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Chest CT was more reliable in detecting various pleural changes in E-MPM than
“The authors have no financial conflicts of chest X-ray, and pleural effusion was the most common finding in E-MPM cases,
interest. by both tests. Bronchoalveolar lavage remains a reliable and relatively less inva-
sive technique. Chemotherapy with cisplatin and mitomycin can be administered
either alone or following surgery. Erionite has been the culprit of numerous malig-
nant mesothelioma cases in Europe and even in North America. Erionite has a
higher degree of carcinogenicity with possible genetic transmission of erionite sus-
ceptibility in an autosomal dominant fashion. Therapeutic management for E-

MPM remains very limited, and cure of the disease is extremely rare.
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INTRODUCTION

Mesothelioma is a unique cancer that originates from the mesothelial cells that line
the pleural, pericardial, and peritoneal surfaces.' There are approximately 2500 cas-
es and deaths from malignant mesothelioma (MM) annually in the United States,
with most related to prior asbestos exposure.
© Copyright: Asbestos is a chemically inert, insoluble, and odorless mineral that occurs natu-
Yonsei University College of Medicine 2015 rally in metamorphic deposits located around the world.? Asbestos is fire resistant,
This is an Open Access article distributed underthe  anq it does not conduct heat or electricity. However, asbestos does not exist in a
terms of the Creative Commons Attribution Non- . o . . .
Commercial License (http://creativecommons.org/  single form; rather, it is a group of six fibrous minerals of the hydrous magnesium
licenses/by-nc/3.0) which permits unrestricted non-

commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. phyllite asbestos, chrysotile asbestos, amosite asbestos, and crocidolite asbestos.’

silicate variety. The six types include tremolite asbestos, actinolite asbestos, antho-
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The combination of properties exhibited by asbestos has
made it a valuable element in variety of household products
and construction materials.

Several studies reported an increased incidence of malig-
nant pleural mesothelioma (MPM) in residents of southeast
Turkey.>*> Most of the affected population had been ex-
posed by inhalation since childhood to a material contain-
ing a fibrous mineral, erionite, that caused up to 50% of all
deaths in three small villages.® Furthermore, many of the af-
fected subjects had migrated to a number of European coun-
tries, including Germany and Sweden, with public health re-
ports of MM induced by erionite in Turkish immigrants in
those countries as well.”*

Asbestos-related diseases are less likely without prior occu-
pational exposure. Indeed, most studies report that about 80%
of mesotheliomas develop in asbestos-exposed individuals.’
However, the relationship between exposure and development
of mesothelioma varies from about 10% to 100% depending
on the study and on the criteria used to establish definite prior
exposure.” Additionally, in comparison to other carcinogens
there is no linear dose-response relationship between exposure
to asbestos and the incidence of mesothelioma.!

The goal of this study was to critically examine and char-
acterize the published data regarding erionite-related malig-
nant pleural mesothelioma (E-MPM). Additionally, we aimed
to elucidate whether sufficient evidence exists to support a
genetically predisposed mechanism to erionite fiber carcino-
genesis.

STUDIES ABOUT ERIONITE

A comprehensive search was performed to collect relevant

Table 1. Criteria for Scoring Included Manuscripts as Published by Jadad, et a

published and unpublished studies of fiber-related pleural
diseases, mesothelioma, erionite, and tremolite asbestos. The
search strategies were adapted to accommodate the unique
search features of each database, including databases for
PubMed/Medline and Index Medicus, where database-spe-
cific MESH- and EMTREE-controlled vocabulary terms
were used. The search was limited to human studies pub-
lished in English; however, there were no limits for date or
publication status. Relevant bibliographies were also scanned
for additional studies.

In an attempt to minimize publication bias, the following
databases were also searched to collect relevant unpub-
lished studies: the Australian and New Zealand Clinical Tri-
als Registry, the World Health Organization (WHO) Inter-
national Clinical Trials Registry Platform, Cochrane Library,
ClinicalTrials.gov, MINDCULL.com, Current Controlled
Trials, and Google.

Inclusion criteria included 1) adult patients (>18 years of
age) with erionite-related diseases and 2) a genetically pre-
disposed mechanism to erionite carcinogenesis in high risk
families with MM. Exclusion criteria included 1) asbestos-
related diseases and 2) tremolite-related diseases.

All studies were independently evaluated and scored ac-
cording to a scale adapted from Jadad, et al. (Table 1).!° Ev-
idence was rated according to the Oxford Scheme.!" Inclu-
sion and exclusion criteria, study parameters, Jadad score,
and evidence level were assessed by three evaluators (ED,
CG, and MR). Any discrepancy was resolved independent-
ly by a fourth evaluator (EE).

Thirty-three studies out of 100 publications met the in-
clusion criteria for this review, thereby including a total of
31042 patients (Fig. 1). These publications included six
prospective studies (1137 patients), 22 retrospective obser-

I1U

No. Items* Points
1 Study described as randomized? 1
Study described as double-blind? 1

3 Description of withdrawals and drop-outs? 1

4 For question 1, method to generate randomization sequence described and appropriate (table of random 1
numbers, computer generated, etc.)

5 For question 2, method of double-blinding described and appropriate (identical placebo, active placebo, dummy, etc.) 1

6 For question 1, method to generate randomization sequence described and inappropriate (patients allocated 1
alternately, according to date of birth, hospital number, etc.)

7 For question 2, method of double-blinding described and inappropriate (comparison of tablet vs. injection 1
with no double dummy, etc.)

8 Maximum Total 5

*Score based on initial three-item tool (1-3) with addendum criteria (4—7). “Yes” (1 or -1 point) and “No” (O points) answers are totaled for a potential maxi-

mum score of 5 points.
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vational studies (29898 patients), and five case reports (7
patients) (Fig. 2). Descriptions of the included studies are
listed in Table 2.

EPIDEMIOLOGY

Overall, six retrospective studies (3384 patients) and four
prospective (1305 patients) studies (4689 patients in total)
assessed the epidemiology of E-MPM.

Incidence

One retrospective study (162 patients) reported the mean
age of disease appearance as 53+13 years (range: 37-71
years) for males and 48+11 years (range: 28-67 years) for
females with a reported MM risk of 135-times to 1336-times
greater in males than in females.® A more recent retrospec-
tive study (322 patients) reported MM cohorts as having a
mean age of 53.3+18.5 years (range: 22-95 years), with
MM reported as the cause of death in 50.5% (52 of 322) of
the inhabitants.'? Another retrospective study (2316 pa-
tients) reported the Standardized Incidence Ratio (SIR) for
MPM among first-generation immigrants in Sweden. The
database included 2128 cases of MPM among native
Swedish residents and 188 cases among immigrants. The
median ages at immigration and at diagnosis were 26 and
57 for male Turkish immigrants and 33 and 55 for females,
respectively.'* Male SIR was 2.82 [95% confidence interval
(CID): 1.22-5.56] while female SIR was 23.76 (95% CI:
10.86-45.11), and the SIR of both genders was 5.29 (95%
CI: 3.08-8.47).

A prospective study of 94 patients with a mean age 36
years (range: 17-64 years) estimated the incidence of MPM
as 1% per year in an immigrant cohort in Sweden who were
previously exposed to erionite.'* Additionally, a long term
prospective study of residents of two villages exposed to er-
ionite and one nearby control village on the Anatolian pla-

teau in Turkey was initiated in 1979 and continued through
December 31, 2003."% The study included 891 men and wom-
en aged 20 years or older. Of these subjects, 74% (661/891)
resided in the villages with known exposure to erionite. Inter-
estingly, only two cases of mesothelioma occurred in the
control village. When standardized to the entire world popu-
lation, the MPM incidences were approximately 700 and
200 cases per 100000 people annually in the two erionite ex-
posed villages and only 10 cases per 100000 people in the
control village.

Biological & genetic factors

Two studies investigated the probability of genetic factors
behind the development of E-MPM.!¢!7 A retrospective
study by Roushdy-Hammady, et al.'® investigated a six-
generation extended pedigree of 526 individuals who lived
in one village and indicated that MM was genetically trans-
mitted, likely in an autosomal dominant way. Conversely, a

o
o
S | | Records identified through | | Additional records identified
= database searching through other sources
‘g’ (n=92) (n=12)
°
Y / Records excluded (n=30)
: Reasons for exclusion:
Rec%?nso?lfggr(gg%g)ates —>1 e Letter to the editor
] -  Abstracts
2  Journals’ corrections
g
S Y Full-text articles excluded (n=37)
»@ Reasons for exclusion:
— | Records screened (n=70) —> ¢ Review articles (n=27)
» Environmental survey study
— ¢ without clinical data (n=10)
= .
= | | Full-text articles assessed
= for eligibility (n=33)
w
Y
2 L .
= Studies included in
E qualitative synthesis (n=33)

Fig. 1. Flow diagram of included and excluded studies.

33 studies met inclusion criteria

5 case reports

6 prospective studies

22 retrospective studies

3 diagnosis gs_pldemlplogy ?eg_ldemlo_logy
9 treatment iagnosis 5 diagnosis
2 treatment 3treatment

Fig. 2. Characteristics of erionite studies that met the inclusion criteria.
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Table 2. Review of the Studies Assessing the Clinical and Prognostic Features of Erionite-Induced Malignant Mesothelioma

S LT Protocol Diagnostic tests Results Jada(lio Ewder}lce
(yr) score level
Case report/ o
55 . SEM of lung samples after Erionite needle-shaped crystals can be detected
Ataman (1980) 2 fi?ggsg:)icsuve/ development of E-MPM by X-ray diffraction 2
. Case report/
Sebastien, et al. . LM & ATEM of lung samples o
(1981)* 2 E;trospgctwe/ after development of E-MEM LM & ATEM can aid in diagnosis of MPM 4
lagnosis
Baris, et al. 1033 Retrospective/ Clinical, CxR, dust samples E-MPM is associated with higher prevalence %
(1981)* diagnosis analyzed by EM & EDAX of PT rather than PC plus thickening
. EM analysis of pleural and
R((i}(;léze;sal. 22 R;t;os;())zicstlve/ parenchymal tissue from patients EM detected erionite present in 90% of E-MPM 4
e with E-MPM & A-MPM
Hillerdal and Baris Retrospective/ . . PC was the most commonly found pleural changes with
(1983 1307 diagnosis CxR findings with E-MPM E-MPM & A-MPM 2b
Baris, et al. 89 Retrospective/ Clinical & CxR, E-MPM was the highest cause of death followed by lung %
(1987)* prognosis/diagnosis EM & EDAX cancer and then malignant peritoneal mesotheliomas
Sg“g‘giﬁ% etal. 2305 Rpert(r)(;;;:)escigve/ Clinical Equal mortality rates of E-MPM and lung cancer (2.30%) 2a
Ozesmi,Met el 94 TN Clinical & CxR, of E-MPM Incidence of MPM 1% per yr 4
(1990) epidemiology ’
Erzen, etal. 0 Retrospective/ Comparison of CT chest finding ~ PT & PC are more common than in E-MPM than in %
(1991)” diagnosis of E-MPM & A-MPM A-MPM
Retrospective/ . .
Seleuk, et al. . . ., Comparison of CT chest finding —
(1992)" 135 diagnosis/prognosis/ of E-MPM & A-MPM CxR & Chest CT: PE in both E- MPM and A-MPM 2b
treatment
Sahin, et al. 84 Retrospective/ Higher incidence of PC in The most common CT finding in case of MPM %
(1993)” diagnosis A-MPM compare to E-MPM were unilateral PT or PN
Evaluate treatment of MPM
Tansan, et al. 20 Retrospective/ patients with Cisplastin, The addition of interferon-alpha to cisplatin and %
(1994)* treatment mitomycin C and alpha mitomycin C did not result in significant survival benefit
interferon
Baris, et al. Retrospective/ . Exposure to erionite fibers may lead to cancer other
(1996)"" 824 prognosis Mortalty records than MM and lung cancer 2
Karakoca, et al. Retrospective/ PC: E-MPM 9.3%, A-MPM 5.4% &
(1997 1462 oo Ce control subjects 0.8% e
Higher prevalence of HLAB41, HLA-B58, and
Karakoca, et al. Retrospective/ . HLA-DR16 antigens among patients with MPM
(1998)" 268 diagnosis HLA typing compared to control. No prevalence of specific HLA %
antigens in subjects with either E-MPM or A-MPM
. . Residency history, Mean age of disease appearance of 53+13 yrs for males
N([nggg’ L 162 R:tggzmge/ hospital records including and 48+11 yrs for females with the risk of MM was 2b
P &y pathological diagnosis 135-times to 1336-times greater in males than females
Ozer, et al. n Prospective/ E;i}z)ocsar(ii;)s%(r)a g}g(’)ﬁ)legﬂ & Pericardial involvement in 45.2% of patients with MPM. 2%
(2000)* diagnosis DI0pS3, isTopathological & PE in 21.4% (9/42), PT in19% & PC in 7.1%
immunohistochemical staining
Retrospective/ . . . .
19 Pl : Environmentally induced MPM in Turkey is not
Olut, etal. (2000)" 29 SPldeml.OIOgy/ PCR analysis related to HHV-8 2
lagnosis
Emri, et al. 29 Reetirgzlro;cotlize/ / PCR analvsis Environmentally induced MPM in Turkey is not %
(2000)" PICCMIOIogY: Y related to Simian Virus 40
diagnosis
. e . " : : Aneuploid DNA changes were present in 72.7% of E-MPM
Eggéf)ﬂfl' 40 P;‘;i‘;";;‘nv;/ ‘ri(‘)ag‘:)‘;sif/ anlﬁ ‘gs‘e‘sng?t‘gﬁsst"gg‘gﬁl and 13.8% of A-MPM, p=0.0007. Pl was an independent %
progn Y P prognostic factor for both E-MPM and A-MPM (p=0.035)
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Table 2. Review of the Studies Assessing the Clinical and Prognostic Features of Erionite-Induced Malignant Mesothelioma

(Continued)
Study 1st author . . Jadad Evidence
o) Protocol Diagnostic tests Results score®  Jevel"
Dumortier, et al. Prospective/ LM & TEM were equally effective in identifying
2001) 16 Gagnosis BAL, LM, TEM erionite in BAL o0
Dumortier, et al. Retrospective/ LM & EM were equally effective in identifying
(2001)” & diagnosis BAL,IM,EM erionite in BAL Y A
Olut, et al. Retrospective/ . . - 16% of the samples showed p21 ras expression:
B 1agnosis 0 Of B~ and 67 of A- s (p=0.17).
001" 31 g . Immunohistochemical staining 27% of E-MPM and 6% of A-MPM: (p=0.17) 0 2b
Roushdy- . T . o
Hammady, etal. 526 throspegtwe/ Genepc epidemiology maps, MM proba})ly ggnetlcaglthmlsm1ned nan 0 3
001)" diagnosis pedigree autosomal dominant fashion
Kokturk, et al. 5 Retrospective/ EM & immunohistochemical Pathogenesis of E-MPM & A-MPM is possibly secondary 0 %
21 3 . . . .
(2005) prognosis analysis to altering of inflammatory responses or cells apoptosis
aris an ] incidence o people annually in
Baris and Prospective/ MPM incid £700 & 200/100000 peopl lly i
Grandjean 891 o igemiolo Age adjusted mortality rate the two erionite exposed villages and 10/100000 1 1b
(2006)° P &y people in the control village
Hél]l;:lrlf;l 11;61 | Case report/ Transthoracic needle biopsy Sarcomatous mesothelioma with bone formation 0 4
(2007)35{; diagnosis/treatment ~ of the pleura following erionite exposure
G(rzaggé’)?f 5 1 Casereport/diagnosis ~ VATS VATS for diagnosis of E-MPM 0 4
Extrapleural pneumenectomy,
Batirel, et al. . adjuvant high-dose irradiation . . 0
(2008)° 20 Prospective/treatment and cisplatin-based Median survival was 17 months (24% at 2 yrs) 1 4
chemotherapy
Kliment, et al. Case report/diagnosis/ . . .
2009)" 1 treatment SEM & EDXA First reported case of E-MPM in North America 0 4
Mousavi, et al. 2316 Retrospective/ The nationwide swedish Standardized Incidence Ratio for MPM among 0 %
(2010)" epidemiology Family-Cancer Database first-generation immigrants in Sweden
Metinas. et al Retrospective/
(2010)15 ' 322 epidemiology/ XRD, LM,TEM & EDS MM was the cause of death in 50.5% of the inhabitants 1 4
diagnosis
Ryan, et al. Prospective/ HRCT identified pulmonary interstitial changes &
011)* diagnostic xR, HRCT PC in subjects exposed to erionite ! 3

SEM, scanning electron microscope; LM, light microscopy; TEM, transmission electron microscope; EM, electron microscopy; EDAX, energy-dispersion
analysis of X-rays; PT, pleural thickening; PC, pleural calcification; XRD, X-ray diffraction; EDS, energy dispersive X-ray spectrometry; PCR, polymerase
chain reaction; BAL, bronchoalveolar lavage; FCM, flow cytometric; VATS, video-assisted thoracoscopic biopsy; HRCT, high resolution CT; ATEM, analytical
transmission electron microscopy; MPM, malignant pleural mesothelioma; E-MPM, erionite-related MPM; A-MPM, asbestos-related MPM; CxR, chest X-
ray; PN, pleural nodule; MM, malignant mesothelioma; HLA, human leukocyte antigens; HHV-8, human herpes virus 8.

prospective study of 268 subjects evaluated a possible rela-
tion between MPM and the presence and distribution of hu-
man leukocyte antigens (HLA) in patients environmentally
exposed to erionite and asbestos in rural Anatolia, Turkey."’
There was a higher prevalence of HLAB41, HLA-BSS, and
HLA-DR16 antigens among patients with MPM than
among healthy inhabitants from the same village and renal
donors (control). However, there was no difference in the
prevalence of any specific HLA antigen among the study
subjects with MPM following exposure to either erionite or
asbestos.

A possible link between exposure to Simian virus 40

YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 56 NUMBER 2 MARCH 2015

(SV40) and the development of MPM was evaluated in a
retrospective study. SV40 (DNA tumor virus) contaminated
polio vaccine supplies that were distributed worldwide be-
tween the late 1950s and early 1960s."® Polymerase Chain
Reaction (PCR) analysis failed to identify SV40 in any of
the 29 pleural biopsy specimens from patients diagnosed
with MPM. The authors conclude that the pathogenesis of
environmentally induced MPM in Turkey was most likely
related to exposure to inorganic fibers, asbestos, or erionite
rather than previous exposure to SV40.

Another retrospective study investigated the presences of
human herpes virus 8 (HHV-8) in pleural biopsy samples
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from patients with MPM (29 patients: 14 E-MPM, 15 A-
MPM) through PCR analysis.”” HHV-8 has been shown to
be associated with Kaposi sarcoma lesions and other body
cavity-originating B-cell lymphomas. In addition, HHV-8
upregulates levels of interleukin-6, which is also secreted
by mesothelioma cells. However, the PCR analysis failed to
identify HHV-8 in any of the 29 pleural biopsy specimens,
leading the investigators to conclude that the environmen-
tally-induced mesotheliomas were not related to HHV-8 ex-
posure.”

Three Ras proteins, H-RAS, K-RAS, and N-RAS, are 21
kDa oncoproteins that play a pivotal role in growth factor
mutagenesis. It is estimated that close to 10-20% of all hu-
man tumors contain mutated versions of Ras proteins.”® A
retrospective study investigated the presence of Ras proteins
in pleural biopsy samples from patients with MPM (31 pa-
tients: 8 E-MPM, 21 A-MPM, & 2 fibrous MPM).%° A total
of 16% (5 of 31) of the samples showed Ras expression:
27% (4 of 15) of E-MPM samples and 6% (1 of 16) of A-
MPM samples were associated with p21 expression; how-
ever the difference was not statistically significant (p=0.17).

A recent retrospective study by Kokturk, et al?' (52 pa-
tients) was conducted to determine the expression of various
apoptosis-regulating proteins and their prognostic signifi-
cance in E-MPM and A-MPM. The pathogenesis of E-MPM
and A-MPM is possibly secondary to direct involvement of
inflammatory cells or tumor growth allowed by escaping
from the normal cell apoptosis. Such apoptosis has two main
pathways: the mitochondrial pathway through antiapoptotic
proteins (such as Bcl-2) or proapoptotic proteins (such as
Bax) and the death receptor pathway through the Fas (Apo-
1/CD95) to Fas Ligand (Fas L) interaction.?! These apop-
totic pathways (Bcl-2/Bax and Fas/Fas L) were assessed by
immunohistochemistry for expression patterns in tissue sec-
tions from patients who had E-MPM and A-MPM, with ad-
enocarcinoma sections serving as control group samples
(Table 3). Bcl-2 and Fas staining were found to be almost
negative in MPM and adenocarcinoma sections.?!

DIAGNOSIS

Overall, 11 retrospective studies (22793 patients) and five
prospective (175 patients) studies and two case reports of
one patient each (total 22970 patients) assessed the various
diagnostic modalities of E-MPM.

Radiology

A total of seven retrospective studies (22492 patients)?>** and
two prospective studies (76 patients), > in addition to a case
report of one patient (total 22569 patients),’' are summarized
in Table 4. The studies investigated various radiological find-
ings such as pleural effusion (PE), pleural calcification (PC),
and pleural nodules (PN) in E-MPM through plain chest X-
ray (CxR) and thoracic computed tomography (CT).

Bronchoscopy, pleural biopsy, and thoracoscopy

Four retrospective studies (301 patients), three prospective
studies (98 patients), and one case report of one patient (to-
tal 400 patients) assessed the diagnostic utilities of bron-
choscopy, pleural biopsy, and thoracoscopy in E-MPM.

A retrospective study by Dumortier, et al. (68 subjects)*
and a prospective study (16 subjects)* reported the utility of
bronchoalveolar lavage (BAL) followed by light and elec-
tron microscopy in identifying erionite in Turkish subjects
who were born and lived in exposed villages. Another pro-
spective study by Emri, et al. (40 patients)* utilized thoracot-
omy in 75% of cases (30 of 40) or video-assisted thoracosco-
py (VATS) (25%, 10 of 40) followed by flow cytometric
DNA analysis. All patients had either T3 or T4 tumors with-
out distant metastases.

Two other retrospective studies (202 patients)™* utilized
pleural biopsy as the main diagnostic tool for the E-MPM—
induced pleural plaques, followed by thoracotomy and then
thoracoscopy. Another retrospective study and a case report
(32 patients) reported similar results without reporting su-
periority of a specific procedure. 2

Table 3. Immunohistochemistry Expression of Bax and Fas Ligand in Tissue Sections from Patients with E-MPM and A-

MPM”
E-MPM A-MPM Adenocarcinoma (control)
31% (16/52) 37% (19/52) 33% (17/52) PRI
Bax (%) 13.75£19.27 5.89+14.51 7.38£14.53 0.566
Fas Ligand (%) 26.87+31.87 46.10+37.30 264742323 0.123

Bcl-2, B-cell lymphoma 2; Bax, Bel-2-associated X protein; E-MPM, erionite-related malignant pleural mesothelioma; A-MPM, asbestos-related malignant

pleural mesothelioma.
Fas (TNF receptor superfamily, member 6).
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Table 4. Comparisons of Radiological Findings between Subjects with E-MPM and Those with A-MPM

CxR CT
PT PC PE PN IC PT PC PE PN IC
Baris, et al., 1981 (1=1033)”
Erionite
Men 28% 2% 13% 0.7%
(G4/149)  (4149) (2149 (1/149)
Woren 97%  0.6%
17/176)  (1/176)
Hillerdal and Baris, 1983 (n=1307)"
i 14.2%
Erionite (78/549)
22.3%
Asbestos (104/466)
0.8%
Control (3382)
Baris, et al., 1987 (n=327)""
Erionite
Men 5.5% 43%  243%
(18/327) (14327)  (79327)
S 2.8% 22% 12.7%
9327) k1) (@2327)
Sahin, et al., 1993 (n=84)”"
L 55%
Erionite (n=20) (1120)
- 64%
Asbestos (n=64) (41/64)
Karakoca, et al., 1997 (n=19462)"
Erionite 9.3% %
(78/833) (16/33)
54% 52%
AR (993/18247) (48/93)
0.8%
Control (3382)
Erzen, et al., 1991 (n=42)”
Eronite (1=13) 692%  384% 30.7% 23%
913) (513) (413) (3/13)
~ 3%  241% 20.6% 6.8%
Hdbsins =) (1129) (729 629 (229)
a2 66%
Seleuk, et al., 1992 (n=137) (3350)
L 66% 100%
Erionite (n=58) (38/58) (10/10)
- 78% 100%
Asbestos (n=77) (66177) (40/40)
Gulmez, et al., 2004 (n=67)"
Erionite 7.5% 94% 92.4% 3.7% 7%  173%  608%  347%
@53 (553 (495%3)  (2/53) 823) (@23 (1423)  (8123)
Ryan, etal,, 2011 (n=33)"
Erionite 3.0% 3% 9.1% 18.2%
(133) (133) (3/33) (633)

YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 56 NUMBER 2 MARCH 2015

317



Ersin Demirer, et al.

Table 4. Comparisons of Radiological Findings between Subjects with E-MPM and Those with A-MPM (Continued)

R T
PT PC PE PN IC PT PC PE PN IC
Asbestos 3% 6% 34% (=0.11) 15%
Total
- IS6% 9% 342% 4% BO% 8% 4% 608%  MT%  182%
(56358)  (1932087) (9260)  (4529) (122360  (5129)  (G688)  (423)  823) (63
e R (10957'/91?766) e (171%/31?6) (;61}?;/2) el

CxR, chest X-ray; CT, thoracic computed tomography; PT, pleural thickening; PC, pleural calcification; PE, pleural effusion; PN, pleural nodule; IC, interstitial
changes; E-MPM, erionite-related malignant pleural mesothelioma; A-MPM, asbestos-related malignant pleural mesothelioma.

*No ashestos data; results are not included in final analysis.
"Historical asbestos data; results are not included in final analysis.

*Combined E-MPM and A-MPM data; results are not included in final analysis.

A prospective study of 42 patients with MPM utilized
transthoracic echocardiography (TTE) for documentation of
pericardial involvement and percutaneous biopsy.** TTE
was followed by percutaneous pericardial biopsy, thoracot-
omy, or video-associated thoracoscopy and then histopatho-
logical and immunohistochemical staining. Through such
an approach, these researchers were able to determine peri-
cardial involvement in 45.2% of patients (19 of 42) with
MPM, and pericardial effusion was detected in 21.4% (9 of
42), followed by pericardial thickening in 19% (8 of 42)
and pericardial calcification in 7.1% (2 of 42). However,
there was no difference in terms of pericardial involvement
or tumor stage between patients who were exposed to as-
bestos and to erionite (p>0.05).

TREATMENT

One retrospective study (67 patients) and three prospective
(79 patients) studies (146 patients total) assessed the thera-
peutic utilities of chemotherapy and pleural resection in treat-
ment of MPM.

In one such prospective study (19 subjects), Tansan, et al.
assessed response and toxicity according to WHO criteria®’
after treating 3 E-MPM and 16 A-MPM patients with cispl-
atin, mitomycin C, and alpha-2b-interferon versus a well-
matched historical control treated with cisplatin and mito-
mycin C alone.*® The addition of alpha-2b-interferon to
cisplatin and mitomycin C did not result in an objective re-
sponse difference when compared to the cytotoxic agents
alone (10.5%; 95% CI: 1.3-19.7%). However, the differ-
ence in patient median survival when compared with a
well-matched historical group was significantly borderline
(Wilcoxon test; 3°=3.64; p=0.0564), which suggests possi-
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ble benefits from the inclusion of alpha-2b-interferon. Due
to the small number of subjects, the study did not comment
on the treatment response difference or survival benefits in
E-MPM versus A-MPM. Another prospective study by
Emri, et al.** involved 40 patients with a median age of 50
years (range: 30-68 years) and investigated three combina-
tions of chemotherapy drugs: 40% (16 of 40) received cis-
platin and mitomycin C, 10% (4 of 40) received ifosfamide
and interferon-a, and 8% (5 of 40) were given carboplatin
and paclitaxel combinations. None of the patients were able
to undergo curative resection as all had either T3 or T4 tu-
mors without distant metastases. Only 30% of patients (12 of
40) had palliative radiotherapy while 37.5% (15 of 40) re-
fused chemotherapy following surgery. The objective re-
sponse rate in patients who received chemotherapy was
20%, with a median overall survival (OS) of 10+£2 months
(95% CI: 6-14) and a 1-year survival rate of 45.2%.

Additionally, in a retrospective study of 67 patients with
MPM, 52.2% (35 of 67) received a chemotherapy regimen
of ifosfamide, mesna, and interferon-o for 6 months.?® Fol-
low-up data were available for the 33% of patients (22 of
67) who received >2 cycles of chemotherapy; results in-
cluded a 2-year survival rate of 22% and a 2-year progres-
sion-free interval of 15.7%. Although the study did not report
the number of E-MPM cases in the remaining 22 patients,
the authors commented that there were no survival differ-
ences between the E-MPM and A-MPM patients. The esti-
mated durations of OS and progression-free survival were
12+3.8 months and 9+3.1 months, respectively. In addition,
pleurodesis and pleurectomy/decortications were per-
formed as palliative treatment in 19 and 12 MM patients,
respectively, who did not receive chemotherapy; however,
no survival data were reported for these patients.

Finally, Batirel, et al.** conducted a prospective feasibility
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Table 5. Staging and Survival for E-MPM and A-MPM Patients”

E-MPM A-MPM p value
Stage
152% (64/123) 23 41
1121% (26/123) 11 15
111 24% (30/123) 12 18
1V 2.4% (3/123) 0 3
MS from diagnosis 13.52+0.73 21.56+0.77 <0.01
12 months 64% 79%
24 months 15% 42%
MS from the onset of symptoms 16.80+0.66 36.16£1.50 <0.01
12 months 78% 92%
24 months 30% 69%
Alive at the end of study [22% (30/135)] 4% (6/135) 18% (24/135)
Lost to follow-up 0% 29% (39/139)

MS, median survival (in months); E-MPM, erionite-related malignant pleural mesothelioma; A-MPM, asbestos-related malignant pleural mesothelioma.

study of extrapleural pneumonectomy followed by adju-
vant high-dose irradiation and cisplatin-based chemothera-
py to reduce local and distant recurrence rates, thus pro-
longing survival in E-MPM and A-MPM subjects. Out of
20 patients enrolled in the study, 80% (16 of 20; 3 E-MPM
& 13 A-MPM) underwent extrapleural pneumonectomy
with en-bloc removal of ipsilateral lung. In addition, 60%
(12 of 20) received hemithoracic radiotherapy and cisplatin
following surgery. Sixty percent of the study patients (12 of
20) completed all three treatments with a median follow-up
of 16 months (range: 1-43 months). The overall median
survival was 17 months (24% at 2 years), and 40% of pa-
tients (8 of 20) had extrapleural lymph node involvement.
However, patients without lymph node metastasis had bet-
ter overall median survival (no metastasis: 24 months; me-
tastasis: 13 months; p=0.052).

PROGNOSIS & SURVIVAL

Five retrospective studies (4208 patients) and one prospec-
tive study (891 patients) (5099 patients total) assessed prog-
nosis and survival of E-MPM. Four retrospective studies
reported an E-MPM-related mortality of 2.30% to 20.6%
among the inhabitants of three villages in the Cappadocia
region of Central Anatolia followed by lung cancer in 2.30%
to 12.1% and then malignant peritoneal mesotheliomas in
2.8% (4 of 141).24%441 One of the retrospective studies by
Selcuk, et al.» staged patients according to a modified sys-
tem proposed by Butchart, et al.*’ (Table 5) with a median
survival of 64% from diagnosis for E-MPM patients at 12
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months. The latter findings were supported by two recent
studies. The first was a retrospective study by Kokturk, et
al. (52 patients),”! who studied the impact of apoptotic path-
ways Bcl-2/Bax and Fas/Fas L on survival in tissue sections
from patients with E-MPM and A-MPM, with adenocarcino-
ma sections serving as a control group. Overall, the median
survival times for the E-MPM and A-MPM groups were
similar even when considering different histological subtypes
(epithelial vs. non-epithelial), stage, and different treatment
modalities [palliative surgical debulking (PSD) vs. non-
PSD]. However, E-MPM patients with negative Bax had
longer survival than Bax-positive patients (Bax-negative: 18
months; Bax-positive: 14 months; p=0.06). While Fas Li-
gand-positive patients had statistically better survival than
Fas Ligand-negative patients in the two MPM groups (Fas L-
positive: 15 months; Fas L-negative: 12 months; p=0.05).%!
The second study was a long-term prospective study of resi-
dents (891 subjects) of two villages exposed to erionite and
one nearby control village on the Turkish Anatolian plateau
conducted between 1979 and December 31, 2003." Over
the 23-year follow-up, 42% of the subjects (372 of 891) died;
32% (119 of 372) of these deaths were from mesothelioma,
which was the cause of 44.5% of all deaths in the erionite-
exposed villages. Interestingly, only two cases of mesothe-
lioma occurred in the control village.

KEY POINTS ABOUT ERIONITE

Although the link between asbestos exposure and mesothe-
lioma was established over 50 years ago, it is still unclear
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whether all types of asbestos can cause mesothelioma.”*3#
The median latency from time of asbestos exposure to the
disease is about 32 years; however, in many instances it
ranges from 20 to 50 years.'*> Unfortunately, the median
survival is about 1 year from diagnosis, as current therapies
have had only marginal effects in altering the natural course
of the disease.*

In contrast to industrialized Western countries, in which
MM is typically related to previous occupational exposure
to asbestos, MM in central and eastern Turkey, Greece, and
Cyprus is instead associated with environmental exposure
to tremolite asbestos or erionite, a natural fibrous zeolite >4
Interestingly, recent environmental studies also report the
presence of erionite fibers in North America, with one case
report of E-MPM in Mexico.*** Furthermore, other enviro-
mentally-related MM cases were reported following expo-
sure to asbestos and other fibrous minerals such as winchite,
richterite, fluoroedenite, and antigorite.**!

Erionite belongs to the mineralogical group of zeolites, a
complex group of hydrated aluminosilicates of alkali and
alkaline earths that includes about 40 natural minerals.*
Zeolites naturally occur in volcanic rocks cavities and other
hydrothermal environments.>* Most naturally-occurring ze-
olites are non-fibrous, in contrast to erionite, clinoptilolite,
and mordenite, which are fibrous.

Various epidemiological studies support the high incidence
of E-MPM among the inhabitants and emigrants of three vil-
lages in the Cappadocia region of Central Anatolia. In con-
trast to A-MPM, E-MPM occurred at a younger age, with a
median age at diagnosis in the mid-50 s (57 for males and 55
for females), and the male-to-female ratio of MM in Turkish
immigrants was 1.1.1* Such a ratio was quite different from
that observed in industrialized countries, where occupational
exposure to asbestos is common in men.” Furthermore,
some data raised the possibility of extrapleural and peritoneal
cancers as additional causes of mortality linked to erionite-fi-
ber exposure.*! Interestingly, asbestos fiber concentrations in
erionite-affected villagers were not different from those in
Turks without environmental exposure to tremolite.”>*

The development of E-MPM in some but not all subjects
who resided in the three Cappadocian villages with high
exposure to erionite raise the probability of genetic factors
behind such selectivity.!!"?* Possible support for this find-
ing is the absence of MM cases in nearby villages, whose
inhabitants had similar amounts of erionite in stone samples
from their houses.'® Furthermore, it is possible that genetic
predisposition, viral infection, and even exposure to other

environmental factors, such as radiation, may act singularly
or in combination to induce E-MPM.>*

When considering the diagnosis of E-MPM, radiological
assessments play an essential role in diagnosis, staging, and
management decisions for E-MPM. Table 4 summarizes the
yields of various studies that examined the utility of CxR
and chest CT in diagnosis of E-MPM in addition to com-
paring the CxR and chest CT findings between E-MPM
and A-MPM. Six studies reported CxR findings in 2178 pa-
tients who were exposed to erionite, comparing them with
18766 patients who were exposed to asbestos.??263 PE
(34.2%) and interstitial changes (IC; 33.9%) were the most
common findings. These were followed by pleural thicken-
ing (PT; 15.7%) and PC (9.2%), with PN reported in only
4.5% of E-MPM patients. Limited CxR data were available
in one study due to low incidences of PT and IC, which
hindered comparison between the CxR findings in patients
with E-MPM and A-MPM.*

Five recent studies that included 109 E-MPM and 186 A-
MPM patients examined the role of chest CT in diagnosis
of E-MPM.?- Three of these studies were able to compare
CxR and chest CT findings in patients with E-MPM and A-
MPM.»230 PE was the most common chest CT finding at
60.8%, followed by PC (41%), PT (34.8%), and PN (34.7%)),
while IC was reported in 18.2% of the E-MPM patients. As
expected, chest CT was more reliable in detecting various
pleural changes in E-MPM than CxR (Table 4), and PE
was the most common finding in E-MPM, by both CxR
and chest CT, followed by PT and IC.

Various sampling techniques were utilized in identifying
erionite in the lung and pleural tissues. Bronchoscopy with
BAL remains an effective and relatively less invasive tech-
nique in establishing E-MPM in patients from areas with
known high exposure.’?33 By measuring the concentration
of erionite particles in BAL from subjects, it is possible to
establish past exposure to erionite even 20 years after the
exposure had stopped.* In other instances, pleural sampling
can be achieved through pleural biopsy, thoracoscopy, or
thoracotomy, with a 29% to 95.7% yield for E-MPM by
light microscopy.?*232%333 Limited data are available for as-
sessing the role of electron microscopy,* scanning electron

4835 analytical transmission electron microsco-

microscopy,
py,*® and immunohistochemical analysis in diagnosis of E-
MPM.2

Regarding therapeutic options, several studies investigat-
ed the utility of chemotherapeutic agents, radiotherapy, and

surgical treatment in achieving local control of E-MPM and
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perhaps limiting distant metastases.’**® When considering
chemotherapy, cisplatin, and mitomycin remain the main
chemotherapeutic agents, administered either alone or fol-
lowing surgery. However, objective response rate to chemo-
therapy remains low, in the range of 20%, with median OS
close to 10 months.* Although the addition of interferon-o in
one study was clinically tolerable, it did not result in an ob-
jective response difference when compared to cisplatin and
mitomycin alone.*® Pleurodesis, VATS, thoracotomy, and
pleurectomy/decortications could be attempted in selected
patients at specialized medical facilities.?®** However, most
patients present at a late stage (T3-T4) and are therefore
unable to undergo a curative resection.** In such patients,
extrapleural pneumonectomy, followed by adjuvant high-
dose irradiation and cisplatin-based chemotherapy may im-
prove local and distant control rates and possibly prolong
their survival.*’

Survival in patients with E-MPM remains low when com-
pared to patients with A-MPM (Table 5). Such a difference
could be related in part to genetic differences in originally
acquiring E-MPM'*?° or to delay in clinical presentation and
evaluation. However, the expression of various apoptosis-
regulating proteins may prove to be of utmost prognostic
significance in some patients with E-MPM.*!

In summary, erionite, a non-asbestos fibrous zeolite, has
been the cause of numerous MM cases in Turkey and even
in North America. Furthermore, many of the affected sub-
jects had migrated to various European countries such as
Germany and Sweden, which has impacted public health-
care in those countries.

Available data indicate that neither SV40 nor HHV-8 were
identified as co-factors in the pathogenesis of environmental-
ly-induced MM. However, the observed difference could be
due to a higher degree of erionite carcinogenicity or genetic
transmission of erionite susceptibility in an autosomal dom-
inant fashion among the residents of the erionite-affected
villages. Further studies are necessary to identify the gene
that may predispose individuals to erionite-induced MM.
Therapeutic options for E-MPM remain very limited, and
cure of the disease is extremely rare.

Limitations of the studies about erionite

This review provides a summary of multiple relevant stud-
ies and an independent triplicate assessment of trial validity.
However, the heterogeneity of patients and varied diagnos-
tic and therapeutic regimens precluded a systematic meta-
analysis of the results. We advise readers to review the orig-

inal publications for any further details.

Blinding both patients and investigators to therapeutic in-
tervention is of utmost importance when evaluating subjec-
tive outcomes. Among several of the studies reviewed,
blinding was neither routinely employed nor reported. Ac-
cordingly, interpretation of variables such as chemothera-
peutic response difference or survival benefits in E-MPM
versus A-MPM may be biased.

Finally, all co-interventions, including thoracotomy tube
insertion for E-MPM-induced pleural effusion, use of thera-
pies (other than those being directly studied), and timing of
end-of-life decisions were neither standardized nor consis-
tently reported. Monitoring and reporting such measures
will help reduce bias in endpoint interpretation, e.g., estimat-
ing durations of OS and progression-free survival following
various therapies.
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