioma (MPM),
diffuse pleural thickening (DPT), and benign asbestos pleural
effusion (BAPE). BAPE is a nonmalignant pleural disease
initially described in 1964 [1]. It is also termed asbestos
pleuritis. Once a patient is diagnosed with BAPE, he or she
is compensated by workers’ compensation in Japan. Epler
et al. [2] advocated diagnostic criteria for BAPE, which

include (1) previous asbestos exposure, (2) determination
of pleural effusion by chest X-ray or thoracentesis, and (3)
the absence of other causes of effusion. They also stated
that follow-up assessments for at least 3 years were essential
to confirm the diagnosis and to exclude the development
of malignant diseases such as MPM or lung carcinomatous
pleuritis. Later, Hillerdal and Ozesmi [3] described that a
l-year follow-up would be sufficient based on a detailed
exploration including computed tomographic (CT) scanning.
Most of the previous studies included small numbers of
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patients and were undertaken in the 1980s, so no detailed
information is available about the disease.

In the current study, we retrospectively analysed the
clinical features of BAPE in patients in Japan. The aim of
the study was to clarify the clinical features of BAPE and to
suggest more practical diagnostic standard for the disease.

2. Patients and Methods

2.1. Subjects. Enrolled patients were referred to Rosai Hos-
pital and affiliated hospitals in Japan for an examination
for pleural effusion and were finally diagnosed with BAPE.
The criteria of enrolled patients were as follows: (1) previ-
ous history of asbestos exposure obtained by an in-person
questionnaire or interview; (2) presence of pleural effusion
determined by chest X-ray, CT, and thoracentesis; and (3)
the absence of other causes of effusion. The pleural fluid was
collected by thoracentesis or thoracoscopy, and information
on cell classification, cytological analysis, and the biochem-
ical examination was extracted from the medical records.
Hyaluronic acid (HA), adenosine deaminase (ADA), and
carcinoembryonic antigen (CEA) were included among the
clinical laboratory tests. The HA concentration was deter-
mined using a latex agglutination turbidimetric immunoas-
say. ADA was measured using an enzymatic technique. CEA
was measured using a chemiluminescent immunoassay.

2.2. Data Collection and Analysis. Clinical and demographic
information was obtained from the medical records at each
facility. The information included age, gender, smoking sta-
tus, initial symptoms, and results of laboratory testing of
the pleural effusion. The work histories, those of the family
members, and residential histories were investigated to assess
the patient’s history of asbestos exposure.

The radiological images were sent to Okayama Rosai
Hospital for review. Characteristic radiological findings asso-
ciated with asbestos exposure were assessed as the presence
of pleural effusion, asbestosis, rounded atelectasis, pleural
plaques, and DPT. Asbestosis was classified on chest X-rays
according to perfusion rate (PR) based on the International
Labour Organization (ILO) criteria [4]. DPT was defined
as pleural thickening of more than 5mm on chest X-rays,
extending for more than half of the lateral thoracic wall
(LTW) in cases of unilateral DPT or more than quarter
of the LTW in cases of bilateral DPT [5]. The presence of
pleural effusion, rounded atelectasis, and pleural plaques was
assessed on chest CT.

Survival data were determined from the day pleural
effusion was detected to the day of death or last follow-up
and analysed using the Kaplan-Meier method with SPSS 11.0
software (SPSS, Inc., Chicago, IL, USA).

This study was done 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 Japan Labour Health and Welfare Organization
and the institutional review boards of each institution. Patient
confidentiality was strictly maintained. This study was carried
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TABLE 1: Patient characteristics.

Age (n=110)
Median (range)
Gender (n = 110)
Male/female
Smoking history (n = 63)

74 (36-90)
110/0

Ever/current 56
Never 7
Symptoms (n = 65, multiple answers)
Dyspnea 34
Cough 15
Chest pain 13
Fever 3
Palpitation 2
Sputum 1
Wheezing 1
Back pain 1
Weight loss 1
Fatigue 1

out according to the principles set out in the Declaration of
Helsinki.

3. Results

3.1. Patient Characteristics. One hundred ten patients from
9 institutions fulfilled the enrolled criteria based on the
descriptions in their medical records and review of the radio-
graphs between 1991 and 2012. Characteristics of the patients
are shown in Table 1. Smoking history was obtained in 63
cases including 56 ever/current smokers and 7 never smokers,
with the median (range) pack-years of 34.5 (0-112). Pleural
effusion was found in 56 cases in the right, 25 in the left, and
27 in both thoracis. Sixty-five patients visited the clinic for
subjective symptoms, and pleural effusion was detected at the
regular medical check-up in 35 cases without any symptoms.
Pleural effusion was detected during the treatment of other
diseases in another 15 cases. Thoracentesis was performed in
all patients to collect pleural fluid. Thoracoscopic exploration
was done in 78 patients to exclude carcinomatous pleuritis or
MPM and to confirm the diagnosis of BAPE.

3.2. Asbestos Exposure History. A history of asbestos expo-
sure was reported by 109 patients, with one patient whose
detailed information of asbestos exposure was not obtained.
Among the 109 patients, 108 patients had a history of
occupational asbestos exposure and one patient had a history
of environmental asbestos exposure. The occupational cate-
gories associated with asbestos exposure are shown in Table 2.
The median (range) age of the first exposure to asbestos was
21.5 (14-58) years. The median (range) duration of asbestos
exposure was 31 (0.75-50) years and the median (range)
period of latency for disease onset of BAPE was 48 (17-76)
years.
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TABLE 2: Occupational category related to asbestos exposure. TaBLE 3: Concomitant asbestos-related radiological findings.
Shipbuilding 25 Findings n %
Construction 20 Pleural plaques 98 89.1

Chemical facility 10 Calcified 76

Asbestos products manufacturing 8 Asbestosis 6 5.7
Electrical work 8 1 3

Plumbing 7 PR 2 2

Asbestos transportation 5 3

Moisturizing work 4 Rounded atelectasis 41 373
Asbestos spraying 3 DPT* 30 273
Steel production 3 Perfusion rate, *diffuse pleural thickening,

Demolition work 2

Automobile manufacturing 2 10

Heat insulation 2

Firebrick manufacturing 2 08 |

Glasswork 1 72

Metallic product manufacture 1 % 06

Furnace installation 1 s

Coating industry 1 z

Shipman 1 i; 041

Others 2 £

Total 108 0.2 -

3.3. Characteristics of the Pleural Effusion. Information
regarding the pleural effusion was obtained in 104 cases.
The gross impression of the pleural fluid was bloody in 75
cases, light yellow in 27, and light brown and dark red in
1 case each. The effusions were exudative in all cases. A
cellular classification of the fluid was obtained in 57 cases
and the median proportions of lymphocytes, macrophages,
neutrophils, and eosinophils were 77.7%, 9.7%, 8.0%, and
8.0%, respectively. The HA concentration was determined in
106 cases and the mean (standard deviation) concentration
was 39,840 (40,228) ng/mL. Mean (standard deviation) values
of ADA and CEA were 23.9 (24.9) IU/L and 1.8 (1.3) ng/mL,
respectively.

3.4. Concomitant Asbestos-Related Findings. As shown in
Table 3, pleural plaques were detected in 98 cases (89.1%),
among which 76 cases were calcified. Asbestosis was present
in 6 cases, rounded atelectasis was detected in 41 cases
(37.3%), and DPT was detected in 30 cases (27.3%). One of the
cases developed lung cancer (LC) before and after diagnosis
of BAPE. The patient had undergone right upper lobectomy
for LC two years before his BAPE diagnosis and left partial
lobectomy for another LC two years after his BAPE diagnosis.

3.5. Clinical Course. In most of the cases, thoracentesis
and/or thoracotomy were done to collect the fluid and drain
the pleural effusion. Oral steroids were prescribed in 5
cases and one of them demonstrated temporal decrease of
the effusion. Survival data was obtained in 70 cases from
Okayama Rosai Hospital. As shown in Figurel, median
overall survival was 104.2 months (95% confidence interval
(CI), 67.3-141.0 months) after a median observation period of

0.0

0 50 100 150 200 250

Overall survival (months)

FIGURE 1: Overall survival of patients with benign asbestos-related
pleural effusions at Okayama Rosai Hospital.

73.0 months (95% CI,16.2-268.2 months). There were 17 dead
cases out of 70 cases at the analysis. The causes of death were
determined in 11 cases including 7 respiratory failure cases
and each 1 of renal failure, suicide, septic shock due to urinary
tract infection, and death of old age. There were 9 cases that
developed DPT out of the 17 cases, including the 7 dead cases
of respiratory failure. At the time of the analysis, none of the
cases had developed MPM.

4. Discussion

In the current study, we examined the clinical features of
BAPE and demonstrated that BAPE developed after long-
term asbestos exposure. In a previous report, BAPE occurred
15-20 years after exposure and was more common in younger
patients aged 21-40 years [6]. In another report, the interval
between asbestos exposure and presentation of BAPE varied
between 5 and more than 30 years, and early onset was cor-
related with higher asbestos exposure [7]. Wagner reported
that BAPEs were usually unilateral, and the most common
manifestation of asbestos-related pleural disease occurred 10
to 20 years after exposure [8]. A limitation of these earlier
studies is that the diagnosis criteria of BAPE were ambiguous
in the studies. The median latency period between asbestos
exposure and BAPE development in the current study was
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TABLE 4: Proposed diagnostic criteria of benign asbestos pleural effusion.

Diagnostic criteria

(1) Asbestos exposure history.

(2) Exudative effusion.

(3) Exclusion of other pleuritides such as lung cancer, MPM', and tuberculous pleuritis by radiological examination and pleural biopsy via

thoracoscopy.

Additional diagnostic information

(1) In cases thoracoscopy could not be undergone, the diagnosis should be discussed based on the bacteriological examination and

biochemical markers below.

(a) Elevated carcinoembryonic antigen (>5 ng/mL) suggests carcinomatous pleuritis.

(b) Elevated adenosine deaminase (>35IU/L) suggests tuberculous pleuritis.

(¢) Elevated hyaluronic acid (>100,000 ng/dL) suggests MPM.

(2) In cases with some concomitant medical problem such as autoimmune diseases, the activity of the disease should be carefully evaluated.

"Malignant pleural mesothelioma.

48 years, which was similar to that observed for MPM (41
years), LC (47 years), and asbestos-induced DPT (46 years)
in our previous reports [4, 9, 10]. We consider that BAPE
develops after a long latency period in those with a history of
asbestos exposure. There is one point, however, that most of
the patients of BAPE in the current study have associated with
other asbestos-related lesions such as rounded atelectasis
and/or diffuse pleural thickening. It is possible that BAPE
might have been developed earlier in these cases, and this
could be an explanation of the longer latency of BAPE than
previously published. The current study suggests that BAPE
can develop after moderate-to-high levels of exposure to
asbestos, because the occupational category of the subjects in
the current study included those of relatively high levels of
asbestos exposure such as asbestos product manufacturing,
construction, and shipbuilding, although the correlation
between the exposure amount and development of BAPE is
unclear. The subjects in the current study included substantial
portion of those with smoking history. To our knowledge, the
correlation between BAPE and smoking history has not been
reported.

The diagnosis of BAPE should be based on a history
of asbestos exposure and an exclusion of other causes of
effusion such as tuberculous pleuritis, bacterial pleuritis,
collagen diseases, heart failure, and malignant conditions
such as MPM and LC. In our analysis, the gross impression
of the pleural fluid was bloody in 72% of the cases, and
cellular classification of the fluid demonstrated lymphocyte
dominancy. These results are similar to those of a previous
report showing that the effusion was exudative and could be
hemorrhagic, as well as predominantly eosinophilic [11].

In cases of LC, tumor cells are detected in the fluid in
more than 60% of cases [12]. In cases with MPM, tumor
cells can be detected in the pleural fluid, but the detection
rate has been reported as less than 30% [13]. Tuberculosis
pleuritis or bacterial pleuritis could be diagnosed by staining
for acid-fast bacteria, polymerase chain reaction detection, or
bacterial culture, although the detection rate is usually low.
These analyses may not always determine the diagnosis but
should be undergone to exclude MPM, LC, and tuberculosis
or bacterial pleuritis and to make the diagnosis of BAPE.

In addition, we analysed some markers such as HA
concentration, ADA, and CEA. Recently, we reported the
clinical usefulness of HA for the differential diagnosis of
MPM and BAPE [14]. In cases with tuberculosis pleuritis,
elevated values of ADA could help in the diagnosis [15].
However, elevated ADA may not be limited to tuberculous
pleuritis, as it is also present in LC or MPM [16]. In
cases with elevated CEA values, carcinomatous pleuritis is
strongly suggested [17]. These markers should be determined
to exclude these conditions and to confirm a diagnosis of
BAPE. However, the differential diagnosis of MPM and BAPE
is especially difficult, even when based on these markers.
Especially in cases with exudative pleural eftusions, thoraco-
scopic exploration and pleural biopsy should be performed to
exclude MPM and confirm the diagnosis of BAPE [18].

Based on the findings in the current study and previ-
ous reports, we propose more practical diagnostic standard
for the diagnosis of BAPE including (1) asbestos exposure
history, (2) exudative effusion, and (3) exclusion of other
pleuritides such as LC, MPM, and tuberculous pleuritis
by radiological examination and pleural biopsy via thora-
coscopy. Additional diagnostic information is as follows: (1)
in cases thoracoscopy could not be undergone, the diagnosis
should be discussed based on the bacteriological examination
and biochemical markers such as CEA, ADA, and HA; in
cases with elevated CEA (>5ng/mL), ADA (>35IU/L), or
HA (>100,000 ng/dL), carcinomatous pleuritis, tuberculous
pleuritis, or MPM is more likely, respectively; and (2) in
cases with some concomitant medical problem such as
autoimmune diseases, the activity of the disease should be
carefully evaluated, because autoimmune diseases such as
systemic lupus erythematosus or rheumatoid arthritis could
involve the pleura and cause pleural effusion (Table 4).

“Benign” is meant to refer to a nonmalignant process, but
these effusions can be associated with significant morbidity
[19]. The effusion generally takes a long time to resolve. It
may resolve spontaneously or be followed by DPT, which
causes extrapulmonary restriction and may thereby ulti-
mately become disabling. Previous studies reported that a
considerable number of patients with BAPE subsequently
developed DPT [2, 3]. Actually, in our previous study, half
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the patients with asbestos-induced DPT had a history of
BAPE [4]. Furthermore, in the current study one patient
developed LC before and after being diagnosed with BAPE.
The risks of developing MPM or LC in patients with BAPE
are increased compared with those of the general population
because of their past history of asbestos exposure. Particular
attention should be paid to the management of patients with
BAPE.

There are a few limitations to the current study. First,
this was a retrospective study. Second, pathological analy-
ses including immunohistochemistry were not reviewed. In
addition, there are recent reports that increased uptake of
fluorodeoxyglucose (FDG) by positron emission tomography
(PET) may be a useful marker to distinguish MPM from
benign pleural disease [20, 21]. In addition, recent reports
revealed that biomarkers such as soluble mesothelin-related
peptides (SMRP) are selectively elevated in patients with
MPM [22, 23]. A clinical study to evaluate the utility of
PET and/or SMRP for the differentiation between MPM and
BAPE is warranted.

5. Conclusions

BAPE develops after a long latency period after past asbestos
exposure. The diagnosis of BAPE should be based on the
exclusion of other pleural diseases. A thorough evaluation,
including diagnostic thoracentesis and cytological and bac-
terial analysis, must be performed. Clinical markers such
as HA, ADA, and CEA might help with the differential
diagnosis. However, thoracoscopic exploration and pleural
biopsy should be performed to confirm a diagnosis of BAPE.
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Malignant pleural We report the case of a patient with lymphohistiocytoid mesothelioma (LHM) with a response to
mesothelioma; systemic chemotherapy consisting of cisplatin and pemetrexed. A 72-year-old man was referred to
Lymphohistiocytoid our hospital because of abnormal shadows seen on chest X-rays. He had been exposed to asbestos at

mesothelioma; shipyards for 3 years. Computed tomography (CT) images of the chest showed multiple masses on the

ésgf;x; chemother- parietal pleura, diaphragm, and the interlobar pleura of the right. CT-guided percutaneous needle
a)[gy' biopsy was performed and the biopsy specimen demonstrated fibrous thickening of the pleura with

Pemetrexed abundant lymphocyte infiltration. Immunohistochemical analyses revealed that the cells were
positive for calretinin, WT-1, and CAM5.2, and negative for CEA, TTF-1, CK5/6, AE1/AE3, desmin,
CD3, CD20, CD30, and CD68. Based on these findings, the diagnosis was confirmed as LHM. Systemic
chemotherapy consisting of cisplatin (75 mg/m?) and pemetrexed (500 mg/m?) was delivered. After
6 courses of chemotherapy, multiple tumors had remarkably regressed, and the patient remains on
maintenance treatment with pemetrexed. There are few reports of chemotherapy for LHM. The
combination of cisplatin and pemetrexed could be a good treatment option for LHM.
© 2015 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction [2]. Lymphohistiocytoid mesothelioma (LHM) is a rare subtype
of MPM and there are few reports on the efficacy of systemic
Malignant pleural mesothelioma (MPM) is an aggressive malig- ~ chemotherapy for this subtype. We report the case of a

nancy arising from the mesothelial cells lining the pleura [1]  patient with LHM who had a response to systemic chemother-
and is generally associated with a history of asbestos exposure apy consisting of cisplatin and pemetrexed.

Figure 1 Computed tomography images at diagnosis (A, B) and after the 6 cycles of systemic chemotherapy consisting of cisplatin
and pemetrexed (C, D). Black arrows indicate the tumors on the pleura.

Figure 2 Whole-body fluorine-18 2-fluoro-2-deoxy-p-glucose (FDG) positron emission tomography and CT images demonstrating
abnormal FDG uptake (shown in red) in multiple masses on the pleura.



Lymphohistiocytoid mesothelioma with a response

2. Case report

A 72-year-old man was referred to our hospital because of
abnormal shadows seen on his chest X-ray determined at a
regular medical checkup. He had a history of appendicitis
and been diagnosed with type Il diabetes mellitus. He had
smoked between the ages of 18 and 35 years, and as a
teenager had been exposed to asbestos at shipyards for
3 years. His physical examination revealed nothing specific
and no superficial lymph nodes were palpable. Blood tests
revealed a slight elevation in C-reactive protein and glucose
levels. There were no increases in tumor markers. A chest
X-ray revealed permeability decay in the right lower lung
field, and computed tomography (CT) images of the chest
showed multiple masses on the parietal pleura, diaphragm,
and the interlobar pleura of the right (Figure 1A and B).
Multiple masses on the pleura showed a contrast effect from
the early stage of the arterial phase on enhanced CT
images. Anterior mediastinal and gastric cardia lymphade-
nopathy were also detected and suspected to be lymph
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Figure 3 Percutaneous needle biopsy specimen demonstrating
fibrous thickening of the pleura with abundant lymphocyte
infiltration.

Figure 4
40 and negative for (C) CEA and (D) TTF-1.

node metastases. Whole-body fluorine-18 2-fluoro-2-deoxy-
p-glucose (FDG) positron emission tomography and CT
revealed abnormal FDG uptake in multiple masses and
enlarged lymph nodes (Figure 2). CT-guided percutaneous
needle biopsy was performed and the biopsy specimen
demonstrated fibrous thickening of the pleura with an
abundant lymphocyte infiltration (Figure 3). Among them
were scattered polygonal cells with a nucleus containing
clear oval nucleoli. Immunohistochemical analyses revealed
that the cells were positive for calretinin, WT-1, and
CAM5.2, and negative for CEA, TTF-1, CK5/6, AE1/AE3,
desmin, CD3, CD20, CD30, and CD68 (Figure 4). Based on
these findings, the diagnosis was confirmed as LHM. The
patient's disease was diagnosed as stage IV (T1bN2M1) based
on the International Mesothelioma Study Group staging
system [3].

Systemic chemotherapy consisting of cisplatin (75 mg/m?)
and pemetrexed (500 mg/m?) was delivered. After 6 courses of
the chemotherapy, multiple tumors had remarkably regressed
(Figure 1C and D). Mediastinal and intraperitoneal lymph nodes
were also significantly diminished. The patient has been on
maintenance treatment with pemetrexed and his disease
remains stable.

3. Discussion

We report a case of LHM, which is a rare variant of MPM, in a
patient who had a remarkable response to systemic che-
motherapy consisting of cisplatin and pemetrexed. LHM was
first identified in 1988 by Henderson et al. and character-
ized as having neoplastic cells with a histiocytoid appear-
ance that are surrounded by a marked lymphocytic
infiltration. LHM comprises less than 1% of mesotheliomas
[4] and was categorized previously as a sarcomatous subtype
of MPM [5]. However, in a recent report Galateau-Salle

)

o
» »
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Immunohistochemical analyses of the biopsy specimen revealed that the cells were positive for (A) calretinin and (B) D2-
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Table 1 Literature review of reported cases of lymphohistiocytoid mesothelioma.

Author Year Age/ Asbestos Surgery Radiotherapy Chemotherapy Pleurodesis Survival
sex exposure (months)

Khalidi et al. 2000 60/M Unlikely = + = = 72

(8]

Khalidi et al. 2000 74/F Unknown N.D. N.D. N.D. N.D. 10

(8]

Khalidi et al. 2000 67/M Unlikely N.D. N.D. N.D. N.D. 3

(8]

Gallateau S 2007 56/F Probably = + = + 12

et al. [6]

Gallateau S 2007 78/M Probably = = = + 3

et al. [6]

Gallateau S 2007 62/M Possibly Pleurectomy + = = 5

et al. [6]

Gallateau S 2007 59/M Probably Pleurectomy = + = 4

et al. [6]

Gallateau S 2007 78/M Unlikely Palliative surgery + = + 8

et al. [6]

Gallateau S 2007 71/M Unlikely Palliative surgery + = + 40

et al. [6]

Gallateau S 2007 80/F Probably = + = + 8

et al. [6]

Gallateau S 2007 66/M Probably = + + + 11

et al. [6]

Gallateau S 2007 78/F Unlikely Palliative surgery - - — 8

et al. [6]

Gallateau S 2007 75/F Unlikely N.D. N.D N.D. N.D. 11

et al. [6]

Gallateau S 2007 77/F Unlikely = + = + 4

et al. [6]

Gallateau S 2007 65/M Probably = = = = 37

et al. [6]

Gallateau S 2007 74/F Unlikely = = + = 25

et al. [6]

Gallateau S 2007 67/M Possibly Pleurectomy — — — 32

et al. [6]

Gallateau S 2007 58/M Probably Palliative surgery + + — 7

et al. [6]

Gallateau S 2007 82/M Unknown — — + = 8

et al. [6]

Gallateau S 2007 76/M Probably = + = + 11

et al. [6]

Gallateau S 2007 68/M Probably = = + — 20

et al. [6]

Gallateau S 2007 70/M Probably = = + — 11

et al. [6]

Gallateau S 2007 77/F Probably = = = + 6

et al. [6]

Gallateau S 2007 50/M Possibly = = = +

et al. [6]

Gallateau S 2007 63/F Probably Palliative surgery — + + 8

et al. [6]

Kawai et al. [4] 2010 59/F Unknown Thoracotomy N.D. N.D. N.D. 12

Kawai et al. [4] 2010 52/M Unknown Thoracotomy N.D. N.D. N.D. 36

Kawai et al. [4] 2010 61/M Unknown — N.D. N.D. N.D. 3

Kawai et al. [4] 2010 63/M Probably Extrapleural N.D. N.D. N.D. 19(alive)

pneumonectomy
Present case 2015 72/M Probably = = + = 14(alive)

N.D.; not described.
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et al. suggested that the survival of LHM was more similar to
that of the epithelioid or biphasic subtype of MPM [6].
Whether LHM should be categorized as an epithelioid or
sarcomatous subtype of MPM is still controversial.

Concerning chemotherapy for MPM, the combination of
pemetrexed and cisplatin has shown significantly prolonged
survival compared with cisplatin alone in a phase Il study
[7]. However, it was not clear whether or not LHM cases
were included in the study. In fact, there are few reports of
chemotherapy for LHM. We reviewed the reported cases of
LHM particularly concerning the delivered treatment mod-
alities in Table 1. These previous reports mainly discussed
the pathological differentiation and there were few descrip-
tion of treatment. There were 8 cases those were delivered
systemic chemotherapy, but the treatment regimen or the
tumor responses to those chemotherapy was not described.
To our knowledge, the current case might be the first case
with a significant response to the treatment regimen.
Cisplatin plus pemetrexed could therefore be a good treat-
ment option for LHM.

In conclusion, we present a case of LHM, a rare variant of
MPM, in a patient with a significant response to systemic
chemotherapy.
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A 72-year-old man visited our hospital due to right pleural effusion. He had worked as a welder at a
shipbuilding company and had been exposed to asbestos. Cytological examination and thoracoscopic
pleural biopsy yielded a diagnosis of epithelial malignant pleural mesothelioma (MPM); extrapleural
pneumonectomy (EPP) was performed. Two years later, he became aware of right-back swelling that
became a fist-sized mass over 2 months. Microscopy of a tissue specimen revealed no malignant cells,
but did indicate foreign body granuloma. Subcutaneous lesions that develop after EPP do not necessarily
result from the recurrence of MPM, but could have benign etiologies.

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Malignant pleural mesothelioma (MPM) is an aggressive ma-
lignancy arising from the mesothelial cells lining the pleura and is
generally associated with a history of asbestos exposure [1]. The
clinical benefits of radical surgery for MPM remain controversial.
Extrapleural pneumonectomy (EPP) has been performed for pa-
tients with earlier disease and good physical condition, but the
disease often recurs at wide intervals. Here we report a case of
foreign body granuloma (FBG) that mimicked a postoperative
recurrence of MPM.

2. Case report

A 72-year-old man visited our hospital for examination of right
pleural effusion. He had worked as a welder at a shipbuilding
company and had been exposed to asbestos for 43 years. His pleural

Abbreviations: MPM, malignant pleural mesothelioma; EPP, extrapleural pneu-
monectomy; FBG, foreign body granuloma; CT, computed tomography; 18-F-FDG,
fuorine-18 2-fluoro-2-deoxy-p-glucose; PET, positron emission tomography.

* Corresponding author.
E-mail address: nobufujimot@gmail.com (N. Fujimoto).

http://dx.doi.org/10.1016/j.rmcr.2015.09.002

effusion had been detected at a medical checkup for subjects with
an occupational history of past asbestos exposure. Cytological ex-
amination of the effusion revealed the aggregated atypical meso-
thelial cells with nuclear enlargement and nucleus irregularity.
Immunohistochemical analyses demonstrated that these cells were
positive for calretinin, CAM5.2, CK5/6, AE1/AE3, WT-1, and EMA,
and negative for CEA and TTF-1. These findings gave the diagnosis
of epithelial subtype of MPM, and thoracoscopic pleural biopsy
confirmed the diagnosis. EPP was performed; the pericardium and
the diaphragm were also removed because the tumor had invaded
the diaphragm. The pericardium and the diaphragm were recon-
structed with Gore-Tex® mesh (1 mm in thickness, 20 cm x 15 cm,
and 2 mm in thickness, 24 cm x 15 cm, respectively). The disease
was categorized as T2NOMO, stage II, based on the staging system of
the International Mesothelioma Study Group [2]; adjuvant
chemotherapy consisting of carboplatin and pemetrexed was
delivered. Talc was not used to treat the effusion during the course.

Two years later, the patient became aware that his right back
was swelling. This swelling became a fist-sized mass over 2 months.
Computed tomography (CT) of the chest visualized a tumor of soft-
tissue density that expanded from the right pleural cavity into the
subcutaneous tissue (Fig. 1A). Fluorine-18 2-fluoro-2-deoxy-p-
glucose (18F-FDG) positron emission tomography (PET)-CT

2213-0071/© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(B)

Fig. 1. Subcutaneous tumor on the right back of the patient. (A) CT of the chest revealed a tumor of soft-tissue density that expanded from the right pleural cavity into the

subcutaneous tissue. (B) 18F-FDG PET-CT showed accumulation of 18F-FDG in the mass.

revealed an accumulation of 18F-FDG in the mass and along the
pleura (Fig. 1B). It was near the chest tube site after the EPP. We
suspected a recurrence of MPM, so we performed percutaneous
needle biopsy. Microscopy of the tissue specimen showed no ma-
lignant cells; rather, we observed granulomas accompanied by gi-
ant cells, histiocytes, and inflammatory cells (Fig. 2). Immuno
histochemical analyses revealed that these cells were negative for
calretinin, CK AE1/3, or CAM5.2. Because the possibility of recur-
rence of MPM could not be ruled out with small specimen of needle
biopsy, a tumorectomy was carried out. The tumor involved the
Gore-Tex® mesh, so the mesh was removed with the tumor. Sub-
sequent microscopy confirmed the diagnosis of FBG without evi-
dence of MPM recurrence.

3. Discussion

A standard treatment for MPM has not yet been established.
Patients exhibiting earlier stages of this disease have undergone
EPP. However, a significant proportion of patients experience local
recurrence as the first site of disease recurrence [3]. When patients
who have undergone EPP display subcutaneous tumors, it is logical
to suspect a recurrence of MPM.

FBG is a tumor-like mass or nodule of granulation tissue, with
actively growing fibroblasts and capillary buds, consisting of a
collection of modified macrophages resembling epithelial cells,
surrounded by a rim of mononuclear cells, chiefly lymphocytes, and
sometimes a center of giant multinucleate cells. It is due to a
chronic inflammatory process associated with infectious disease or
invasion by a foreign body such as surgical materials or pieces of
stone or wood from a trauma. In the current case, we suspected that

Fig. 2. Microscopy of the tissue specimen revealed a FBG accompanied by foreign-
body giant cells, histiocytes, and inflammatory cells (x10).

the causative foreign material was the Gore-Tex® mesh that was
used to reconstruct the patient's diaphragm. It is quite rare that
Gore-Tex mesh induced inflammatory reactions, however, in the
current case, the Gore-Tex mash was involved in the tumor, so we
considered that the granuloma was originated in the mesh.

Clinical diagnosis of FBG is challenging; it is difficult to identify
FBG through physiological findings and CT. PET-CT is often applied
to detect malignant lesions, but inflammatory lesions or granu-
lomas (including FBG) would also accumulate 18F-FDG [4],
rendering it difficult to diagnose FBG by imaging alone. The diag-
nosis should be confirmed through other means, such as percuta-
neous biopsy or surgery.

To our knowledge, this is the second report of FBG mimicking
the recurrence of MPM; Shrestha et al. recently reported cases with
pseudo-tumors that mimicked indwelling pleural catheter-tract
metastases of MPM [5]. These cases remind physicians that sub-
cutaneous lesions that develop after EPP do not necessarily result
from the recurrence of MPM, but could have benign etiologies.
Diagnostic procedures should be considered in such cases.
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Figure 1. Coronal and axial chest computed tomography images of a 63-year-old man on admission showed diffuse bilateral ground-glass attenuation
(A and B) without evidence of ossification (C). Chest computed tomography images 2 weeks after admission showed widespread areas of ground-glass

attenuation and consolidation (D and E) with disseminated pulmonary ossification (arrowheads) in the subpleural zone (F). One month after administration
of steroid therapy, bilateral consolidation and pulmonary ossification were dramatically decreased (G-).

A 63-year-old man with a history of atrial fibrillation that had been treated with apixaban was admitted to our hospital for dyspnea and
hemoptysis. Chest computed tomography showed diffuse bilateral ground-glass attenuation (Figures 1A-1C). Bronchoalveolar lavage
fluid was bloody and contained hemosiderin-laden macrophages, suggesting apixaban-induced alveolar hemorrhage. Two
weeks after cessation of the drug, acute respiratory failure occurred. Repeated chest computed tomography showed worsening
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Figure 2. A surgical lung biopsy specimen shows dendriform mature bone formation within an area of scarring and widened alveolar septa (arrow). The
background alveolar spaces are filled with numerous fibroblastic plugs (arrowhead) (hematoxylin and eosin, x200).

bilateral airspace opacities with patchy diffuse sub-pleural pulmonary ossification (Figures 1D-1F). Surgical lung biopsy specimens
revealed organizing pneumonia and branching bone within the fibrous stroma and alveolar spaces, typical of dendriform pulmonary
ossification (DPO) (Figure 2). Daily prednisolone (1.0 mg/kg) was admin-istered, and the bilateral consolidation and pulmonary
ossification had markedly de-creased 1 month later (Figures 1G-1l).

DPO is a rare condition, defined by the finding of branching lung in the air spaces of the distal lung. Patients are generally
asymptomatic, and the condition is usually discovered after postmortem examination (1). Its pathogenesis is unclear, but DPO
can occur after lung injuries such as pulmonary fibrosis and alveolar hemorrhage (2). There are no reports of DPO responding to
steroids, and effective treatment for DPO has not yet been established (3, 4). However, this case suggests remission is possible
with corticosteroid medications. B

Author disclosures are available with the text of this article at www.atsjournals.org.
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Primary effusion lymphoma (PEL) is a subtype of non-Hodgkin lymphoma that presents as serous ef-
fusions without detectable masses or organomegaly. Here we report a case of PEL-like lymphoma in a
patient with past asbestos exposure. A 65-year-old man was referred to our hospital due to dyspnea upon
exertion. He had been exposed to asbestos for three years in the construction industry. Chest X-ray and
CT images demonstrated left pleural effusion. Cytological analysis of the pleural effusion revealed large
atypical lymphocytes with distinct nuclear bodies and high nucleus-to-cytoplasm ratio. Immunohisto-
chemical analyses showed that the cells were CD20", CD3~, CD5~, and CD10". These findings led to a
diagnosis of diffuse large B-cell lymphoma. PEL or PEL-like lymphoma should be considered a potential
cause of pleural effusion in subjects with past asbestos exposure.

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Primary effusion lymphoma (PEL) is a subtype of non-Hodgkin
lymphoma that presents as serous effusions without detectable
masses or organomegaly. PEL usually occurs in the setting of im-
munodeficiency and is associated with human herpesvirus (HHV) -
8. Here we report a case of PEL-like lymphoma in a subject with a
history of asbestos exposure.

2. Case report

A 65-year-old man was referred to our hospital due to dyspnea
upon exertion. He was an occasional smoker and had been exposed
to asbestos from 18 to 20 years old while employed in the con-
struction industry, cutting asbestos-containing building material.
Chest X-ray showed left pleural effusion (Fig. 1A), and computed
tomographic (CT) images revealed left pleural effusion and calcified
pleural plaques without pleural tumor (Fig. 1B). Thoracoscopic

Abbreviations: PEL, primary effusion lymphoma; HHV, human herpesvirus; CT,
computed tomography; DLBCL, diffuse large B-cell lymphoma.
* Corresponding author. Department of Medical Oncology, Okayama Rosai Hos-
pital, 1-10-25 Chikkomidorimachi, Okayama 7028055, Japan.
E-mail address: nobufujimot@gmail.com (N. Fujimoto).

http://dx.doi.org/10.1016/j.rmcr.2015.11.002

exploration revealed red—brown pleural effusion and plaques, but
no tumor was detected on the pleura. Culture of the pleural effusion
was negative, and cytological examination revealed a cellular dis-
tribution of 1.0% macrophages, 1.5% neutrophils, and 97.5% lym-
phocytes. Other examinations of the fluid showed nonspecific
findings. Pleural biopsy showed no evidence of malignancy.
During follow-up, the patient repeatedly exhibited accumulation
of left pleural effusion, which was treated each time with thor-
acentesis. Four years after the first admission, analysis of pleural
effusion from the fourth thoracentesis revealed large atypical lym-
phocytes with distinct nuclear bodies and a high nucleus-to-
cytoplasm ratio (Fig. 2). Malignant lymphoma was suspected and
thoracoscopic pleural biopsy was performed again, and the biopsy
specimen from the fibrin tissues attached to the parietal pleura
showed several groups of small round atypical lymphocytes. All of
acid-fast bacteria stain, PCR analysis of tuberculosis, and culture for
acid fast bacillus were negative. A culture test for standard plate
count bacteria was also negative. Immunohistochemical analyses
revealed that these cells were CD20" (Fig. 3), CD3~, CD5", and
CD10". Based on these findings, the diagnosis was confirmed as
diffuse large B-cell lymphoma (DLBCL). Contrast-enhanced CT im-
aging of whole body (neck to pelvis) revealed no lymphadenopathy
or tumor. Serological tests for hepatitis-C virus, human T-cell lym-
phoma virus-1, and Epstein—Barr virus were negative, as was the

2213-0071/© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.�0/
mailto:nobufujimot@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rmcr.2015.11.002&domain=pdf
www.sciencedirect.com/science/journal/22130071
http://www.elsevier.com/locate/rmcr
http://dx.doi.org/10.1016/j.rmcr.2015.11.002
http://creativecommons.org/licenses/by-nc-nd/4.�0/
http://dx.doi.org/10.1016/j.rmcr.2015.11.002
http://dx.doi.org/10.1016/j.rmcr.2015.11.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:nobufujimot@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rmcr.2015.11.002&domain=pdf
www.sciencedirect.com/science/journal/22130071
http://www.elsevier.com/locate/rmcr
http://dx.doi.org/10.1016/j.rmcr.2015.11.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.rmcr.2015.11.002
http://dx.doi.org/10.1016/j.rmcr.2015.11.002

170 N. Hara et al. / Respiratory Medicine Case Reports 16 (2015) 169—171

(B)

Fig. 1. Left pleural effusion and calcified pleural plaques visible on chest X-ray (A) and computed tomographic (B) images.

Fig. 2. Cytological analysis of pleural effusion revealed large atypical lymphocytes with
distinct nuclear body and high nucleus-to-cytoplasm ratio (x40).

Fig. 3. Immunohistochemical analyses revealed that the cells were CD20" (x10).

immunohistochemical analysis for HHV8. The patient has been
followed-up, and has shown no disease progression for 3 years.

3. Discussion

The 2001 World Health Organization classification defines PEL
as a disease entity representing a part of diffuse large B-cell lym-
phoma [1]. PEL is commonly associated with HHV8 infection [2];
however, PEL-like disease processes have recently been reported in

HHV8-negative patients. Those cases are considered a rare disease
entity called HHV8-unrelated PEL-like lymphoma [3]. Advanced
age [4] remains the only known risk factor for PEL-like lymphoma,
and the pathogenic mechanisms remain unclear. It has been re-
ported that patients with HHV8-unrelated PEL-like lymphoma
show better outcomes than patients with PEL [5].

In our present case, the patient was elderly and had a past
occupational history of asbestos exposure, but showed no immu-
nological deterioration. To our knowledge, this is the first report of
PEL-like lymphoma in a subject with past asbestos exposure. While
no association has been established between lymphoproliferative
disorder and asbestos exposure, it is possible that asbestos-induced
chronic inflammation, in addition to advanced age, may have
triggered lymphoproliferative disorder in the current case, though
we cannot deny the possibility that the disease developed inde-
pendently, considering relative short term of asbestos exposure.

In conclusion, here we report a rare manifestation of PEL-like
lymphoma from a subject with past asbestos exposure. Subjects
with past asbestos exposure sometimes develop pleural effusion,
and suspected diagnoses include malignant pleural mesothelioma,
lung cancer, benign asbestos pleural effusion, or tuberculous
pleuritis. Our present case suggests that PEL or PEL-like lymphoma
should also be considered as a potential cause of pleural effusion in
subjects with past asbestos exposure.
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Abstract

Background

In evaluation of the clinical benefit of a new targeted agent in a phase 3 trial enrolling molecu-
larly selected patients with advanced non-small cell lung cancer (NSCLC), overall survival
(OS) as an endpoint seems to be of limited use because of a high level of treatment crossover
for ethical reasons. A more efficient and useful indicator for assessing efficacy is needed.

Methods and Findings

We identified 18 phase 3 trials in the literature investigating EGFR-tyrosine kinase inhibitor
(TKIs) or ALK-TKIs, now approved for use to treat NSCLC, compared with standard cytotox-
ic chemotherapy (eight trials were performed in molecularly selected patients and ten using
an “all-comer” design). Receiver operating characteristic analysis was used to identify the
best threshold by which to divide the groups. Although trials enrolling molecularly selected
patients and all-comer trials had similar OS-hazard ratios (OS-HRs) (0.99 vs. 1.04), the for-
mer exhibited greater progression-free survival-hazard ratios (PFS-HR) (mean, 0.40 vs.
1.01; P<0.01). A PFS-HR of 0.60 successfully distinguished between the two types of trials
(sensitivity 100%, specificity 100%). The odds ratio for overall response was higher in trials
with molecularly selected patients than in all-comer trials (mean: 6.10 vs. 1.64; P<0.01). An
odds ratio of 3.40 for response afforded a sensitivity of 88% and a specificity of 90%.
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Conclusion

The notably enhanced PFS benefit was quite specific to trials with molecularly selected pa-
tients. A PFS-HR cutoff of ~0.6 may help detect clinical benefit of molecular targeted
agents in which OS is of limited use, although desired threshold might differ in an individual
trial.

Introduction

Platinum-based and single-agent cytotoxic chemotherapies have been the standard treatments
for advanced non-small cell lung cancer (NSCLC) patients in first-line and salvage settings, re-
spectively [1-5]. Unfortunately, even upon application of such standard therapies, nearly all
patients with advanced NSCLC experience disease progression, and thus, the ultimate goals of
palliative chemotherapy are to prolong overall survival (OS) and to improve symptoms and the
quality of life, rather than to cure. To date, evaluation of the efficacies of treatment strategies
and the approval of most new agents used to treat advanced NSCLC have been based principal-
ly on OS prolongation in randomized clinical trials [6]. OS, the time from randomization to
death from any cause, represents a direct measure of clinical benefit to the patient, and to date,
no other endpoint has been shown statistically to serve as a suitable surrogate for OS in ad-
vanced NSCLC [7-12].

Many molecular targeted agents, including epidermal growth factor receptor (EGFR)- and
anaplastic lymphoma kinase (ALK)-tyrosine kinase inhibitors (TKIs), have been assessed in
phase 3 trials, compared with standard cytotoxic chemotherapy. Several trials have failed to
demonstrate significant improvement in OS and/or progression-free survival (PFS), mainly be-
cause appropriate patient selection was not applied, i.e. the trials used molecularly unselected
or all-comer designs. However, even in trials using only patients selected after evaluation of
EGFR-mutant or ALK-fusion status (thus, molecularly selected patients) [13-21], EGFR- and
ALK-TKIs failed to demonstrate any significant advantage in terms of OS, although these
drugs are now widely approved in the U.S., E.U., and Japan. This would be explained by the in-
evitable high levels of crossover, essential from an ethical viewpoint, that allow control-arm pa-
tients to access these highly active investigational agents [13,18]. Thus, the data do not reflect
inappropriate patient numbers or inadequate efficacy of the tested agents.

Currently, medical oncologists have strong views that in trials with crossover designs in mo-
lecularly selected patients, 1) the lack of any observed effect on OS does not necessarily mean
that the agent is not efficacious; 2) the use of OS as the primary endpoint is limited; and 3)
other endpoints are now urgently required to evaluate the efficacy of molecular targeted agents.
If a significantly impressive benefit in PFS or overall response is evident specifically in molecu-
larly-selected but not all-comer trials, we hypothesized that the PFS-hazard ratio (HR) or the
odds ratio for the overall response would serve as a useful novel indicator in the former trial
setting [10]. In order to propose novel efficient and useful markers of efficacy in this setting, we
reviewed published phase 3 trials that compared EGFR- or ALK-TXKIs (gefitinib, erlotinib, afa-
tinib, or crizotinib) with traditional cytotoxic chemotherapy. We next identified differences in
the magnitudes of PFS-HRs or odds ratios for the overall response in the two types of trials,
those conducted in molecularly selected populations versus those conducted in all-comers.
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Methods
Literature search

We performed a literature search of trials published between January 2003 and June 2014. To
avoid publication bias, both published and unpublished trials were identified using a comput-
er-based search of the PubMed database and of abstracts from conferences of the American So-
ciety of Clinical Oncology (ASCO), the European Society for Medical Oncology (ESMO), and
the International Association for the Study of Lung Cancer (WCLC). The following search
terms were used: “lung cancer AND advanced AND phase III study OR phase 3 study OR
phase 3 trial OR phase III trial OR randomized controlled trial OR clinical trial OR controlled
clinical trial”. Our search was also guided by a thorough examination of the reference lists of
original and review articles, books, and meeting abstracts (ASCO, ESMO, and WCLC), and of
the Physician Data Query registry of clinical trials.

Trial selection

Eligible phase 3 trials were those that evaluated EGFR-TKIs or ALK-TKIs in the treatment of ad-
vanced NSCLC (Fig. 1), provided data on PFS, the overall response rate, and OS. Drugs acting on
known specific molecular targets were defined as molecular targeted agents [22,23]. Trials designed
to assess combined modality treatment, including radiotherapy and/or surgery, were excluded. We
selected phase 3 trials that compared EGFR- or ALK-TKIs with existing cytotoxic chemotherapy.

Data extraction

To avoid bias, two certified medical oncologists (K.H. and Y.K.) independently abstracted the
trial data and compared their results, as described previously [5,24]. The following information
was obtained from each report: year of trial initiation, number of patients randomized, treat-
ment regimens, line of treatment, publication type, primary endpoint, PFS- and OS-HRs, and
the number of responders. All data were verified for internal consistency, and disagreements
were resolved by discussion between the investigators. The principal investigators of the trials
were contacted and invited to confirm or update published data.

Statistical analysis

We performed linear regression analysis to investigate associations after assigning weights deter-
mined by sample size to each trial. The strength of each association was defined a priori using
the commonly accepted criterion of the coefficient of determination (the R-square value; ) [25],
which ranges from 0 < r* < 1, with a higher score indicating a stronger association [24,25].

Any influence of trial design (molecularly selected patients vs. all-comers) on the PFS-HR or
the odds ratio of the overall response was evaluated by multiple stepwise regression analysis using
the following stepping criteria: P-value allowing model entry, < 0.05; P-value compelling removal
from the model, > 0.20, with adjustment for several confounders including the year of trial initia-
tion, line of treatment, primary endpoint, number of randomized patients, and type of reporting.

The significance of differences between groups was assessed using ¢-tests. Receiver operating
characteristic (ROC) analysis was used to identify the most accurate discrimination thresholds
dividing the groups. The most suitable cutoff level was defined as that closest to the top-left cor-
ner. The odds ratio for the overall response was calculated as follows: ([number of patients in the
investigational arm who achieved a complete or partial response: A]/[number of randomized pa-
tients allocated to the investigational arm—A])/([number of patients in the control arm who
achieved a complete or partial response: B]/[number of randomized patients allocated to the con-
trol arm—B]).
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Potentially relevant trials identified and screened (n = 6,950)

Studies excluded (n = 6,869)

Reasons: early-stage NSCLC patients evaluated;
neo-adjuvant and adjuvant chemotherapy

| applied; combined modalities (e.g..,
chemoradiation) applied; treatment modalities
other than chemotherapy (e.g., immunotherapy)
applied; inclusion of patients with other
malignancies in addition to non-small-cell lung
cancer; non-randomized trials; phase 1 or 2
trials; review articles; subgroup analyses;
retrospective analyses; and phase 3 trials that
did not test molecular targeted therapies.

v

Trials retrieved for detailed evaluation (n = 81)

Trials withdrawn (n = 63)

Reasons: trials investigating molecular targeted
agents other than EGFR-TKI or ALK-TKI (n =
47); trials in which treatments other than cytotoxic
chemotherapy [i.e., placebo or other EGFR-TKI (n
=11)] were used in the reference arms, and ongoing
trials with inadequate survival data (n = 5)

v

Trials eligible for inclusion (n = 18)

Fig 1. A flow chart demonstrating the selection process of the trials analyzed. NSCLC = non-small cell
lung cancer, EGFR-TKI = epidermal growth factor receptor-tyrosine kinase inhibitor, ALK-TKI = anaplastic
lymphoma kinase-tyrosine kinase inhibitor.

doi:10.1371/journal.pone.0121211.9001

All P values were calculated using two-sided tests, and the level of significance was set at
P < 0.05. Statistical analyses were performed using STATA (Version 11; StataCorp, Dallas,
TX, USA).

Results

Trial demographics

Of the 6,950 trials screened, 18 phase 3 trials that investigated four molecular targeted agents
(gefitinib, erlotinib, afatinib, and crizotinib) in patients with advanced NSCLC were identified
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(S1 Table). The trials included a total of 7,633 randomized patients (Fig. 1). The trial character-
istics are listed in Table 1. We found eight trials enrolling molecularly selected patients and 10
all-comer trials. Sixteen trials evaluated EGFR-tyrosine kinase inhibitors (TKIs) in patients
with EGFR-mutant NSCLC, and the remaining two trials assessed the use of crizotinib, an
ALK-TKI, to treat ALK-rearranged NSCLC.

Correlation between the OS-HR and PFS-HR and between the OS-HR
and the odds ratio of the overall response

First, we examined the strength of the correlation between the PFS-HR and the OS-HR. As
shown in Fig. 2A, the PFS-HR had no meaningful association with OS-HR (overall R-squared
value = 0.233), suggesting that the PFS-HR explained only 23.3% of the overall variability in
OS-HR (Fig. 2A). This weak association was especially apparent in molecularly selected patient
trials compared with all-comer design trials (R-squared values = 0.002 vs. 0.409, respectively;
Fig. 2B). Similar observations were made when the association between the odds ratio of the
overall response and the OS-HR were compared (overall R-squared value = 0.101, Fig. 2C).
The association was more marked in trials with molecularly selected patients (R-squared val-
ues = 0.039 vs. 0.429, respectively; Fig. 2D).

Neither the PFS-HR nor the odds ratio of the overall response accurately predicted OS
when a linear regression model was used to analyze data from molecularly selected
patient trials.

OS-HRs in trials with molecularly selected patients and all-comers
designs

We found no significant difference in the OS-HRs between the two trial types (mean, 0.99 vs.
1.04 in molecularly selected patient trials vs. all-comer trials, respectively; P = 0.50) (Fig. 3A).
In contrast, median survival time in molecularly selected patient trials was approximately dou-
ble that in all-comer trials (median 23.1 and 26.6 months in the investigational and control
arms of molecularly selected trials, respectively, compared with 11.9 and 12.2 months, respec-
tively, in all-comer trials).

Table 1. Trial demographics (n = 18).

Trial characteristics
No. of randomly assigned patients per trial [(median (range)] 328 (161-1,466)
Year of trial initiation [(median (range)] 2007 (2003-2011)
Publication type (full text/abstract only) 16/2
Primary endpoint (OS/PFS/TTP) 5/12/1
First-line setting (y/n) 10/8

Type of molecular targeted agent investigated
EGFR-tyrosine kinase inhibitor

gefitinib 7

erlotinib 6

afatinib 3
ALK-tyrosine kinase inhibitor

crizotinib 2

OS, overall survival; PFS, progression-free survival; TTP, time to progression; EGFR, epidermal growth
factor receptor; ALK, anaplastic lymphoma kinase

doi:10.1371/journal.pone.0121211.t001
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Fig 2. Associations between the progression-free survival-hazard ratio (PFS-HR) and overall survival (OS)-HR (R-squared = 0.233) (A), and that
after stratification by trial design (B) (the molecularly selected patient design [blue], R-squared = 0.002, vs. the all-comer design [pink], R-

squared = 0.409; P-value for interaction = 0.34). Associations between the odds ratio of the overall response and OS-HR (R-squared = 0.101) (C), and that
after stratification by trial design (D) (the molecularly selected patient design [blue], R-squared = 0.039, vs. the all-comer design [pink], R-squared = 0.429;
P-value for interaction = 0.03). All analyses were weighted by trial size.

doi:10.1371/journal.pone.0121211.g002

The left and right columns in each panel represent data from molecularly selected patient
trials and all-comer trials, respectively. The diameter of each circle is representative of the size
of the trial.

A, Trials with molecularly selected patients had almost identical OS-HRs, compared with
those of all-comer trials (mean, 0.99 vs. 1.04, P = 0.50). B, The PFS-HRs were 0.40 vs. 1.01 in
the two trial types (P < 0.01). C, Trials with molecularly selected patients had significantly
greater odds ratios in terms of the overall response (mean; 6.10 vs. 1.64, P < 0.01).

PFS-HRs in both molecularly selected patient and all-comer trials

We next investigated differences in the PFR-HRs between the two trial groups. Molecularly
selected patient trials had a greater PFS-HR than did all-comer trials (mean, 0.40 vs. 1.01;
P < 0.01; Fig. 3A). This significant influence of trial design on PFS-HR was observed even
when several potential confounders were adjusted upon multivariate analysis; trials using
molecular selection had a PFS-HR score 0.42 points lower than that of the all-comer trials;
P < 0.01; Table 2).

ROC analysis revealed that a PES-HR of 0.60 was a useful cutoff point to distinguish the two
types of trial designs, with a sensitivity and specificity of 100% and 100%, respectively, and an
area under the ROC curve (AUC) of 1.00 (Table 3, Fig. 4A).
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Fig 3. Distributions of hazard ratios (HRs) for overall survival (OS) (A) and progression-free survival (PFS) (B) and odds ratios for the overall
response (C), stratified according to the two types of trials.

doi:10.1371/journal.pone.0121211.g003

Odds ratios of the overall response both in molecularly selected patient
and all-comer trials

The odds ratio of the overall response was higher in trials with molecularly selected patients
than in all-comer trials (mean: 6.10 vs. 1.64, respectively; P < 0.01, Fig. 3C). This was main-

tained upon multivariate analysis; the former trial type had a 4.46-point greater odds ratio than
that of the all-comer trial; P < 0.001; Table 2).

Table 2. Multiple stepwise linear regression analysis of PFS-HR and the odds ratio for overall response.

PFS-HR Odds ratio for overall response
Factor Regression coefficient (95% Cl) P Regression coefficient (95% Cl) P
Trial design (molecularly-selected vs. all-comer) —-0.42 (-0.67 to —0.18) <0.01 4.46 (2.52-6.39) < 0.01
Primary endpoint (PFS vs. other) —-0.31 (-0.56 to —0.53) 0.02 excluded
Line of treatment (1! vs. other) Excluded excluded
Year of trial initiation (before or in 2006 vs. 2007 or later)t  Excluded excluded
No. of randomized patients Excluded excluded
Type of reporting (full text vs. abstract only) Excluded excluded

The threshold p values for entry into and removal from the model were 0.05 and 0.20, respectively.
1The cutoff level was set as the median year of trial initiation. PFS-HR, progression-free survival-hazard ratio; Cl, confidence interval.

doi:10.1371/journal.pone.0121211.t002
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Table 3. The accuracy by which molecularly selected patient trials can be distinguished from all-comer trials using two alternative endpoints.

Endpoint with the most accurate cutoff level Molecularly selected patient All-comer trials Sensitivity Specificity AUC

trials (n = 8) (n=10)
PFS-HR 100% 100% 1.00
< 0.60 8 0
> 0.60 0 10
Odds ratio for the overall response 88% 90% 0.95
> 3.40 7
< 3.40 1 9
Both the PFS-HR and odds ratio for the
overall response
< 0.60 7 0
and > 3.40
Other 1 10
Either the PFS-HR or the odds ratio for the
overall response
< 0.60 8 1
or > 3.40
Other 0 9

AUC, area under the receiver operating characteristic curve.

doi:10.1371/journal.pone.0121211.t003

The ROC curve indicated that an odds ratio of 3.40 for the overall response was a potentially
useful cutoff point to identify trials with molecularly selected patients, affording a sensitivity of
88%, a specificity of 90%, and an AUC of 0.95 (Table 3, Fig. 4B). The odds ratio, even in combi-
nation with the PFS-HR, did not increase the probability of detecting trials of molecularly se-
lected patients (Table 3).
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Fig 4. Receiver operating characteristic (ROC) curve defining cutoff levels predicting outcomes in eligible trials with molecularly selected patients
in terms of the progression-free survival-hazard ratio (PFS-HR) (A) and the odds ratio for the overall response (B). The most suitable cutoff was
defined as that closest to the upper left corner. A, A PFS-HR of 0.60 was the optimal cutoff for distinguishing molecularly selected patient trials from all-comer
trials (sensitivity 100%, specificity 100%, and AUC [area under the receiver operating characteristic curve], 1.00). B, The odds ratio for an overall response of
3.40 was a potentially useful cutoff to distinguish trials with molecularly selected patients from all-comer trials (sensitivity 88%, specificity 90%, and

AUC =0.95).

doi:10.1371/journal.pone.0121211.g004
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Discussion

We noted robust benefits in terms of both the PFS and overall response in trials evaluating ap-
proved EGFR-TKIs or ALK-TKIs in molecularly selected patients (Fig. 3B and 3C, Table 3). In
particular, a PFS-HR of approximately 0.6 was a useful cutoff for distinguishing molecularly se-
lected patient trials from all-comer trials, with a sensitivity of 100% and a specificity of 100%
(Fig. 4A, Table 3). To date, PFS has not been shown to be a statistically acceptable surrogate for
OS because of the lack of a strong association between PFS and OS in advanced NSCLC pa-
tients [7,9]. Thus, PFS is not a formal surrogate endpoint but rather a potential future indicator
of the clinical benefit of molecular targeted agents in trial designs in which an OS endpoint is
of limited utility.

The principal result of our study was that of the 18 phase 3 trials assessing EGFR-TKIs and
an ALK-TKI, we found that the PFS-HR yielded by the approved molecular targeted agents in
molecularly selected patient trials was sufficiently large to allow distinction between the two
trial types, with high accuracy, at a PFS-HR cutoff level of 0.6 (Fig. 3A and Table 3). Assuming
that trials with molecularly selected patients have shown and will continue to show only small
differences in OS, caused by high levels of crossover treatment, regardless of the effectiveness
of the investigational agent [10], the extent of PFS benefit could serve as an important measure
of the clinical benefit (Fig. 3A and Table 3). The U.S. Federal Drug Administration (FDA) con-
siders that PES is a valid clinical endpoint for advanced NSCLC when regulatory decisions on
drug approval based on the substantial magnitudes of their effects are to be made [6]. However,
“substantial magnitude” remains poorly defined. Here, we describe a cutoff level that will be of
potential use in future trials using molecularly selected patients; use of this cutoff will help re-
solve this long-standing issue.

In contrast, the odds ratio for the overall response seemed less useful for distinguishing trials
using molecularly selected patients (Fig. 3C, and Table 3), possibly because the overall response
did not accurately reflect dramatic tumor shrinkage; rather, it reflected the proportion of pa-
tients in whom the tumor diameter was reduced by > 30%, thus ignoring profound shrinkage
[26]. A novel concept is required to establish surrogacy of the overall response; the proportion
of patients exhibiting “dramatic responses”, as revealed by a waterfall plot might suffice.

Neither recent randomized trial of LUX-Lung 3 nor-6 revealed any significant OS advantage
of afatinib, one of the existing EGFR-TKIs, over the platinum-based chemotherapy, although
both combined analysis of these two trials and some subgroup analyses showed an OS benefit
of the investigational agent [20]. Our current result would also be applied even in such situa-
tion, as long as a trial demonstrates a large PFS benefit but no OS benefit.

A limitation of our study was that all analyses were performed in the absence of any detailed
individual patient information, and thus future patient-based data analyses may be necessary
to confirm our present findings [27,28]. In addition, we included a limited number of clinical
trial analyses that were retrospective in design, and we only analyzed trials evaluating EGFR-
or ALK-TKIs. Furthermore, PFS might be a more useful endpoint if it were combined with
other endpoints such as quality of life, but no relevant data on this were available to us. There-
fore, our work is still at the stage of hypothesis generation; we believe further studies are
strongly warranted.

In conclusion, OS is no longer of utility in trials using molecularly selected patients that
allow subsequent crossover to active investigational agents. In this situation, these molecularly
targeted trials using PFS would be considered positive if their HR is less than or equal to 0.6 for
PES. Although desired threshold might differ in an individual trial, we have contributed critical
information to the long-standing debate on potential endpoints alternative to the traditional
OS endpoint used in trial design.
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