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Malignant Pleural Mesothelioma (MPM), the asbestos-induced
neoplasm originating in the mesothelial lining of the lung cavities
represents significant diagnostic and therapeutic challenges
for clinicians in Australia. Very seldom diagnosed prior to
the advent of widespread asbestos mining in the early to mid-
twentieth century, it has sharply risen in incidence over the last
five decades. According to the most recent Australian Institute
of Health and Welfare data, there were 666 cases of malignant
mesothelioma diagnosed in Australia in 2009 and around 90% of
them originated in the pleura.

MPM is almost always a fatal disease and the prognosis can only
be modestly influenced by oncological treatments. The diagnostic
process can be complex, with highly specialised advice frequently
required to arrive at a definite diagnosis. Treatment varies from
therapeutic nihilism to radical combined-modality treatment
approaches. Although the disease and its management have a
huge impact on the social, emotional, and material well-being
of patients and families, supportive and palliative care pathways
appear to be under-developed. The development of guidelines
under the auspices of the Asbestos Diseases Research Institute
(ADRI) has been undertaken in response to these circumstances.
The guidelines organize the diagnostic and assessment process
along the lines of the scientific evidence available, and provide for
tailoring treatment on the basis of each patient’s characteristics.
Considerable emphasis has been placed on investigating and
addressing supportive and palliative care needs in MPM, however
the volume and quality of evidence specific to MPM available in

these domains was disappointingly small.
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MPM is almost exclusively a man-made disease and Australia
has one of the highest burdens of MPM on a population basis
in the world. For the experts involved in collating and assessing
the literature on the management of MPM for these guidelines,
the level of active Australian research in areas such as diagnostic
techniques, prognostic assessment, advanced radiotherapy
techniques, and surgical outcomes has been a source of
gratification. Many of these developments remain in the research
and development phase.

These “Guidelines for the Diagnosis and Treatment of
Malignant Pleural Mesothelioma” systematise the approach to
the management of MPM based on the best available evidence
in accordance with standards to the assessment of evidence
developed by The National Health and Medical Research
Council in 2011 (1). The ADR], and the national team of experts
involved in the preparation of the Guidelines, intends that they
be a source of reference for health practitioners and consumers,
because optimal management, by adherence to best practice
guidelines, will improve the quality of life for each patient with
MPM and their confidence in the treatment approach.

The development of “Guidelines for the Diagnosis and
Treatment of Malignant Pleural Mesothelioma” has drawn
on contributions from a large number of people. Particular
thanks are due to the Steering Committee members who took
responsibility for drafting each section of the Guidelines, to
librarians Suzanne Bakker, Jeremy Cullis and Yaping Liu for the
retrieval of relevant literature, to Christopher Clarke, Henry
Marshall and Steven Leong for their detailed assessment and
grading of evidence, and to Ms Victoria Keena of the ADRI
whose energy and commitment over an extended period has
been a source of strength to all. Many of these contributions were
voluntary. All were beyond the strict call of duty. The reward for
this effort will be in seeing these guidelines used widely leading
to better outcomes for patients with MPM.

Executive summary

Malignant mesothelioma is an aggressive tumour originating

in the serosal membranes that line the thoracic and abdominal
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cavities. More than 90% of reported mesothelioma cases occur
in the pleura.

The occurrence of malignant mesothelioma is typically related
to exposure to mineral fibres such as asbestos and erionite.

The World Health Organization (WHO) has recognised
asbestos as one of the most important occupational carcinogens
and in 2010 upgraded its global estimate of asbestos-related
diseases (ARD) to 107,000 annual deaths. Australia, as one of
the largest consumers of asbestos worldwide in the post-World
War II period, has one of the highest incidences of malignant
mesothelioma.

The current epidemic of malignant mesothelioma is closely
associated with past occupational exposure. Asbestos, however,
persists in our natural and built environments, and it is important

that we continue to minimise exposure to it by all reasonable

There are indications that in Australia the diagnostic and
treatment practices for MPM are not equally distributed,
with considerable expertise concentrated in some hospitals
and lacking in others. Moreover, there are no guidelines that
specifically consider diagnosis and treatment of this almost
invariably fatal disease in the Australian context.

These evidence-based guidelines have been developed by a
multidisciplinary team (MDT) of experts (volunteers) that is
encouraging improved management of MPM through evidence-
based decision making. Guidelines are guides and not rules.
A good approach is to be fully aware of appropriate guidelines

before making management decisions.

Summary of recommendations

means. Chapter 2—Diagnosis
Recommendations Grade*

I.  CT-guided core biopsy or VAT-guided pleural biopsy is recommended—depending on the clinical A
circumstances—to obtain adequate tissue for histological analysis including immunohistochemistry, and has
high sensitivity and specificity for the diagnosis of MPM.

2. Cytological recognition of an atypical mesothelial proliferation in pleural effusion fluid from patients may be
sufficient for diagnosis in some patients when correlated with the clinical background and imaging studies, and @
when biopsy is considered inadvisable or unnecessary.

3. It should be standard histopathological practice to subtype mesotheliomas into epithelial (epithelioid),
sarcomatoid and biphasic types (and other rare variants) and the distinction between epithelial versus B
sarcomatoid mesothelioma carries prognostic significance.

4. A panel of immunohistochemical markers should be used for pathologic diagnosis of MPM. B
The immunohistochemical panels should contain positive (mesothelial) and negative (carcinoma-related)
markers for malignant mesotheliomas with an epithelioid component and include at least one cytokeratin (CK) B
marker, at least two mesothelial markers and at least two carcinoma-related markers.

6. For pleural mesothelioma-like tumours with an epithelial component, it is recommended that immunolabelling B
for both calretinin and TTF-1I is routinely carried out.

7. Additional markers should be added when tumours other than lung cancer enter into the differential B
diagnosis.

8. The immunoprofile of sarcomatoid mesotheliomas including desmoplastic mesothelioma is more restricted
than that for mesotheliomas with an epithelial component, with variable expression of markers such as CK B
5/6, calretinin, WT | and podoplanin (D2-40). Labelling for CKs is important and can facilitate assessment of
invasion. However, CK-negative sarcomatoid mesotheliomas are recognised.

9. Tissue invasion should be demonstrated by histology or imaging studies to diagnose malignant mesothelioma B
definitively.

10. Measurement of the blood SMRP level is not recommended for routine clinical diagnosis. B

*Grade of recommendation

A, Body of evidence can be trusted to guide practice;

B, Body of evidence can be trusted to guide practice in most situations;

C, Body of evidence provides some support for recommendation(s) but care should be taken in its application;

D, Body of evidence is weak and recommendation must be applied with caution.
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Chapter 3—Assessment

Recommendations Grade*
I'1. The TNM system should be used for disease staging in mesothelioma. B
12. Patients with suspected or confirmed MPM diagnosis should be assessed for therapeutic planning with CT of A

the thorax and abdomen with contrast enhancement.

13. CT or ultrasonography should be used to guide biopsy and drainage of pleural effusion. B

14. FDG-PET is a more sensitive modality than CT to detect possible lymph node involvement and distant
metastatic disease, and should be performed when the presence of disease in these sites will influence a
management plan.

I15. FDG-PET-CT should be used in preference to FDG-PET where available.

16. MRI should not be part of a routine assessment of patients with mesothelioma. B

17. MRI with gadolinium enhancement can be useful in specialised situations where it is important to delineate
tumour extension in the diaphragm, endothoracic fascia, chest wall or through iatrogenic tumour seeding.

18. Mediastinoscopy is recommended as an additional staging procedure for patients being considered for radical B
surgery in order to exclude N2 level nodal disease or to confirm pathological involvement where imaging is
equivocal.

19. The addition of EUS-FNA and or EBUS is feasible in mesothelioma and may identify additional N2, T4, and C
one metastatic site (M) disease.

20. Bilateral thoracoscopy and laparoscopy with peritoneal lavage may identify additional M| disease or B
sarcomatoid histology and taking the potential morbidity associated with radical surgery into account
extended (surgical) staging should be considered for all patients with MPM before resection.

2|. Baseline prognostic assessment should include evaluation of important patient, clinical, biological and imaging
factors.

a. Epithelioid histological type and performance status <| are relatively favourable prognostic factors; A
b. Male sex, weight loss and chest pain are unfavourable prognostic factors; B
c. Elevated white cell count is an unfavourable prognostic factor; B
d. Other markers of inflammation also confer an unfavourable prognosis; C
e. Measurement of either SUVmax or TGV by FDG-PET provides prognostic information in patients with MPM. C

22. During treatment:

a. Assessment of treatment response using quantitative FDG-PET parameters is predictive of survival B
outcome;

b. Nodal stage <1, minimal residual disease and epithelioid histology are favourable prognostic factors;

c. Increasing serum SMRP levels during treatment are an unfavourable prognostic marker. B

23. Following suspected recurrence:

a. FDG-PET-CT should be performed when a diagnosis of recurrence after previous radical surgical therapy is B
equivocal on other imaging modalities;
b. Measurement of SUVmax on FDG-PET-CT following post-surgical relapse is predictive of survival outcome.

24. Pleurodesis status should be known when interpreting results of CT or FDG-PET imaging. B

25. The extent of pre-treatment evaluation, including radiological evaluation and assessment of clinical and laboratory
prognostic factors should be considered in the context of potential and appropriate management options.

26. In patients being considered for radical treatment, assessment should include pulmonary and cardiac function ©
testing and evaluation of psychological status and co-morbidities.

27. Pre-treatment evaluation of patients considered for chemotherapy should include assessment of co- C
morbidities and general fitness.

*Grade of recommendation can be found on page E255.
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Chapter 4—Active anti-cancer treatment

Recommendation Grade*
28. Combination chemotherapy (pemetrexed and cisplatin or carboplatin) rather than single drug treatment should A
be used as first-line systemic treatment for MPM.
29. Thoracoscopic pleurodesis is an effective treatment option to control recurrent malignant pleural effusions in B
mesothelioma.
30. If the thoracoscopic pleurodesis is not appropriate or fails, palliative pleurectomy/decortication (P/D) should be c
considered for symptom control.
31. Only patients with favourable prognostic features, and favourable histology and staging, should be referred for A
consideration of radical treatment involving extensive cytoreductive surgery.
32. Radical surgical approaches should be restricted to institutions with significant surgical experience and high B
volume of cases.
33. Extensive cytoreductive surgery should only be used as part of multimodality treatment. B
34. Mesothelioma is sensitive to moderately high radiation doses and radiotherapy is advocated for palliation of c
symptomatic tumour masses arising from the pleural cavity or metastases in other locations.
35. For doses greater than 50 Gy, advanced radiotherapy technologies with strict constraints for contralateral lung c
doses are recommended to avoid excessive toxicity.
36. The administration of prophylactic radiotherapy following pleural interventions in patients with mesothelioma c
has no significant effect on changing the disease course and is not recommended.
*Grade of recommendation can be found on page E255.

Chapters 3 & 4—Assessment and active anti-cancer treatment

Consensus based recommendations

i Routine mediastinoscopy and other invasive procedures are not indicated in patients receiving supportive care or palliative
management with chemotherapy.

i  Immunologically based and targeted therapies for patients with malignant mesothelioma should be restricted to clinical trials.

Chapter S—Palliative and supportive care

Recommendations Grade*
37. Pleurodesis should be used to prevent recurrent pleural effusions. B
38. Regular oral low dose, sustained release opioids should be given to reduce the intensity of breathlessness. B

*Grade of recommendation can be found on page E255.

Clinical practice points

Chapter 2—Diagnosis

a: VAT is not only the gold standard for securing biopsy tissue for the pathological diagnosis, but it also allows effective drainage
of pleural effusion and talc pleurodesis.

b: Itis recommended that—unless loculation of the fluid or other physical constraints prevent adequate sampling of the effusion fluid—
a minimum of 100 mL of effusion fluid and preferably the entire volume of fluid is submitted for cytology (after sampling of small
volumes for biochemical and microbiological assessment). Such sampling is advocated to allow recovery of sufficient numbers of cells
for cell block sections and immunohistochemical studies.

c:  The anatomical site and extent of lesions should be determined.

d:  When tissue invasion cannot be identified, the lesion should be designated as an atypical mesothelial proliferation.
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Chapter 3—Assessment

e: New-generation spiral CT should be used in imaging MPM.

Chapter 4 —Active anti-cancer treatment

f: A MDT with sufficient experience should provide advice on the suitability of patients for trimodality therapy (TMT) and the
ongoing treatment strategy adopted.

g:  Patients whose MPM progresses despite induction (neoadjuvant) chemotherapy should not be offered cytoreductive surgery
followed by hemithoracic radiotherapy.

Chapter S—Palliative and supportive care

h:  Patients with malignant mesothelioma should be referred to a palliative care specialist in a timely manner, and on the basis of
their needs.

i The WHO principles of cancer pain management for patients with malignant mesothelioma should be followed.

j: A specialist palliative care physician should be involved early as part of the multidisciplinary oncology team for patients with
refractory or unresponsive pain.

k:  Palliative radiotherapy should be considered for patients with painful chest wall infiltration or nodules.

I:  In order to tailor information to a person’s individual needs at a particular point in time, it is necessary to: give clear information
specific to the individual; repeat and summarise important information; encourage questions; actively check the person’s
understanding, and; provide additional written/audiovisual information.

m: Patients should be screened for psychological distress and unmet needs.

n: Patients and carers should be referred to appropriate counseling services when required.

o: Information, guidance and emotional support should be provided for carers.

p: Consultations should be provided with specialist nurses trained in the care of patients with MPM.
q

Practitioners dealing with MPM patients should be aware that legal remedies are available and the patient should be advised of

this upon diagnosis.

Chapter 6—Models of care

r: A MDT approach will ensure consistency in patient management through the development of a multidisciplinary care plan that
will guide patient treatment throughout their illness and provide support for their carers.

v

Treating specialists and/or the MDT should establish communication with the patient’s GP as soon as possible after diagnosis,

and keep them informed about their patient’s changing needs and whom they should contact for expert advice.

t:  Nurse care coordinators are important members of the MDT. They provide support and information to patients with
mesothelioma, ensure timely and appropriate referrals, help navigate the patient through their disease journey and coordinate
their multidisciplinary care.

u:  Where mesothelioma-specific treatment options, including surgery, are not available in a given centre, medical teams should
refer patients to centres offering expert mesothelioma care for discussion of all potential treatment options and care planning.

v:  The frequency and type of follow-up should be determined by individual patient symptoms, the stage of the disease and the
treatment goals. CT scanning is the most useful investigation for evaluating disease progress.

w: Allied health professionals are important members of the MDT and contribute to symptom management and improved quality

of life in patients with malignant mesothelioma.
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I Introduction

1.1 Background

Malignant mesothelioma is an aggressive tumour that originates
in the serosal membranes that line the thoracic and abdominal
cavities. This disease has become an important health issue
over recent years, with Australia having one of the highest
reported incidences (2-4). More than 90% of reported cases
of mesothelioma occur in the pleura, compared with 4-7%
affecting the peritoneum, and fewer than 1% jointly occurring
in the pericardium and tunica vaginalis testis (2,4,5). Even
rarer cases have been recorded as apparently primary ovarian
mesotheliomas (6,7).The occurrence of malignant mesothelioma
is typically related to exposure to mineral fibres such as asbestos
and erionite (8-10). Asbestos is a collection of naturally
occurring crystalline hydrated silicates that are resistant to high
temperatures and humidity. Asbestos fibres are biopersistent
(retained in the human body) and can be detected as ‘asbestos
bodies’ in the lung many years after inhalation (11).

The WHO has recognised asbestos as one of the most
important occupational carcinogens and in 2010 upgraded its
global estimate of ARD to 107,000 annual deaths (12).

1.2 History of mesothelioma

The first studies on the association between asbestos and
malignant mesothelioma appeared in the 1950s. Weiss’ case
report of asbestosis and pleural malignancy and Van der Schoot’s
paper describing three insulation workers with malignant
disease were the first of many to be published (13,14). Wagner
confirmed the association between asbestos and malignant
mesothelioma through his work in the 1950s in South Africa, a
country that mined all three commercial types of asbestos (15).

Because most asbestos exposure occurred in the work
environment, malignant mesothelioma has traditionally been
considered an occupational disease. Para-occupational malignant
mesothelioma has been described in households of asbestos
workers in which cohabitants had been exposed via contaminated
clothes (16). The term ‘environmental malignant mesothelioma’
has been used to describe disease identified in people living close
to asbestos mines or factories or when people have been exposed
to asbestos or asbestos-like material present in the soil (17,18).

Other factors have been recognised as potential causes of
malignant mesothelioma. Radiotherapy to the chest has been
reported but the number of patients with this association is
limited (19). The role of SV40 (one of the simian viruses)
viral infection as an important etiologic cofactor in malignant
mesothelioma remains under discussion (20,21).

Exposure to asbestos is more common in occupations with a

predominantly male workforce, which explains why the current

incidence of malignant mesothelioma is higher among men than
women. Most mesothelioma patients have been primary asbestos
workers or people who handled raw asbestos in the mining,
milling, transportation and manufacturing of the material. As
this high-risk occupational exposure has been limited by the total
ban on the use of asbestos products in Australia, the exposure-
mix may change to include a greater proportion of people who
have been exposed in non-occupational settings.

A dose-response relationship between cumulative asbestos
exposure (increased levels or duration of exposure, or both)
and malignant mesothelioma has been demonstrated (22). A
‘safe’ threshold of cumulative exposure, below which there is no
increased risk, has not been defined (23).

The latency period, or the period between first exposure
to asbestos and the diagnosis of mesothelioma, shows a wide
range (20-60 years) and there are indications that the latency
in Australia has increased in recent years (24). The median
age at diagnosis of malignant mesothelioma in Australia is
slightly above 70 years, with many patients presenting with co-
morbidities (4).

1.3 Incidence of malignant mesothelioma

Variation in the incidence of malignant mesothelioma is
reported in different parts of the world. For example, seven
people per million in Japan have been diagnosed with malignant
mesothelioma compared with 40 people per million in Australia.
These differences are largely attributable to the amount of
asbestos ‘consumed’ in a certain period (25).

Australia, as one of the largest consumers of asbestos
worldwide in the post-World War II period, has one of the
highest incidences of malignant mesothelioma. Around 660 new
cases of malignant mesothelioma were documented in 2007 and,
in terms of mortality, this disease is approaching the numbers of
deaths caused by multiple myeloma and ovarian cancer.

There is also regional variation in the incidence of malignant
mesothelioma. For example, in Australia the highest reported
incidence has been in men in Western Australia. This variation
is largely attributable to occupational exposure associated with
crocidolite mining in Wittenoom (3).

Most deaths caused by malignant mesothelioma in Australia
and other developed countries are due to occupational exposure
to asbestos. The frequency of cases attributable to occupational
exposure may have begun to decline owing to stringent control
of asbestos use and handling. Asbestos, however, persists in our
natural and built environments, and it is important that we continue
to minimise exposure to it by all reasonable means. Among
mesothelioma patients who do not have a history of occupational
exposure, there is now a high proportion of people with a history
of home renovation, in which exposure to asbestos might have
occurred (26). Research is needed to determine if asbestos exposure
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explains this high proportion. It is important also that we remain
alert to sources of possible exposure to asbestos in the community
and control any such exposure as it is identified.

Data on the incidence and mortality of malignant mesothelioma
in Aboriginal and Torres Strait Islanders and culturally and
linguistically diverse groups has not been reliably estimated due
to the lack of recorded ethnicity. However, from July 2010, all
new cases of malignant mesothelioma diagnosed in Australia are
monitored by the Australian Mesothelioma Registry.

1.4 Clinical need for these Guidelines

A recent study highlighted the lack of standardisation or
adherence to guidelines during diagnosis, treatment, and
surveillance of cancer patients as one of the major barriers to
providing high quality cancer care (27).

According to the US Institute of Medicine (28), high quality
health care must be:

+ based on the best evidence;
efficient;
safe from avoidable errors;
delivered in a timely manner;

patient-centred;

* 6 6 o o

equitable.

There is scant data available on the current medical practices
for patients with MPM in Australia. A report on 295 patients
diagnosed with malignant mesothelioma in the 1980s found
considerable variation in practice (29). There are indications that
diagnostic and treatment practices are not equally distributed,
with considerable expertise concentrated in some hospitals and
lacking in others.

Several clinical guidelines for MPM have been published
recently (21,30-35). All were collated by experts but none of
them used a systematic analysis of the literature retrieved through
general search terms and patient, intervention, comparison,
outcome (PICO) questions as required by the Australian
National Health and Medical Research Council (NHMRC) (1).
Moreover, there are no guidelines that specifically consider
diagnosis and treatment of MPM in the Australian context. To
address this gap, a team of experts decided to write guidelines
based on a systematic review of the available literature.

These guidelines are based on a systematic review of the
literature executed according to the NHMRC guidelines
development plan (36). ‘Primum non nocere’ was regarded a
primary issue when formulating the guideline recommendations.
In addition we have drafted five scenarios that have assisted
us in selecting the most important PICO questions. Scenario
A (Figure 1) is based on the most common presentation of
patients with malignant mesothelioma—those presenting with
a pleural effusion. Scenario B depicts another (less frequent)
pathway, when a patient presents with a pleural mass (Figure 2).

In scenario C the assessment journey of patients with a
pathologically confirmed diagnosis is outlined (Figure 3)
and scenario D deals with treatment choices for malignant
mesothelioma patients after diagnosis and assessment (Figure 4).
Scenario E (Figure S) depicts the second-line treatment choices.
PICO questions were formulated according to these scenarios
and literature searches were based on these PICO questions (see
Tables 1-6). The evidence found in the literature searches was
graded to produce evidence-based recommendations applicable
to the Australian clinical context. Although the cutoft date of the
literature review was 31" October 2011, a few exceptions (eight)
were made to include prominent articles that were published
after this date, adding important new information. These
guidelines will provide a benchmark for the evaluation of current
patterns of care for patients with MPM.

Although there is a substantial evidence base to draw on,
the number of comparative randomised studies on MPM is
limited, and a sufficient level of evidence to make definitive
recommendations was not always available. When quality
evidence was lacking, consensus-based recommendations were
formulated according to the guidelines of NHMRC (1).

1.5 Purpose of these Guidelines

The purpose of these Guidelines is to provide clear and concise
evidence-based recommendations for the diagnosis, treatment
and care of patients with MPM in Australia. The Guidelines
will contribute to improving treatment planning for patients
with MPM by assisting in identifying where quality treatment
and patient volume are related and where specialist and

multidisciplinary (palliative/supportive) teams are needed.
1.6 Intended users and scope of these Guidelines

These Guidelines are intended for use by:

¢ general practitioners (GPs), who are most likely to first
encounter patients with complaints and symptoms that
will eventually lead to the diagnosis of MPM;

¢ respiratory physicians, who in most cases will be
responsible for initiating the diagnostic process;

¢ pathologists, radiologists, nuclear medicine specialists,
surgeons, medical and radiation oncologists, palliative care
specialists and nurse specialists, involved in the confirmation
of the diagnosis or in drafting a treatment plan;

¢ allied health professionals;

¢ consumer representatives;

¢ health service planners, managers, funders and policy
makers responsible for providing services for patients with
malignant mesothelioma;

¢ patients and carers affected by malignant mesothelioma;

As indicated earlier, the scope of these Guidelines is confined
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Scenario A:
Presentation and Diagnosis

Diagnostic pleural Alternate diagnosis

/ aspilaﬁon - (not MP<

Pleural effusion  Suspiciousfor  Pathological Procedures:

requiring evaluation MPM " confirmation ~ -VATS -
J required -Open Biopsy
-TTNA
- not fit -Mediastinoscopy
- declines -E(B)US FNA
l - Other
Not requiring
pathological
confirmation

Figure 1. Scenario A. The most common presentation of a patient with malignant mesothelioma. MPM, malignant pleural mesothelioma; VATS,

video-assisted thoracoscopic surgery; TTNA, trans-thoracic needle aspiration; E(B)US, endoscopic bronchial ultrasound; FNA, fine needle aspiration.

Scenario B:
Presentation and Diagnosis

No MPM

TTNA
- Fine neadle

-- core
Pleural thickeningor
pleural mass
requiring evaluation \ /
n biopsy
otﬁ"

er biopsy

No MPM

Figure 2. Scenario B. Pathway of a patient presenting with pleural thickening or pleural mass. TTNA, trans-thoracic needle aspiration; MPM, malignant

pleural mesothelioma; VATS, video-assisted thoracoscopic surgery.

Scenario C:
Assessment - additional investigations
Imaging
CT
-PET
-Other
Requires smgirg
anda’or Functional /
reo Performance
ation -ECOG
-Organ/
-Cardiopulmonary
function
QoL
Does not require LABS -
staging or
further evaluation

Figure 3. Scenario C. The journey of the MPM patient with a pathologically confirmed diagnosis. MPM, malignant pleural mesothelioma; CT,

computer tomography; PET, positron emission tomography; TNM, tumour, node, metastasis; MDT, multidisciplinary team.
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Scenario D:
Treatment choices
Anti-cancer Rx
options:
Trimodality
Anti-cancer Rx -Chemo
indicated —s |-RT
/ -Surgery
Pathologically MDT & Fothen
confirmed — patient
MPM preference
\ |.efmm
reliefoptions:
no:l:: iftiacI:Ie / =
declines anti-cancer > -mpnoen
Rx - se
-other

Figure 4. Scenario D. Treatment choices for MPM patients after diagnosis and assessment. MPM, malignant pleural mesothelioma; MDT,

multidisciplinary team; RT, radiotherapy.

Treatment c|

/ No response

Response

\Follow-up/

Scenario E:

Further
anti-

~7 cancer Rx
indicated

\

hoices - 2" line

!

Not fit / Not
suitable —
/declines
anti-cancer Rx

Recurrence

Mo recurrence

Figure S. Scenario E. Second-line treatment options. MPM, malignant pleural mesothelioma.

to clinical pathways initiated when a person presents with
signs and symptoms and/or preliminary tests suggestive of
MPM. They provide recommendations for the diagnosis and
treatment of patients with MPM who are admitted to Australian
hospitals. The areas covered include diagnosis, assessment, active
treatment, palliative and supportive care and preferred models of
care. From these evidence-based guidelines a consumer version
will be produced for patients and their carers.

Given the poor prognosis for patients with MPM, particular
attention has been given to the following outcomes:

¢ short term mortality, morbidity and treatment complications;

¢ physical and social functioning;

¢ quality of life, general health status and patient satisfaction.

The Guidelines do not specifically deal with the epidemiology

of malignant mesothelioma, population measures to reduce
exposure risk, chemoprevention or other personalised
prevention measures for individuals who have been exposed
to asbestos and/or erionite. Also the Guidelines do not deal
with cost implications (cost-effectiveness) of the diagnostic
procedures and treatment approaches as recommended.

During the development of these Guidelines we have
identified a number of future research areas that are listed in
Appendix A.

1.7 Methods used to develop these Guidelines

The ADRI, established by the Asbestos Diseases Research

Foundation, in collaboration with a national team of experts,
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has developed these Guidelines in accordance with NHMRC
guideline development processes (1).

In February 2010, ADRI convened a MDT with expertise
in malignant mesothelioma. Details of the membership of the
Steering Committee for the Guidelines and the five expert
Working Groups involved in reviewing evidence and formulating
recommendations are provided in Appendix B. The process of
appointment for members of the Steering Committee and the
Terms of Reference are also included in Appendix B. Given
the poor prognosis of MPM, achieving consistent consumer
representation over an extended period for the development of
guidelines was challenging. The ADRT’s close relationship with the
Asbestos Disease Foundation of Australia was an invaluable asset
in engaging consumers. The financial support and involvement
of the Biaggio Signorelli Foundation was further testament to the
strong consumer interest and engagement with the development
of these Guidelines. There have been reports on specific asbestos
exposures experienced by a number of aboriginal communities
in Australia, notably in Wittenoom, Roebourne and Baryulgil
(37,38). However, there is not enough medical data available
to allow accurate assessment of the incidence and mortality of
asbestos-related disease in these communities. The developers of
these Guidelines have made an effort to engage a representative
of the Aboriginal Community as a consumer representative.
Unfortunately we haven’t been successful. Given the current
incidence of MPM and the short life expectancy after diagnosis
this was not an unexpected outcome.

The Technical Report attached to these Guidelines includes a

description of the process used to develop clinically meaningful
guidelines in the Australian context, the literature search and the

development of recommendations.
1.8 Scheduled review of these Guidelines

NMHRC recommends that guidelines be reviewed and revised
no more than five years after initial publication. The Steering
Committee will be reconvened to review relevant sections of the
Guidelines if any of the following occur within five years:
¢ registration by the Australian Therapeutic Goods
Administration of any new drugs for the treatment of
patients with malignant mesothelioma;
¢ publication of new major randomised controlled trials or
systematic reviews that have a potential effect on diagnosis
treatment or care of patients with malignant mesothelioma.

1.9 Funding

The development of these Guidelines was made possible by a
generous donation from the Biaggio Signorelli Foundation; a
Cancer Institute NSW grant and a contribution from Cancer
Council NSW. Publication of the Guidelines has been made

possible by a grant from Comcare’s Asbestos Innovation Fund.

Key messages

Definitive pathological diagnosis of MPM usually requires a tissue (biopsy) specimen to demonstrate that the lesion has a
mesothelial phenotype and that it shows neoplastic invasion, as opposed to benign entrapment of mesothelium as part of a fibro-
inflammatory process.

Evidence of malignant mesothelioma on cytological examination of pleural effusion fluid should be confirmed by tissue biopsy or,
if biopsy is considered inadvisable, impractical or unnecessary, the cytodiagnosis should be supported by clinical and radiological

data as a surrogate for the histological demonstration of invasion.
The anatomical location and extent of the pleural tumour should be ascertained by imaging studies.

The histological appearances of MPM can vary widely, from epithelioid, to sarcomatoid and biphasic mesotheliomas—together
with distinctive subtypes—and such variation occurs not only from one mesothelioma to another, but sometimes within a single

mesothelioma.
Recognition of the histological subtype can facilitate diagnosis and provides important prognostic information.

Immunohistochemistry is essential for the diagnosis and differential diagnosis of MPM and should include positive and negative

(carcinoma-related) markers.

2.1 Introduction

The diagnosis of malignant mesothelioma can be difficult, with

symptoms and clinical findings that can mimic and be mimicked

by other diseases. Pleural mesothelioma patients may present
with dyspnoea, chest pain (pleuritic or non-pleuritic), cough
and weight loss, or any combinations of these symptoms (39-42).

Initial clinical and radiological examination usually reveals a
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pleural effusion, often massive. Rarely, patients are asymptomatic
at the time when a radiological abnormality is demonstrated, and
patients seldom present with metastatic disease.

Some patients with malignant mesothelioma experience
a long interval between the first onset of symptoms and
subsequent diagnosis, but whether a long interval signifies
enhanced or diminished survival following diagnosis is unclear.
Most patients with MPM have a background of asbestos
exposure (40,42), and some may have had antecedent symptoms
associated with benign asbestos-related disease—for example,
symptoms related to asbestosis or benign asbestos pleuritis with
effusion. Others may have radiological evidence of past asbestos
exposure, such as pleural plaques.

In general, biopsy, immunohistochemical analysis and
correlation with radiological and clinical features are needed for
the diagnosis of mesothelioma (42). When immunohistochemical
findings are non-diagnostic or discordant, electron microscopy—
including electron microscopic examination of tissue retrieved
from blocks of paraffin-embedded biopsy tissue or cytology
cell blocks—can be used, but electron microscopy is not
recommended for ‘routine’ diagnosis of mesothelioma (21,43).

Although several cytological and histological findings may
raise varying levels of suspicion of MPM (see section 2.4)
a current requirement for the definitive clinicopathological
diagnosis of MPM is the demonstration of neoplastic invasion—
for example, infiltration into subpleural fat, chest wall skeletal
muscle, rib or lung—Dby histological examination or by imaging
studies (41,44,45), and by clinical exclusion of alternative causes
for an atypical mesothelial proliferation.

A component of malignant mesothelioma in situ can be
diagnosed when invasion has been demonstrated in the same
or different biopsy or by imaging studies (44). This applies
specifically to epithelioid malignant mesotheliomas. Sarcomatoid
malignant mesotheliomas are rarely diagnosable from effusion
fluid cytology and are usually identified histologically, by the

demonstration of invasion or overtly sarcomatoid areas.
2.2 First-line diagnostic procedures

After clinical assessment and imaging studies such as chest
X-ray or CT imaging, thoracocentesis with aspiration of pleural
effusion fluid is usually conducted as the first-line pathological
assessment (please see later discussion on the cytodiagnosis of
malignant mesothelioma). In many centres, tissue biopsy is the
primary investigation for diagnosis, but some patients are in poor
physical condition and unable to tolerate a surgical procedure.

In general, the confidence index for a biopsy diagnosis of
malignant mesothelioma is proportional to the volume of
tumour sampled. A number of factors influence the choice of,
and prioritisation for, different types of biopsy, including:

¢ the general medical condition of the patient and any co-

morbidities that contraindicate procedures which are more
invasive than others;
¢ the clinical imaging findings—for example, a pleura-
based mass lesion is often amenable to a core biopsy, with
a high diagnostic yield in comparison to a case where no
significant pleural thickening or mass is detectable (46-48);

¢ existing patterns of clinical practice at the medical centre
where the patient is under management.

Procedures used include ‘blind’ percutaneous needle biopsy,
fine needle aspiration (FNA) biopsy, imaging-guided core
biopsy, video-assisted thoracoscopy (VAT)-guided biopsy and
thoracotomy.

Thoracocentesis with cytological examination is discussed
below. FNA biopsy has a low diagnostic yield (about 30%)
and is not routinely recommended in malignant mesothelioma
diagnosis (21). Likewise, percutaneous pleural biopsy has a low
diagnostic yield and is not recommended for routine diagnosis
(41,42).

Thoracoscopy-guided biopsy and CT-guided core biopsies
have high sensitivity and low complication rates, depending on
the circumstances and indications for each, with a diagnostic
yield of about 80-90% or more (21,46-51). CT-guided
core biopsy is suitable for cases where imaging studies have
demonstrated pleural thickening or a nodular/mass lesion,
and in such cases this procedure has a high diagnostic yield
and usually few complications (46-48). Standard VAT-guided
biopsy is suitable for other patients with a pleural effusion but
no mass lesion, or patients for whom surgical pleurodesis is
considered (21,47). In the 2010 Guidelines from the European
Respiratory Society (ERS) and the European Society of Thoracic
Surgeons (ESTS), thoracoscopy was the preferred technique,
allowing extensive inspection of the pleura and the taking of
multiple and large biopsies that include subpleural tissue for the
histological assessment of invasion (21). VAT is tolerated well
in general, with a low complication rate (41,42,52). Flexible
thoracoscopy under local analgesia or neurolept anaesthesia is
used increasingly by respiratory physicians, with a diagnostic
yield comparable to standard surgical VAT (52).

Even so, the diagnostic return from a VAT-guided biopsy is
not quite equivalent to that of an open biopsy, which also allows
more accurate subtyping of mesothelioma (50,53,54)—83%
for open biopsy in comparison to 74% for VAT-guided biopsy,
and 44% for CT-guided biopsy, as reported by Kao et al. (55)
for a series of extrapleural pneumonectomy (EPP) patients.
However, the 2004 WHO chapter on mesothelioma states
that thoracotomy is not required for diagnosis—VAT being
sufficient—and is best avoided because of the risk of ‘tumour
implantation in the chest wall’ (40). “Thoracotomy’ should
probably be restricted to a small incisional biopsy into the
chest wall for those cases where the pleural space has been
obliterated—so that VAT cannot be performed. Cytological
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examination of effusion fluid usually allows for detection of
epithelioid cells only, so that mesotheliomas with a sarcomatoid
component will not be recognised as such.

Clinical practice point a:

VAT is not only the gold standard for securing biopsy tissue
for the pathological diagnosis, but it also allows effective

drainage of pleural effusion and talc pleurodesis.

2.3 Sequencing of diagnostic tests

There is no evidence regarding the optimum sequencing of
diagnostic tests for the pathological confirmation of MPM. The
usual sequence is imaging studies (for example, a CT scan),
followed by aspiration of effusion fluid, then limited or VAT-
guided biopsy.

2.4 Cytological features of malignant mesothelioma

The majority opinion among surgical pathologists is that an
essential condition for definitive histological diagnosis of pleural
mesothelioma is the demonstration of neoplastic invasion—such
as infiltration into underlying fat, skeletal muscle, rib or lung—as
opposed to benign entrapment of mesothelium (21,45,56,57).

Eftusion fluid cytology in isolation does not allow assessment
of invasion, although a 2007 Update Statement on Mesothelioma
from the British Thoracic Society (BTS) (42) stated that
cytological examination of pleural effusion fluid from patients
may be sufficient for diagnosis in some patients, when correlated
with imaging studies—that is, using imaging studies as a
surrogate for the histological demonstration of invasion (42).

For example, the combination of the following may allow a
diagnosis of mesothelioma at a high level of confidence: florid
atypical mesothelial proliferation on pleural effusion fluid
cytology supported by immunohistochemical studies on cell-
block sections and with no evidence of any infective process on
microbiological investigation, plus confluent pleural thickening
with nodularity on imaging studies (with/without evidence of
chest wall invasion), plus absence from imaging studies of any
intrapulmonary mass lesion or extrathoracic tumour with the
capacity for spread to the pleura.

Cytology-only diagnosis based on effusion fluids remains
controversial (41). Although several cytological findings raise
varying levels of suspicion of MPM (58) —such as the extent
of the mesothelial proliferation, the presence of papillary
structures (especially in the pleura), cytological atypia, frequent
cytoplasmic vacuoles and focal necrosis—there is some overlap
in the cytological appearances between reactive mesothelial

hyperplasia and malignant mesothelioma (40,41,56,57).

The most useful cytological features of malignant
mesothelioma include the presence of numerous relatively
large (>50 cell) balls of cells with berry-like external contours
comprising cells that are much larger (with enlarged cytoplasm,
nucleus and nucleolus) than most benign mesothelial cells; the
presence of macronucleoli—although prominent nucleoli can
be present in reactive mesothelial cells and not all malignant
mesothelioma cells have macronucleoli; and nuclear atypia.

Many cytological features of malignant mesothelioma—
such as scalloped borders of cell clumps, intercellular windows,
variation in cytoplasmic staining and its ‘density’, and low
nuclear-to-cytoplasmic ratios—are shared between reactive and
malignant epithelioid mesothelial cells (45).

Reported sensitivities for a clear cytodiagnosis of
mesothelioma on effusion fluids have ranged widely. One
1997 study reported a low sensitivity of 32% (59). In another
study of 162 cases (60), effusion fluid cytology showed high
specificity (~99%) when all criteria specified for mesothelioma
were fulfilled, but the sensitivity was only 47.5% when not all
criteria were met. This sensitivity was improved by interpreting
the cytological findings together with effusion fluid hyaluronic
acid concentrations. Some centres with specialised interest
and experience in the cytodiagnosis of mesothelioma from
effusion fluid (58) have found a high positive predictive value for
diagnosis. Such results may not be obtainable for other centres
with less experience in cytological assessment of mesothelial
proliferations.

Clinical practice point b:

It is recommended that—unless loculation of the fluid or
other physical constraints prevent adequate sampling of
the effusion fluid—a minimum of 100 mL of effusion fluid
and preferably the entire volume of fluid is submitted for
cytology (after sampling of small volumes for biochemical
and microbiological assessment). Such sampling is
advocated to allow recovery of sufficient numbers of cells

for cell block sections and immunohistochemical studies.

Some investigators have found that strong circumferential
immunolabelling of mesothelial cells for epithelial membrane
antigen (EMA) is evidence in favour of mesothelioma as
opposed to reactive mesothelial hyperplasia (61-63)—provided
that the EMA antibody is based on the E29 clone (44,64).
Positive labelling for GLUT-1 also appears to favour a diagnosis
of mesothelioma (65). Conversely, immunolabelling for desmin
is claimed to be evidence in favour of a benign mesothelial
proliferation (62,63).

There is evidence that homozygous deletion of the cyclin-
dependent kinase inhibitor gene p16/CDKN2A, as demonstrated
by fluorescence in situ hybridisation (FISH), may be useful for
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the distinction between malignant mesothelioma and benign
reactive mesothelial proliferations, with sensitivity and specificity
in one study that were superior to immunolabelling for GLUT-
1 (66). For example, three studies (66-68), have reported such
deletions of p16 in 43-70% of pleural mesotheliomas (mainly but
not exclusively epithelioid mesotheliomas), but not in reactive
mesothelial hyperplasias. The presence of this deletion was
associated with a poorer prognosis than for those mesotheliomas
without it (68). The p16 deletion was less frequent in peritoneal
mesotheliomas than in pleural mesotheliomas (66,67). However,
at present there is insufficient evidence that these markers, either
in isolation or in combination, have demonstrated sufficient
specificity, consistency and reproducibility to replace biopsy or
imaging evidence of invasion (44,45). See also section 2.9.

Also, malignant cells in sarcomatoid malignant mesothelioma
tend not to be shed into the effusion fluid, yet the fluid may
contain reactive epithelioid mesothelial cells that can be
misleading. In addition, sarcomatoid mesotheliomas are less
frequently associated with a pleural effusion than mesotheliomas
with an epithelial component. Effusion fluid cytology is rarely
diagnostic with sarcomatoid, pleomorphic, lymphohistiocytoid
and desmoplastic mesotheliomas, and can lead to false diagnosis.

The cytological distinction between mesothelioma and
secondary carcinoma is less problematic now than in earlier
decades—provided that the sample submitted is adequate for
preparation of a cell block for immunohistochemical studies.

Recommendations Grade*

|. CT-guided core biopsy or VAT-guided pleural
biopsy is recommended — depending on the
clinical circumstances—to obtain adequate A
tissue for histological analysis including
immunohistochemistry, and has high sensitivity
and specificity for the diagnosis of MPM.

2. Cytological recognition of an atypical
mesothelial proliferation in pleural effusion fluid
from patients may be sufficient for diagnosis
in some patients when correlated with the @
clinical background and imaging studies, and
when biopsy is considered inadvisable or
unnecessary.

*Grade of recommendation can be found on page E255.

2.5 Histological features of malignant mesothelioma

Most malignant mesotheliomas can be identified or strongly
implicated by routine haematoxylin-eosin (H&E) histology.
Determining the histological subtype of malignant mesothelioma
is a factor that influences prognosis in this disease.
Mesotheliomas can be broadly divided into three histological

subtypes—epithelioid, sarcomatoid and biphasic (mixed
epithelioid and sarcomatoid)—with a number of rare variants
(40,41,44,45). This classification facilitates the differential
diagnosis of benign and malignant lesions and subsequent
immunohistochemical analysis.

Epithelioid mesothelioma is the most common subtype and
accounts for about 60% of all mesotheliomas (40,41,44,45).
These tumours contain polygonal, oval or cuboidal cells that
often mimic reactive mesothelial cells that occur in response to
various types of injury. The differential diagnosis also includes
metastatic carcinomas (lung, breast, ovarian and colonic
adenocarcinomas and squamous cell and renal cell carcinomas)
and other epithelioid tumours, as well as reactive mesothelial
proliferations (45).

Sarcomatoid malignant mesotheliomas represent about 10-
20% of mesotheliomas (41,44) and consist of spindle cells that
may mimic malignant mesenchymal tumours such as malignant
fibrous histiocytoma, leiomyosarcoma or synovial sarcoma (69).
The sarcomatoid tissue rarely shows heterologous differentiation
such as osteoid/bone or cartilage (70).

Biphasic malignant mesotheliomas contain a mixture of
epithelioid and sarcomatoid areas within the same tumour and
comprise about 30% of mesotheliomas (40,41). Malignant
mesotheliomas are arbitrarily classified as biphasic when there
is at least 10% of each component (40,41,44). When there is
less of either, the malignant mesothelioma can be designated
as predominantly sarcomatoid or predominantly epithelioid.
The differential diagnosis includes synovial sarcoma and other
biphasic or mixed tumours.

The histological distinction between a desmoplastic malignant
mesothelioma and benign fibrous pleuritis can be difficult, with
potential for either benign or malignant misdiagnosis. Malignant
mesotheliomas are arbitrarily classified as desmoplastic when
hypocellular collagen-rich tissue represents 50% or more of an
adequate biopsy sample (40,41,44,71).

Useful criteria for the biopsy diagnosis of desmoplastic
malignant mesothelioma are (40,44,45,71):

¢ identification of neoplastic invasion—as opposed to benign

entrapment of mesothelium due to a fibro-inflammatory
disorder, or artefact that can be misconstrued as invasion of
fat in cases of fibrous pleuritis;

+ identification of overtly sarcomatoid areas;

¢ the combination of an abnormal architecture for the

collagen-rich fibrous tissue that characterises desmoplastic
malignant mesothelioma, such as a storiform or nodular
architecture, and absence or reversal of the zonal
architecture characteristic of benign pleuritis, plus the
presence of focal ‘bland’ necrosis.

Desmoplastic mesotheliomas appear to have a propensity
to metastasise to bone, and the metastases can rarely facilitate
correct diagnosis for an antecedent pleural lesion (fibrous
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pleuritis) (44). Metastases from desmoplastic mesotheliomas
are also liable to misinterpretation as a primary fibrous tumour
of bone (40).

2.6 Differentiating between histological subtypes

Recognition of histological subtypes of a suspected malignant
mesothelioma facilitates selection of the most appropriate
immunohistochemical protocol for diagnosis and is of
significance for prognosis (40,42,72-77).

Grade*
3. It should be standard histopathological practice to B

Recommendation

subtype mesotheliomas into epithelial (epithelioid),
sarcomatoid and biphasic types (and other rare
variants) and the distinction between epithelial
versus sarcomatoid mesothelioma carries prognostic

significance.

*Grade of recommendation can be found on page E255.

Some specific subtypes of malignant mesothelioma are
particularly liable to misdiagnosis, such as desmoplastic
sarcomatoid mesothelioma, and lymphohistiocytoid,
pleomorphic (epithelial or sarcomatoid), small cell, clear cell and

localised malignant mesotheliomas (41,44).

2.7 Immunohistochemistry in the diagnosis of malignant
pleural mesothelioma

Immunohistochemistry is integral to the diagnosis of malignant
mesothelioma and is currently the most useful and standard
ancillary procedure for distinguishing this malignancy from
other types of cancer.

The primary differential diagnosis for epithelioid mesothelioma
in the pleura is with metastatic lung adenocarcinoma.
Immunohistochemistry has replaced electron microscopy as the
preferred ancillary method, and differential diagnosis now relies
on the detection of various mesothelial and carcinoma-related
antigens/markers in cytology cell block sections or in biopsy
tissue (21,40,41,44,45,63,78,79). Carcinoma-related markers
include carcinoembryonic antigen (CEA), LeuM1 (CD15),
Ber-EP4, B72.3 and BGS8 (45,63,80-84) and—whenever lung
adenocarcinoma is included in the differential diagnosis—thyroid
transcription factor-1 (TTE-1) (45) and/or napsin A (85,86).
Antigens characteristically expressed by mesothelial cells include
calretinin, Wilms’ tumour gene product (WT-1), mesothelin, CK
5/6, HBME-1 antigen (63,79,87-100), thrombomodulin and
podoplanin (D2-40) antibody (101-113).

The exact combination and number of antigens to evaluate
is dependent on the differential diagnosis and the antibodies

available. Currently, calretinin is considered to have the greatest
specificity for a diagnosis of malignant mesothelioma, followed
by WT1 and D2-40 (21,44,45,79,99). The International
Mesothelioma Panel (IMP) (41) recommends at least one
CK marker plus at least two mesothelial markers (for example,
calretinin and WT1) together with at least two carcinoma-
related markers (for example, CD1S and TT'F-1). The guidelines
from the ERS and the ESTS (21) reiterate this IMP approach, as
do the Guidelines from the International Mesothelioma Interest
Group (IMIG) (4S5). When tumours other than lung cancer
enter into the differential diagnosis (for example, secondary
prostate carcinoma) additional markers become necessary. The
ERS/ESTS guidelines do not recommend use of CK7/CK20
(114) for diagnosis of mesothelioma (21).

As a practical reference for pathologists, the IMIG
recommends that markers have sensitivity or specificity
greater than 80% for the lesions in question (45), whereas the
ERS/ESTS guidelines specify a minimum sensitivity of 60-
70%. Interpretation of positivity should take into account the
localisation of the stain (for example, nuclear versus cytoplasmic)
and the percentage of cells stained: more than 10% has been
suggested for cytoplasmic membranous markers (45).

From the preceding discussion, it is clear that none of the
antibodies used for the diagnosis of mesothelioma is 100%
specific or sensitive—hence the requirement for panels of
mesothelial and non-mesothelial antibodies. As one example
of the diagnostic pitfalls that can be encountered, up to 15%
of a subset of high-grade carcinomas of the breast can express
calretinin, and these carcinomas may also express CKS/6
and lack detectable oestrogen receptor protein—with the
potential for misdiagnosis of pleural metastases as malignant
mesothelioma (115,116).

Immunohistochemistry has a more restricted role for the
diagnosis of sarcomatoid malignant mesotheliomas than for
malignant mesotheliomas with an epithelial component, because
many sarcomatoid malignant mesotheliomas express only CKs in
addition to vimentin and, in some cases, smooth muscle markers
(44,45,117,118). Expression of calretinin is variable (30-89%)
in sarcomatoid areas of mesothelioma (40,41,44,111,117,119).
The high percentage labelling recorded in some studies is
explicable by acceptance of cytoplasmic labelling for calretinin
as a positive result (117), whereas positive nuclear labelling is
required in addition to any cytoplasmic labelling (41,44). Most
sarcomatoid and desmoplastic malignant mesotheliomas are
strongly positive for CKs (although CK-negative sarcomatoid
malignant mesotheliomas do occur), and CK labelling can also
highlight invasion, such as genuine invasion into subpleural fat
by a desmoplastic malignant mesothelioma (44). The ERS/
ESTS guidelines recommend use of at least two broad-spectrum
CK antibodies and two markers with negative predictive value,
to support a diagnosis of sarcomatoid mesothelioma (21).
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Grade*
4. A panel of immunohistochemical markers B

Recommendations

should be used for pathologic diagnosis of
MPM.

5. The immunohistochemical panels should B
contain positive (mesothelial) and negative
(carcinoma-related) markers for malignant
mesotheliomas with an epithelioid component
and include at least one CK marker, at least
two mesothelial markers and at least two
carcinoma-related markers.

6. For pleural mesothelioma-like tumours with B
an epithelial component, it is recommended
that immunolabelling for both calretinin and
TTF-1 is routinely carried out.

7. Additional markers should be added when B
tumours other than lung cancer enter into
the differential diagnosis.

8. The immunoprofile of sarcomatoid mesotheliomas B
including desmoplastic mesothelioma is more
restricted than that for mesotheliomas with an
epithelial component, with variable expression
of markers such as CK 5/6, calretinin, WT|
and podoplanin (D2-40). Labelling for CKs
is important and can facilitate assessment of
invasion. However, CK-negative sarcomatoid
mesotheliomas are recognised.

*Grade of recommendation can be found on page E255.

The place of immunohistochemistry in the diagnosis of MPM
is a constantly evolving area and specific information on antibodies
and their source should be obtained from the current literature. It
also seems likely that molecular approaches to diagnosis (120)—
such as profiling of microRNA expression in tumour tissue (121)
or extrapleural samples—will supplement immunohistochemistry
for the diagnosis of mesothelioma, but these approaches are at an
investigational phase of evaluation and at present they cannot be

recommended for routine use in diagnosis.
2.8 Anatomical features of malignant pleural mesothelioma

Anatomical aspects of MPM are important to support a
clinicopathological diagnosis, in particular when biopsy tissue is
insufficient to obtain a clear and definitive diagnosis.

Clinical information such as the anatomical distribution of
the lesion as shown by imaging studies should be obtained (42).
For example, whether:

¢ thelesion is pleura-based and confluent;

¢ the lesion is an intrapulmonary mass with characteristics

of a primary lung cancer;

¢ there is an extrapleural tumour elsewhere with the capacity

to metastasise to the pleura;

¢ there is a pleural effusion and, if present, its size.

This information can be important for probabilistic
clinicopathological assessment when the amount of tissue taken
with a small core biopsy is insufficient for diagnosis in isolation,
or when there are discordant immunohistochemical findings, or
when the tumour is undifferentiated and not clearly classifiable
by immunohistochemistry. Even so, CT imaging—although a
standard procedure for the investigation of mesothelioma—may
not detect superficial invasion of subpleural tissues by early stage

mesotheliomas (40).

Clinical practice point c:

The anatomical site and extent of lesions should be determined.

2.9 Distinguishing benign mesothelial hyperplasia from
malignant pleural mesothelioma

As emphasised earlier in this chapter, the demonstration of fat
or stromal tissue invasion by histology or imaging is an essential
criterion for definitive diagnosis of MPM.

Although reactive mesothelial proliferations are non-invasive,
entrapment of benign mesothelial cells within the fibrous tissue
of organising inflammation can simulate neoplastic invasion
(44,45). This can make histological discrimination between
entrapment and invasion difficult. It is reccommended that when
invasion cannot be identified in biopsy tissue, the lesion should
be designated as an atypical mesothelial proliferation (41,44,45).

Clinical decision-making for a diagnosis of malignant
mesothelioma may be made when a limited biopsy has shown an
atypical mesothelial proliferation without invasion. This requires
correlation with imaging studies, a more adequate biopsy or, in
many instances, serial imaging studies to ascertain whether the

lesion is progressive (42).

Recommendation Grade*
9. Tissue invasion should be demonstrated by B

histology or imaging studies to diagnose malignant

mesothelioma definitively.

*Grade of recommendation can be found on page E255.

Clinical practice point d:
When tissue invasion cannot be identified, the lesion should

be designated as an atypical mesothelial proliferation.

2.10 Molecular biomarkers and screening

Serum biomarkers such as mesothelin (also known as soluble
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mesothelin-related protein or SMRP), osteopontin, CA125 and
megakaryocyte potentiating factor (MPF) have been investigated
as tools to aid the diagnosis of malignant mesothelioma, or for
screening of ‘at risk’ groups (120,122-142). A positive blood
test for mesothelin at a high specificity threshold is a strong
incentive for further diagnostic steps, provided there is no renal
failure (141,143). However, the poor sensitivity of mesothelin
at diagnosis (35-50%) limits its value. In screening studies,
mesothelin levels are elevated before diagnosis in fewer than
15% of mesothelioma patients in a high risk group, so it is not
recommended as a screening tool (144).

Also osteopontin and CA12S lack specificity as diagnostic
markers (127,131), but serum mesothelin and CA125 may
have value in monitoring response to treatment (145,146).
To date, no serum biomarker has shown sufficient positive
predictive value for a diagnosis of malignant mesothelioma
that would allow it to replace existing imaging-cytology-biopsy
requirements (120,144-147). (See preceding mention of p16/
CDKN2A, in section 2.4.).

Whenever pleural synovial sarcoma enters into the differential
histological diagnosis, tumour tissue should be investigated
by either FISH or the reverse-transcriptase polymerase chain
reaction (RT-PCR) for the t(X;18) translocation diagnostic of

synovial sarcoma (SYT-SSX) (148,149).

Recommendation Grade*
10. Measurement of the blood SMRP level is not B

recommended for routine clinical diagnosis**.
*Grade of recommendation can be found on page E255.

**The value of assessment of SMRP in estimating therapy

response/progression of disease is discussed in Chapter 3.

Sarcomatoid mesothelioma and especially desmoplastic
mesothelioma have significantly shorter median survival times
than epithelioid mesotheliomas (40,42,72,73)—and thus
they represent markers for particularly poor prognosis—and
are usually unresponsive to chemotherapy (see section 2.5,
Recommendation 3 and Chapter 4).

There is no evidence that screening procedures for malignant
mesothelioma affect clinical outcomes and most authorities

recommend against Toutine’ screening. (21,146).

Key messages

MPM.
selecting a patient for radical (multimodality) treatment.
avoid futile treatment.

to invade the chest wall or diaphragm.

modalities.

Pre-treatment assessment protocols for patients with MPM should include demographics, clinical and occupational history,

physical examination, radiological investigations and blood tests.

Computed tomography (CT) is the preferred radiological modality for initial assessment of patients with MPM.
Quantitative FDG-PET parameters have prognostic and predictive significance in pleural mesothelioma.
Pleurodesis status should be known when interpreting results of CT and FDG-PET imaging.

The tumour, node, metastasis (TNM) system is currently considered best for describing the stage of disease in patients with
A confirmed pathological diagnosis, pulmonary function tests, CT scans and FDG-PET are essential parts of the work-up before
For patients being considered for radical (multimodality) treatment approaches, appropriate invasive staging is advised in order to
Magnetic resonance imaging (MRI) is not part of a routine assessment. It may be considered for patients with disease suspected
Increasing serum mesothelin levels during treatment are an unfavourable prognostic marker.

Validated and reproducible clinical prognostic markers for malignant mesothelioma include histological subtype (epithelioid vs.

non-epithelioid), poor performance status, gender, weight loss and chest pain.

FDG-PET-CT should be performed when a diagnosis of recurrence after aggressive surgical therapy is equivocal on other

3.1 Introduction

Following a diagnosis of MPM by pathological means, further
assessment and characterisation of the disease provides the

following information:
¢ baseline status to assess response to therapy;
¢ an estimate of prognosis of disease;
¢ guidance for treatment planning;
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Table 1. PICO questions relating to diagnosis of malignant pleural mesothelioma.

Dl What clinical information and procedural factors enhance sensitivity, specificity and predictive power of histology and
immunohistochemistry in the diagnosis of MPM? See also D1 I.

D2 In patients with adequate performance status, is thoracoscopy a superior first-line diagnostic procedure?

D3 What is the sensitivity and specificity of diagnostic techniques for the pathological confirmation of MPM [pleural aspiration, closed
pleural biopsy, trans-thoracic needle aspiration (TTNA), open pleural biopsy, VAT, other] in people with pleural thickening?

D4 What is the optimum sequencing of diagnostic tests for the pathological confirmation of MPM?

D5 Is cytological examination of pleural or other body fluid or FNA sufficient to definitively diagnose MPM (and distinguish from
other causes of effusion)?

Dé Is the demonstration of tissue invasion an essential diagnostic criterion for any/all clinical decision-making in MPM?

D7 What is the performance benchmark for panels of immunohistochemical reagents used in the diagnosis of MPM?

D8 Can biomarkers (CEA, SMRP, osteopontin and MPF) in blood and/or body fluid support or reject the MPM diagnosis?

D9 Does screening of asymptomatic persons at elevated risk for MPM by radiological or biomarkers improve clinical course or
survival?

Is there a benefit in differentiating histological subtypes of MPM? Does histological subtyping of MPM predict response to

D10 anti-cancer treatment?
DIl Does histological subtyping of MPM predict prognosis?
D12 Does longer duration of symptoms prior to initial chest x-ray prejudice better outcomes?
+ selection of patients for radical surgical therapy; databases. It was based on the TNM descriptor system, which
¢ evaluation of residual disease after therapy; requires surgical (pathological) confirmation. It was unclear if
¢ stratification of patients to be enrolled in clinical trials; stage estimated by clinical investigations might have the same
¢ accurate data for disease registers—epidemiology and predictive power as a pathologically-based system.The IMIG
outcomes. staging system could predict prognosis (155-159), but in the
clinical setting this system failed as an independent (multivariate
3.2 Disease staging analysis) prognostic factor (160,161). After the first analysis of

Correct staging is important for several reasons. It ensures:

¢ appropriate management plans can be made;

¢ appropriate information is collected for clinical trials and

translational research;

¢ the anatomical spread of MPM can be adequately

described by, and communicated among, health
professionals.

A common system for disease staging is important for
comparing the outcomes obtained with different forms of
treatment.

For most major tumour types, large datasets have been made
available to validate the prognostic importance of the TNM
system but scant prospective staging data is currently available
for MPM.

The initial staging system for MPM was a four-stage system
introduced by Butchart (150) and based on observations in 29
patients only. In subsequent years modifications were proposed
by a number of investigators including Mattson, Boutin and
Sugarbaker (151-153). These staging systems also suffered from
the limitation of being based on small numbers of patients. The
IMIG/International Association for the study of Lung Cancer
(IASLC) staging system proposed by Rusch in 1995 (154) was
the result of a retrospective analysis of several small surgical

an IMIG/IASLC database with data from 3,101 patients with
MPM, several areas of the current staging system have been
defined as requiring modification (162). Multivariable analyses
showed significant differences in overall survival for most T
stages but not for T2 vs. T1. Although a negative node status was
of prognostic importance, no difference between N1 and N2 was
noted.

Disease stage according to the TNM system, when assessed
by surgical staging, is a significant predictor of prognosis in
patients with mesothelioma, and is the preferred system.

Grade*
I'1. The TNM system should be used for disease B

staging in mesothelioma.

Recommendations

*Grade of recommendation can be found on page E255.

3.3 Clinical staging and assessment

Computed tomography is the preferred radiological method
to assess patients with MPM. Plain chest radiography lacks
sufficient sensitivity for routine staging because small malignant
pleural effusions are not detected and large pleural effusions can
obscure pleural/chest lesions (163). Furthermore, positive plain
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radiographic findings in patients do not clearly discriminate
between MPM and other diagnoses, such as carcinoma
metastatic to the pleura, lymphoma or benign asbestos disease.

CT provides better information than plain radiography with
regard to tumour characteristics and extent of disease (163).
CT is the radiological standard used for staging of disease,
identifying possible resectability of primary tumour and baseline
pre-chemotherapy assessments. The sensitivity of CT is limited
when it concerns the early detection of chest wall involvement,
mediastinal lymph nodes, transdiaphragmatic extension and
small peritoneal and solid organ metastases (164-167). The
performance of CT has been improved with the introduction of
spiral scanners, particularly those with a configuration of 64-slice
or more. The use of intravenous contrast to define vasculature
enhances definition and interpretation of lesions (168).

CT scanning can define the macroscopic anatomical extent
of disease, but its ability to characterise specific pleural and
mediastinal lesions as benign or malignant is limited. As
mentioned earlier, CT scanning can underestimate the stage of
MPM because of its low sensitivity in detecting intrathoracic
lymphadenopathy, occult contralateral pleural and peritoneal
disease (164-166,169-171). This is important if patients are
to be considered for radical treatment, but is unlikely to alter
management of patients in whom radical treatment is not
considered an option.

Ultrasonography is frequently used as a guide for drainage of
pleural effusion and to guide percutaneous biopsy.

Grade*
12. Patients with suspected or confirmed MPM A

Recommendations

diagnosis should be assessed for therapeutic
planning with CT of the thorax and abdomen
with contrast enhancement.

I3. CT or ultrasonography should be used to guide B
biopsy and drainage of pleural effusion.

*Grade of recommendation can be found on page E255.

anatomical location. It is more sensitive than CT in detecting
nodal involvement and distant metastasis, and in differentiating
tumour activity from benign disease. In comparison to CT, it
both downstages some disease by excluding lesions potentially
significant by CT, and upstages disease by detecting tumour in
sites not detected by CT.

FDG-PET-CT should be used in preference to FDG-PET as
FDG-PET-CT has demonstrated significantly better sensitivity
and specificity in staging patients with stage Il and I (172,173).

In patients scheduled to undergo radical surgical resection, a
distinction between MO and M1 tumours, or between T3 and
T4 tumours, is critical in determining possible resectability.
Two systematic reviews have addressed the staging information
provided by FDG-PET in pleural mesothelioma (164,173).
The use of FDG-PET to identify metastatic disease or nodal
metastases may upstage or downstage patients, leading to a
change of management in between 20-38% of patients (164,174).
FDG-PET is more accurate in detecting occult distant metastases
than anatomical imaging and identifies a higher number of
mediastinal lymph node metastases than CT alone, with
moderate specificity, although low sensitivity, in the detection of
nodal disease (171,174). FDG-PET should be performed when
the presence of distant metastases or nodal involvement will alter
the management plan, for example, in those patients scheduled
to undergo radical surgical procedures with the goal of long-term

control of disease.

Recommendations Grade*

14. FDG-PET is a more sensitive modality than
CT to detect possible lymph node involvement
and distant metastatic disease, and should be A
performed when the presence of disease in
these sites will influence a management plan.
I15. FDG-PET-CT should be used in preference to
FDG-PET where available.

*Grade of recommendation can be found on page E255.

A

Clinical practice point e:

New-generation spiral CT should be used in imaging MPM.

3.4 Assessment for multimodality and other radical therapy

Accurate staging of MPM is vitally important when surgery
is considered to be part of radical (multimodality) treatment

approaches.

3.4.1 Fluorodeoxyglucose-positron emission tomography
(FDG-PET) staging
FDG-PET images tumour metabolic activity rather than

The two systematic reviews also noted that FDG-PET can
distinguish benign from malignant pleural disease, with higher
mean, maximum, and delayed phase Standardised Uptake
Values (SUV) in malignant disease (164,173). Nevertheless,
although this has the potential to provide an advantage in biopsy
site selection, it remains to be determined whether FDG-PET
can usefully facilitate selection of appropriate biopsy sites by
evaluating areas of pleural thickening in patients who have been

exposed to asbestos.

3.4.2 MRI staging
MRI inherently provides better soft tissue contrast than CT.
However, the combination of high quality FDG-PET and CT
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surpasses MRI in staging disease prior to radical therapy (172).

For clinical staging, MRI and CT perform equivalently. In
some circumstances, MRI may offer better delineation of a
single focus of chest wall or diaphragm invasion because pleural
malignancy enhances avidly with gadolinium-based contrast
material (175).

Grade*

6. MRI should not be part of a routine assessment B
of patients with MPM.

Recommendations

I7. MRI with gadolinium enhancement can be @©
useful in specialised situations where it is
important to delineate tumour extension in the
diaphragm, endothoracic fascia, chest wall or
through iatrogenic tumour seeding.

*Grade of recommendation can be found on page E255.

3.4.3 Surgical staging

Determining whether tumours have spread to the mediastinal or
hilar lymph nodes is important when patients with mesothelioma
localised to the pleura are being considered for radical surgery.
The number of involved nodes (but not their anatomic location)
is clearly associated with survival after EPP (176). The results
of staging with FDG-PET-CT and mediastinoscopy after
induction chemotherapy led to abandoning of surgical plans
(EPP) in respectively 29% and14% of patients with MPM
(epitheloid subtype) (177). However, both FDG-PET-CT and
mediastinoscopy lack accuracy and the role of mediastinoscopy
in selecting patients for EPP has been questioned on the
basis of retrospective data (170). Pathological assessment of
biopsy specimens may also influence the sensitivity of staging
procedures as occult disease was more readily detected by
immunohistochemistry (178).

Translation of images of FDG-PET-CT into T and N stages is
often inconclusive and the greatest value of FDG-PET-CT seems
to lie in the exclusion of patients with M1 disease from radical
surgery within the context of multimodality therapy (167,171).
A prospective study on the value of mediastinoscopy, VAT and
laparoscopy in determining the stage of disease prior to radical
(trimodality) therapy showed that these procedures were able
to avoid futile thoracotomy in a significant (24%) percentage
of patients (166). A retrospective review of 118 patients with
MPM, who underwent extended surgical staging (laparoscopy,
peritoneal lavage and mediastinoscopy) after clinical and CT
evaluation revealed that 13% of patients were not accurately
staged by imaging alone (179). More recent studies using
endobronchial (EBUS) and esophageal (EUS) endoscopic
ultrasound-guided FNA revealed that these staging procedures
may also lead to more accurate assessment of disease (nodal)

status (180,181).

Where a patient’s treatment plan, on the basis of clinical
staging, is to provide supportive care or palliative management
with chemotherapy, surgical staging with mediastinoscopy or
other invasive staging procedures is inappropriate.

Extended staging with mediastinoscopy, endobronchial
ultrasound or trans-esophageal biopsy, thoracoscopy and
laparoscopy defines an important subset of patients with
unresectable MPM not identified by imaging (165,166,171,179-
182). Because of the potential morbidity associated with radical
surgery, extended staging should be considered for every patient

selected for resection.

Consensus based recommendation

i. Routine mediastinoscopy and other invasive procedures
are not indicated in patients receiving supportive care or
palliative management with chemotherapy.

Grade*

18. Mediastinoscopy is recommended as an B

Recommendations

additional staging procedure for patients being
considered for radical surgery in order to
exclude N2 level nodal disease or to confirm
pathological involvement where imaging is
equivocal.

19. The addition of EUS-FNA and or EBUS is ©
feasible in mesothelioma and may identify
additional N2, T4, and M| disease.

20. Bilateral thoracoscopy and laparoscopy with B
peritoneal lavage may identify additional M|
disease or sarcomatoid histology and taking
the potential morbidity associated with radical
surgery into account extended (surgical) staging
should be considered for all patients with MPM
before resection.

*Grade of recommendation can be found on page E255.

3.5 Assessment of prognosis

Valid and robust assessments of disease progression and survival
prospects are important for many reasons:
¢ they help patients and families to make more appropriate
decisions about treatment;
¢ they help patients and carers to manage important
personal issues;
¢ they enable doctors to make appropriate management
recommendations for individuals;
¢ they help explain variations in patient outcomes;
¢ they enable the stratification of patients in clinical trials.
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Prognostic markers for patients with mesothelioma can be
divided into the following four basic categories: clinical and
patient-reported prognostic markers, blood or serum prognostic
markers, imaging prognostic markers and molecular prognostic
markers. In addition, among patients receiving radical surgery,
complete pathological assessment provides more specific tumour
information for prognostic purposes.

Most studies of prognostic markers have been retrospective
in design, often extending over many years, and with differences
in exposures to treatment. These studies have reported male
sex, older age, weight loss, appetite loss, chest pain and poor
performance status to be patient factors associated with poor
prognosis (72,76,183). However, in another large study, age was
not found to be a prognostic factor (184), and several of these
factors are downgraded or cease to be significant in multivariate
predictive models. Other factors (smoking, laterality, time
since diagnosis, asbestos exposure) are factors that have not
consistently been shown to predict survival.

Studies of prognosis have examined disease progression
and survival. No information is available on factors that predict
quality of life (155). A number of prognostic factors have been
used by the European Organisation for Research and Treatment
of Cancer (EORTC) and the Cancer and Leukaemia Group B
(CALGB) to develop prognostic scores to assist in stratification of
patients in clinical trials (76,183). Their prognostic performance
has been independently validated (see for example (72,161) but
their role and value in routine clinical care is not determined
(76,183). Performance status <1 and epitheloid histological type
consistently indicate a relatively better survival outlook.

Inflammatory markers (white cell count, neutrophil to
lymphocyte ratio (NLR), and C-reactive protein) are frequently
found to be significantly elevated in different studies of prognosis
in mesothelioma (185,186). Decreased haemoglobin levels,
thrombocytosis and elevated serum lactate dehydrogenase (LDH)
are also associated with poor prognosis (155). Elevated white cell
count is a significant prognostic factor in both EORTC and CALGB
studies. The value of NLR has been independently confirmed
recently but needs additional prospective evaluation (186). The
independent prognostic value of markers such as C-reactive protein
(187) and thrombocytosis needs further validation.

Soluble mesothelin-related peptide (SMRP) and ostepontin
are among a broad range of serological or tissue markers that
have been investigated for prognostic significance in MPM. High
baseline SMRP serum levels are predictive of reduced mean
survival in the epithelioid subtype (128,142,188,189). SMRP
appears to be an indicator of tumour burden and metabolic
activity. Its predictive power is removed in multivariate models
which include FDG-PET (131). As serum osteopontin levels
add no more prognostic information than SMRP, (189) there
is no evidence to support its use as a marker of prognosis. Also
other serum, tissue and molecular markers investigated in MPM

(155) fail to have any proven status in assessment of prognosis
or in stratification of patients in clinical trials.

Quantitative FDG-PET techniques provide prognostic
information for malignant mesothelioma, however the optimal
quantitative assessment method is yet to be determined
(164,173). In systematic reviews, a higher SUV is associated
with shorter median survival from a number of studies (164,173).
Another quantitative PET parameter, total glycolytic volume
(TGV), is a composite of anatomical (tumour volume) and
functional (SUV, metabolic activity) data to reflect total
metabolically active tumour burden (190). Higher baseline
TGV is associated with shorter survival in patients scheduled to
undergo chemotherapy and a prognostic nomogram using TGV
has been developed but not independently validated (173,191).
While this consistently suggests the potential for quantitative
FDG to improve the prognostic value of clinical staging, the
appropriate clinical application of prognostic information

derived from FDG-PET parameters remains unclear.

3.5.1 Assessment of treatment response
Some markers of prognosis also provide information to assess
response to, and prognosis after, treatment.

Two systematic reviews of the topic support the use of
quantitative FDG-PET or FDG-PET-CT in the assessment of
treatment response (164,173). Decreasing SUV (192) or TGV/
Total lesion glycolysis (TLG) (190,193) following one, two
or three cycles of chemotherapy is associated with improved
survival, longer time to tumour progression, and with partial
response on CT response criteria. Two studies found these
associations with TGV/TLG but not with maximum SUV,
suggesting that TGV/TLG quantitative techniques may be
preferable in the assessment of treatment response. The optimal
timing for assessment of treatment response (after cycles 1,2 or 3)
has varied between studies and is unclear.

Change in SMRP levels from baseline is also being investigated
as a tool to judge response to therapy with rising SMRP indicating
progressive disease. The SMRP response correlates with
radiological response and TGV on FDG-PET (189).

3.5.2 Assessment of disease recurrence

FDG-PET-CT is a sensitive modality to identify suspected
recurrent locoregional or metastatic disease after previous
surgical management. FDG-PET-CT has been reported to have
a sensitivity of 94-98%, specificity of 75-100%, and positive and
negative predictive values of 95-100% and 86-88% respectively
(164,194). Furthermore, at recurrence, maximum SUYV is
predictive of overall survival (194). FDG-PET-CT should
be performed at suspected recurrence when a diagnosis of
recurrence is equivocal on other imaging modalities, or where an
accurate understanding of the distribution of sites of involvement

by recurrent disease will change management.
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Recommendations Grade*

21. Baseline prognostic assessment should include
evaluation of important patient, clinical,
biological and imaging factors.
a. Epithelioid histological type and performance A
status <| are relatively favourable
prognostic factors.
b. Male sex, weight loss and chest pain are B
unfavourable prognostic factors.
c. Elevated white cell count is an unfavourable B
prognostic factor.
d.  Other markers of inflammation also confer C
an unfavourable prognosis.

e. Measurement of either SUVmax or TGVby C
FDG-PET provides prognostic information
in patients with MPM.
22. During treatment:

a. Assessment of treatment response using B
quantitative FDG-PET parameters is
predictive of survival outcome.

b. Nodal stage < |, minimal residual disease and A
epithelioid histology are favourable prognostic
factors.

. Increasing serum SMRP levels during treatment B
are an unfavourable prognostic marker.

23. Following suspected recurrence:

a. FDG-PET-CT should be performed when B
a diagnosis of recurrence after previous
radical surgical therapy is equivocal on other
imaging modalities.

b. Measurement of SUVmax on FDG-PET-CT C
following post-surgical relapse is predictive of

survival outcome.

*Grade of recommendation can be found on page E255.

3.6 Effect of pleurodesis on staging investigations

There is limited information on the effect of talc pleurodesis on
nodal staging assessed by CT scan. Similarly, there is limited
information on the effect of talc pleurodesis on patterns of
local and nodal uptake on FDG-PET. There has been no study
assessing radiological lymph node staging pre- and post-
pleurodesis.

Pleurodesis is often used to prevent recurrent pleural effusions

in malignant disease. It is performed by instillation of a sclerosant
such as talc into the pleural space (causing inflammation, and
obliteration of the pleural space) after drainage of the pleural fluid.

In some patients with suspected malignancy such as MPM,
pleurodesis may be conducted just after diagnostic biopsies at
the same procedural setting to reduce the number of procedures
for the patient. Most commonly, pleurodesis accompanies a
VAT examination, when there is a high likelihood of malignancy.
Alternatively, it can be undertaken as a separate therapeutic
procedure.

In general, pleurodesis creates an intense inflammatory reaction
leading to adhesions between the visceral and parietal pleura. The
presence of pleural inflammation may alter assessment of disease
stage or extent of disease, likely through increased pleural uptake
on an FDG-PET scan and/or inflammatory adenopathy.

Inflammatory processes give false positive results on FDG-
PET due to increased macrophage uptake and retention of
labelled FDG, but there is limited data specific to MPM.

One study suggested that talc pleurodesis did not affect T4 or
N2 staging, but conversely found FDG-PET-CT to be inaccurate
compared to subsequent surgical staging (171). In another
study, it was suggested that talc did not adversely influence the
development of a prognostic model based on FDG-PET TGV
and that an increase in TGV in patients with prior pleurodesis
could be quantitated and corrected for in the prognostic

nomogram (191).

Recommendation Grade*

24. Pleurodesis status should be known when
interpreting results of CT or FDG-PET imaging.

*Grade of recommendation can be found on page E255.

3.7 Pre-treatment evaluation

An optimal pre-treatment assessment protocol for patients
diagnosed with malignant mesothelioma should be simple and
widely applicable, sequential and logical, with limited invasive
procedures. Patients should be assessed individually for suitability
and preferences for potential treatment plans. Specific staging
evaluations where radical treatment is being considered are
recommended (see above). Otherwise, relatively limited higher
level data exists for this population in terms of evaluation after
diagnosis. Of relevance is the 2010 Guidelines of the European
Respiratory Society and the European Society of Thoracic Surgeons
for the management of malignant pleural mesothelioma (21) which
followed on from the consensus report from van Meerbeeck in
2005 before PET scans became generally available (195).
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Table 2. PICO questions relating to assessment of MPM.
Al What is the preferred radiological method to assess a diagnosed MPM?
A2 What is the status of clinical staging methods for MPM? (comparison of Butchart versus TNM staging systems)
A3 What is the role of invasive disease assessment in the staging of MPM?
A4 What is the role of PET scanning for the staging evaluation of MPM?
A5  What is the role of MRl in the:
a. evaluation of MPM?
b. staging of mesothelioma?
c. evaluation of mesothelioma for surgical management?
d. evaluation of MPM for local radiotherapy?
A6 Do FDG-PET scans provide prognostic or predictive information for MPM?
A7  What minimal pre-treatment evaluations are required for patients diagnosed with MPM?
A8  What are validated prognostic markers for MPM?
A9 In patients diagnosed with MPM, what is the effect of prior pleurodesis on assessment of stage and extent of disease and
prognosis?
AlO In patients diagnosed with MPM being considered for radical treatment including surgery, what is the optimal preoperative
workup in order to optimise appropriate patient selection?

Recommendations Grade*

25. The extent of pre-treatment evaluation, including
radiological evaluation and assessment of clinical and
laboratory prognostic factors should be considered C
in the context of potential and appropriate
management options.

26. In patients being considered for radical
treatment, assessment should include pulmonary
and cardiac function testing and evaluation of
psychological status and co-morbidities.

27. Pre-treatment evaluation of patients considered
for chemotherapy should include assessment of C

co-morbidities and general fitness.

*Grade of recommendation can be found on page E255.

These guidelines suggest that for all patients who present
or are diagnosed with MPM, routine clinical history including
demographic and clinical symptoms and signs, performance
status and physiology such as weight loss, chest radiographs and
simple blood investigations should be considered. Assessment
of asbestos exposure should also be conducted and recorded for
each patient at presentation.

According to these guidelines, all patients at diagnosis should
be assessed as follows:

¢ demographics: sex and age;

¢ social history in so much as it may influence treatment

choices and access;

¢ clinical and occupational history (asbestos exposure):
performance status, co-morbidities, presence/absence of
chest pain, dyspnoea, change in body weight or body mass
index, medication requirements;

¢ physical examination: presence or absence of shrinking

hemithorax, presence of evidence of metastatic disease or
direct extension of tumour (cutaneous nodules etc.);

¢ radiological investigations: plain chest X-ray;

¢ blood tests: haemoglobin, leucocytes, platelets, and basic

biochemistry (renal and hepatic function and LDH).

In addition, patients likely to receive some form of active
treatment should have:

¢ histological confirmation with an adequate biopsy;

¢ CT scan of chest and upper abdomen with intravenous

contrast after drainage of pleural fluid (if drainage required
for symptom control);

¢ pulmonary function testing;

¢ measurement of SMRP as a guide to determining response

to therapy.

The selected group of patients thought to be candidates
for multimodality therapy or other radical (surgical) therapy,
in addition to (surgical) staging assessment, should also have
routine pulmonary and cardiac function tests as indicated for
patients undergoing thoracotomy.

4 Active anti-cancer treatment

Key messages
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Active control of pleural effusion is the mainstay of
treatment in most patients with MPM.

Chemotherapy improves survival in patients with MPM.
Combination chemotherapy is more effective than single
drug treatment.

Cytoreductive surgery can control symptoms and is
associated with prolonged survival in selected patients.
Multimodality therapy (surgery, chemotherapy and
radiotherapy) may offer some benefit but further research
is required to define the magnitude of this benefit and the
responsible modalities.

Radiotherapy may be used in combination with other
therapies. For doses greater than 50 Gy, advanced
radiotherapy technologies are recommended to optimise
local control and avoid excessive toxicity.

Palliative radiotherapy is effective in temporarily relieving
pain and other symptoms caused by disease.
Immunotherapy and targeted therapies should be confined
to clinical trials.

4.1 Introduction

MPM is purportedly resistant to treatment with classic anti-
cancer treatments (surgery, chemotherapy and radiotherapy).
Some recent progress has been made with prescribing
combination chemotherapy regimens and treating patients with
multimodal treatment, which involves various combinations
of chemotherapy, surgery and radiotherapy. However, median
overall survival for patients with malignant mesothelioma has
remained modest (around seven months) as shown in recent
population based updates (196,197).

4.2 Chemotherapy

Chemotherapy for MPM has been the subject of many phase II
trials (198-200). Objective radiological response rates greater than
15% (based on a variety of tumour measurement criteria) have
been reported for single drug therapy with various drugs including
pemetrexed, raltitrexed, gemcitabine, platinum based drugs,
vinorelbine and several anthracyclines (such as doxorubicin).

4.2.1 Combination chemotherapy

Combination treatment usually produces higher response
rates than single drug therapy. There are few direct randomised
comparisons of single versus combination drugs. One three-
armed study, which compared the efficacy of combined
chemotherapy with a single agent and a placebo in malignant
mesothelioma, did not show significant differences in survival
between the combined chemotherapy and supportive care arms,

although a trend in favour of the single-agent arm (vinorelbine)

was observed (201). It was prematurely stopped because of
low recruitment and required both chemotherapy arms to be
combined for analysis. This study has been criticised mainly
because the combination chemotherapy (Mitomycin C,
Vinblastine, Cisplatin) (MVP) is considered inadequate and
the final study had insufficient power to address the effect of
vinorelbine alone.

Two randomised studies have shown that combination
chemotherapy that includes cisplatin and pemetrexed or
raltitrexed is associated with increased survival (195,202). The
median overall survival of patients given cisplatin—pemetrexed
(12.1 months) or cisplatin—raltitrexed (11.4 months) was
significantly longer than that of patients receiving cisplatin
alone (9.3 and 8.8 months respectively), providing direct
evidence that combination treatment has a beneficial effect.
A large compassionate-use study of cisplatin or carboplatin
in combination with pemetrexed suggests indirectly that
carboplatin and cisplatin have similar efficacy (203).

Therefore, pemetrexed in combination with a platinum
agent (cisplatin or carboplatin) is currently regarded as the
optimal chemotherapy treatment for patients with malignant
mesothelioma (204). Raltitrexed is an active alternative;
however, this drug is neither approved nor reimbursed for this

indication in Australia.

Grade*

28. Combination chemotherapy (pemetrexed and A

Recommendation

cisplatin or carboplatin) rather than single drug
treatment should be used as first-line systemic
treatment for MPM.

*Grade of recommendation can be found on page E255.

4.2.2 Number of chemotherapy cycles and timing

The optimal number of cycles of chemotherapy has not been
defined. For patients with good performance status, and
adequate organ function, a commonly used standard for first-line
treatment in stable or non-progressing patients is a maximum
of six cycles of pemetrexed (500 mg/m?) as a 10-minute
intravenous infusion followed by cisplatin (75 mg/m?)
over two hours on day one of a 21-day cycle. This was the de
facto standard in the randomised clinical trial (202).

A small, underpowered randomised study which used the
MVP regime, shown to lack activity in a larger study, suggested
that giving MVP earlier rather than later was associated with
an extended period of symptom control (205). This is the only
study available on the optimal time to start chemotherapy
in patients with malignant mesothelioma. Theoretically,
chemotherapy is more effective at treating patients with a good
performance status and small tumour volumes. Studies in
patients with other types of cancer show that treatment results
are superior for patients with these characteristics. However, for
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malignant mesothelioma convincing data is lacking.
. Consensus-based recommendation
A small non-randomised study showed that pemetrexed -
i.  Immunologically based and targeted therapies for

maintenance therapy is well tolerated (206). The role of
maintenance therapy has not been prospectively evaluated
although there is currently an ongoing US randomised phase II
trial evaluating the role of maintenance pemetrexed in patients
with stable disease after first-line chemotherapy. Second-
line pemetrexed combined with best supportive care (BSC)
elicited significant tumour response and delayed disease
progression, compared with BSC alone, in selected patients with
mesothelioma who had not previously received pemetrexed
as part of first-line therapy (207). Additionally second-line
pemetrexed was more likely to yield clinical benefit among
patients who responded to first-line therapy. Retreatment with
pemetrexed based chemotherapy has been noted as a treatment
option for patients with durable responses from pemetrexed
based therapy, but more studies are needed to further define
the place of second-line therapy in malignant mesothelioma
(208,209).

4.2.3 Targeted therapies

Deregulated expression of growth factors or proteins involved
in downstream signaling pathways has been shown to play an
important role in malignant transformation of mesothelial cells.
Molecular studies in malignant mesothelioma have confirmed
that growth factors such as vascular endothelial growth factor
(VEGF), platelet-derived growth factor receptor beta (PDGFR
beta) and the epidermal growth factor receptor family are
frequently activated. Several phase I/II studies have tried to
exploit these specific characteristics, but none of the early clinical
studies using targeted therapy have shown convincing activity
(210). Notwithstanding these negative results, it is expected that
the rapidly increasing insight into the biology of mesothelioma
will ultimately assist in developing therapies that progress
beyond the existing therapeutic plateau.

4.3 Immunologically based therapies

The existence of a relatively specific immunologic response
(mesothelin antibodies) in mesothelioma patients, the
observation of spontaneous regression of disease and the finding
that tumour tissue of mesothelioma patients is sometimes highly
infiltrated by immune cells, have raised significant interest in the
potential of immunotherapy in malignant mesothelioma (211-
213). Early clinical studies including trials with anti-mesothelin
monoclonal antibodies and gene delivery strategies are ongoing
(214-216). So far trials with immunologically based therapies
(immunomodulating agents and vaccines) have not yet been
shown to improve the survival of patients with mesothelioma
and it is clear that immunology based treatment approaches
should be restricted to clinical trials.

patients with malignant mesothelioma should be

restricted to clinical trials.

4.4 Surgery

Surgery for MPM may include relatively minor procedures
for diagnosis, staging and pleurodesis (see also Chapter 5.4),
more involved debulking operations for palliation and extensive
cytoreductive procedures where the goal is to lengthen survival by

reducing intrathoracic tumour burden to microscopic levels (32) .

4.4.1 Thoracoscopy

One of the central aims in the management of patients
with symptomatic pleural effusions caused by malignant
mesothelioma is to achieve an early and successful pleurodesis
(42). This helps symptom control and a ‘trapped lung’ is less
likely to occur if the procedure is performed promptly. Given
the relatively low diagnostic yield of bedside procedures,
early thoracoscopy also gives the opportunity to obtain a
definitive histological diagnosis. A prospective study in 25
patients suspected of having mesothelioma and in whom other
diagnostic methods failed, confirmed that VAT is an extremely
useful technique; it combines a high diagnostic yield with an
effective way to prevent recurrent collection of fluid in the
diseased hemithorax (217). Two major review articles revealed
that complications of VAT are uncommon (218,219). Space
infection and subcutaneous emphysema were the most frequent

complications.

Grade*

29. Thoracoscopic pleurodesis is an effective B

Recommendation

treatment option to control recurrent malignant

pleural effusions in mesothelioma.

*Grade of recommendation can be found on page E255.

4.4.2 Pleurectomy/decortication (P/D)
There is a variation among surgeons with respect to what is
involved in P/D by open thoracotomy or closed VAT surgery
(VATS) (32). For some mesothelioma surgeons, P/D refers to a
surgical procedure that aims to remove all macroscopic tumour
from the affected hemithorax; others refer to this extensive
procedure as a ‘radical P/D’ for resection of only the parietal
and visceral pleura. Still others use the term P/D to describe
a palliative procedure where the intention is debulking of
tumour to ameliorate pain and pleural effusion and to improve
respiratory mechanics (220).

Debulking pleurectomy with palliative intent is the more
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common procedure because most patients with mesothelioma
will be unsuitable for a procedure with radical intent. It is
not known whether debulking surgery enhances the efficacy
of postoperative chemotherapy and/or radiotherapy. One
observational VATS pleurectomy study suggested that this
procedure might be associated with prolonged survival when
compared to treatment without P/D, but this has not been tested
in a randomised study (221).

Recommendation Grade*

30. If the thoracoscopic pleurodesis is not appropriate C
or fails, palliative P/D should be considered for

symptom control.

*Grade of recommendation can be found on page E255.

4.4.3 Extrapleural pneumonectomy (EPP)

EPP aims to remove all macroscopic tumour from the chest by
resecting the pleura, lung, pericardium, diaphragm and regional
lymph nodes. Its development and adoption as a more aggressive
surgical approach has elicited an intensive debate among the
specialists involved in the treatment of MPM. It is generally
assumed that EPP allows better macroscopic tumour clearance,
and this procedure has been accepted as the debulking procedure
of choice for early stage mesothelioma in a number of specialised
centres in the North America, Europe and Australia (222-224).

A recent review, aiming to compare the published results after
EPP with palliative treatment approaches, noted the extension of
survival achieved with EPP in patients with epithelioid histology
and limited nodal spread, but pointed to the high perioperative
and 30-day mortality and morbidity rate of EPP (225). The
experience of the thoracic surgical team is probably the most
critical factor in obtaining optimal results in radical debulking
approaches. In a large Australian single-institution cohort
study involving 540 patients undergoing surgery for malignant
mesothelioma, the experience of the surgeon (performed more
than 100 radical mesothelioma operations) was one of three
factors associated with improved survival. This is consistent
with other studies showing the importance of patient volume in
relation to complication rates and survival following lung and
other cancer surgery (226,227).

Early evaluation of EPP (228) comparing patients undergoing
EPP with those considered not candidates for EPP failed to
demonstrate an overall survival benefit, though recurrence free
survival was significantly improved (229). More recent studies
have evaluated EPP as part of trimodality therapy (TMT).

Several prognostic and treatment features have been identified
which compromise the goal of minimising or eliminating
residual disease through debulking surgery and increasing the
risk of progressive disease. These include mediastinal nodal or
metastatic disease, and non-epitheliod histology (230), and

persistence of mesothelioma in resection margins (231). Hence,
a radical approach with EPP is unsuitable for most patients with

mesothelioma.

4.5 Multimodality therapy (surgery, chemotherapy and
radiotherapy)

4.5.1 Trimodality therapy (TMT)

It is virtually impossible to resect the pleura with an adequate
margin that is microscopically negative in all directions.
Treatment strategies have therefore been developed to
consolidate local control from surgery with radiotherapy, and
extend these gains with the addition of chemotherapy. Other
local therapies [photodynamic therapy (PDT), hyperthermic
lavage etc.] have also been employed.

TMT refers to a multimodality treatment strategy or intent
that combines chemotherapy, with EPP, and radiotherapy (232).
Typically the chemotherapy is administered as induction treatment
followed by surgery and then by hemithoracic radiotherapy. The
treatment course extends over a timeframe (of six months or
more) and completion rates of 60% or more are achievable (233).

Evidence supporting TMT is derived from retrospective
and prospective observational studies. Although longer median
survival has been achieved in the more recent studies employing
induction chemotherapy (234), no randomised or other
controlled comparisons have been conducted to enable the
contribution of sequencing, patient selection and drug regimen
to be assessed.

In almost all of these studies the use of TMT was guided
by prognostic factors such as extent of disease, the patient’s
performance status, histological subtype and the absence of
significant co-morbidities. Patients with good performance
status, low volume disease and epithelioid histology were the
most likely to benefit from multimodality therapy (235,236).
When disease progressed despite induction chemotherapy
subsequent, EPP was generally withheld. The treatment team
involved in TMT must be experienced and able to carefully
weigh up prognostic factors and co-morbidities (42).

The contribution of extensive cytoreductive surgery in the
trimodality regimen has been questioned. A feasibility study for
a randomised controlled trial undertaken in the UK to compare
EPP (within a multimodality protocol) with no EPP failed to
demonstrate that EPP offers additional benefit over induction
chemotherapy and postoperative radiation therapy (237). The
study experienced a large number of protocol deviations and
EPP was associated with a high rate of postoperative mortality
(18%). Hence the author’s interpretation of the results has been
criticised (238). However, investigators from Western Australia
were also unable to demonstrate a survival benefit for EPP,
when reviewing prospectively collected data from a series of 36
patients referred for TMT (239).
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Clinical practice point f:

A MDT with sufficient experience should provide advice
on the suitability of patients for TMT and the ongoing
treatment strategy adopted.

4.5.2 Comparison of P/D and EPP

EPP has been the cytoreductive procedure employed in most
studies of multimodality therapy. The only studies comparing
survival outcomes between P/D and EPP as debulking
procedures in multimodality treatment are descriptive case
series. Although an Australian study associated EPP with a better
median survival than P/D, other studies concluded that the
type of debulking procedure either had no influence on survival
(75,240,241), or favoured P/D (240,242,243). In the absence
of adequately controlled trials it is impossible to be sure of the
relative survival benefits of one radical procedure over another
(radical P/D vs. EPP). Observed differences are as likely to be
due to differences in prognostic factors, case selection as well as
differences in the measurement of survival.

In observational studies, P/D and EPP differ in relation to
other outcomes. EPP generally achieves a greater degree of
local control (240). Relapse after P/D is more likely to be in
the thorax and the terminal course of disease more likely to
feature respiratory symptoms; whereas distant relapse is a more
prominent feature of EPP (229,240,244). However, EPP also
confers a higher postoperative mortality risk.

4.5.3 Role of chemotherapy and radiotherapy within
multimodality treatment

Induction or the adjuvant therapy approach for malignant
mesothelioma has not been tested in a randomised study
and the relative contribution of chemotherapy and/or
radiotherapy given before or after radical debulking surgery is
largely unknown. On the other hand, there are observations
that platinum plus pemetrexed chemotherapy is occasionally
able to induce a complete pathologic response (245) and that
the addition of chemotherapy and/or radiotherapy to radical
surgery is associated with more favourable outcomes (222).
Retrospective studies consistently show that patients with
epithelioid tumours receiving combined modality therapy have
better outcomes than patients with sarcomatoid or biphasic
tumours (246,247). Moreover, it is noteworthy that the choice
for adjuvant radiotherapy is influenced by the type of radical
surgical procedure (240).

It is generally assumed that disease progression during
or shortly after induction chemotherapy is a sign of poor
prognosis and that patients failing on induction chemotherapy
should not undergo radical surgical procedures and that futile
treatment should be avoided (245). Those patients who do
respond to induction chemotherapy should be reviewed and

assessed, in terms of their physical fitness, for radical surgery and

postoperative radiotherapy.

Grade*

31. Only patients with favourable prognostic features, A

Recommendation

and favourable histology and staging, should be
referred for consideration of radical treatment
involving extensive cytoreductive surgery.

32. Radical surgical approaches should be restricted B
to institutions with significant surgical experience
and high volume of cases.

33. Extensive cytoreductive surgery should only B

be used as part of multimodality treatment.

*Grade of recommendation can be found on page E255.

Clinical practice point g:

Patients whose MPM progresses despite induction (neoadjuvant)
chemotherapy should not be offered cytoreductive surgery
followed by hemithoracic radiotherapy.

4.6 Radiotherapy

Radiotherapy is widely used in the treatment of patients with
malignant mesothelioma. It is used for palliation of symptoms
such as pain, for port-site prophylaxis and is considered an integral
part of multimodality therapy for early stage disease where it
may prevent local relapses after surgical resection. A review of
the evidence supporting the use of radiotherapy in patients with

malignant mesothelioma was published in 2011 (248).

4.6.1 Palliative radiotherapy

Most publications on palliation of symptoms are retrospective
descriptions of single centre practice. One retrospective report
described 19 patients who received radiotherapy for dyspnoea,
dysphagia, superior vena cava obstruction and brain metastases,
with substantial relief of symptoms with radiotherapy doses of
more than 40 Gy (249). A retrospective study from Melbourne
reviewing a five-year experience reported that 65% of 26 courses
of palliative radiotherapy were at least partly successful (250).
A clear dose-response effect was not evident in the subsequent
expansion of this study (251). Retrospective data from the
Netherlands revealed that the palliative effect of radiotherapy
was of relatively short duration and a review of 227 radiotherapy
courses in 189 patients over a long period showed that responses
were more common with fractions of 4 Gy or greater (252). A
recent study from the UK of 54 patients given a dose of 36 Gy in
12 fractions using modern radiotherapy technologies, and with
follow-up CT scans, found a 54% response for relief of chest
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pain. The authors concluded that palliative radiotherapy is able to
induce a response rate in patients with malignant mesothelioma
comparable to that of contemporary chemotherapy (253).
Effective palliation may prolong life but the review by Price
(248) and previous systematic reviews have not found evidence
that radiotherapy is able to prolong survival in patients with
malignant mesothelioma (254-256). Radiation doses of 40
Gy or greater are more likely to provide long-term benefits
(249,252,257,258) than lower doses. Chest wall pain and
symptoms from spinal cord compression and superior vena cava
obstruction are relieved in 60% of cases. Radiation toxicity at this
dose is rare but higher doses and large field require techniques

that spare normal tissues in and adjacent to the thorax.

Grade*

34. Mesothelioma is sensitive to moderately high C

Recommendation

radiation doses and radiotherapy is advocated
for palliation of symptomatic tumour masses
arising from the pleural cavity or metastases in

other locations.

*Grade of recommendation can be found on page E255.

4.6.2 Radiotherapy as a component of radical treatment

The use of hemithoracic radiotherapy is influenced by the
anatomy of the pleura and it is challenging for the radiation
oncologist to appropriately include all viable disease in the
radiation volume. Moreover, the presence of vital structures
- lung, liver, spinal cord and heart—makes it difficult to
administer appropriate doses without causing side effects. The
first experiences with high doses of radiotherapy to the full
hemithorax after pleurectomy were not favourable, as significant
deterioration of pulmonary function and significant radiographic
changes of the remaining lung were noted several months after
the radiation treatment (168,259).

Postoperative radiotherapy after EPP was part of a protocol
that was used in one of the first trimodality studies (232).
The technique was based on a photon and electron beam
combination that was developed at the Memorial Sloan-Kettering
Cancer Centre in 1987 (260), where a review of failures found
a pattern of local recurrences frequently occurred in regions
of dose heterogeneity at junctional sites (261). Another US
single arm study suggested that hemithoracic radiotherapy
was associated with a reduction in local failure, which was not
statistically significant (262). Unfortunately no evidence from
randomised studies is available to assess the weight of individual
modalities in prolonging survival and it is important to note
that any potential benefit of radical radiotherapy for malignant
mesothelioma must be weighed up against the risk of radiation
toxicity to the contralateral lung and other critical tissues.

Further attempts at improving local control with radiotherapy

after EPP have focused on intensity-modulated radiotherapy
(IMRT). Local control at 13 months with minimal toxicity was
reported in a group of patients (182,263). A subsequent report
in 2007 included 63 patients, and found recurrences within the
irradiated volumes of only 5%. Distant recurrences were seen
in 54% and median survival was 14 months (182). However,
additional observations showed that IMRT was associated with
significant toxicity (radiation pneumonitis) that was fatal in some
cases (264-266). The authors suggested this was related to higher
radiation doses received by the remaining lung. Following these
reports several groups recommended more rigorous constraints
for beam distribution and prescribed dose (264,267,268).
More data is needed to show that the attempts at improving the
results of IMRT are effective and that better local control can
be obtained, as suggested by some authors (182,269,270). One
randomised Swiss study is focusing on IMRT after EPP and the
accrual of this important trial (234) should be completed soon.
Although IMRT has been referred to as the preferred technique
by US centres with experience in hemithoracic irradiation (269),
IMRT cannot be advocated outside strict protocols.

The National Comprehensive Cancer Network has recently
published practice guidelines with recommended doses for

conventional fractionated radiation therapy in mesothelioma (271):

Grade*
35. For doses greater than 50 Gy, advanced C

Recommendation

radiotherapy technologies with strict constraints
for contralateral lung doses are recommended to

avoid excessive toxicity.

*Grade of recommendation can be found on page E255.

4.6.3 Prophylactic radiotherapy (port-site prophylaxis)

Mesothelioma cell seeding, which manifests as subcutaneous
nodules, has been reported in several series of patients, ranging
from 2-51%. The occurrence of subcutaneous nodules is more
frequent in patients with mesothelioma than in patients with other
cancers. These nodules can occur adjacent to intervention tracts
that target the pleura, such as sites of percutaneous needle biopsies.
However, they are only problematic in a minority of patients.

It is noteworthy that subcutaneous nodules are not well
characterised in terms of timing following intervention, depth
below the skin surface, extent of subcutaneous pleural extension,
mesothelioma stage or subtyping. In 1995 a retrospective study
noted that radiotherapy was effective in preventing tumour
seeding following thoracoscopy (272). Many centres have
used radiotherapy as the primary modality to prevent the local
problems elicited by subcutaneous tumour growth (273).

Two systematic reviews of three randomised and nine
non-randomised trials concluded that the use of prophylactic
radiotherapy in thoracic intervention sites to prevent
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Table 3. PICO questions relating to active treatment for MPM.

R %13

particular pain, mass effect, dyspnoea?

performance status, age, histology?

R X |  Does radiotherapy improve the survival of people with MPM? (See also RS X7).

R X2  Does surgery (EPP or P/D) improve the survival of MPM patients?

R X3  Does chemotherapy or so-called targeted therapies improve the survival of patients with MPM?

R X4 Do immunologically based treatments improve the survival of patients with MPM?

R X5  Does complementary or alternative medicine (CAM) improve the survival of people with MPM?

R X6  Does combined modality (surgery, radiotherapy and/or chemotherapy in any combination) improve the survival of people
with MPM? If so, what is the optimal sequencing of treatments?

R X7  Does IMRT or other radiotherapy modifications improve survival of MPM patients?

R X8  Does radiotherapy reduce tumour seeding after biopsy procedures in malignant mesothelioma? Does prophylactic
radiotherapy to prevent intervention tract seeding produce any meaningful impact on the natural history of MPM?

R X9  For chemotherapy, what is the optimal timing for the delivery of chemotherapy, for MPM?

R X 10 For chemotherapy, what are the optimal agents(s) for MPM?

R X 11 For chemotherapy, what is the optimal number of cycles for MPM?

R X 12  For chemotherapy, does maintenance treatment improve survival in MPM?

Does second-line chemotherapy improve outcomes (survival, quality of life, symptoms) in MPM?

R X S7 What is the evidence that radiotherapy can provide symptom palliation for patients with malignant mesothelioma, in

R X S8 s there a relationship between radiotherapy dose and/or duration and symptom response?

R X S9 Are there disease and patient factors which predict for likelihood of symptom response to radiotherapy, such as

R X S10 Is palliative radiotherapy for malignant mesothelioma associated with toxicity?

subcutaneous nodules was not justified and had no significant
effect on overall survival (274,275). The three randomised studies
were underpowered and showed variations in the timing, dose/
field size, fractionation of radiotherapy and follow-up (276-278).
The weight of evidence does not support a local control
benefit of prophylactic radiotherapy following simple thoracic
intervention that justifies its use.

So far, prophylactic radiotherapy has been unable to
significantly alter the disease course and cannot be recommended
for mesothelioma patients following pleural intervention
(248,255,256,275,279).

Grade*
36. The administration of prophylactic radiotherapy C

Recommendation

following pleural interventions in patients
with mesothelioma has no significant effect
on changing the disease course and is not

recommended.

*Grade of recommendation can be found on page E255.

Thus there is no high level evidence to support the routine
role of radiotherapy in patients with MPM. Prospective studies
and randomised trials are required to provide a solid basis for
radiotherapy in this malignancy.

5 Palliative and supportive care

Key messages

Palliative and supportive care for patients with malignant pleural
mesothelioma should start at the time of diagnosis.

The WHO principles of cancer pain management should be
followed and a palliative care specialist should be involved early
in the management of patients with refractory or unresponsive
pain.

Control of pleural effusion is a mainstay of palliative care for
patients with malignant pleural mesothelioma

Palliative radiotherapy should be considered for patients
with painful chest wall infiltration or nodules.

Health professionals need to be well-informed and be good
communicators, particularly about end of life issues and
palliative care.

Carers should receive information about the consequences of
living with malignant pleural mesothelioma and end of life care.

Patients and carers should have access to counselling.

S.1 Introduction

Palliative and supportive care involves healthcare practices,
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including treatments, intended to optimise a patient’s overall
wellbeing, comfort and functional status. They play a key role
in the management of pain and other symptoms, and in the
provision of practical and emotional support for patients with
malignant mesothelioma, their carers and their families (280).

MPM usually presents as advanced disease and the most
commonly reported physical symptoms are (42,281):

¢ dyspnoea due to pleural effusion (in early stages) or lung

encasement by pleural thickening (in later stages);

+ fatigue;

¢ chest pain due to parietal pleural irritation and/or compression

or invasion of the intercostal nerves by tumour invading the
chest wall;

+ weight loss;

¢ insomnia;

¢ cough (aless prominent symptom) (281,282).

Effective alleviation of these symptoms often requires a
multidisciplinary approach.

Research evidence about palliative treatments specific to
mesothelioma patients and their carers is sparse. Likewise,
only a limited number of articles have been published about
psychosocial and supportive care issues of patients with
mesothelioma and their families, the majority of which produce
low level evidence.

The paucity of literature addressing these issues is most likely
due to a combination of disease related factors, including poor
prognosis, as well as the relatively low number of diagnosed
cases. As a result, psychosocial and supportive care is often
based on practices generally formulated for patients with other
illnesses such as lung cancer and chronic obstructive pulmonary
disease. However, there is increasing awareness that individuals
diagnosed with mesothelioma form a distinct patient group with
unique and often complex physical and psychosocial needs.

5.2 Symptom management and control

Quality of life studies have revealed that patients with malignant
mesothelioma have a high symptom burden (281). The scores
for fatigue, dyspnoea, pain, insomnia, cough and anorexia in
malignant mesothelioma studies exceeded scores seen in lung
cancer studies. Palliative care has traditionally been delivered late
in the course of disease to patients with uncontrolled symptoms
(283). It has been suggested that late referrals to palliative care
are a barrier to providing the quality of care required for people
with advancing cancer. A recent randomised study comparing
non-small cell lung cancer patients, who received early palliative
care or standard (late) palliative care showed that early palliative
care led to significant improvement in both quality of life and
survival (284,285). It seems reasonable to apply these outcomes
to patients diagnosed with MPM. They will also require palliative
and supportive treatment from the time of diagnosis, or ideally

even before the establishment of a definitive diagnosis for

symptomatic patients.

Clinical practice point h:

Patients with malignant mesothelioma should be referred to a
palliative care specialist in a timely manner; and on the basis of

their needs.

5.3 Assessment, treatment and control of pain

Pain assessment and control in patients with MPM should
follow the principles of cancer pain management (286). Pain in
patients with MPM can be complex in nature (287) and may
require extra measures. The pain is usually dull and diffuse but
may also be pleuritic as a consequence of the direct effects of
invasion on the parietal pleura. Bone pain and neuropathic pain
from compression/invasion of intercostal nerves/ribs may also
occur. A specialist in palliative pain medicine should be involved
early in case of refractory or unresponsive pain. Occasionally
neuroablative techniques may be required, depending on
specialist advice and with careful consideration of risks and
benefits (288,289).

Effective pain relief has been reported in more than half of the
mesothelioma patients treated with palliative radiotherapy (see
section 4.6). There is no direct evidence to support whether early
intervention with radiotherapy and local pain techniques offers
advantages over systemic therapy (chemotherapy).

Clinical practice points

i The WHO principles of cancer pain management for
patients with MPM should be followed.

j A specialist palliative care physician should be involved
early as part of the multidisciplinary oncology team
for patients with refractory or unresponsive pain.

k: Palliative radiotherapy should be considered for
patients with painful chest wall infiltration or nodules.

$.4 Management of dyspnoea

Dyspnoea is a relatively common and frequently distressing
symptom of patients with MPM and often worsens as the disease
progresses. The management of dyspnoea includes:
¢ treating reversible causes contributing to dyspnoea—
this includes drainage of substantial pleural effusions and
treatment of arrhythmias or anaemia;
¢ regular use of oral low dose, sustained release morphine
safely reduces the intensity of breathlessness (290-292);
. non-pharmacological techniques (293). When

dyspnoea is caused by accumulation of pleural fluid, aspiration



Journal of Thoracic Disease, Vol 5, No 6 December 2013

E283

is needed, followed by pleurodesis at first relapse (21,42).
Pleurodesis is useful in preventing recurrent pleural effusions
and sterile talc powder is preferred to other sclerosing agents.
Recurrent pleural effusions become more difficult to drain and
indwelling pleural catheters may be the most practical way to
manage recurrent pleural effusion (21,294,295).

Oxygen can be beneficial when a patient is hypoxaemic;
otherwise it is unlikely to be any more beneficial than use of a
fan or medical air (296,297). In many patients a simple fan with
a cool stream of air flowing across the face can help to reduce the
sensation of dyspnoea (298).

Grade*

37. Pleurodesis should be used to prevent recurrent B

Recommendation

pleural effusions.
38. Regular oral low dose, sustained release B
opioids should be given to reduce the intensity

of breathlessness.

*Grade of recommendation can be found on page E255.

5.5 Symptom control

Fatigue, weight loss, insomnia and cough are other symptoms
frequently observed in patients with MPM. There are no data
on the efficacy of specific interventions for these symptoms,
but it seems reasonable to consider amelioration of insomnia
and cough with medication. Many patients with MPM present
with anorexia and weight loss and it is known from other groups
of cancer patients that nutrition screening and intervention is
associated with a better nutritional status and quality of life while
undergoing disease-modifying treatment (299).

Chemotherapy may also ameliorate the symptoms of MPM
as was shown in the two international studies investigating the
addition of pemetrexed or raltitrexed to cisplatin (195,202).
Symptoms such as shortness of breath were positively influenced
by combination chemotherapy and are most likely related to

tumour response (see section 4.2) (300).
5.6 Psychosocial needs of patients

5.6.1 Information and communication needs
Patients diagnosed with malignant mesothelioma and their carers
require clear communication and tailored, accurate information
from health professionals about diagnosis, prognosis, treatment
options and end of life issues. There is a modest amount of evidence
to suggest that adequate information is lacking in some domains.

In a UK survey of 83 patients by the British Lung Foundation,

over 80% of patients reported receiving information about

treatment options, welfare benefits and compensation; a lower
proportion of patients received information about where to go for
further advice, including out of hours support (62%) and how to
control symptoms (53%). Even fewer received information about
end of life issues and palliative care (25%) (301). In a qualitative
Australian study of 13 people including two patients and six carers
(302), results indicated that it was difficult to obtain reliable and
accurate information relating to the disease. When information
was not provided by their health professionals, internet searches
resulted in negative or pessimistic information. Respondents also
reported that patients were referred to palliative care too late into
their cancer experience (302).

It is important that patients and carers are given the right
information at the right time. In a small qualitative study of
five patients with malignant mesothelioma, patients reported
not being provided with the right information and support at
the right time. They were unable to take in information due to
the shock of the diagnosis and the overwhelming amounts of
information being provided (303). These findings were echoed
in a UK study of 15 patients, who recalled receiving a ‘hopeless
message’ of incurable disease with no effective treatments
sympathetically delivered by doctors. Issues relating to
communication causing distress were reported to continue over
the illness trajectory (304).

Clinical practice point I:

In order to tailor information to a person’s individual needs
at a particular point in time, it is necessary to: give clear
information specific to the individual; repeat and summarise
important information; encourage questions; actively check
the person’s understanding, and; provide additional written/

audiovisual information.

The Clinical Practice Guidelines for the Psychosocial Care
of Adults with Cancer provide a detailed description of the
specific types of information people with cancer require
about diagnosis, prognosis, treatment options, preparation for
threatening procedures and the transition to palliative care (305).
Since the publication of these guidelines, updated Australian
communication recommendations have been developed on the
transition to palliative care (306), discussing complementary
therapy use (307), and on ‘end of life’ discussions and
responding to desire to die statements (308). However, there is
no evidence yet to demonstrate that improved communication
skills translate into superior patient outcomes (309-311).

5.6.2 Emotional needs
A small number of studies have been conducted on the
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emotional state of people with MPM. Not surprisingly, fear of
death is the dominant recurring emotion (301,302,312). Table 4
presents results from the British Lung Foundation survey (301),
and shows that a majority of patients and their carers reported

negative feelings.

Table 4. Emotions felt by patients and carers most or some of the time.
Emotions Patients (%) Carers (%)
Anger 46 89
Anxiety 68 84
Depression/despair 52 80
Isolated/alone 41 79

Fear 73 66
Peace/acceptance 71 23
Source, British Lung Foundation survey.

Similarly, in a sample of 49 Australian men diagnosed with
malignant mesothelioma following occupational exposure to
asbestos, 94% were afraid they were going to die from the illness
and 43% worried about this on a daily basis (312). People
living within communities that have been exposed to asbestos
describe the immense fear they experience that every respiratory
symptom might indicate that they had developed malignant
mesothelioma when those around them, including workmates
and friends, had died from this disease (302). Many patients
with malignant mesothelioma reported that symptoms linked to
the disease caused anxiety, particularly dyspnoea (304) which
was associated with high anxiety and fear of impending death.
Struggling to breathe was reported to be deeply distressing to
both the patient and family.

A core element of good palliative and supportive care is
the identification of, and assistance with, various sources of
social and psychological stress. In the British Lung Foundation
survey, less than half of the patients (47%) reported that health
professionals had provided support in relation to ‘discussion
about their psychological needs and hopes and fears for the
future’ Healthcare providers need to be adept at eliciting
and responding to emotional cues, conducting systematic
assessments of patients’ needs and providing or arranging for
appropriate multidisciplinary referrals including counseling to
patients and their families (313).

5.6.3 Daily living and social needs

There is a high symptom burden associated with MPM. The
most commonly reported symptoms—dyspnoea, pain, fatigue
and appetite loss—are significant predictors of a patient’s quality
of life and ability to conduct daily activities, such as showering
and dressing (300).

These physical symptoms also have an impact on the patient’s
social identity, for example, when they are no longer able to
maintain employment (303). In a comparison between patients
with MPM and reference data from patients with non-small
cell lung cancer, Nowak and colleagues (281) found that those
with MPM had comparatively lower role and social function
despite having better physical function. Physical symptoms
can have a marked impact on a person’s social functioning by
causing changes in identity, roles and relationships, feelings of
worthlessness and social isolation (314).

Clinical practice point m:

Patients should be screened for psychological distress and
unmet needs.

$.7 Psychosocial needs of carers and families

A patient’s community of family and friends often undertake
care-giving roles. Accepting these roles has implications for the
physical and psychological wellbeing of carers and despite this
burden, carers receive inadequate information and support from
the health system (314).

The British Lung Foundation survey (301) suggested that
more carers were experiencing negative emotions than patients
(see Table 4).

In addition, 62% of carers reported that they had received
information about how to control symptoms; 47% felt that
health professional support had been provided for family and
carers; and 62% received information on palliative care and
end of life issues, while only 20% had received information
about the needs of dependents. Carers also appeared to be less
satisfied than patients with the support they received from health
professionals (301).

In other studies, carers reported feeling burdened and
fatigued (302,303). Some carers, many of whom are women,
felt particularly burdened by the additional care-giving roles for
ageing parents, young children or grandchildren (302). As the
disease progresses, there is a high likelihood that changes in roles
within a household occur with both parties finding these changes
difficult (303). The physical impact of MPM on a patient can
also adversely affect intimate relations with their partner and
family members (303). In one small study, carers reported non-
professional support, such as talking with friends about their
experiences, as valuable (302).

While the evidence is scant, findings suggest that carers
of people with malignant mesothelioma have high levels of
psychological distress and fatigue, and receive inadequate support,

information and guidance from health professionals (314).
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Clinical practice points

n: Patients and carers should be referred to
appropriate counseling services when required.

o: Information, guidance and emotional support should
be provided for carers.

5.8 Psychosocial interventions

Only one study which evaluated an intervention was identified
(315). A post-intervention survey of patients who attended a
diagnostic clinic run by specialist nurses was conducted, with
18 of 26 participants returning questionnaires. The clinic had
longer appointment times (45 min as opposed to 20 min),
greater patient focus and paid particular attention to a patient’s
emotional responses to the diagnosis. The nurses had experience
in managing patients with mesothelioma, received training in
advanced communication skills and tailored information to
the specific needs of the patient. The study found that 67% of
patients understood their diagnosis and 89% believed their
diagnosis had been communicated sensitively. The vast majority
also reported that they had an opportunity to ask questions, talk
about worries or concerns, were offered written information, and
given the contact number of the specialist nurse.

Support groups are another potential form of intervention
to help people with malignant mesothelioma and their carers. A
UK team established a support group program which consisted
of 15 one monthly sessions of two hours with half the sessions
involving invited speakers, and the other half, facilitated
discussions. The evaluation involved only four patients and two
carers (30% response rate) but all of the respondents said they
found the group useful (316). Similarly, two qualitative studies
reported that both patients and carers found support groups to
be helpful because they offered an opportunity to talk to others
in a similar situation (302,303).

Mechanisms are required to assist patients and carers in daily
living needs and the management of progressive symptoms,
particularly towards the end of life. In an opinion piece, Hawley
and Monk contend that many patients with MPM die in hospital
despite their wishes to die at home and the reasons for this are
the rapid disease progression and burden of care. They made
three recommendations to assist patients to die at home:

¢ earlier referral to specialist palliative care;

¢ provision of community nursing and other support

services;

¢ provision of education for caregivers about preparing for

end of life care (317).

Other experts endorse early referral to palliative care to
manage not only the physical symptoms but also psychological
distress (318,319). Chapman and colleagues believe that a

combined psychological and pharmacological intervention
delivered in a palliative care setting is particularly effective for
pain management (319).

Clinical practice point p:

Consultations should be provided with specialist nurses
trained in the care of patients with MPM.

5.9 Legal compensation issues

Because malignant mesothelioma frequently results from
exposure to asbestos, patients who have a history of exposure to
asbestos may be eligible for legal compensation. Compensation
claims frequently occur while the patient and family members are
trying to deal with the diagnosis and treatment of an incurable
disease and to cope with progressive symptoms and impending
death. The avenues for compensation vary between States.

Based on a retrospective account from 38 workers diagnosed
with malignant mesothelioma, less than 10 % were told by
a professional source of their increased risk of developing
mesothelioma prior to diagnosis. Most workers (83%) stated
they were not aware of any increased risk of developing the
disease (320). A more recent Australian report found that people
involved in industry using asbestos felt that employers had not
taken the threat seriously early on and deliberately kept workers
ignorant of the risks associated with asbestos (302).

Making a claim for compensation is often expressed by
patients and their carers as stressful and burdensome. The time
consuming and complex medico-legal procedures involved in
claiming compensation may provide for the family financially,
but also impact negatively. Patients and carers both reported the
legal process to be a seemingly endless burden which limited the
time patients and their families had left to spend together, placing
further strain on relationships (303,304). Some patients reported
that they could not provide sufficient proof for a successful claim
causing anger and distress (303). It is important to be aware that
patients who have malignant mesothelioma may be experiencing
additional stress related to legal processes. These patients and
families may require additional psychosocial support.

Clinical practice point q:

Practitioners dealing with MPM patients should be aware
that legal remedies are available and the patient should be
advised of this upon diagnosis.

5.10 Complementary or alternative therapies

Depending upon how complementary or alternative medicine
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Table S. PICO questions relating to palliative and supportive care for malignant mesothelioma.

R X S7-R X SI0 See Chapter 4

R x SI Does malignant mesothelioma have a high symptomatic burden when compared to other malignant diagnoses?

R x S2 Do people living with malignant mesothelioma need symptom palliation from the time of diagnosis?

R X S3 What are the different characteristics of pain frequently encountered in malignant mesothelioma?

R x $4 What are the key modalities for treating pain in malignant mesothelioma?

R X S5 Do early interventional pain techniques offer advantages over systemic therapies for malignant mesothelioma
patients?

R x Sé6 What are the interventions to manage dyspnoea in malignant mesothelioma?

Does chemotherapy for malignant mesothelioma improve quality of life or functional status independent of its

R % SII
effect on tumour response?

R X S12 What are the psychosocial needs of patients with malignant mesothelioma?

R x SI3 What are the psychosocial needs of carers and families of people diagnosed with malignant mesothelioma?

R XS4 For Q12 and |3, do these needs change in relation to proximity to death?

R X SI5 Are there effective psychosocial interventions to assist people diagnosed with malignant mesothelioma and/or their
carers and families to cope with their illness? See also RxS5.

R X S16 What are the legal compensation issues for patients and/or families with malignant mesothelioma?

R x S17 Do people diagnosed with malignant mesothelioma use complementary therapies to treat or manage their illness?

R x SI8 Do people with malignant mesothelioma use alternate therapies to treat or manage their illness?

RXSI9 Do health care providers support the use of complementary and/or alternate therapies by people diagnosed with
malignant mesothelioma?

R % 20 Does nutritional assessment and support improve survival and/or quality of life in patients with mesothelioma?

R x 21

Do exercise programs improve survival and/or quality of life in patients with mesothelioma?

(CAM) is defined, estimates of its use in cancer patients range from
7% to 64% (321). A more recent Australian study suggests that 17%
of cancer patients use at least one form of CAM (322) but most
oncology health professionals have difficulty discussing CAM use
with their patients (323,324).There is no specific research on the
use of complementary or alternate therapies by people diagnosed
with malignant mesothelioma, or on whether health professionals
support the use of these therapies for their patients.

Australian guidelines on discussing complementary and
alternative therapies recommend that doctors ask and listen to
patients about whether they are using these therapies, discuss

relevant concerns while respecting a person’s beliefs, and then

provide balanced, evidence-based advice relating to their use (307).
$.11 Nutritional assessment and exercise programs
There is no evidence relating to nutritional assessment or

exercise programs and survival and/or quality of life in patients

with malignant mesothelioma.

6 Models of care

Key messages

satisfaction.

progress.

AMDT should develop an individualised care plan so that a consistent approach to managing a patient’s treatment can be achieved.
The MDT should work closely with the patient’s GP to optimise patient care.

Nurse care coordinators provide support and information that contributes to more timely care and better outcomes in terms of patient
Disease monitoring by chest x-rays or CT scans should be conducted according to treatment type, treatment goals and individual patient
Allied health professionals can help alleviate symptoms and improve the day to day living of patients with MPM.

Patients should have access to all therapeutic options, where appropriate, and therefore referral to high volume and specialised centres to

discuss potential treatment options and care planning should be considered.
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6.1 Introduction

Models of care are developed to ensure that best practice
guides patient care. They also assist in providing reliable and
equitable health services that aim to meet the health needs of the
community and respond to the changing needs of the current
health care system.

Information about health care services and models of
care for people with MPM and their families is very limited.
Consequently, publications about the care of people with lung
cancer and other cancers such as breast and prostate cancer are
drawn upon in modelling care for patients with MPM.

Although medical interventions cannot cure mesothelioma,
medical teams can provide treatment which aims to minimise
symptoms, improve quality of life and prolong life. Medical
teams also provide much needed support and information to the
patient and their family.

6.2 The MDT and care of malignant pleural mesothelioma

The management of cancer patients has become a
multidisciplinary and often multimodal process requiring the
involvement of many specialised health professionals. The key
to providing optimal care for patients is effective coordination
of specialised care and services. This is best provided by a MDT
ensuring multidisciplinary care. There is no direct high level
evidence to confirm that management by an MDT improves
survival, symptoms or quality of life for patients with MPM,
due to a lack of appropriate studies conducted in relation to
this relatively uncommon disease. However, anecdotal reports
suggest that patients are more likely to receive optimal care if
a consistent approach to managing their disease is taken, with
better symptom management and improved quality of life.

An MDT consists of healthcare professionals who, through
an integrated approach, develop an individual patient treatment
plan. The composition of a MDT will vary by disease site and
institution, but in the setting of MPM the team should include
representatives from medical oncology, radiation oncology,
cardiothoracic surgery, respiratory medicine, pathology,
diagnostic imaging, palliative care, nursing, nutrition, dietetics,
psychology and social work (325). For practical reasons, and
depending on the institution, it may not be feasible to have
all members of an MDT in attendance at a multidisciplinary
meeting at the same time. The MDT should also work closely
with the patient’s GP and other allied health professionals.

The MDT is involved in managing the patient and carer(s)
throughout treatment to ensure they obtain the most appropriate
care for their clinical situation. In order to control disease
progression, relieve symptoms and optimise quality of life,
patients will move from one type of care to another as their
clinical situation changes. Patients with MPM are currently

managed by, and receive information from, lung cancer
multidisciplinary care teams. Ideally, this team should include
specialists experienced in treating MPM.

Members of the MDT work collaboratively to provide
multidisciplinary care. They discuss diagnostic and treatment
options specific to each individual patient, and provide
diverse subspecialty input into patient management, including
facilitating rapid diagnosis and the establishment of treatment
protocols. These issues are of particular importance for patients
with mesothelioma because of the progressive symptom burden
of this disease and the potential legal compensation implications
of the diagnosis.

One of the goals of multidisciplinary care is to ensure that
the time between presentation of symptoms to diagnosis
and treatment is as short as possible. This requires timely
referrals to appropriate experts. A number of studies related
to multidisciplinary care in lung cancer patients have focused
on the timeliness of care (326), and the effect of simultaneous
multidisciplinary appointments and weekly multidisciplinary
management meetings (327). Comparative studies in this area
are difficult because of the many confounding factors.

Clinical practice point r:

A MDT approach will ensure consistency in patient
management through the development of a multidisciplinary
care plan that will guide patient treatment throughout their
illness and provide support for their carers.

6.3 Involvement of GPs in managing malignant mesothelioma

GPs play a significant role in managing their patients with MPM.
Communication between hospitals and GPs has been identified
as an area that needs improvement (328). It is important
to ensure that GPs are kept informed about their patients’
changing needs and have easy access to, and contact with,
expert professionals to facilitate timely referrals and appropriate
management when the patient is under treatment. This ongoing
communication will help to avoid misdiagnosis, delays in starting
treatment and unnecessary patient discomfort.

GP contact with MDT members can also optimise a patient’s
ongoing care once discharged from hospital, and facilitates
continuity of care and good communication between MDT
members (328). The nurse care coordinator, a key member of
the MDT, plays a pivotal role in liaising with the GP.

Research has shown the need for improved access to adequate
information (329,330) and to out of hours care, such as specialist
palliative care (328). Although some evidence is available about
the optimal involvement of primary care in managing patients
with cancer, there is no data on the perspectives of patients with
malignant mesothelioma, or the views of their GPs.
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Findings from a small exploratory study in Australian patients
with lung cancer suggested that patients who live in rural areas
have more symptoms and take considerably longer to consult
their GP, leading to fewer treatment options (331). But, even
in metropolitan areas, access to treatment is not guaranteed. A
population based study in the Sydney area found that 28 percent
of lung cancer patients did not receive any active treatment (332).
The results of both of these studies reveal the importance of the
timely involvement of an MDT for lung cancer patients and their
findings are likely to be applicable to mesothelioma patients.

Clinical practice point s:

Treating specialists and/or the MDT should establish
communication with the patient’s GP as soon as possible
after diagnosis, and keep them informed about their
patient’s changing needs and whom they should contact for
expert advice.

6.4 Nurse care coordinators

No studies have been conducted specifically on the impact of
nurse care coordinators on patients with mesothelioma. One
study involving thoracic oncology patients reported that nurse
care coordinators can help to reduce the current unmet needs of
these patients (333). Anecdotal evidence suggests that nurse care
coordinators will have a similar positive impact on the outcomes
for patients with MPM.

Nurse care coordinators play an important role in providing
support and information to patients, and informed patients
have been shown to have more positive outcomes (334). Care
coordinators can also assist patients to navigate through their
cancer journey (335) and such help has a positive impact on
patient satisfaction (336).

The timeliness of care delivery is a key factor in
multidisciplinary care (333). Nurse care coordinators work with
other MDT professionals to ensure patients receive appropriate
and timely care. Further research documenting the specific
benefits of an MDT approach, and particularly the role of nurse
care coordinators, would be useful.

Clinical practice point t:

Nurse care coordinators are important members of the
MDT. They provide support and information to patients
with mesothelioma, ensure timely and appropriate referrals,
help navigate the patient through their disease journey and
coordinate their multidisciplinary care.

6.5 The surgical team and outcomes in malignant pleural
mesothelioma

There are several types of surgical treatments for MPM. These
include VAT procedures for diagnosis and pleurodesis, and more
complex procedures of P/D and EPP or pleuropneumonectomy
(see Chapter 4 for more detail). The latter two procedures are
only considered for selected patients with limited disease and
are only performed within centres with the appropriate expertise
and MDTs able to provide this therapy.

For diseases such as lung, prostate, breast, pancreatic and
colorectal cancer, there is increasing evidence that the greater the
volume of surgical oncological procedures conducted by a surgeon
or centre, the better the patient outcomes, such as reduction in
complications and patient fatalities (227,337-344). Population
based case control studies confirm this, although confounders
exist (345,346). One study showed that the volume of operations
conducted by individual surgeons, rather than the hospital,
correlated with a reduction in hospital inpatient deaths (347).

There is no direct comparative data from studies involving
patients with MPM to support the proposition that a relationship
exists between the volume of operations conducted by individual
surgeons and improved treatment outcomes. However, it is
highly likely that this relationship exists. Supportive evidence
can be extrapolated from patient outcomes across different
surgical series and specialist surgical centres over different time
periods (230). One high volume centre in Australia has shown
a significant reduction in operative mortality over a number of
years suggesting that the experience of individual surgeons and

their teams are important (348).

Clinical practice point u:

Where mesothelioma-specific treatment options, including
surgery, are not available in a given centre, medical teams
should refer patients to centres offering expert mesothelioma
care for discussion of all potential treatment options and care
planning.

6.6 Follow-up

The optimal timing of follow-up and tests for patients with MPM
has not been directly studied. Follow-up varies according to the
type of therapy and its aims, and should be conducted according
to the patient’s symptoms, the stage of the disease and the
treatment goals.

Indirect evidence regarding the timing and type of tests
is provided within the follow-up protocols of published
randomised controlled trials (RCTs), and varies according to the
type of therapy (chemotherapy or surgery) and its purpose.

The impact of a structured approach to patient follow-up and

management is probably best seen in the active symptom control
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Table 6. PICO questions relating to models of care for MPM.
Ml Does MDT care improve survival, symptoms or quality of life in MPM?
M2 What is the optimal involvement of primary care in the management of people with MPM?
M3 Does surgical volume affect the surgical outcomes and survival of people with MPM?
M4 What are the optimum follow-up tests and intervals for people with MPM?
M5 Do nurse care coordinators impact on the outcome of patients with MPM?
Mé Do allied care workers impact on the outcome of patients with MPM?

arm of the MS01 study. This randomised phase III trial compared
the effectiveness of palliative therapy or active symptom control
with or without different chemotherapy regimens in patients
with MPM (201). In this trial the ‘essential elements of active
symptom control were defined as regular follow-up in a specialist
clinic; structured physical, psychological and social assessments
at every clinic visit; rapid involvement of additional specialists;
and parallel nursing support. Patients could receive, as required,
steroids, analgesic drugs, appetite stimulants, bronchodilators,
or palliative radiotherapy. The study results did not indicate an
overall survival benefit for the specific chemotherapy used MVP
or single agent vinorelbine. Importantly, it also did not show a
difference in the predefined ‘quality of life’ subscales relevant to
malignant mesothelioma (physical functioning, pain, dyspnoea
and global health status). The active symptom control paradigm
defined in the MSO1 study is the closest any trial in MPM has
come to defining a method of multidisciplinary patient-focused
care. However, applying active symptom control as defined in
the clinic requires mesothelioma-specific expertise that would be
provided in an MDT environment.

General observations indicate that, apart from the MS01
study, patients receiving chemotherapy should be evaluated
by CT every 2-3 cycles (6-9 weeks). Once treatment begins,
patients should be reviewed by clinical assessment every 3-4
weeks depending on the treatment protocol. After completion
of treatment, patients should be followed every 4-6 weeks
or according to institutional protocol. Many clinical studies
in MPM included ongoing CT scanning every 6-8 weeks to
monitor and/or identify progression.

There is no direct evidence to support a specific protocol
for clinical follow-up and test frequency for MPM. However, it
would be reasonable to follow a similar protocol for monitoring
patients when they are receiving chemotherapy or combined
modality therapy, and to continue clinical monitoring and
ongoing CT scanning thereafter where further treatment is
anticipated in the event of progression.

Otherwise a pragmatic approach would be to order follow-
up investigations according to patient symptoms and the intent
of an intervention. A chest X-ray may be useful in identifying
pleural effusions but its overall sensitivity is low compared with
CT scanning. Consequently CT scanning would be the preferred
radiological investigation. PET scanning is only to be used in

circumstances where radical therapy is planned.

Clinical practice point v:

The frequency and type of follow-up should be determined
by individual patient symptoms, the stage of the disease
and the treatment goals. CT scanning is the most useful

investigation for evaluating disease progress.

6.7 Allied health professionals

No studies have been conducted on the impact of allied health
professional input on the outcomes for patients with MPM.
Current practice tells us that allied health professionals are
integral members of an MDT and may come from the following
disciplines: nutrition and dietetics, occupational therapy, social
work, clinical psychology, physiotherapy and pastoral care.
Patients can be referred to these professionals at any time during
their disease course and treatment trajectory. Feedback from
patients suggests that input from allied health professionals
contributes to patient satisfaction and improved quality of life by
minimising their symptoms and/or helping them to cope with
the disease and the effects of treatment as the disease progresses.

Clinical practice point w:

Allied health professionals are important members of the MDT
and contribute to symptom management and improved quality
of life in patients with malignant mesothelioma.

Appendix A: Future research areas

Development of accurate diagnostic, prognostic and predictive

markers for malignant pleural mesothelioma

Development of sensitive methods that will assist in making
an early diagnosis (of malignant pleural mesothelioma)

Validation of TNM system for staging of malignant pleural
mesothelioma

Adequate selection of patients for radical (combined
modality) therapy

Development of novel effective systemic therapies

Accurately define the optimal role of radiotherapy in
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malignant pleural mesothelioma

Prospectively evaluate the benefit of multidisciplinary care
(MDT) in malignant pleural mesothelioma

Quality of Life studies in patients with malignant pleural
mesothelioma

Psychosocial studies in patients with malignant pleural

mesothelioma and their families

Patterns of care studies in patients with malignant pleural

mesothelioma
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Appendix C: Overview of guideline development

process

These guidelines were developed in accordance with the
NHMRC standard (1). All literature searches were completed
by the 31" October 2011 identifying a combined total of 18,371
references. These articles, organized by PICO question, were
screened by the appropriate Working Group co-chairs using
the article title and abstract. Articles not meeting the inclusion
criteria, and duplicates, were removed. This process resulted in
2,304 unique references for full text retrieval. These articles were
entered into a database and a final assessment for relevance was
made based on the full text article, by one of five independent
readers. From this assessment 1,118 articles were deemed
relevant to the Guidelines and went on to have an assessment of
methodology and extraction of data. Eight potentially relevant
papers could not be fully assessed as the full text articles were
not obtained.

The 1,110 full text articles were categorised according to the
main domain they sought to address (i.e., intervention, diagnosis,
prognosis, aetiology, and screening) and rated according to the
NHMRC level of evidence hierarchy (36). Individual studies were
assessed in detail for methodological quality (risk of bias) using
the methodology checklist from NICE and QUADAS 11 (36).

Summary data were extracted from each individual study and
tabulated per PICO question in an Evidence Table. The Working
Groups used these tables to assess and summaries the body of
evidence informing each recommendation using the NHMRC
Evidence Statement Form. Full details of the Guidelines
development process can be found in the Technical Report.

Appendix D: NHMRC Evidence Statement Form

The body of evidence for each guideline recommendation
was assessed and summarised using the NHMRC Evidence
Statement Form (36) (see Technical Report for full details)
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according to five key components:

I.  Evidence base (the number, quality and level of evidence

of studies);

II.  Consistency of results;

III. Potential clinical impact of the proposed recommendation;

IV. Generalisability to the target population for the guideline;

V. Applicability to the Australian healthcare context.

Each key component was rated using the NHMRC Body of
Evidence matrix from ‘Excellent’ through to ‘Poor’. Summation
of the ratings for the five key components allowed each guideline
recommendation to be assigned an overall NHMRC Grade of
Recommendation (A-D) ranging from ‘body of evidence can

be trusted to guide practice’ to ‘ body of evidence is weak and

recommendation must be applied with caution’. Where there
was an absence of quality evidence, or low quality evidence,
as the result of the systematic review, a consensus-based
recommendation was made. Where there was no evidence or
only very low evidence available a clinical practice point was
made.

A final list of included studies and their evidence is contained
in Evidence Tables (see Technical Report: C6); the Evidence
Statement Form for each PICO (see Technical Report: C7).

Finally, each recommendation was discussed by all members

of the Guideline Steering Committee in an open discussion.

Appendix E: Abbreviations

ADRI Asbestos Diseases Research Institute

ARD asbestos-related diseases

BSC best supportive care

BTS British Thoracic Society

CAM complementary or alternative medicine

CDKN cyclin-dependent kinases inhibitor gene

CEA carcinoembryonic antigen

CK cytokeratin

CT computer tomography

E(B)US endoscopic bronchial ultrasound

EMA epithelial membrane antigen

EPP extrapleural pneumonectomy

ERS European Respiratory Society

EUS endoscopic ultrasound

FISH fluorescence in situ hybridisation

FNA fine needle aspiration

GP general practitioner

GLUT- glucose transporter and member of a group of membrane proteins that facilitate the transport of glucose over a plasma
membrane

Gy a measure of the energy deposited in a medium by ionizing radiation per unit mass. Measured as joules per kilogram
and represented by the equivalent S| unit, gray (Gy)

iMig International Mesothelioma Interest Group

IMRT intensity-modulated radiotherapy

LDH lactate dehydrogenase

MDT multidisciplinary team

Ml one metastatic site

MPF megakaryocyte potentiating factor

MPM malignant pleural mesothelioma

MRI magnetic resonance imaging

MVP mitomycin, vinblastine & cisplatin (chemotherapy combination)

NHMRC National Health & Medical Research Council
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photodynamic therapy—a form phototherapy using nontoxic light-sensitive compounds that are exposed selectively
to light, whereupon they become toxic to targeted malignant and other diseased cells

P/D pleurectomy/decortication

PDGFR beta platelet-derived growth factor receptor beta
PDT

PET positron emission tomography

PICO patient, intervention, comparison, outcome
RT-PCR reverse-transcriptase polymerase chain reaction
SMRP soluble mesothelin-related protein

Suv Standardized uptake value

TBNA trans-bronchial needle aspiration

TGV total glycolytic volume

TNM tumour, node, metastasis

T™T trimodality therapy

TTF thyroid transcription factor

TTNA trans-thoracic needle aspiration

VAT video-assisted thoracoscopy

VATS video-assisted thoracoscopic surgery

VEGF vascular endothelial growth factor

WHO World Health Organization

WT Wilm’s tumour

Appendix F: Glossary

Adenocarcinoma: cancer of glandular tissue present in surface
structures of the human body.

Adjuvant chemotherapy: chemotherapy that is given in
addition to the primary, main or initial treatment (surgery).

Adjuvant radiotherapy: radiotherapy that is given in addition
to the primary, main or initial treatment.

Anti-cancer treatments: include surgery, chemotherapy and
radiotherapy.

Asbestosis: a chronic inflammatory and fibrotic medical
condition affecting the tissue of the lungs caused by the
inhalation and retention of asbestos fibres.

Benign asbestos pleuritis: pleural effusion and/or thickening
elicited by previous asbestos exposure.

Biomarker: indicator of a biological state. It is a characteristic
that is objectively measured and evaluated as an indicator
of normal biological processes , pathogenic processes, or
pharmacologic responses to a therapeutic intervention.

Biopersistent: the persistence of a material in an
organism (animals and humans).

Calretinin: a vitamin D-dependent calcium-binding protein
involved in calcium signaling .

Carcinoembryonic antigen: a glycoprotein involved in cell

adhesion which is usually not present in the blood of healthy

adults.

Crocidolite: one of the types of asbestos , often referred to as
blue asbestos.

Cuboidal: cuboid form.

Cytokeratin: proteins of keratin -containing intermediate
filaments found in the intracytoplasmic cytoskeleton of epithelial
tissue .

Cytology: the study of cells .

Cytological atypia: a condition of being irregular or
nonstandard.

Cytoplasmic vacuoles: small cavities in the cytoplasm of a
cell, bound by a single membrane and containing water, food, or
metabolic waste.

Cytoreductive surgery: surgical removal of part of a malignant
tumour which cannot be completely excised, so as to enhance
the effectiveness of radiation or chemotherapy. It is used only in
specific malignancies, as generally partial removal of a tumour is
not considered a worthwhile intervention.

Desmoplasia: the growth of fibrous or connective tissue.
It is also called desmoplastic reaction to emphasise that it is
secondary to an insult. Desmoplasia may occur around a tumour.

Epitheloid: an epithelioid cell is a cell that resembles
epithelial cells in that it directly contacts its neighboring cells via
cell surface molecules or junctions.

Erionite: a naturally occurring fibrous mineral that belongs to
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a group of minerals called zeolites. Some properties of erionite
are similar to the properties of asbestos.

Extrapleural pneumonectomy: a surgical treatment for
malignant mesothelioma. It involves the removal of a lung, a
portion of the diaphragm and the linings of the lungs and heart
(parietal pleura and pericardium).

Fibrous pleuritis: an organising inflammation of the pleura,
the lining of the pleural cavity surrounding the lungs.

Histiocytoma: a tumour consisting of histiocytes.

Immunohistochemistry: the process of detecting antigens (e.g.
proteins) in cells of a tissue section by exploiting the principle of
antibodies.

Leiomyosarcoma: a cancer of smooth muscle.

Lymphobhistoiocytoid mesothelioma: variant of sarcomatoid
mesothelioma.

Mediastinoscopy: a procedure that enables visualisation of
the contents of the mediastinum (central compartment of the
thoracic cavity), usually for the purpose of obtaining a biopsy.

Megakaryocyte potentiating factor: a biomarker for malignant
pleural mesothelioma.

Mesothelial: a tumour marker for malignant pleural
mesothelioma.

Neoadjuvant: the administration of therapeutic agents before
a main treatment.

Neoplasia: an abnormal mass of tissue as a result of an
abnormal proliferation of cells.

Pemetrexed: a chemotherapy drugs used to treat malignant
mesothelioma.

PICO: patient, intervention, comparison, outcome.

Pleomorphism: variability in the size and shape of cells and/
or their nuclei.

Pleural effusion: excess fluid that accumulates between the
two pleural layers, the fluid-filled space that surrounds the lungs.

Pleural plaques: discrete fibrous or partially calcified
thickened area which can be seen on x-rays of individuals
exposed to asbestos.

Pleurectomy/decortication (P/D): a form of surgery
performed on patients with malignant pleural mesothelioma. P/
D aims to remove the lining surrounding the lung together with
the tumour tissue.

Podoplanin: a human protein, the specific function of which
has not been determined, but it has been proposed as a marker of
lung injury.

Sarcomatoid: a growth pattern resembling a malignant
tumour arising from connective tissues.

Soluble mesothelin-related protein: a biomarker for malignant
pleural mesothelioma.

Squamous epithelium: epithelium characterised by its most
superficial layer consisting of flat, scale-like cells called squamous
epithelial cells.

Storiform: having an irregularly whorled pattern somewhat

like that of a straw mat

Stromal tissue: the connective, supportive framework of
tissue.

Synovial sarcoma: a rare form of cancer which usually occurs
near to the joints of the arm, neck or leg.

Thoracocentesis: an invasive procedure to remove fluid or air
from the pleural space for diagnostic or therapeutic purposes,
also known as pleural tap.

Thoracotomy: is an incision into the pleural space of the
chest.

Thrombomodulin: an integral membrane protein expressed
on the surface of endothelial cells which serves as a cofactor for
thrombin.

Thyroid transcription factor (TTE-1): a protein that
regulates transcription of genes specific for the thyroid, lung,
and diencephalon. It is also known as thyroid specific enhancer
binding protein.

Transcription factor: sometimes called a sequence-specific
DNA-binding factor, a transcription factor is a protein that binds
to specific DNA sequences, thereby controlling the flow (or
transcription) of genetic information from DNA to mRNA.

Trapped lung: unexpandable lung by constricting tumour
growth and/or chronic pleural effusion.

Wilm’s tumour (WT): a cancer of the kidneys that typically

occurs in children, also known as nephroblastoma.
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