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Summary
Objective. This nationwide survey aimed to assess current diagnostic practices, adher-
ence to international guidelines, and challenges encountered by Italian pathologists in the 
diagnosis of diffuse pleural mesothelioma (PM).
Methods. A structured questionnaire with 38 items was distributed electronically via 
Google Forms to Italian pathologists involved in mesothelioma diagnosis. Questions cov-
ered demographics, biopsy practices, pathology report, immunohistochemistry, molecular 
diagnostics, educational needs, and barriers to collaborative research.
Results. Participants represented diverse experience levels and institutional affiliations, 
primarily academic medical centers. Significant variability was found in tissue sampling 
and biobanking practices. Major diagnostic challenges included identifying sarcomatoid/
desmoplastic patterns and inadequate adipose tissue in biopsies. Most pathologists man-
aged inconclusive cases via multidisciplinary discussions and molecular analyses (BAP1, 
MTAP). Barriers identified included inadequate digital pathology infrastructure and lim-
ited standardized protocols for tissue collection. Participants strongly favored enhanced 
molecular resources, standardized histopathological protocols, and national collaborative 
initiatives.
Conclusions. Improved diagnostic accuracy requires targeted training, standardized pro-
tocols, enhanced molecular diagnostic capabilities, and structured national collaborations.

Key words: pleural mesothelioma, histopathology, diagnostic practices, 
immunohistochemistry, molecular biomarkers

Introduction

Diffuse pleural mesothelioma (PM) is an aggressive malignancy predom-
inantly associated with asbestos exposure, characterized by high mor-
tality rates and limited therapeutic options 1. Accurate histopathological 
diagnosis is crucial, particularly in the current era of evolving therapeutic 
strategies. Mesothelioma is histologically classified into epithelioid, sar-
comatoid, and biphasic subtypes, each associated with distinctive prog-
nostic outcomes and responses to treatments 1. Historically, treatment 
strategies for mesothelioma have involved multimodal approaches, typi-
cally combining chemotherapy, radiation therapy, and surgery, such as 
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extrapleural pneumonectomy or pleurectomy/decorti-
cation, particularly in selected cases of epithelioid his-
tology 2. However, recent advances in immunotherapy, 
especially the introduction of immune checkpoint in-
hibitors, have reshaped the therapeutic landscape for 
all mesothelioma subtypes. In the landmark Check-
Mate 743 trial, nivolumab plus ipilimumab significantly 
improved survival compared to conventional chemo-
therapy in patients with unresectable mesothelioma, 
with sarcomatoid and biphasic subtypes showing par-
ticular benefit  3. While international trials have dem-
onstrated benefit of immunotherapy across all me-
sothelioma histotypes, national regulatory approvals 
vary. In Italy, dual immunotherapy with nivolumab and 
ipilimumab is currently approved in the first line set-
ting for the non-epithelioid subtype. Ongoing efforts 
to integrate immunotherapy into early-stage pleural 
mesothelioma treatment include several neoadju-
vant and perioperative clinical trials. The CHIMERA 
trial (NCT06155279) is a multicenter Phase II study 
evaluating the safety, feasibility, and resection rate af-
ter induction therapy with pembrolizumab combined 
with platinum-pemetrexed chemotherapy in epitheli-
oid and biphasic mesothelioma. A separate Phase II 
multicenter trial (SWOG S1619/NCT03869766) is in-
vestigating neoadjuvant atezolizumab alongside cis-
platin and pemetrexed, demonstrating tolerability and 
logistical feasibility, with encouraging early survival re-
sults. Meanwhile, the window-of-opportunity Phase II 
trial (NCT02592551) randomized patients to either 
neoadjuvant single-agent durvalumab or combined 
durvalumab + tremelimumab before surgery, observ-
ing favorable immunologic modulation and safety. For 
the particularly aggressive sarcomatoid subtype, the 
Alliance A082101 study (NCT05094851) is assessing 
neoadjuvant ipilimumab plus nivolumab, aiming to de-
termine surgical feasibility and 12‑month progression-
free survival. This significant advancement anticipates 
the need for detailed histopathological characteriza-
tion of epithelioid mesotheliomas, a heterogeneous 
group that includes a broad spectrum of morphologi-
cal, molecular, and immunological features 4. Precise 
characterization of these features, such as tumor-as-
sociated necrosis, PD-L1 expression, immune cell in-
filtration patterns, and molecular alterations like BAP1 
and MTAP loss, has increasing relevance not only for 
accurate diagnosis, but also for predicting immuno-
therapy responsiveness and patient prognosis 1,5,6.
Despite clear guidelines and the expanding therapeu-
tic options, real-world practice often reveals substan-
tial variability and persistent diagnostic challenges. 
Limited biopsy material, inconsistent use of immu-
nohistochemical panels, and difficulties in accurately 
classifying subtle sarcomatoid components within 

predominantly epithelioid tumors remain notable barri-
ers 1,7. Addressing these challenges is critical because 
histological characterization directly affects clinical 
decision-making, influencing therapeutic eligibility 
and ultimately patient outcomes 8.
Given these considerations, a survey was conducted 
to comprehensively explore current diagnostic prac-
tices among pathologists involved in mesothelioma 
diagnosis. The survey specifically aims to document 
how pathologists’ approach histotype categorization, 
apply immunohistochemical and molecular markers 
in routine practice, and overcome complexities intro-
duced by rapidly evolving treatment strategies, espe-
cially immunotherapy. The ultimate goal is to highlight 
existing diagnostic variability, identify specific educa-
tional needs, and promote adherence to international 
guidelines. 

Materials and methods

Study Design and Objectives

This study used a cross-sectional, survey-based ap-
proach designed to assess the current practices, chal-
lenges, and educational needs among pathologists 
involved in the diagnosis of PM. The primary aim of 
the survey was to evaluate diagnostic approaches, ad-
herence to international diagnostic guidelines, and the 
practical integration of immunohistochemical and mo-
lecular techniques in routine pathology workflows. The 
survey was intentionally limited to PM due to its higher 
incidence, its well-established national pathology net-
work (GIPP), and the availability of more standardized 
diagnostic frameworks. Extra-pleural mesotheliomas, 
such as peritoneal or pericardial forms, were excluded 
from this analysis, as they represent a separate and 
heterogeneous group with distinct clinical and patho-
logical characteristics, warranting a dedicated study 
approach.

Survey Instrument Development

The survey questionnaire was developed and validat-
ed by an expert panel of pathologists specializing in 
thoracic pathology to ensure its relevance and relia-
bility. It included 38 structured and semi-structured 
questions covering various aspects of PM diagnostics 
and related practices (Supplementary file 1). Specifi-
cally, 5 questions addressed demographic and insti-
tutional information, including participants’ geograph-
ic region, level of experience, and type of institution. 
Methods of pleural tissue sampling and sample char-
acteristics were explored through 6 questions, while 
10 questions focused on the diagnostic workflow, par-
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ticularly the use of immunohistochemical and molec-
ular techniques. Challenges in diagnosing PM, with 
emphasis on handling inconclusive cases, were ex-
amined through 7 questions. Additionally, 6 questions 
assessed practices related to the collection of supple-
mentary material for research and biobanking, while 4 
questions investigated case-sharing practices among 
colleagues and institutions. Finally, educational and 
training aspects, along with resource availability, were 
addressed in the remaining questions.

Survey Distribution and Participant Selection

The survey was distributed electronically via Google 
Forms through the mailing list of the Gruppo Italiano 
di Patologia Pleuropolmonare (GIPP), affiliated with 
the Società Italiana di Anatomia Patologica e Citolo-
gia Diagnostica (SIAPEC). It was sent to 100 pathol-
ogists specializing or regularly involved in PM diagno-

sis from various Italian institutions. Participants were 
given 7 weeks to complete the survey.
The invitation email clearly described the survey’s ob-
jectives, estimated duration (10 minutes), and empha-
sized the voluntary nature of participation. Completing 
the survey implied participant consent for anonymized 
analysis and publication of the data for research pur-
poses.
Data collected from the survey were analyzed using 
descriptive statistics. Categorical responses were 
summarized using absolute frequencies and percent-
ages. Open-ended responses underwent thematic 
analysis to identify common challenges and practices, 
with illustrative quotes extracted to complement quan-
titative findings. 

Given the anonymous and voluntary nature of the 
survey, ethical approval was not required. Participants 
provided implicit informed consent through survey 
completion. All data were treated confidentially and 
analyzed anonymously.

Results

A total of 55 pathologists from various Italian insti-
tutions participated in the survey (Fig.  1), provid-
ing detailed responses regarding current diagnostic 
practices, challenges, and educational needs in PM. 
The median response time from the questionnaire 
administration was 10 days. Participants represented 
a diverse range of experience levels and institution-
al settings, ensuring broad representativeness of the 
collected data.

Demographics and Institutional Details

The survey included pathologists practicing across mul-
tiple Italian regions, representing diverse levels of pro-
fessional experience. Of those who participated, 36.4% 
reported more than 20 years of pathology experience, 
while 23.6% indicated 11-20 years, and 25.5% had 
between 5-10 years of practice. A smaller proportion 
(14.5%) had fewer than 5 years of experience. Most par-
ticipating pathologists (58.2%) were affiliated with aca-
demic medical centers, whereas the remainder prac-
ticed within community hospitals or private diagnostic 
centers, thus reflecting a representative cross-section of 
mesothelioma diagnostic settings (Tab. I).
Regarding diagnostic volume, the majority of partici-

Figure 1. Geographic distribution of pathologists participating in the mesothelioma survey.
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pants reported regular involvement in PM diagnostics. 
Specifically, 45.5% stated they encounter 5-25 PM 
cases per year, 30.9% manage 25-50 cases annually, 
and 3.6% see over 50 cases yearly. Only 20% of re-
spondents reported diagnosing PM rarely (fewer than 
5 cases per year).

Pleural Tissue Sampling Practices

Survey data showed consistent patterns in pleural 
biopsy procedures. Thoracic surgeons were primari-
ly responsible for obtaining biopsy samples in most 
institutions. Multiple biopsy samples, typically three or 
more, were usually received for histological assess-
ment (Tab. II). The largest diameter of these samples 
most commonly ranged from 1-2 cm (56.4%), though 

a smaller proportion typically received samples of 
0.5-1 cm (38.2%). Fibroadipose tissue was frequently 
reported within biopsy samples, providing essential 
histological context for invasion evaluation. Annotation 
of the anatomical site from which biopsies were ob-
tained was consistently performed in most institutions 
(Tab. II).

Research and Biobanking Practices

Institutional practices varied significantly regarding 
the collection and storage of additional biological 
materials, such as pleural effusions or fresh tissue 
samples, for biobanking and research purposes. A 
minority of institutions (25.9%) engaged regularly in 
these biobanking practices, while the majority (74.1%) 
did not routinely collect additional research materials. 
Commonly reported barriers included insufficient in-
frastructure and the absence of standardized institu-
tional protocols, factors potentially limiting translation-
al research capabilities and biomarker discovery.

Diagnostic Challenges in Mesothelioma

Major diagnostic challenges identified in the survey 
included difficulties in accurately recognizing sarco-
matoid and desmoplastic patterns, particularly within 
limited biopsy material. The frequent absence of ad-
equate adipose tissue in specimens further compli-
cated the reliable assessment of invasion. Additional-
ly, while all cases require integration of morphology 
and a standard immunohistochemical panel, selected 
difficult cases, particularly those involving the sarco-
matoid subtype, may benefit from additional markers. 
For example, GATA3 can aid in the differential diag-
nosis with sarcomatoid carcinomas, especially when 
conventional mesothelial markers are inconclusive. In 
borderline or poorly differentiated tumors, molecular 
tools may also provide crucial diagnostic and prog-
nostic support (Tab. III).

Table I. Summary of participant demographics.
Characteristics Participants (N) Percentage (%)

Experience
Less than 5 years 8 14.5

5-10 years 14 25.5
11-20 years 13 23.6

More than 20 years 20 36.4
Type of Institution

Academic Medical Center 32 58.2
Community Hospital 21 38.2

Private Diagnostic Center 1 1.8
IRCSS 1 1.8

Table II. Pleural tissue sampling details.
Sampling Characteristics Participants (N) Percentage (%)
Professional Responsible

Thoracic Surgeon 36 65.5
Pulmonologist

Thoracic surgeon and/or 
pulmunologist

5
13

9.1
23.6

Pathologist 1 1.8
Number of Samples per 

Case
1-2 samples 22 40
3-4 samples 17 30.9
≥5 samples 16 29.1

Average Sample Size

-  < 0.5 cm 2 3.6

- 0.5-1 cm 21 38.2
- 1-2 cm 31 56.4

Variable size 1 1.8
Fibroadipose Tissue 

Presence
- Yes 49 89.1
- No 6 10.9

Anatomical Site Specified
- Always 44 80

- Sometimes/Never 11 20

Table III. Challenges and difficulties in mesothelioma diag-
nosis.

Diagnostic Challenges Participants (N) Percentage (%)
Difficulty identifying 

sarcomatoid/
desmoplastic pattern

16 29.1

Lack of adipose tissue 
complicating invasion 

assessment

14 25.5

Differentiation between 
mesothelioma subtypes

9 16.4

Limited availability of 
clinical/exposure data

8 14.5

Inadequate biopsy 
material

8 14.5
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Histopathological, Immunohistochemical, and 
Reporting Practices

Pathologists universally used calretinin (100%), while 
widely other mesothelial markers included WT1 
(98.2%), D2-40 (72.7%), and CK5/6 (67.3%) (Fig. 2). 
In contrast, mesothelin was infrequently used (7.3%). 
BAP1 immunohistochemistry was routinely applied 
by 90.9% of pathologists, reflecting its recognized 
diagnostic value, with the majority (92.7%) rating its 
importance as significant or very high. However, rou-
tine inclusion of BAP1 and MTAP results in pathology 
reports was less widespread (78.2%). MTAP immu-
nohistochemistry, indicating CDKN2A gene deletion, 
was used by 30.9% of institutions, while p16 FISH 
was used less frequently (23.6%). Moreover, despite 
the widespread inclusion of immunohistochemistry 
results in final reports (98.2%), fewer institutions uti-
lize standardized reporting checklists for diagnoses 
(54.5%) or consistently report tumor grading (60%).
When clinical, radiological, and histological assess-
ments yielded inconclusive results, multidisciplinary 
discussions and ancillary molecular analyses (par-
ticularly BAP1 and MTAP immunohistochemistry) 
were common strategies, employed by 78.6% of pa-
thologists (Fig. 2). 

Educational Needs and Sources of Knowledge

Scientific journals, professional conferences, and col-
laborative interactions with colleagues were primary 
sources of continuing education for pathologists. How-

ever, the need for enhanced training was expressed 
frequently, particularly concerning emerging immu-
nohistochemical markers and molecular diagnostic 
methods (Fig. 3). Addressing these educational gaps 
is critical for optimizing diagnostic accuracy. Strong in-
terest in sharing mesothelioma cases for consultative, 
educational, and research purposes was also evident 
(65.5% very willing, 27.3% somewhat willing). None-
theless, barriers were occasionally identified, includ-
ing logistical challenges associated with paraffin-block 

Figure 2. Histological and molecular practices in mesothelioma diagnostics.

Figure 3. Sources of continuing education and identified 
training needs in mesothelioma diagnostics among Italian 
pathologists. Participants could select more than one an-
swer; therefore, percentages reflect the proportion of par-
ticipants indicating each item.
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transport (1.8%). No significant barriers regarding dig-
ital pathology infrastructure were noted.
Several opportunities for improvement emerged, no-
tably expanded availability of molecular diagnostics, 
such as next-generation sequencing and predictive 
biomarker assays. Additional recommendations in-
cluded implementing standardized grading and sub-
classification protocols as well as fostering national 
collaborations through shared case repositories, mul-
ticenter studies, and specialized working groups. 

Discussion

This nationwide survey provides a comprehensive 
snapshot of current diagnostic practices for PM 
among pathologists across Italy. Our findings highlight 
significant variability in adherence to recommended 
diagnostic protocols, reflecting differences in institu-
tional infrastructure, available resources, and personal 
expertise among practicing pathologists. Participants 
demonstrated a diverse range of experience levels 
and institutional affiliations, with the majority operating 
within academic medical centers. 
This is further supported by the diagnostic volume 
data, which revealed that most participants evaluate 
between 5 and 50 cases of pleural mesothelioma per 
year, with a smaller subset diagnosing more than 50 
annually. This confirms that the survey predominantly 
captured responses from pathologists with consist-
ent exposure to mesothelioma diagnostics, adding 
strength to the validity and representativeness of the 
findings. However, substantial variability remains in 
sampling practices, such as the number of biopsies 
collected and specimen size, which may directly im-
pact diagnostic accuracy and treatment decisions.
Despite this, considerable room for improvement re-
mains in case standardization, educational training, 

and diagnostic reproducibility. Strategies to enhance 
knowledge and facilitate case sharing must be urgently 
addressed both nationally and internationally. At the na-
tional level, reinforcing the educational and collaborative 
activities of the GIPP is essential. It could serve as a for-
mal platform for developing digital case archives, con-
sensus meetings, virtual slide exchanges, and interdis-
ciplinary webinars focused on challenging or rare cases. 
The implementation of a centralized digital repository 
and participation in national digital tumor boards would 
also allow broader access to expert consultation, par-
ticularly for low-volume or non-academic centers.
Internationally, alignment with existing initiatives by 
the International Mesothelioma Panel, International 
Association for the Study of Lung Cancer (IASLC), 
and European Society of Pathology (ESP) working 
groups can promote harmonization of criteria and 
stimulate transnational case discussions. The adop-
tion of telepathology platforms, structured reporting 
templates, and cloud-based whole slide imaging tools 
would enable real-time consultation and training be-
yond institutional boundaries. Furthermore, establish-
ing shared registries and biorepositories in collabora-
tion with international consortia would support both 
diagnostic excellence and translation\nal research.
These findings are particularly relevant in the context 
of evolving treatment paradigms, including recent ap-
proval of immunotherapy agents, such as nivolumab 
and ipilimumab, across all histological subtypes, in-
cluding the epithelioid component.4 Precise histotype 
classification, accurate recognition of sarcomatoid 
and desmoplastic features, and careful assessment 
of morphological and molecular heterogeneity have 
thus become increasingly critical 1,7. Diagnostic chal-
lenges highlighted by participants, including difficulty 
in recognizing subtle sarcomatoid patterns and distin-
guishing mesothelioma subtypes, align with previous 
literature and underscore the need for targeted educa-
tion and standardized diagnostic protocols.
A significant barrier identified in the survey was the limit-
ed infrastructure for sharing paraffin-embedded samples 
and inadequate digital pathology resources. These bar-
riers restrict opportunities for external consultation and 
multidisciplinary collaboration, which are essential in 
cases with inconclusive clinical and histological findings. 
The widespread routine use of classic immunohis-
tochemical markers, notably calretinin, WT1, D2-40, 
and CK5/6, underscores robust adherence to interna-
tional guidelines 1,9 and reflects a well-established di-
agnostic practice among Italian pathologists. The high 
proportion of participants who regularly use BAP1 im-
munohistochemistry and acknowledge its importance 
highlights its strong acceptance as a reliable marker 
for distinguish malignant mesothelioma from benign 

Figure 4. Willingness to collaborative sharing of mesothe-
lioma cases among pathologists.
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mesothelial proliferations  1,10,11. However, the incom-
plete universal reporting of BAP1 and MTAP results 
indicates variability in institutional practices, suggest-
ing a potential gap in guideline adherence or availabil-
ity of resources. Encouraging uniform reporting prac-
tices for these crucial biomarkers is essential to en-
hance diagnostic consistency, as already established 
by the International Collaboration on Cancer Report-
ing (ICCR) and also endorsed by the Società Italiana 
di Anatomia Patologica e Citologia (SIAPEC) 12.
Variability in reporting practices, particularly the lim-
ited adoption of standardized reporting checklists  12 
and inclusion of grading1, may negatively impact di-
agnostic consistency and comparability among Insti-
tutions. Establishing national standards for mesothe-
lioma reporting, possibly with structured templates 
or checklists, could significantly enhance diagnostic 
quality and facilitate clinical research 13,14.
The moderate use of MTAP immunohistochemistry 
suggests that, despite its recognized clinical value, 
practical challenges such as antibody availability, 
technical workflow, interpretation difficulties, or limited 
familiarity might impede its widespread adoption 1,15,16. 
Similarly, the lower adoption rate of p16 FISH may re-
flect resource limitations or uncertainties regarding its 
added diagnostic value, indicating the need for further 
validation studies or targeted educational efforts 17.
Institutional variability in biobanking and research 
sample collection practices was another critical issue, 
attributed primarily to insufficient resources or lack of 
established protocols. Addressing these limitations by 
developing certified biobanks and standardized col-
lection processes would significantly enhance trans-
lational research capabilities and facilitate future bio-
marker discovery 18.
To mitigate the identified challenges, several practi-
cal interventions are needed. Enhancing institution-
al investment in digital pathology and telepathology 
platforms would facilitate more effective case-sharing 
and collaborative diagnosis. Additionally, broadening 
access to molecular diagnostic tools, such as NGS 
panels, and providing targeted training programs fo-
cused on novel immunohistochemical markers would 
enable pathologists to achieve greater diagnostic 
precision and consistency in guideline adherence. 
Moving forward, prospective collaborative studies, 
ideally multicentric, should be prioritized to validate 
emerging molecular biomarkers predictive of immu-
notherapy response and prognosis. Further research 
focusing on digital pathology integration, standardized 
reporting frameworks, and the application of artificial 
intelligence techniques in histopathology could signif-
icantly improve diagnostic reliability and therapeutic 
decision-making.

Conclusions 

Addressing the diagnostic variability and barriers 
identified by this survey requires collaborative, re-
source-focused interventions, systematic training ini-
tiatives, and embracing technological advancements 
in digital and molecular pathology. Such collective 
efforts can significantly improve the accuracy of mes-
othelioma diagnosis and clinical management, bene-
fiting patients through more personalized and effective 
therapeutic approaches. Future studies could expand 
this approach to include extra-pleural mesotheliomas, 
which remain underinvestigated and would benefit 
from greater diagnostic standardization and collabo-
rative study.
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