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Abstract

Localized malignant mesotheliomas (LMM) is an uncommon and poorly recognized neoplasm. Its pathologic diagnosis is
often surprising in patients with serosal/subserosal based localized tumors that are clinically suspicious for metastatic lesions
or primary sarcomas. Once a tumor is diagnosed as “mesothelioma”, LMM is often mistaken for diffuse malignant
mesothelioma (DMM). Best currently available evidence about LMM was collected from the literature and cases diagnosed
by members of the International Mesothelioma Panel (IMP). One hundred and one (101) LMM have been reported in the
English literature. Patients had localized tumors with identical histopathologic features to DMM. Patients ranged in age from
6 to 82 years; 75% were men. Most (82%) of the tumors were intrathoracic. Others presented as intrahepatic, mesenteric,
gastric, pancreatic, umbilical, splenic, and abdominal wall lesions. Tumors varied in size from 0.6 to 15 cm. Most patients
underwent surgical resection and/or chemotherapy or radiation therapy. Median survival in a subset of patients was
29 months. Seventy two additional LMM from IMP institutions ranged in age from 28 to 95 years; 58.3% were men. Sixty
tumors (83.3%) were intrathoracic, others presented in intraabdominal sites. Tumors varied in size from 1.2 to 19 cm.
Median survival for 51 cases was 134 months. Best evidence was used to formulate guidelines for the diagnosis of LMM. It
is important to distinguish LMM from DMM as their treatment and prognosis is different. A multidisciplinary approach is
needed for the diagnosis of LMM as it shows identical histopathology and immunophenotype to DMM.

Introduction malignant mesotheliomas [1]. The term “mesothelioma”
was first coined to describe a tumor reported by Du Bray
The serosal membranes include the pleura, peritoneum, and Rosson in 1920 [2]. A decade later Klemperer and

pericardium, and tunica vaginalis. They can give rise to  Rabin further characterized five primary neoplasms of the
benign neoplasms designated as “adenomatoid tumors” and  pleura classifying them as localized or diffuse pleural
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neoplasms [2, 3]. Subsequent studies have shown that
mesotheliomas are diffuse or multifocal malignant neo-
plasms that typically develop in the pleura, less frequently
in the peritoneum and other serosal membranes and tend to
occur in individuals with a history of asbestos exposure
[1, 4-7]. Patients with diffuse malignant mesothelioma
(DMM) have a poor prognosis with median survivals of
6—18 months [5, 8].

Whereas many physicians continue to view a diagnosis
of “mesothelioma” in terms of this simple framework, more
recent studies indicate a more nuanced reality. Although the
prognosis of patients with DMM is guarded, multiple fac-
tors such as tumor location, histologic subtype, tumor grade,
tumor stage, and response to multimodality treatment
impact clinical outcome resulting in significantly better
survival for some patients [4, 8—11]. It is also now accepted
that a substantial number of DMM develop in patients
without significant asbestos exposure and that not all
“mesotheliomas” are diffuse malignant tumors. Three other
neoplasms that partially share the term ‘“mesothelioma”
have also been described: well-differentiated papillary
mesothelioma (WDPM), localized malignant mesothelioma
(LMM), and so-called multicystic mesothelioma [12-26].
WDPM and LMM are associated with considerably better
prognoses than DMM [1]. Indeed, WPDM is currently
considered as a neoplasm of uncertain malignant potential
and multicystic mesothelioma is a benign lesion.

The term “localized mesothelioma” has been poorly
defined and used variably in the medical literature to
describe a spectrum of mesothelial or mesenchymal tumors
that include benign and malignant lesions, and neoplasms of
uncertain malignant potential [16, 20, 27, 28]. Mesenchy-
mal lesions arising in the pleura, peritoneum or other
locations include benign and malignant tumors that do not
derive from mesothelial cells and should be distinguished
from LMM. They include solitary fibrous tumor, synovial
sarcoma, epithelioid hemangioendothelioma, and other
mesenchymal tumors [20, 27-32]. Solitary fibrous tumors
have been reported in older literature as “localized meso-
thelioma” or “fibrous mesothelioma” but currently the term
LMM is used only to describe tumors of mesothelial origin.

LMM (localized malignant tumors of mesothelial origin)
were first described in 1978 by Okike et al., as one of several
benign and malignant entities observed in a series of 60
localized pleural lesions. In 1992 Henderson et al. briefly
described two cases of LMM in their book on malignant
mesothelioma; one of the patients had documented asbestos
exposure [33]. LMM was further characterized as a distinct
clinicopathologic entity in 1994 by Crotty et al. in their
detailed description of the clinicopathologic features of six
patients with this rare tumor [34-36]. The patients ranged
from 42 to 76 years of age and only three had a history
of asbestos exposure [34]. Three of the neoplasms were
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epithelioid and three were biphasic. Three of the patients
developed local recurrences and died from their disease, while
the other three survived without recurrence for 8 to 96 months
after diagnosis. This report was followed by a series of 23
LMM described by Allen et al. in 2005, multiple smaller
series and case reports [16-23, 27, 28, 32, 34-74]. The 21
pleural and two peritoneal tumors reported by Allen et al.
remains the largest published series to date [37]. These cases
were diagnosed using the following criteria: ‘“radiologic,
surgical, or pathologic evidence of a localized serosal/sub-
serosal (but not organ centered) tumor mass without evidence
of diffuse serosal spread and a microscopic pattern identical to
that found in ordinary DMM” [37]. Amongst their 23 tumors,
16 (69.5%) showed epithelioid features, 6 (26%) had biphasic
morphology, and 1 (4.5%) was sarcomatoid. Following local
resection ~50% of the patients were alive from 18 months to
11 years after diagnosis, suggesting a substantially better
prognosis than for DMM patients. Asbestos exposure history
was only available for five patients. Four of the patients (80%)
had a history of asbestos exposure but, without information
on the other 18 cases, the authors were unable to determine
the role of asbestos in causation of this neoplasm.
Others, albeit using variable criteria to diagnose a malignant
mesothelioma as “localized”, have generally supported the
concept that LMM can often be completely excised/resected
resulting in a better outcome than for individuals with DMM
[16-23, 27, 28, 32, 34-74]. Nevertheless, because LMM are
rare and share identical histopathologic features with DMM in
biopsies, they are often simply diagnosed as “mesotheliomas”
by pathologists and reflexively interpreted as DMM by
oncologists. The current study describes the clinicopathologic
features of 72 additional cases diagnosed as LMM by mem-
bers of the International Mesothelioma Panel (IMP) and
proposes opinion-based guidelines for diagnosis, based on the
consensus interpretation of available best current evidence.

Materials and methods

IMP is a group of pathologists from the United States,
Europe, Asia, and Australia that aims to advance the
understanding of serosal neoplasms and is currently chaired
by Dr Francgoise Galateau-Sallé, director of MESOPATH
(Lyon, France). The collaboration has previously developed
evidence-based guidelines for the diagnosis of biphasic and
sarcomatoid malignant mesotheliomas and contributed other
collaborative studies [75, 76]. A comprehensive review of
the English literature was performed using the PubMed
search engine of the Library of Medicine and “localized
malignant mesothelioma”, “pleura”, “peritoneum”, ‘“peri-
cardium”, “abdomen”, “liver”, and “‘extrathoracic” as search
terms. Cases reported as localized mesothelioma that
showed pathologic features of a solitary fibrous tumor, a
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tumor that lacked well defined borders or infiltrated into
adjacent tissues, and diffuse or multifocal mesotheliomas
were excluded. Mesotheliomas of the tunica vaginalis were
arbitrarily excluded from the literature review because they
often lack a well-defined border and are usually described as
a distinct clinicopathologic entity rather than as LMM or
DMM. Members of IMP were invited to contribute clin-
icopathologic information for cases diagnosed as LMM at
their institutions and provide all available data for these
patients and their tumors including age and gender, occu-
pational history, pathologic features, selected imaging fea-
tures, treatment, and outcome. The available data were
queried using the approach previously adapted from
evidence-based medicine by Marchevsky and Wick [77-79].
The specific questions listed in Table 1 were formulated and
evidence summaries from all cases contributed by IMP
members were prepared by one of the authors (AMM).
Survival data for LMM patients who survived at least
1 month after diagnosis were analyzed with Kaplan—-Meier
method using Medcalc 19.0.4 software (Medcalc, Ostend,
Belgium). Survival curves were compared using the Log
rank test. The results were discussed among all coauthors at
a meeting of IMP held in National Harbor, MD in March
2019 and in subsequent electronic communications and used
to propose evidence-based guidelines for the diagnosis of
LMM.

Results

The literature review identified 101 cases of LMM descri-
bed in 51 publications from 1978 until 2019; 45 of the cases
were reported in single case reports [16, 21, 34-39, 41—
44, 46, 48, 50-53, 55-61, 63-66, 68-74, 80-91]. Criteria
for the diagnosis of LMM were suggested by Allen et al., as
described above [37]. Other studies did not explicitly
describe their diagnostic criteria. None of the studies stated
whether size cutoffs or depth of invasion should be used to
exclude the classification of a tumor as LMM and some
studies accepted this diagnosis in the presence of multiple
well-defined nodules and/or localized pleural thickening
adjacent to a dominant mass. There is no explicit informa-
tion in the literature to determine whether the presence of a
serosal effusion or the identification of cytologically atypi-
cal cells in an effusion was or should be used to exclude a
diagnosis of LMM. Similarly, there are no published studies
recommending that negative thoracoscopic biopsies taken
from grossly unremarkable serosa away from the localized
mass or that a minimum follow-up period be required to
diagnose a localized tumor of serosal origin as LMM.
Table 2 summarizes the findings from each of the pub-
lished case series reporting two or more cases diagnosed as
LMM. None provides data to estimate the incidence of

Table 1 Questions used to query the literature and our own experience
regarding the clinically relevant features of localized malignant
mesothelioma

—What is the incidence of localized malignant mesothelioma?

—Are the age and gender of patients with localized malignant
mesothelioma significantly different than for patients with diffuse
malignant mesothelioma?

—Do patients with localized malignant mesothelioma have a
significant history of asbestos exposure that could have caused a
diffuse malignant mesothelioma?

—Is the site distribution of localized malignant mesothelioma like that
in diffuse malignant mesothelioma?

—Were the criteria to define a malignant mesothelioma as “localized”
explicitly described in the cases reported in literature?

—Is there a minimum or maximum size cut-off that would exclude a
diagnosis of localized malignant mesothelioma?

—Does the presence of a small number of lesions (e.g., 2 or 3
apparently well circumscribed nodules or a predominant mass
accompanied by other smaller nodules) exclude the diagnosis of
localized malignant mesothelioma?

—Does the presence of pleural effusion or other serosal effusion
exclude the diagnosis of localized malignant mesothelioma?

—Does the presence of atypical cells in serosal effusion associated
with a localized mass exclude the diagnosis of localized malignant
mesothelioma?

—Are imaging studies sufficient for a diagnosis of mesothelioma as
localized malignant mesothelioma or is thoracoscopy required to
exclude the presence of additional small lesions in a patient with a
localized mass?

—Are thoracoscopic biopsies of grossly unremarkable serosal
surfaces away from the area of a localized mass necessary to
diagnose a mesothelioma as localized malignant mesothelioma?

—Does the diagnosis of localized malignant mesothelioma require a
minimum follow-up period to exclude the possibility of diffuse
malignant mesothelioma?

—How were patients with localized malignant mesothelioma treated?

—What is the prognosis of patients with localized malignant
mesothelioma?

—Is the prognosis of localized malignant mesothelioma patients
similar to those with pT1 diffuse malignant mesothelioma?
—Is localized malignant mesothelioma a different tumor than diffuse

mesothelioma or is it part of a continuum of malignant neoplasms
of mesothelial origin?

LMM at the respective institutions. The 101 LMM included
76 men (75%) and 25 women (25%), yielding a male/
female ratio of 3.04. Patients ranged in age from 6 to 82
years with a mean age of 58.9 +13.9 years. Information
regarding asbestos exposure was reported for 78 patients,
including some reported as single case reports that are not
shown in Table 3; 29 patients (37.2%) had asbestos expo-
sure, but the type and length of exposure is not described.
Interestingly, the patient reported by Sasaki et al. had
asbestosis, a condition usually associated with exposure to
high doses of asbestos [68]. In imaging studies 82 of the
cases (82%) were described as localized thoracic tumors
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that presented as a pleural, chest wall, mediastinal, and/or

pulmonary mass suspicious for a carcinoma or a mesench-

& ymal tumor. The other 18 cases (18%) included intrahepatic

§ - (n =10), mesenteric (n=2), gastric (n=2), pancreatic,

£ Z umbilical, splenic, and abdominal wall (n = 1 each) lesions

[22, 23, 46, 53, 58, 68, 74, 81-83, 87, 89-91]. The 101

LMM ranged from “minute” (0.6 cm) to “massive” (15 cm)

g as reported by Maeda et al. and Yao et al., respectively

§ < [60, 73]. The LMM included 70 epithelioid (70%), 21

= “ biphasic (20.8%), and 10 (10.2%) sarcomatoid tumors

g; [51, 73]. Two of the epithelioid LMM showed prominent

§§ 5 microcystic features [57, 72]. The tumors were diagnosed

28 < § using a variety of mesothelial, epithelial, and other immu-

é 8 %g = nostains identical to those used to diagnose DMM, includ-

E 3:Q f ing calretinin, CK5/6, podoplanin (D2-40), and others [16—

23,27, 28, 32, 34-39, 41-46, 48, 50-53, 56-61, 63-66, 68—

% 74, 76, 81, 86]. The case reported by Erkilic and six cases

z reported by Crotty were evaluated for DNA ploidy; five of

é" g them showed aneuploidy [34, 43]. None of the cases was

Z E‘ evaluated with DNA sequencing or other molecular tech-

e niques. The survival data for LMM cases in the literature

§ are difficult to evaluate given that the diagnostic criteria

s * were not identical and the patients were treated variably

5 with surgical resection (n = 96), and/or chemotherapy (n =

% < 7) and/or radiation therapy (n =6). In addition, length of

v follow up was available in only 88 cases and ranged from 1

;: to 96 months. Gelvez-Zapata et al. pooled the survival data

:g) . from 16 studies of LMM using the Kaplan—-Meier method

[ z [45]. Median survivals ranged from 11.6 to 36 months

E across the studies, yielding a median survival of 29 months

_g 5 for the pooled data. None of the studies compared survival
&g}é B '%: of LMM patients to that of pT1 DMM patients.

§ IMP members from the 12 institutions listed in Table 3

E contributed data, after institutional review boards reviews,

5 2 from 72 previously unreported cases diagnosed as LMM

5% E‘ < (Table 3). These data are incomplete as only limited

§ g & % information about clinical presentation, tumor size, imaging

- & - E findings, treatment, and/or clinical course was available for

g g some cases. The estimated percentages of all mesothelioma

N 5 cases diagnosed as LMM during comparable time periods

;; Z “ Z J§~ were available at The Royal Brompton and Harefield Hos-

i5|£5 2 g pitals (London, UK) and Cedars-Sinai Medical Center (Los

%2 .§ Angeles, CA) and were 1.6% and 0.5%, respectively. The

S = 5 72 patients with LMM included 42 men (58.3%) and 30

g g women (41.7%) yielding a male/female ratio of 1.4. Patients

) o % ranged from 28 to 95 years of age (average 64.9 +14.2

5 S years.). Smoking history was available for 34 patients of

S E 2 which 27 (79.4%) were current or former smokers with

é S & % smoking histories ranging from 6 to 50 pack years. Pre-

§ = g 5_ % senting symptoms, available in 48 cases, included pain or

% £, g ggf z 6;‘:‘ o % discomfort in the tumor area (n = 11), respiratory symptoms

2 gé %gfﬁé géif E with cough and/or shortness of breath (n = 10), palpable

S8l Eg22288221= mass (n=4), and unexplained weight loss (n =4). In the
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other 19 patients an asymptomatic mass was found on
imaging or during abdominal surgery performed for another
condition. To our knowledge, presumptive clinical diag-
noses ranged from carcinoma to mesenchymal lesions
dependent on the tumor location; mesothelioma was not
suspected clinically in any of the patients. Sixty three LMM
were intrathoracic (87.5%) and presented as a localized
pleural, chest wall, pulmonary, or mediastinal mass. Later-
ality was described in 57 cases; tumors were slightly more
frequent in the right (n = 30, 54.5%) than the left (n =27,
44.5%) sides. Nine LMM (12.5%) were intrabdominal
tumors arising from the fallopian tube (n =2), abdominal
wall (n=2), ovary (n=1), perihepatic (n=1), gastric
serosa (n = 1), tunica albuginea (n = 1), and broad ligament
(n=1).

Information about asbestos exposure was available in the
clinical and/or occupational history of 38 patients. In 21
(55.2%) of these patients, notations in the clinical or
occupational history described asbestos exposures ranging
from three patients who reported household exposure from
a relative who was a mechanic or had performed some
home remodeling to more definitive occupational exposures
in three patients who worked in shipyards and/or the U.S.
Navy. The presence of pleural plaques indicative of prob-
able above background asbestos exposures was reported in
seven patients. Lung tissue was not sampled in all 72
patients. The presence of asbestos bodies in lung tissue was
reported in only two patients; one showed only rare asbestos
bodies, the number of asbestos bodies was not quantified in
the other case. Tissue burden analysis was performed in one
case; the lung tissue showed tremolite fibers in concentra-
tion consistent with background levels.

Imaging findings in addition to a localized mass
(Fig. 1A) were reported in 26 patients and included pleural
effusion (n = 14), pleural thickening (Fig. 1B) (n = 8), and/
or pleural plaque (n=7). Cytologic evaluation showed
malignant cells in a pericardial fluid and cells suspicious for
malignancy in a pleural fluid. Biopsies of serosal mem-
branes taken away from the localized tumor were available
in seven cases; five pleural biopsies were negative for
tumor; one pericardial biopsy was positive for tumor and a
peritoneal biopsy showed endometriosis.

Grossly, the LMM were well circumscribed, none-
ncapsulated or partially encapsulated lesions (Fig. 2) ran-
ging from 1.2 to 19 cm (average 6 + 3.7 cm). The 72 tumors
included epithelioid (n =39) (Fig. 3A), biphasic (n = 18)
(Fig. 3B), and sarcomatoid (n = 15) (Fig. 3C) LMM. The
39 epithelioid LMMs included tumors with pleomorphic
(n = 2), microcystic (n = 1), and rhabdoid (n = 1) features.
The 15 sarcomatoid LMMs included desmoplastic (n = 3)
and lymphohistocytoid (n = 1) lesions. The biphasic LMMs
included one lesion with an osteosarcomatous component,
one with chondrosarcomatous differentiation, and one with

SPRINGER NATURE
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Fig. 1 a Chest CT scan showing a localized pleural based mass. Notice
the absence of other significant intrathoracic findings. b Chest CT
showing a localized pleural based mass and mild, slightly nodular
pleural thickening adjacent to the lesion (arrow). Areas such as this
need to be biopsied to exclude the possibility of diffuse malignant

mesothelioma prior to diagnosing a tumor as localized malignant
mesothelioma

Fig. 2 Gross photo of pleural localized malignant mesothelioma

features of desmoplastic mesothelioma. Histologic grade
was available in 26 epithelioid LMM: grades I (n=7), II
(n=28), and IIl (n=11). The LMM were immunostained



Localized malignant mesothelioma, an unusual and poorly characterized neoplasm of serosal origin: best... 291

Fig. 3 a Photomicrograph of
epithelioid localized malignant
mesothelioma (H&E, 200x).
The lesion shows tubulo-
papillary growth features and is
composed of mildly
pleomorphic epithelioid cells
that infiltrate the parietal pleura.
b Photomicrograph of biphasic
malignant mesothelioma (H&E,
200x). The tumor is composed
of epithelioid cells forming
tubules and solid sheets admixed
with malignant spindle cells.

¢ Photomicrograph of
sarcomatoid localized malignant
mesothelioma (H&E, 400x).
The lesion is composed of solid
sheets of pleomorphic tumor
cells. The diagnosis of localized
malignant mesothelioma needs
to be suspected during the
evaluation of serosal/subserosal
tumors so that appropriate
immunostains are performed and
the tumor is not mistaken for a
sarcoma

with up to 19 antibodies/case (Fig. 4A and B), reflecting the
fact that many of the cases represented referrals and the
diagnosis of mesothelioma was probably not initially
favored and possibly not even considered in the differential
diagnosis at the time of initial pathologic examination of a
localized tumor. The lesions showed similar immunor-
eactivity to cases of DMM. One of three cases studied for
BAP-1 showed loss of immunoreactivity. None of the three
cases studied with CDKN2A (p16) FISH showed homo-
zygous loss. One case was studied at MESOPATH with
molecular methods; it showed fusion transcripts USP22-
CD- RT4 and a P.Y646/c mutation in exon 15 of the BAPI
gene. The 6 cases contributed by the Brigham and Women’s
Hospital were evaluated with karyotypic analysis and tar-
geted next-generation sequencing by Hung et al (In Press
Mod. Pathol 2019).

Clinical information about treatment was available in 63
(87.5%) of the 72 cases. Fifty-six of the 63 patients (88.9%)
were treated with local resection NOS, chest wall resection,
pleurectomy/decortication, lobectomy, colectomy, bilateral
salpingo-oophorectomy, pneumonectomy, extrapleural pneu-
monectomy, and/or lung wedge resection (see Table 3).
Resection margin status was available for 42 of the resected
tumors and it was free of tumor in 37 (88%) cases and
positive for tumor in 5 (12%) cases. Eleven of the 63 patients
received postoperative chemotherapy (17.5%), six (9.5%)
were treated with neoadjuvant chemotherapy and/or radiation
therapy, and one was treated only with chemotherapy. Six
patients (9.5%) were treated with postoperative radiation

therapy. Outcome information was available for 53 (73.6%)
of the 72 LMM patients but two patients died within 1 month
of diagnosis, so survival analysis was performed on 51
(70.8%) cases. Recurrences were reported in 14 of the 51
(27.4%) patients. Available information about the clinical and
imaging details of these recurrences is incomplete to deter-
mine the type of recurrence, with some patients having
developed single or multiple nodules (Fig. 5) and others
diagnosed with disease progression. All the 14 cases that
developed recurrences had been treated with surgical resec-
tion. Margin status was available in 11 of those cases and was
reported as involved by tumor in only 1 of the 11 cases. All
but 2 of the 14 recurrences were intrathoracic. One patient
developed bone metastasis and another developed brain
metastasis. Figure 6 shows the survival curve for the 51 LMM
patients. Median survival was 134 months (95% Cl=
65-134 months). Median survivals by LMM subtype were
134 months (95% CI=74-134 months), 65 months (95%
CI=2-65 months), and 30 months 5% Cl=
65-134 months) for epithelioid, sarcomatoid, and biphasic
lesions, respectively. Survival curves were significantly dif-
ferent (Chi-squared = 6.45, p =0.039, DF =2).

Discussion
LMM is a rare neoplasm that exhibits histopathological and
immunophenotypical features identical to DMM. It has been

identified in only 0.5-1.6% of cases diagnosed as malignant
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Fig. 4 a Epithelioid localized malignant mesothelioma. The tumor cells
exhibit strong nuclear and cytoplasmic immunoreactivity for calretinin
(PAP, 100x). b Epithelioid localized malignant mesothelioma. The
tumor cells exhibit nuclear immunoreactivity for WT-1 (PAP, 100x)

Fig. 5 Recurrent epithelioid localized malignant mesothelioma of the
left chest. Chest CT scan shows that the tumor recurred 11 years after
complete resection as a diffuse malignant mesothelioma exhibiting
multiple tumor nodules and pleural thickening

mesothelioma in two of the institutions participating in the
IMP. Review of the 101 cases from the literature shows that
LMM has been reported mostly as case reports and small

SPRINGER NATURE

Mean survival and 95% confidence intervals by histologic type
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Fig. 6 Survival curve of 51 patients with localized malignant meso-
thelioma. The median survival was 134 months, considerably better
than for patients with diffuse malignant mesothelioma. Patients with
epithelioid lesions had a significantly better survival than those with
sarcomatoid or biphasic tumors

series using various interpretations of the criteria suggested by
Allen et al. to diagnose a malignant mesothelioma as “loca-
lized” [37]. For example, some of the studies shown in
Table 1 included a well-circumscribed malignant mesothe-
lioma associated with a few small nodules adjacent to but
separate from the main tumor, with limited pleural thickening
and/or with pleural effusion, while other studies only reported
single, localized tumors without these additional findings.
Indeed, when the clinicopathologic features of cases reported
as LMM in the literature and diagnosed as LMM by IMP
members were reviewed and discussed in detail, it became
apparent that there have been differences in diagnostic opi-
nions. For example, among cases in the literature that have
shown serosal effusion, it is not always made clear whether
cytology was negative. LMM-associated effusions in IMP
cases ranged from trace amounts to large pleural effusion or
ascites and showed a negative cytology. Panel members
opined that the presence of pleural or other serosal effusion
does not preclude a diagnosis of LMM provided that cytology
is negative for malignant cells. IMP members also discussed
whether biopsies of serosal membranes away from the loca-
lized mass should be required for a diagnosis of LMM and
acknowledged that this may not be practical, as a diagnosis of
LMM is seldomly made or even considered preoperatively or
intraoperatively. However, as thoracic surgeons become more
familiar with LMM it may be useful to obtain several pleural
biopsies during thoracoscopy or resection of these lesions, in
order to exclude microscopic DMM in cases where the dif-
ferential diagnosis at frozen section includes LMM. Neither
the literature nor IMP members found evidence that would
require the passage of a stated minimum amount of time after
initial detection of a localized mass to classify a malignant
mesothelioma as LMM; the diagnosis of LMM is based on
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the presence of a localized mass at the time of diagnosis and
that the appearance of subsequent additional nodules in LMM
patients is diagnosed as local recurrence. Table 4 summarizes
the opinion-based diagnostic criteria for LMM that are
derived from the consensus interpretation of current best
available evidence. Applying these criteria retrospectively
would result in the reclassification of certain LMM cases as
DMM. For example, cases 10, 48, and 52 (Table 3) showed
nodular thickening on chest CT scan. Each of these patients
had a distinct tumor involving the pleura but the presence of
additional smaller nodules was not excluded by additional
biopsies. Cases 54, 59, and 68 present more difficult diag-
nostic dilemmas, as they showed trace pleural thickening near
the mass. Such linear thickening without nodularity is more
likely secondary to pleural fibrosis and less concerning than
nodular pleural thickening for a DMM. Only 1 of the 72 cases
diagnosed as LMM by IMP members developed as a testi-
cular mass (case 37) probably arising from the tunica albu-
ginea. Mesotheliomas of the tunica vaginalis have been
described as a distinct entity and grouped with peritoneal
DMM, although it is possible that some lesions could develop
as LMM arising at other sites [92-96].

LMM occurs in patients of all ages and the diagnosis
generally came as a surprise to surgeons and oncologists
who had expected a diagnosis of carcinoma, sarcoma, or
other mesenchymal tumor in patients presenting with a
localized mass. The diagnosis of sarcomatoid LMM can be

Table 4 Proposed guidelines for the diagnosis of Localized Malignant
Mesothelioma®

Imaging studies: well circumscribed serosal/subserosal mass of
any size

Absence of additional nodules or other evidence of diffuse serosal
spread in the pleura, pericardium or peritoneum

Presence of serosal effusion (e.g., pleural effusion, ascites,
pericardial effusion) does not exclude the diagnosis if cytology is
negative for malignant cells (see below)

Presence of pleural, pericardial or peritoneal thickening adjacent to
the tumor raises questions about the diagnosis; malignancy needs to
be excluded by biopsy of any serosal abnormality other than the
localized mass

Thoracoscopy or laparoscopy: absence of additional tumor nodules;
Biopsy all pleural abnormalities

Biopsies of grossly normal serosa away from the tumor are not
required for diagnosis

Cytology: absence of malignant cells in effusion, preferably
confirmed by loss of BAP-1

immunoreactivity in the malignant cells (benign mesothelial cells
retain BAP-1

immunoreactivity) and/or CDKN2A p16 loss of heterozygosity in
atypical mesothelial cells

Histopathology: presence of histopathologic features and

immunophenotype that are identical to those of diffuse malignant
mesothelioma

Pathologists should consult with radiologists before diagnosing a
tumor as localized malignant mesothelioma

particularly difficult to distinguish from other spindle cell
neoplasms, as sarcomatoid mesotheliomas often stain
negatively with various mesothelial markers [76]. One of
the intriguing findings in our case cohort was the relatively
large number of LMM diagnosed at one institution. This
was attributed to the fact that this institution is a referral
center for chest sarcomas; indeed, one of their cases was
initially diagnosed as a sarcoma NOS and later reclassified
as a sarcomatoid LMM after evolving into a DMM a few
months after initial treatment. The distribution of patients by
gender is only slightly different between LMM and DMM,
as 70-75% of LMM and 80% of DMM occur in males
[11, 97]. There is insufficient evidence to determine if
exposure to asbestos increases the risk for development of
LMM because information about exposure to this carcino-
gen is scant and relevant epidemiologic studies are lacking.
A history of occupational and/or household asbestos
exposure has been reported in about 30% of cases and was
described in 55.2% of IMP cases, but information about
length and dose of exposure and/or fiber type is lacking in
most instances. The relative proportions of pleural and
peritoneal mesotheliomas appear to be similar for patients
with LMM and DMM [11, 97]. In 82-90% of patients
LMM occurs as an intrathoracic tumor, where it can appear
as a pleural based mass, chest mass, mediastinal tumor,
esophageal tumor, intrapulmonary lesion or, very rarely, as
a localized pericardial neoplasm [16-23, 27, 28, 32, 34-74].
Extrathoracic LMM have developed as intrahepatic, splenic,
gastric, mesenteric, testicular, or fallopian tube lesions.

Most LMM patients have been treated with various sur-
gical techniques but there is limited information regarding
margin status in the published cases. This information was
available in 42 of the IMP patients; RO resections were
reported in 88% of them. Interestingly, 10 of the 11 recurrent
IMP tumors with available information about margin status
had negative margins at the time of initial resection. Use of
chemotherapy and radiation therapy was also variable in the
literature and our own cases. Only level 4 or 5 evidence is
available regarding the clinical course of patients diagnosed
with LMM in the literature, and follow-up time periods varied
widely among the cases contributed by IMP members; hence
it is not possible to provide accurate prognostic estimates for
these patients. Using Kaplan—Meier statistics Gelvez-Zapata
et al. estimated a 29 months median survival for 48 LMM
patients. Median survival in 51 the IMP patients is
134 months, with significantly shorter median survivals in
those with sarcomatoid and biphasic lesions than for epithe-
lioid LMM. However, the statistical analysis need to be
interpreted with caution, as the data were collected from
patients treated variably at multiple institutions and followed
for variable time intervals.

Our study confirms that patients with LMM have
considerably more favorable survival than DMM patients.
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There are no studies that directly compare the survival
of LMM patients with early stage DMM patients and
WDPM individuals. A recent study by the International
Association Study of Lung Cancer, reports median sur-
vivals of 23—-40 months among stage I DMM patients who
underwent resection of intrathoracic tumor, depending
upon whether the resection was performed with curative
versus palliative intent [11, 97]. Malpica et al. reported
in a study of 26 WDPM that 22 patients with available
follow up had survivals ranging from 4 to 192 months
(47.5 £ 32 months) [98]. Additional prospective studies of
LMM patients using standardized diagnostic criteria and
treatment protocols and longer follow up are needed to
estimate the prognosis of these patients with greater
accuracy.

In summary, our study outlines the clinicopathologic fea-
tures of patients with LMM in more detail than available in
the previous literature and raises several questions that war-
rant further investigation. Prospective studies that are ade-
quately powered are needed to better evaluate the prognosis
of LMM and determine whether it is significantly different
from Stage I DMM and/or from WDPM. Although most IMP
LMM patients experienced only localized recurrences, some
progressed to DMM and a few lesions metastasized under-
scoring the need for more meticulous follow up of these
lesions to investigate how often they evolve into DMM and
whether molecular studies, proteomics or other methodologies
can help predict which LMM are likely to do so. There is also
a need to investigate the role of asbestos in the causation of
LMM, perhaps with multiinstitutions case-control series and
with tissue burden analysis of lung tissues. Finally, patholo-
gists, radiologists, thoracic surgeons, and oncologists need to
become aware that not all mesotheliomas are DMM, so that
aggressive surgery, neoadjuvant, and/or adjuvant therapeutic
modalities are considered for the initial treatment of LMM
patients.
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