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Japanese Society of Thoracic Radiology

A Case of Malignant Pleural Mesothelioma With Osseous
and Cartilaginous Differentiation

Natsuko Shiba, MD,* Masahiko Kusumoto, MD,* Koji Tsuta, MD,{ Hirokazu Watanabe, MD,*
Shun-ichi Watanabe, MD,} Naobumi Tochigi, MD,} and Yasuaki Arai MD*

Abstract: A 69-year-old man with a history of exposure to asbestos
was admitted because of a chest radiographic abnormality.
Subsequent findings from computed tomography and a thoraco-
scopic biopsy suggested malignant mesothelioma. Punctate calcifica-
tion was observed in the pleural tumor on computed tomography
scanning. The patient underwent pleuropneumonectomy, and the
tumor was pathologically diagnosed as malignant mesothelioma,
sarcomatoid type with osseous and cartilaginous differentiation.
Malignant mesothelioma with osseous and cartilaginous differentia-
tion is a rare condition. Punctate calcification in the pleural mass as
a lesion distinct from the pleural plaque may indicate osseous or
osteosarcomatous differentiation in malignant mesothelioma.

Key Words: malignant pleural mesothelioma, osseous differentia-
tion, cartilaginous differentiation, computed tomography, calcifi-
cation

(J Thorac Imaging 2011;26:W30-W32)

M alignant pleural mesothelioma is a rare primary
tumor of the pleura. It is macroscopically classified
as localized or diffuse type, and histologically divided into
epithelioid, sarcomatoid, desmoplastic, and biphasic types
according to the World Health Organization Classification
of Tumours, 2004.!

Osseous and/or cartilaginous differentiation is an
extremely rare presentation in malignant mesothelioma.
Osteosarcomatous lesions that appear as dense, punctate
calcified foci on computed tomography (CT) scans are rarer
still, and only a few cases have been reported.2> Here, we
report a case of malignant pleural mesothelioma with
osseous and cartilaginous differentiation, in which dense,
punctate calcifications were observed on CT scanning.

CASE REPORT

A 69-year-old man who had no significant past medical
history was admitted to the department of thoracic surgery. Five
months before admission, the patient was asymptomatic but had an
abnormal chest radiograph. Results from a subsequent CT scan
and thoracoscopic biopsy suggested the diagnosis of malignant
mesothelioma. The patient was a building contractor and had been
exposed to asbestos for 48 years. There were no significant findings
on physical examination. Findings from laboratory tests and tumor
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and {Thoracic Surgery, National Cancer Center Hospital, Tokyo,
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markers, including carcinoembryonic antigen, cytokeratin frag-
ment, cancer antigen 19-9, and pro-gastrin-releasing peptide, were
within normal range; however, levels of neuron-specific enolase and
squamous cell carcinoma antigen were slightly elevated.

Chest x-ray revealed an approximately 10-cm mass with clear
margins in the right middle hemithorax and a smaller caudal mass
(Fig. 1). In addition, right-sided pleural thickening was observed.
CT scanning revealed masses contiguous with the right pleura, and
dense, calcified foci were detected in the main tumor (Fig. 2). The
calcifications were punctate and uniform (largest diameter, 5 mm)
and were diffusely scattered throughout the tumor. Linear
calcification also appeared in the pleural plaque. In the lung
window setting, the right lung parenchyma was compressed by the
pleural tumors, but no tumors were observed within the right lung
parenchyma or the left hemithorax. There was no evidence of
pulmonary fibrosis.

Right pleuropneumonectomy was performed with chest wall
resection. Macroscopic examination revealed multiple nodules and
tumors, which arose from the parietal pleura. The largest tumor,
which was yellowish white and 9 cm in diameter with clear margins,
compressed the right lung adjacent to the tumor (Fig. 3A).
Calcifications could be palpated in the tumor and pleura.

Histologic examination revealed a solid growth pattern with
oval-to-elongated spindle cells (Fig. 3B). Osteosarcomatous com-
ponents were scattered in the tumor nests (Fig. 3C), and focal
chondrosarcomatous components were observed. Although the
tumor invaded the lung parenchyma, most of the tumor grew in the
parietal and visceral pleurae. Immunohistochemical examination
revealed atypical spindle cells that expressed positive mesothelioma

FIGURE 1. Chest radiograph showing well-defined tumor masses
in the right hemithorax.
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FIGURE 2. A, Axial contrast-enhanced CT scan of the thorax showing masses in the right pleura. Punctate calcifications were detected in
the main tumor. B, Coronal reformatted image clearly shows that the tumor arises from the pleura.

markers (calretinin, podoplanin, and Wilms tumor-1), but did
not express negative mesothelioma markers (carcinoembryonic
antigen, thyroid transcription factor-1, and Ber-Ep4). Asbestos
bodies were detected in the lung parenchyma. On the basis of these
findings, we diagnosed malignant pleural sarcomatoid mesothelio-
ma with osseous and cartilaginous differentiation.

The patient developed both local recurrence and metastasis
and died 19 months after surgery.

DISCUSSION

Malignant pleural mesothelioma is a rarely encoun-
tered, high-grade malignant primary tumor. Cases among
men have declined in the United States’; however, the
incidence is increasing in Japan.” Development of osseous
or cartilaginous differentiation in malignant mesothelioma
is very rare, and Goldstein first reported 2 cases in 1979.8
He suggested that the pluripotentiality of coelomic me-
sothelium may be the cause of its differentiation toward
bone and cartilage, and also proposed the following
alternative hypotheses: (1) the cartilage and bone, devel-

oped separately from the neoplasm, could be caused by
previous tuberculous pleurisy; (2) the mesothelioma might
have produced a substance that promoted cartilage and
bone formation, directly or by stimulating the parathyroid
glands; (3) the cartilage and bone might be integral
components of the neoplasm and in parts the spindle cells
might be merging or transforming into the cartilage; (4)
2 separate neoplasms may have been present, a mesothe-
lioma with classical tubular formation and a fibrochon-
drosarcoma; and (5) asbestotic pleural plaques often
undergo calcification.

Bolen et al® demonstrated the process by which
subserous connective tissue cells obtained epithelial char-
acteristics. They suggested that the pathogenesis is caused
by the multipotency of mesothelial cells, using the term
multipotential subserosal cells, which supports the hypo-
thesis of pluripotent coelomic mesothelium proposed by
Goldstein.® Yousem and Hochholzer!® also favored this
hypothesis. Our case supports this hypothesis, as there was
no evidence of tuberculosis infection or other primary

FIGURE 3. A, The cut surface of the largest tumor. The tumor has a diameter of 9 cm, is composed of yellowish white nodules with focal
ossification, and is compressing the right lower lobe of the lung. B, Sarcomatoid mesothelioma shows oval-to-elongated spindle cells.
C, Irregular-shaped osteoid components with calcium deposition are observed in the nests.
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www.thoracicimaging.com | W31



Shiba et al

J Thorac Imaging * Volume 26, Number 1, February 2011

tumors and the osseous lesion was not colocalized with
asbestos plaque. However, the possibility of parathyroid
hormone influence cannot be excluded.

Of the 2 cases reported by Goldstein,® one case showed
osteosarcomatous differentiation, and the other showed bone
and cartilage differentiation. Sonja et al'! summarized 27
cases of malignant mesothelioma with heterologous elements.
In their report, they suggested that the term “heterologous”
should be reserved for tumors that show malignant hetero-
logous elements, such as osteosarcomatous, chondrosarco-
matous, or rhabdomyoblastic elements. Pathologically, the
differential diagnosis of these cases includes a primary or
secondary pleural sarcoma. They concluded that mesothelio-
ma cannot be excluded if cytokeratin staining is negative and
should be diagnosed by anatomic distribution. The prognosis
after diagnosis of mesothelioma with heterologous elements
is similar to that associated with pleural mesothelioma of the
sarcomatoid type; survival is approximately 6 months. Our
case included heterologous elements such as osteosarcoma-
tous and chondrosarcomatous differentiation.

Several reports have described imaging findings of
pleural mesothelioma, but only 3 reports mentioned tumor
calcifications detected by CT scanning.2® Arnold et al?
reported 2 cases of diffuse malignant mesothelioma that
presented with large and dense calcified . pleural masses,
which were visnalized on CT scan. In this report, it was
described that the diagnosis of osteocartilaginous differ-
entiation in diffuse malignant mesothelioma was based on
the past history of asbestosis exposure, the typical radio-
graphic appearance of encasing pleural tumor, the histo-
pathologic features of malignant mesothelioma, and the
absence of any osteogenic sarcoma or chondrosarcoma
elsewhere. In this case, large calcification inside the main
tumor was not seen, but punctate calcification was evident
on CT scanning. Calcification of benign pleural plaque and
osseous differentiation in mesothelioma could be distin-
guished by their shape and location. Calcification of benign
pleural plaque is linear and is located on thickened pleural
plaque, whereas osseous differentiation in mesothelioma is
punctate or large and is located inside the tumor. The
radiologic differential diagnoses of malignant pleural tumor
with calcification include lung cancer with pleural dissemi-
nation, sarcoma derived from pleura, and metastatic lung

W32 | www.thoracicimaging.com

or pleural tumor, such as colorectal cancer, osteosarcoma,
and chondrosarcoma.

In conclusion, we report a case of malignant mesothe-
lioma with osseous and cartilaginous differentiation. The
punctate calcifications in the pleural tumor, distinct from
the pleural plaque, may indicate osseous or osteosarcoma-
tous differentiation in malignant mesothelioma.
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Introduction: Extrapleural pncumoncctomy has been well de-
fined; however, surgeons vary regarding the surgical extent and
goals of “pleurectomy/decortication™ (P/D). We explored meso-
thelioma surgeons’ concepts of P/D with the aim of unifying
surgical nomenclature.

Methods: A web-based survey was administered to surgeons who
operated on malignant pleural mesothelioma (MPM) for diagnosis,
staging, palliation, or cytoreduction. One hundred thirty surgeons
from 59 medical centers were included. Surgeons who did not
perform surgery for MPM within the last year were excluded.
Results: There were 62 (48%) respondents from 39 medical centers in
14 countries. The mean number of paticnts with MPM scen annually at
each medical center was 46, and the mean annual number of cytore-
ductive procedures performed per surgeon was 8. Most (88%) agreed
that the goal of cytoreductive surgery should be macroscopic complete
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resection of tumor. P/D was defined as resection of parietal and visceral
pleura with the aim of achieving macroscopic complete resection by
72% of respondents. If the diaphragm or pericardiwm required resec-
tion, 64% preferred the term “radical P/D,” whereas “P/D™ (40%) or
“total pleurcctomy™ (39%) was preferred if these structures were not
removed. Most surgeons believed that extraplewal pneumonectomy
(90%) or “radical P/D” (68%) could provide adequate cytoreduction,
whereas only 23% thought that P/D could.

Conclusions: There was significant variation regarding surgical
nomenclature for procedures for MPM. The International Staging
Committee of the International Association for the Study of Lung
Cancer and the International Mesothelioma Interest Group recom-
mend that P/D should aim to remaove all macroscopic tumor involv-
ing the parietal and visceral pleura and should be termed “extended”
P/D when the diaphragm or pericardium is resected.

Key Words: Mesothclioma, Pleural neoplasm, nomenclature, Surgery.

(J Thorac Oncol. 2011:6: 1304-1312)

Surgery for malignant pleural mesothelioma (MPM) may
include relatively minor procedures for diagnosis and
staging, more involved debulking operations for palliation,
and extensive cytoreductive procedures where the goal is to
lengthen survival by reducing the intrathoracic tumor burden
to microscopic levels. The latter is usually accomplished
either by extrapleural pneumonectomy (EPP) or by a proce-
dure that is presently classified as “pleurectomy/decortica-
tion” (P/D), generally as part of a multimodality treatment
regimen. Although the surgical technique of EPP has been
standardized, there is a variation among surgeons with re-
spect to what is involved in P/D.'-5 For some mesothelioma
surgeons, P/D refers to a surgical procedure that aims to
remove all macroscopic tumor from the affected hemithorax.6
This typically includes resection of the entire parietal and

Journal of Thoracic Oncology ® Volume 6, Number 8, August 2011
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visceral pleura, with resection of portions of the pericardium
and diaphragm if involved by tumor. Others refer to this exten-
sive procedure as a “radical” P/D, reserving the term P/D for
resection of only the parietal and visceral pleura.”# Still others
use the term P/D to describe a palliative procedure where the
intention is debulking of tumor to ameliorate pain and pleural
effusion and improve respiratory mechanics.? Occasionally, op-
erative reports will describe P/D when little more than & thora-
cotomy and generous pleural biopsy has been performed.

In collaboration with the International Mesothelioma
Interest Group (IMIG), the International Association for the
Study of Lung Cancer (IASLC) recently formed a subcom-
mittee of the International Staging Committee to improve the
current staging system for MPM. The mesothelioma subcom-
mittee “Mesothelioma Domain” of the International Staging
Committee recently completed an analysis of a large retro-
spective database and is now developing an international,
multidisciplinary, and multi-institutional cohort study that
will collect information on extent of disease, personal and
demographic characteristics, comorbid illness, treatment, and
survival of newly diagnosed patients with MPM. Because there
is considerable variation regarding the surgical management of
mesothelioma, and in particular P/D, the mesothelioma subcom-
mittee thought that it was important to arrive at definitions of
surgical procedures for MPM that would be unambiguous and
broadly acceptable to most thoracic surgeons. To amrive at a
consensus regarding swrgical definitions, a survey was con-
ducted among surgeons who perform surgery for MPM.

METHODS

A web-based questionnaire was created by members of
the IASLC mesothelioma subcommittee using a commercially

available, online survey designer {(www.surveymonkey.com).

Unlike a recent survey of surgical opinion in mesothelioma,
which included thoracic surgeons regardless of their level of
experience with the disease, we polled only surgeons who
had a clinical or research interest in MPM and who were
presumed able to offer expert opinion.'®!! Surgeons were
identified by having published on MPM during the past 5
years, by affiliation with a medical center known to specialize
in MPM, by affiliation with the IMIG, or by peer reference.
One hundred thirty surgeons from 59 centers worldwide were
identified and asked to complete the electronic survey. The
survey was designed to examine prevailing views about
nomenclature for various surgical resections commonly per-
formed for pleural mesothelioma and concepts regarding
cytoreduction (Figures. 1—4). In addition to multiple-choice
options, most questions also offered respondents an opportu-
nity to add text-based comments. We explored opinions
regarding use of the terms “partial pleurectomy,” “pleurec-
tomy/decortication,” “total pleurcctomy,” and “radical pleurec-
tomy/decortication.” Because EPP has been standardized from a
procedural standpoint, we did not further explore terminology
for this operation. The survey collected data over a 3-week
period from October 11 through October 29, 2010. Two remind-
ers were sent clectronically to participants during this period.
Responses from thoracic surgeons who did not perform any type
of surgery for MPM (including either surgery for diagnosis,

Copyright © 2011 by the International Association for the Study of Lung Cancer

staging, palliation, and/or cytoreduction) were censored from
further analysis. Responses were analyzed according to the raw
data, and results were reviewed with the members of the IASLC
Mesothelioma Domain and the Advisory Board, and consensus
achicved before the manuscript was prepared. It was then sub-
mitted to all members of the IASLC Staging Committee and to
board members of the IMIG for approval before the manuscript
and recommendations were finalized.

RESULTS

Respondents

The survey was sent through email to 130 thoracic
surgeons, of which 62 (47.7%) responded. Respondents were
affiliated with 39 different medical centers in 14 countries.
Most were from centers in Europe (47%) or North America
(42%) with only six (10%) responders from Asia and one
from Australia (Table 1). Three participants did not perform
any type of surgery for MPM and were censored from further
analysis (Figure 1). One respondent provided incomplete data
leaving a total of 58 respondents who provided analyzable
data. The mean number of patients with MPM seen annually
at participating centers was 40 (median, 32; range, 3-150),
and the mean number of mesothelioma surgical cases annu-
ally performed by respondents (n = 58) was 20 (median, 16;
range, 2—-80). Ninety-eight percent of surgeons performed
surgery for diagnosis, 82% for surgical staging, 85% per-
formed cytoreductive surgery, and 71% performed surgery
for palliation. Only 34 of 58 surgeons (59%) performed
surgery for all four indications. Three (5%) surgeons per- -
formed palliative surgery but not cytoreductive surgery. Of
surgeons who practiced cytoreductive surgery (n = 49), the
mean number of cases performed within the 12-month period
preceding the survey was 10.4 (range, 1-30).

Surgical Definitions

Most respondents (95%) felt that there was a need to
refine surgical nomenclature to account for the procedural
differences between P/D for palliation and P/D performed for
macroscopic complete resection (MCR) or maximal cytore-
duction (Figure 2). Thirty-nine of 58 (67%) respondents
defined “partial pleurectomy™ as a partial debulking of tumor
for palliative purposes. Of these, 21 (36%) considered it to
include resection of both parietal and visceral tumor, whereas
the others considered it to include removal of only parietal
tumor. Ten (17%) surgeons considered “partial pleurectomy”
to be a subtotal removal of parietal and visceral tumor for
palliation with the expectation of leaving gross residual
disease behind, and another four (7%) defined the procedure
as the removal of all gross parietal and visceral tumor with
the intention of achieving an RO or R1 resection without
removal of the diaphragm or pericardium. Only three (5%)
respondents felt that it should be defined as resection of
parietal pleura for diagnostic purposes only. Forty-two of 58
(72%) respondents considered the term “P/D” to imply re-
section of all gross parietal and visceral tumor with the
objective of achieving rescction of all macroscopic disease.
Of these, 18 (31%) considered the procedure to also include
resection of the diaphragm and/or pericardium even if in-
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Question 1. Please enter your name (optional), city and country:

Name

City/Town 62 (100.0%)
Country 62 (100.0%)
Answered question: 62
Skipped question: 0
Question 2. How many patients with malignant pleural thelioma were regi d at your institution in the last 12 months?
Answer Options ) Resp A ge Resp Total Resp Count
Number 40.4 2,381 60

Answered question: 62
Skipped question: 0

Question 3. 1 currently perform the following types of surgery for mesothelioma (answer all that apply):

None

Surgery for diagnosis (eg VATS) B o (96.7%)

Surgical staging (eg mediastinoscopy ,

laparoscopy) 50 (82.0%)

Palliative surgery 8 43 (70.5%)

Cytoreductive surgery 52 (85.2%)

Other L o (148%)

Answered question: 61
Skipped question: 1

Question 4. How many patients with malignant pleural mescthelioma did you perform surgery on in the last 12 months {for diagnosis, staging,
palliation or cytoreduction?

Answer Options Response Average Response Total Response Count
Number - 20.0 1,158 58

Answered question: 58
Skipped question: 4

Question 5. How many patients with malignant pleural mesothelioma did you perform cytoreductive surgery on in the last 12 months?

Answer Options Response Average Response Total Response Count
Number 8.8 512 58

Answered question: 58
Skipped question: 0

FIGURE 1. Questions 1 to 5. Demographic and practice information of the respondents.

volved by tumor. Nevertheless, 15 (26%) surgcons consid- residual discase behind (R2), and one (2%) respondent de-
ered “P/D” to be a subtotal removal of parietal and visceral fined the procedure as a partial debulking of parjetal and
tumor for palliation with the expectation of leaving gross visceral tumor for palliation.

1306 Copyright © 2011 by the International Association for the Study of Lung Cancer
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Question 6. In your opinion which of the following procedures would describe a 'partial pleurectomy’ the best?

Resection of some parietal pleura to provide
diagnosis but little, if any, palliation

Partial debulking of parietal tumor only to provide
palliation

Partial debulking of parietal and visceral tumor to
provide palliation

Subtotal debulking of parietal and visceral tumor
* for palliation, accepting gross residual disease
(R2)

Removal of all parietal and visceral tumor with
the intention of achieving RO/R1 resection,
without removal of the diaphragm or pericardium

Removal of ail parietal and visceral tumor with
the intention of achieving RO/R1 resection,with
resection of the pericardium and / or diaphragm

Other

21 {36.2%)

1| 10(17.2%)

Answered question: 58 :
Skipped question: 0

Question 7. In your opinion which of the following procedures would describe a ‘pleurectomy / decortication’ the best?

Resection of some parietal pleura to provide
diagnosis but little, if any, palliation

Partial debulking of parietal tumor only to provide
palliation

Partial debulking of parietal and visceral tumor to
provide palliation

Subtotal debulking of parietal and visceral tumor
for palliation, accepting gross residual disease
(R2)

Removat of all parietal and visceral tumor with
the intention of achieving RO/R1 resection,
without removal of the diaphragm or pericardium

Removal of all parietal and visceral tumor with
the intention of achieving RO/R1 resection,with
resection of the pericardium and / or diaphragm

15 (25.9%)

24 {41.4%6)

18 (31.0%)

Answered question: 58
Skipped question: 0

Question 8. Do you think thereis a 'need to develop terminology that would differentiate befwean the extent! of resection associated with
pleurectomy/decortication for palliation versus complete macroscopic resection (cytoreduction)?

Yes

No

Unsure

% 107%)

§5 (94.8%)

Answered question: 58
Skipped question: 0

FIGURE 2. Questions 6 to 8. Opinions regarding definition of partial pleurectomy and pleurectomy/decortication.

To further explore opinions regarding the extent of
“P/D,” two scenarios were provided where the intent was
to resect parietal and visceral tumor so that no residual
macroscopic tumor remained (Figure 3). In one scenario,
the diaphragm and pericardium were resected, and in the
other scenario they were not. With regard to the first
(diaphragm and/or pericardial resection), the majority

Copyright © 2011 by the International Association for the Study of Lung Cancer

(64%) referred to the procedure as “radical P/D.” Eleven
(19%) surgeons preferred the term “total pleurectomy™ and
only three (5%) used “P/D.” One surgeon considered this
a “partial resection.” To describe the second scenario (no
diaphragm or pericardial resection), 23 (40%) chose the
term “P/D,” whereas 22 (39%) preferred “total pleurec-
tomy.” Only six (10.5%) surgeons called this procedure a
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Question 9. In a patient who undergoes parietal and visceral pleural resection for palliative purposes only, without the intention of achieving complete
macroscopic resection, which of the following terms do you think is most appropriate? '

Partial pleurectomy [

Palliative pleurectomy/decortication

Palliative debulking i

Pleurectomy/decortication

33 (66.9%)

Answered question: 58
Skipped question: 0

Question 10. In a patient who undergoes parietal and visceral pleural

tion (but not r tion of the pericardium or diaphragm) with the intention

of achieving macroscopic complete resection which of the following terms de you think is most appropriate?

Pleurectomy/decortication

Totat pleurectomy/decortication

Radical pleurectomy/decortication

Other

23 (40.4%)

| 22038565

Answered question: 57
Skipped question: 1

Question 11. In a patient who undergoes parietal and visceral pleural resection with the intention of achieving a macroscopic complete resection and
the diaphragm and/or the pericardium is resected, which of the terms do you feel is most appropriate to use?

Pleurectomy/decortication

Total pleurectomy/decortication

Radical pleurectomy/decortication

Other [0 17 (12.1%)

i 11(19.0%)

| 57 (53.8%)

Answered question: 58
Skipped question: 0

FIGURE 3. Questions 9 to 11. Opinions regarding the surgical extent of pleurectomy/decortication.

“radical P/D.” Two (3.4%) respondents used the term
“palliative debulking” and another two (3.4%) used “par-
tial pleurectomy.” One (1.7%) respondent preferred the
term “subtotal P/D.”

Cytoreduction

Fifty-one (88%) respondents agreed with the premise
that the goal of cytoreductive surgery in MPM should be the
removal of all visible or palpable tumor (RO or R1) or a
“macroscopic complete rescction” (MCR) (Figure 4). When
asked which cytoreductive procedure was capable of provid-
ing MCR, 51 (90%) chose EPP and 39 (68%) “radical P/D,”
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but only 13 (23%) thought that “P/D” could. One of the
factors that influence performance of P/D versus EPP is
whether tumor involves the fissures. Twenty-two (38%) re-
spondents agreed that P/D could usually provide a MCR if
tumor involved the fissure, however, 30 (51%) did not. In
addition, the majority of respondents (86%) did not believe
that video-assisted thoracoscopic surgery was capable of
providing as complete a cytoreduction as an open procedure.
Nevertheless, three (5%) respondents did, and another agreed
that it could in patients with stage I disease. The remaining
four respondents were uncertain.

Copyright © 2011 by the International Association for the Studv of Lung Cancer
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Question 12. The goal of cytoreductive surgery for malig| pl i heli hould be the r t of all visual and palpable tumor, in other
words, a pi pl tion (RO/R1):

Unsure B8 1(1.7%)

Answaered question: 58
Skipped question: 0

Q jon 13. In a patient with tumor involving the fissure(s) pi t / decor ion can 1y achi . . i

Yes
| 2070

No 30 (50.89%)

Unsure

Other B8 1(1.79%)

Answered question: 58
Skipped question: 0

Question 14. VATS pleurectomy / decortication can usually achieve as as good a tumor cytoreduction as open pieur y / decorti 2

Yes

No § 8 50 (36.2%)

Unsure

Answered question: 58
Skipped question: 0

Question 15. Which of the folloMng procedures do you consider capable of providing adequate cytoreduction (RO/R1)?

VATS pleurectomy 2(3.5%)

Partial pleurectomy §§ 1(1.8%)

Pleurectomy/decortication

U 132289

Radical pleurectomy/decortication S 39 (68.4%)

Extrapleural pneumonactomy 51 (89.5%)

Nene of the above §8 1(1.8%)

Answered question: 57
Skipped question: 1

FIGURE 4. Questions 12 to 15. Opinions regarding surgical goals and technical ability to achieve macroscopic complete re-

section.
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TABLE 1. Geographic Distribution of Physicians Who
Responded to the Online Survey
Country No. of Responses Percentage
United States 23 : 37.1
United Kingdom 10 16.1
Japan 6 9.7
Iraly 5 8.1
Spain 3 4.8
Canada 3 4.8
Turkey 2 3.2
Switzerland 2 32
Germany 2 3.2
Belgium 2 3.2
Greece 1 1.6
Australia 1 1.6
Netherlands 1 1.6
France 1 1.6
DISCUSSION

The first description of P/D is attributed to Fowler'?
who reported the successful treatment of a man with chronic
empyecma and bronchopleural fistula in 1893. Nevertheless, it
was not until 20 years later when four patients successfully
underwent P/D at the Mayo Clinic that the procedure began
to gain popularity and gradually superceded thoracoplasty as
the preferred method for the initial treatment for chronic
cmpyema and trapped lung.'? It is worth noting that “decor-
tication” involved freeing of the fibrinous rind away from the
visceral pleura and not resection of the visceral pleura itself.
In the 1950s and 1960s, parietal pleurectomy was used for the
treatment of spontaneous pneumothorax,'*!S and in 1963,
Jensik et al.!¢ at the University of Chicago reported the use of
parictal pleurcctomy for treatment of malignant pleural effu-
sions, showing a 96% freedom from recurrence in 50 patients.
As meticulously described by Beattie,!” parietal pleurectomy
began with creation of an extrapleural plane before insertion
of a rib spreader, with continued dissection “up over the apex
of the thoracic cavity, and down to and around the lung
hilum.” Once the upper half of the parietal pleura had been
freed, it was excised, and the lower half then dissected down
to the costophrenic sulcus. It was noted that it was usually
impossible to remove the diaphragmatic pleura which was
left attached to the intact diaphragm.

The first report of pleural resection for MPM was by
Martini et al.!% in 1975 who described outcomes of parietal
pleurectomy in 83 patients with malignant pleural effusions,
of which 14 had mesothelioma. At 1 year, 79% of patients
were noted to have been alive, with little or no clinical
limitation in pulmonary rcserve, and the median survival of
those with MPM was 16 months. A year later, this series was
expanded to include 33 patients with MPM who had a median
survival of 21 months. It should be noted that in these early
descriptions of pleurectomy for mesothelioma “all pleura
covering the rib cage and mediastinum (was) removed,” but
attempts were not made to remove the visceral pleura or
resection of the diaphragm or pericardium.!® The operation
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became referred to as “subtotal parietal pleurectomy” as
neither the visceral, diaphragmatic nor pericardial pleurac
were removed.20

Coincidentally, EPP (also termed pleuropneumonec-
tomy) for MPM began to be performed, its proponents argu-
ing that pleurectomy could not possibly achieve the same
degree of tumor clearance as EPP, largely because with
pleurectomy tumor frequently remained on the diaphragm,
pericardium, and the visceral surfaces and fissures of the
lung.21-22 Perhaps in response to this challenge, pleurectomy
cvolved in some surgeons’ hands into a more extensive
procedure than had been described previously. In 1989,
Rusch and Livingston324 described “radical decortication”
in conjunction with intrapleural chemotherapy and, in the
article that followed, P/D was defined as parietal pleurectomy
with either partial or complete visceral pleurectomy accord-
ing to the extent of tumor involvement. The diaphragm and/or
pericardium were frequently resected and reconstructed but
with preservation of the underlying peritoneum. Variations
on this theme have been reported by others, the common
thread being resection of tumor involved parietal and visceral
pleurae.?® In one of the larger and more recent series, Rich-
ards et al.* from the Brigham and Women’s Hospital de-
scribed P/D as resection of the parietal and visceral pleurae
along with involved areas of the pericardium and diaphragm. As
described by others, the intended goal was to obtain a MCR,
arbitrarily defined as tumor residual less than 1.0 cm.3526 The
clear intent of these cytoreductive procedures is to resect all
gross tumor while preserving underlying lung parenchyma.
This has not gained unanimous acceptance however. For
cxample, Butchart® has referred to P/D as “debulking”
surgery which did not include resection of the diaphragm.
The term P/D is still frequently applied to procedurcs that
remove some parietal and visceral pleural tumor and yet
which are strictly palliative in intent leaving behind con-
siderable amounts of gross tumor. Perhaps, this is why in
an effort to differentiate the niore intensive cytoreductive
procedure from less extensive ones several authors have
recently applied the qualifier “radical” when referring to a
maximally cytoreductive P/D.78 Thus, 35 years after the
initial description, there remains some ambiguity regard-
ing the definition of P/D for MPM.,

The overall response rate to our survey was less than
50% but is on a par with responsc rates of other recent
web-based surgical surveys. The thoracic surgeons who com-
pleted the survey were experienced in MPM surgery—per-
forming what would be considered a high volume of opera-
tions for this rare discase. Respondents were primarily from
North America and Europe, so it can be argued that the
findings may be biased toward Western practice, but this
primarily reflects the incidence of MPM and the geographic
location of centers involved in surgical and multimodality
treatment for MPM. The survey confirmed significant varia-
tion among thoracic surgeons regarding the definition of P/D.
When pleural resection was performed for palliative pur-
poses, most respondents did not refer to the procedure as
“P/D” but rather used terms such as partial pleurectomy,
palliative debulking, or palliative P/D. Thus, based on the
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findings of the survey, P/D seems to imply a level of com-
pleteness or thoroughness of tumor resection that did not
apply to debulking or palliative procedures. Nevertheless,
when the diaphragm or pericardium had to be resected to
achieve MCR, most surgeons (64%) favored the term “radi-
cal” P/D.

Finally, we explored the opmlon regarding complete-
ness of resection achievable with surgery for mesothelioma.
The majority of surgeons polled believed that MCR should be
the goal of cytoreductive surgery, regardless of whether that
involves EPP or a lung-preserving operation. This is certainly
in line with the current surgical philosophy of high-volume
centers.>-326 Furthermore, most agreed that either “radical P/D”

or EPP could provide MCR in appropriately sclected patients,

but most responders did not consider that P/D (without dia-
phragm or pericardial resection) could do so. Nevertheless, this
clearly depends on the extent of the disease.

RECOMMENDATION

On the basis of the survey data, which represented the
opinions of experienced MPM surgeons from multiple cen-
ters in different geographical regions, the IASLC Mesotheli-
oma Domain and the IMIG have recommended the following
terminology to be used in the forthcoming Mesothelioma
Staging Project:

a. EPP: en bloc resection of the parietal and visceral pleura
with the ipsilateral lung, pericardium, and diaphragm. In
cases where the pericardium and/or diaphragm are not
involved by tumor, these structures may be left intact.

b. Extended P/D: parictal and visceral pleurectomy to
remove all gross tumor with resection of the diaphragm
and/or pericardium. The JASLC Mesothelioma Domain

suggests use of the term “extended” rather than “radi- -

“cal” in this instance as the latter implies a completeness
of resection with added therapeutic benefit. There is
currently insufficient evidence that resection of the
pericardium and diaphragm provides either.

c. P/D: parietal and visceral pleurectomy to remove all
gross tumor without diaphragm or pericardial resection.

d. Partial pleurectomy: partial removal of parietal and/or
visceral pleura for diagnostic or palliative purposes but
leaving gross tumor behind.

APPENDIX A: IASLC INTERNATIONAL STAGING
COMMITTEE

Peter Goldstraw, Past Chair, Royal Brompton Hospital
and Imperial College, London, United Kingdom; Ramén
Rami-Porta, Chair, Hospital Universitari Mutua Terrassa,
Terrassa, Spain; Hisao Asamura, Chair Elect, National Can-
cer Center, Tokyo, Japan; David Ball, Pcter MacCallum
Cancer Institute, Melbourne, Australia; David Beer, Univer-
sity of Michigan, Ann Arbor, Michigan; Elisabeth Brambilla,
Centre Hospitalier Universitaire Albert Michallon, Grenoble,
France; Vanessa Bolejack, Cancer Research and Biostatistics,
Seattle, Washington; Paul Bunn, Ex Office, University of
Colorado Cancer Center, Aurora, Colorado; Kari Chansky,
Cancer Research and Biostatistics, Seattle, Washington; John
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Crowley, Cancer Research and Biostatistics, Seattle, Wash-
ington; Frank Detterbeck, Yale University, New Haven, Con-
necticut; Wilfried Eberhardt, University of Essen, Essen,
Germany; John Edwards, Northern General Hospital, Shef-
field, United Kingdom; Frangoise Galateau-Sallé, Centre
Hospitalier Universitaire, Caen, France; David Gandara, Ex
Office, University of California Davis Cancer Center, Sacra-
mento, California; Dorothy Giroux, Cancer Research and
Biostatistics, Scattle, Washington; Fergus Gleeson, Churchil
Hospital, Oxford, United Kingdom; Patti Groome, Queen’s
Cancer Research Institute, Kingston, Ontario, Canada; James
Huang, Memorial Sloan-Kettering Cancer Center, New York
City, New York; James Jett, Ex Office, National Jewish
Health, Denver, Colorado; Catherine Kennedy, University of
Sydney, Sydney, Australia; Jhingook Kim, Samsung Medical
Center, Seoul, Korea; Haruhiko Kondo, Shizuoka Cancer
Center, Shizuoka, Japan; Mark Krasnik, Gentofte Hospital,
Copenhagen, Denmark; Diana Lowry, Cancer Research and
Biostatistics, Seattle, Washington; Jan van Meerbeeck, Uni-
versity Hospital, Ghent, Belgium; Takashi Nakano, Hyogo
College of Medicine, Hyogo, Japan; Andrew Nicholson,
Royal Brompton Hospital, London, United Kingdom; Anna
Nowak, University of Western Australia, Subiaco, Australia;
Harvey Pass, Board. Liaison, New York University, New
York, New York; Michael Peake, Glenfield Hospital, Leic-
ester, United Kingdom; Pieter Postmus, Free University Med-
ical Center, Amsterdam, The Netherlands; Thomas Rice,
Cleveland Clinic, Cleveland, Ohio; Kenneth Rosenzweig,
Mount Sinai Hospital, New York, New York; Valerie Rusch,
Memorial Sloan-Kettering Cancer Center, New York, New
York; Nagahiro Saijo, National Cancer Center Hospital East,
Chiba, Japan; Paul van Schil, Antwerp University Hospital,
Edegem (Antwerp), Belgium; Jean-Paul Sculier, Institut Jules
Bordet, Brussels, Belgium; Leslie Sobin, Armed Forces In-
stitute of Pathology, Washington, DC; Charles Thomas, Or-
cgon Health & Science University, Portland, Oregon; Charles
F. Thomas Jr, Mayo Clinic, Rochester, Minnesota; William
Travis, Memorial Sloan-Kettering Cancer Center, New York,
New York; Ming Tsao, The Princess Margaret Hospital,
Toronto, Ontario, Canada; Masahiro Tsuboi, Board Liaison,
Kanagawa Cancer Center, Yokohama, Japan; Andrew Tur-
risi, Sinai Grace Hospital, Detroit, Michigan; Eric Valliéres,
Swedish Cancer Institute, Seattle, Washington; Johan Vans-
teenkiste, University Hospitals, Leuven, Belgium; Hirokazu
Watanabe, National Cancer Center Hospital, Tokyo, Japan;
and Yi-Iong Wu, Guangdong Provincial Peoples Hospital,
Guangzhou, People’s Republic of China.

APPENDIX B: INTERNATIONAL
MESOTHELIOMA INTEREST GROUP (IMIG)
BOARD MEMBERS

Steve Albelda, University of Pennsylvania, Philadel-
phia, Pennsylvania; Sam Armato, The University of Chicago
Medical Center, Chicago, Illinois; Paul Baas, The Nether-
lands Cancer Institute, Amsterdam, The Netherlands; Court-
ney Broaddus, University of California San Francisco, San
Francisco, California; Dean Fennell, Queen’s University Bel-
fast, Belfast, Northern Ireland, United Kingdom; Rabab Gaa-
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far, Cairo University, Cairo, Egypt; Marie-Claude Jaurand,
Institut National de la Santé et de la Recherche Médicale,
Paris, France; Hedy Kindler, The University of Chicago
Medical Center, Chicago, Illinois; Sakari Knuutila, Univer-
sity of Helsinki, Helsinki, Finland; Steven Mutsaers, Univer-
sity of Western Australia, Perth, Australia; Luciano Mutti,
Vercelli Hospital, Vercelli, Italy; Takashi Nakano, Hyogo
College of Medicine, Hyogo, Japan; Harvey Pass, New York
University, New York, New York; Bruce Robinson, Univer-
sity of Western Australia, Perth, Australia; Jeremy Steele, St
Bartholomew’s Hospital, London, United Kingdom; Daniel
Sterman, University of Pennsylvania, Philadelphia, Pennsyl-
vania; Jim teWaterNaude, University of Cape Town, Cape
Town, South Africa; and Walter Weder, University Hospital
Zurich, Zurich, Switzerland.

APPENDIX C: ADVISORY BOARD OF THE IASLC
, MESOTHELIOMA DOMAIN

Paul Baas, The Netherlands Cancer Institute, Amster-
dam, The Netherlands; Jeremy Erasmus, M. D. Anderson
Cancer Center, Houston, Texas; Sciki Hascgawa, Hyogo
College of Medicine, Hyogo, Japan; Kouki Inai, Hiroshima
University Postgraduate School, Hiroshima, Japan; Kemp
Kernstine, City of Hope, Duarte, California; Hedy Kindler,
The University of Chicago Medical Center, Chicago, Illinois;
Lee Krug, Memorial Sloan-Kettering Cancer Center, New
York, New York; Kristiaan Nackaerts, University Hospitals,
Leuven, Belgium; and David Rice, M. D. Anderson Cancer
Center, Houston, Texas.
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Abstract

Objective: To establish cytological features of pulmonary
pleomorphic carcinoma (PC) or giant cell carcinoma (GC), we
evaluated the cytological characteristics of these tumors us-
ing a multidisciplinary approach. Study Design: Samples
from 13 surgically resected and histologically confirmed PC
or GC patients were collected from our institutes. Eight cases
without prior chemotherapy before surgery were selected,
and cytological features were analyzed. Results: The back-
ground contained numerous lymphocytes and neutrophils.
The tumor cells were arranged in flat loose clusters, but
some were in fascicles. The shape of the tumor cell was spin-
dle or pleomorphic, and the sizes of the tumor cells varied by
more than 5-fold. The tumor cells had an abundant, thick
and well-demarcated cytoplasm. The location of the nucleus
was centrifugal, and the nucleus was oval or irregularly
shaped. Multinucleated giant cells were frequently ob-
served. The size of the nucleus was more than 5 times that of
normal lymphocytes, and its size also varied by more than
5-fold. The nuclear membrane was thin, and nuclear chro-

matin was coarsely granular, while the nucleolus was single
and round. Conclusion: PC or GC has characteristic cytolog-
ical features, however, spindle cells tended to be hardly ob-
served in cytological specimens in some cases.

Copyright © 2011 S. Karger AG, Basel

Pleomorphic carcinoma (PC) is defined as a poorly
differentiated non-small cell lung carcinoma (NSCLC),
namely squamous cell carcinoma, adenocarcinoma or
large cell carcinoma containing spindle cells and/or giant
cells, or a carcinoma containing only spindle cells and gi-
ant cells [1]. The spindle or giant cell component should
comprise at least 10% of the tumor. Giant cell carcinoma
(GC) is NSCLC composed of highly pleomorphic mono-
and/or multinucleated tumor giant cells. This tumor is
composed entirely of giant cells and does not have spe-
cific patterns of adenocarcinoma, squamous cell or large-
cell carcinoma. The tumor cells are discohesive and tend
to dissociate from each other [1].

The prognosis for PC patients is worse than that for
patients with other NSCLC in surgically operated cases
[2-4]. However, there have been some contradictory re-
ports that PC has similar clinical behavior and prognosis
as other NSCLC [5-7]. Histologic diagnosis is usually
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Table 1. Clinical summary of cases with pleomorphic carcinoma or giant cell carcinoma

- Smoking  Size
- pack-years . mm
1 69/F LU/P 49 17 none 14 alive S/G/A/L
2 76/M Lu/p 122 55 1A chemo. + rad. 7 alive S/IG/A/L
4 62/M RU/P 126 80 v none 35 dead SIA
7 68/M LL/P 18 16 1A none 32 recurrence SIG/A
8 68/M LL/P 50 32 1B none 21 recurrence S/IA
9 82/M RM/P 60 60 IIB none 60 alive SIG
10 39/F LL/C 8 50 1A rad. + chemo. 40 alive S/IG/A
12 78/M RU/P 55 25 v UFT 23 alive G

LU = Left upper lobe; RU = right upper lobe; LL = left lower lobe; RM = right middle lobe; P = peripheral; C = central; S = spindle
cells; G = giant cells; A = adenocarcinoma; L = large cell carcinoma; Chemo. = chemotherapy; Rad. = radiotherapy; UFT = 5-fluoro-

uracil derivative.

made with surgically removed tumors; however, diagno-
sis has to be made based on small biopsies or cytological
specimens for patients with an advanced-stage tumor.
Because of the difficulty in making a definite diagnosis
of PC or GG, it is not clear whether the prognosis of pa-
tients with those tumors in the advanced stage is worse
than that for patients with other NSCLCs. Although cy-
tological findings of PC or GC have been documented in
a few reports [8-13], there have been no multi-institu-
tional studies carried out by pulmonary cytopathologists.
The aim of this study was to elucidate the cytological
characteristics of PC or GC with specimens obtained
from the touch imprints of surgically removed tumors or
pre-operative transbronchial cytology specimens in pa-
tients whose tumor was surgically removed and con-
firmed histologically to be PC or GC, and to extend ap-
plication of those findings to specimens obtained from
brushing or curettage of advanced-stage tumors.

Materials and Methods

We collected 16 resected tumors that were identified as PC or
GC from our own institutes or from consultation cases. Patho-
logical findings were reviewed by 3 pulmonary pathologists
(K.H., T.K, and Y.M.), after which 13 of the tumors were diag-
nosed as PC or GC. Members of the Committee on Pulmonary
Cytology of the Japan Lung Cancer Society evaluated the findings
of their own original cytological and pathological specimens us-
ing a microscope and made digital images of representative mi-
croscopic findings for the 13 selected tumors, The digital images
were copied to a CD and distributed to each member of the com-
mittee. Autopsy cases and patients who received chemotherapy
before surgery were eliminated from this study, and 8 cases were
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selected for analyses of cytological features. All of the authors are
experienced pulmonary cytopathologists with Board Certifica-
tion from the Japanese Society of Clinical Cytology, and all are
members of the Committee on Pulmonary Cytology of the Japan
Lung Cancer Society.

Each member of the Committee on Pulmonary Cytology eval-
uated the cytological findings of the samples independently. We
defined sarcomatoid component of PC as malignant giant and/or
spindle cells. We defined epithelial component of PC as malig-
nant tumor cells with glandular or squamous differentiation.
Component of large-cell carcinoma is also included in epithelial
component of PC. We defined large-cell carcinoma component as
tumor cells which have a tendency to form loosely structured clus-
ters composed of cells of unequal sizes without glandular or squa-
mous differentiation. We evaluated cytological features of sarco-
matoid component in each of the cases using the following pa-
rameters of the tumor cells by light microscopy: component of
tumor cells, background, number, sizes of clusters, nuclear over-
lapping, arrangement, shape, size, variability in size, pleomor-
phism, surface, adhesion, color of the cytoplasm, nature of the
cytoplasm, nuclear to cytoplasmic ratio, localization of the nu-
cleus (centrifugal or peripheral), shape of the nucleus, size of
the nucleus, pleomorphism of the nucleus, nuclear membrane,
amount of chromatin, chromatin texture, distribution of chroma-
tin, size and shape of the nucleolus, and number of nucleoli in the
nucleus.

The age of the patients ranged from 39 to 82 years old (mean

* 67.8 years). Six were men and 2 were women. The tumor existed

at the periphery of the lung in 7 cases and at the central part of the
lungin 1 case. All of the patients were smokers. They smoked from
8 t0 126 pack-years (average 61 pack-years). The size of the tumor
was from 16 to 80 mm in diameter (average 42 mm). Lobectomy
with lymph node dissection was performed in 7 cases, and partial
resection of the lung without lymph node dissection was done in
1 case because of poor pulmonary function (case 1). The tumor
stages were 1A in 1 case, IIB in 2 cases, IIIA in 2 cases, and IV in
2 cases. The TNM classification of case 1 is TINXMX (table 1).

Hiroshima et al.



Results

The cytological specimens were obtained with touch
imprint in 4 cases, and with transbronchial brushing in
3 cases; 2 of these were also evaluated with a touch im-
print sample, and 1 with transbronchial curettage. The
histological diagnosis was PC in 7 cases and GCin 1. The
NSCLC component of tumor cells in PC was adenocarci-
noma in 6 cases, while in 1 case the tumor was composed
of only spindle cells and giant cells.

Clinical Findings and Clinical Courses

The white blood cell counts were elevated to 9,400/pl in
1 case but were within normal range in the other 7 cases.
Tumor markers were elevated in 5 cases. CEA was high in
4 cases (cases 1,7, 8, and 9), and the CA19-9 level was also
highin 1 (case 8). The CYFRA level was high in 1 case (case
4). One patient had metastasis to the brain (case 4), and
another had metastasis to the right adrenal gland at the
time of surgical removal of the lung tumor (case 12). Re-
moval of the metastatic adrenal gland was performed after
resection of the lung tumor. Chemoradiotherapy was per-
formed in 2 patients after surgery. Recurrence was ob-
served in 2 cases: 1 had a recurrent tumor in the lung (case
7) and another in the brain (case 8). Radiotherapy to the
recurrent tumor in the lung was performed. The observa-
tion period from the time of the surgery was 3.5-60 months
(average 29.7 months); 1 patient is dead, 2 are alive with
recurrence, and 5 are alive without recurrence (table 1).

Cytological Findings

There was no difference in cytological findings de-
pending on how the cytological specimens were obtained.
However, the amount of tumor cells was small in trans-
bronchial curettage samples, and large in transbronchial
brushing samples and in touch imprint of the surgically
resected tumor. '

The background contained numerous lymphocytes
and neutrophils with or without necrotic debris (fig. 1).
There were a large number of tumor cells on the slides in
some cases, but not in others. The size of the clusters seen
on the slides was small, and the number of tumor cells
forming the clusters was less than 20 in half of the cases.
The shape of the tumor cell was spindle, or pleomorphic,
and variable (fig. 2, 3). The tumor cells were large and the
pleomorphism was marked. The tumor cell sizes varied
by more than 5-fold in half of the cases. The pleomorphic
cells varied in diameter from 40 to 80 pm, and occasion-
ally reached up to 120 pum. The tumor cells had an abun-
dant, thick and well-demarcated green cytoplasm that

Pulmonary Pleomorphic Carcinoma

Fig. 1. Touch imprint cytology of the resected tumor from case 10.
Pleomorphic spindle cells were observed in a necrotic back-
ground. Papanicolaou stain, X40.

was green and vacuolated in some of the cells, The nucle-
ar to cytoplasmic ratio was high. The location of the nu-
cleus was centrifugal, and the nucleus was oval or irregu-
larly shaped. Multinucleated giant cells were observed
frequently. The nucleus was more than 5 times the size of
normal lymphocytes in halfof the cases and its size varied
by more than 5-fold in half of the cases, ranging from 15
to 30 pm. The nuclear membrane was thin, and the nu-
clear chromatin was coarsely granular with an increased
amount of chromatin, compared to non-tumor cells. The
distribution of chromatin was uneven in most cases. The
nucleolus was single, medium-sized, and round. The tu-
mor cells were arranged in flat loose clusters (fig. 2, 3), but
some were in fascicles (fig. 4). Cohesive clusters of atypical
epithelial cells were also observed (fig. 5).

The components of tumor cells in pathological and
cytological specimens are listed in table 2. The spindle
cell component was observed in cytological specimens
from 4 cases, and in pathological specimens from 7 cases.
The giant cell component was observed in cytological
specimens from all cases with a giant cell component in
the pathological specimens. The adenocarcinoma com-
ponent was observed in cytological specimens from 4
cases, and in pathological specimens from 6 cases. The
large-cell carcinoma component was observed in cyto-
logical specimens obtained from all cases with a large cell
carcinoma component. Summary of cytological features
of sarcomatoid component of pleomorphic carcinoma
and giant cell carcinoma is listed in table 3.
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Fig. 2. Transbronchial brushing cytology of case 9. Pleomorphic
spindle cells were arranged in loose clusters. Papanicolaou stain,
X40.

Fig. 4. Transbronchial brushing cytology of case 9. Pleomorphic
spindle cells were arranged in fascicles. Papanicolaou stain, X40.

Discussion

Hummel et al. reported that cytological findings of PC
include a conspicuous population of pleomorphic spindle
cells arranged singly, in loose clusters, and in fascicles,
and as microtissue fragments in a necrotic background
[8]. Myxoid stromal fragments are also present. In addi-
tion, cohesive clusters of typical epithelial cells have been
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Fig. 3. Multinucleated cells were arranged in loose clusters in a
background of lymphocytes (case 1). Papanicolaou stain, x40.

Fig. 5. Cohesive clusters of atypical epithelial cells were observed
in a background of neutrophils (case 2). Papanicolaou stain, X40.

noted. There have been reports that pre-operative trans-
bronchial brushing cytology of the PC revealed adeno-
carcinoma or atypical cells [10, 11]. Cytological study of
the tumor in cases 1, 2, and 4 in our study revealed adeno-
carcinoma and giant cells, but not spindle cells, although
spindle cells were components of the tumor. The results
of our study and others suggest that spindle cells have
poor adhesiveness to each other, and that they detach eas-
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