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Aim
To build a large cohort of Benign-MPM tissue pairs, plus the technologies and infrastructure 
needed to 
• Design effective MPM therapies 

• Deliver future human trials

Key Questions
• How does asbestos-driven chronic inflammation evolve into MPM? What are the key 

molecular events and vulnerabilities?

• Can individuals destined to develop MPM be identified at a pre-malignant stage?

• Can suitable treatment response tools be validated? 

Aim and Key Questions
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2020 2021 2022 2023 2024 2025
Mar- Jun- Sept- Dec- Mar- Jun- Sept- Dec- Mar- Jun- Sept- Dec- Mar- Jun- Sept- Dec- Mar- Jun- Sept- Dec- Mar- Jun- Sept- Dec-

Funder Year
Project Year

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Ethics & Regulatory Approvals Meso-ORIGINS via preceding Feasiblity Study. MesobanK approvals in place, NCIMI approvals adapted

PREDICT-Meso Handbook & Contracts Will include standardised sample collection/handling protocols, Contracts, Publication Policy
PREDICT-Meso Website linked to database; Open-access outputs; Meetings advertised

Meso-ORIGINS Recruitment
MesobanK Cohort Creation Cohort complete by M30

Predictive Marker Cohort Recruitment Cedres, Bar
Sample Archiving, Data Integration

 Appoint:Funded PhD     Leveraged PhD/CRF
Meetings:Investigator       Community/PPI   

Schools        BRIC         Sustainabilty BRIC 
Collation, Publication of WP Final Reports
Panel DNA Seq: Genomic Drivers of MPM Glasgow
RNA Seq: Transcriptomic Drivers of MPM Cedres, Bar
Methylation: Epigenetic Drivers of MPM Esteller, Bar

Immune Landscape Mapping Coffelt, Gla
Integrative Analysis, WP Report on Target ID

3.1 Patient-Derived Cell-lines
3.1 Organotypic Models

3.2 GEMM Validation WES/RNA-SEQ/immunophenotyping
3.2 Incoporaton of Target Allelles into GEMM in vitro validation of lenti-CRE-Cas9-sgRNA, followed by in vivo validation

3.3  Candidate Drug Screening
3.3  Bioinformatic analysis of drug sensitivities
WP Report, including Candidate Target-Drugs

Box-A Validation Short-term: tissue end-points/Long-term: Survival, AEs Uses Validated 3.2 GEMM
PREDICT-Meso Target-Drug Validation

WP Report, including Validated Target-Drugs
5.1 Multiomic Risk-Profiling Radiomic, Serum Proteome & Exhaled Breath Metabolome; Acquired @ Baseline in Meso-ORIGINS

5.1 Integrated Bioinformatic Analysis Multiomic signature: develops MPM vs does not
5.2 CT Image Anonymisation, Transfer to NCIMI 1000 CT scans pre- & post-chemotherapy

5.2 External Validation of AI RECIST
5.2 Prospective Serum Mesothelin Sampling

5.2 Mesothelin ELISA analysis
WP Report on Risk Profiling & Response Markers

Year 6 (NCE required)Year 1 Year 2 Year 3 Year 4 Year 5

Multiomic Database (Miller, Glasgow)

 Correlating gene mutation with sensitivity to specific agents

End-points  Pre-clinical Models

Genomic/Epigenomic/Transcriptomic/Immune Landscape; Evolution of MPM

Development: Macrophage-containing (Milan)

Year 4 Year 5PREDICT-Meso GANTT CHART
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Retrospective: Banked FF matched to local FFPE; 82 MPM

Glasgow only

Prospective: n=50; Patients receiving experimental Rx; Barcelona/Madrid; FF & Serum; Discovery Set 

WP 1 Meso-ORIGINS (Gla), WP 4 Target-Drug validation (Milan), WP5 AI (Oxf), WP5 Perf-MRI (Man)

Multiplexed IHC: FFPE effusion cell pellets: macrophages, neutrophils, NK, CTL and Tregs

AI RECIST algorithm validated, optimised by NCIMI

Samples posted immediately to Bristol; Analysed in batches by Fujirebio (funding in place)
via ASSESS-Meso; 150 of total 700 recruited @ M0; Cohort complete by M48 by upscaling sites from 6-16

Generation, Profiling&Validation of PDCLs (MRC Tox)

PDCL; UCL drug library; 325 FDA/EMA agents; initial valdation in organotypics

Prospective:  n=500; 25 sites; Matched tissue 63 MPM, 172 no MPM; Multiomic risk-profiling

Initially using 82 MPM samples from Mesobank; plus 63 Matched BAPE/MPM as these evolve; Total 145 
MPM evolution vs MPM non-evolution FF samples as Discovery Set

Samples matched to Panel DNA Seq: high-throughput Infinium MethylationEPIC Bead Chip (Illumina)

Organotypic & In vivo validation of postive drug screens (WP3.3) 

Using NCIMI infrastructure

Glasgow & MRC Toxicology Unit, Cambridge

n=590 (295 by MRI)
Analysis in Glasgow
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Benign Pleural 
Inflammation Mesothelioma 

RETROSPECTIVE: 
MesobanK

PROSPECTIVE:     
Meso-

ORIGINS

Blood Proteome

Perfusion MRI

Breath 
Metabolome

Risk Profiling 
Inputs

MPM EVOLUTION 
(n=145)

NO MPM 
EVOLUTION (n=145)

n=500 
25 centres 

2-year 
follow-up

PREDICTION OF MPM 
EVOLUTON

82 matched BAPE & MPM

63 matched BAPE & MPM

WP1: Network & Cohorts

RETROSPECTIVE: 
Turin

WP2 WP3

• Network Coordination 
• Cohort Building
• Data Integration & Sharing
• Education & PhD Training
• Governance 
• PPI & Engagement

Blyth
Glasgow

Rintoul
Cambridge

Miller
Glasgow

Righi
Turin

WP5

BAPE
(n=145)



WP1 Progress

• Appointment of PREDICT-Meso Project Manager: Alex MacPherson
• Funding & Collaboration Agreement → Funds Released to UK sites
• Network Governance: PMG, Steering Group, Tissue & Data Access Board, 

Membership access and terms
• PREDICT-Meso Research Tissue Bank (RTB): REC Approval March 2021
• Completion of multi-centre Meso-ORIGINS Feasibility Study: Update later…
• Meso-ORIGINS Protocol and documentation complete, REC Approval Nov ’21
• CTU Database design ongoing, ~12 recruitment sites in setup
• www.predict-meso.com coming soon            @PREDICT_Meso live

http://www.predict-meso.com/


Arm A

• 500 patients with asbestos exposure and an initial benign pleural biopsy
• Recruited post-biopsy.
• FFPE biopsy retrieval and 2-year surveillance
• Repeat biopsies if Mesothelioma evolution suspected
• Invitation to repeat biopsy in 145 patients with benign follow-up
• Risk profiling at baseline: serum proteomics, breath metabolomics, perfusion MRI

Meso-ORIGINS: Mesothelioma Observational study of RIsk
prediction and Generation of benign-meso tissue pairs, Including 
a Nested MRI Sub-study 

Arm B
• Initial sample of 39 patients with suspected Mesothelioma
• Recruited prior to Thoracoscopy
• Multi-region pleural biopsies for heterogeneity analyses 

QEUH, Glasgow
Manchester

Plymouth
Preston
Salford
Stoke on Trent
Newport

Oxford
Somerset
Bristol

Papworth

Sheffield
Northumbria
Paisley
GRI, Glasgow



(TCRb) sequencing and expression analysis of immune-related
genes in three different positions of MPM tumors.

Results

Intratumoral genetic heterogeneity in three different sites
of MPM tumors

To examine intertumoral and intratumoral genetic heterogene-
ity in MPM tumors, we performed whole-exome sequencing
using genomic DNAs extracted from three different positions
(A, anterior; P, posterior; and D, diaphragm) of surgically
resected tumors in six MPM patients. We obtained an average
sequencing depth of 71.4£ per base, and identified a total of
244 non-silent mutations and insertions/deletions (indels) (19–
47 non-silent mutations per sample) (Table S1). Among the
significantly mutated genes in MPMs reported previously,14-16

including TP53, BAP1, and NF2, TP53 was mutated in three of
six MPM cases and BAP1 mutation was detected in one case,
but NF2 mutations were not detected in any tumors (Table S1).
We selected only non-synonymous mutations for further

analysis to investigate the relation between potential neoantigen
load and tumor immune microenvironment. Mutational pro-
files obtained from multiregional sequencing demonstrated
high genetic heterogeneity in all six MPM tumors (Fig. 1A).
We subsequently predicted potential neoantigen epitopes that
harbored the amino acid substitution generated by the somatic
mutation and revealed the calculated binding affinity to HLA-
A molecules of less than 500 nM. As a result, we found 1–18
potential predicted neoantigens (an average number of 9.2) per
tumor portion (Fig. S1).

Heterogeneity of TCR repertoire and immune-related gene
signature in three different sites of MPM tumors

For TCR repertoire analysis of TILs in the three different positions
of MPM tumors, we quantified individual TCRb clonotypes based
on unique V-D-J combinations with complementarity determining
region 3 (CDR3) sequences, and calculated the diversity index (DI)
of TCRb to represent the clonality of TILs. We obtained total
sequence reads of 586,835 § 292,275 (average § one standard
deviation), where unique CDR3 clonotypes of 16,700§ 9,668 were

Figure 1. Integrated analysis of MPM tumors for non-synonymous somatic mutations, TCRb repertoires and expression of immune-related genes Data from three differ-
ent tumor portions (A: Anterior, P: Posterior, and D: Diaphragm) of six MPM cases are shown. (A) Commonality of non-synonymous mutations identified by whole-exome
sequencing. (B) TCRb diversity index (DI) and heatmaps of CDR3 clonotypes which were sorted according to their frequencies (higher to lower) in the order of tumor por-
tions, A, P, and D. (C) mRNA expression levels of immune-related genes, TCRb (TRB), CD4, CD8, GATA3, TBX21, FOXP3, GZMA, PRF1, and PD-L1, normalized by GAPDH
expression level.

e1278330-2 K. KIYOTANI ET AL.

Kiyotani et al, Oncoimmunology 2017

Spatial Heterogeneity 

Zhang et al, Nature Comms 2021

hit events were significantly enriched in tumour suppressor genes
compared with other genes and agreed with the mesothelioma
TCGA. Clonal second hit events most frequently involved NF2 in
7 MPMs, followed by BAP1 in 6 MPMs and SETD2 in 3 MPMs
(supplementary fig. 7D). Germline BAP1 has been reported
previously22 but this was not identified in BAP1 bi-allelic inac-
tivation in this cohort. Subclonal bi-allelic inactivation commonly
involved BAP1 and the Hippo pathway genes NF2 (MED34) and
LATS1 (MED3), (supplementary fig. 7D).

To explore the impact of driver evolution on MPM progres-
sion, we conducted longitudinal biopsies and copy number ana-
lysis of a patient who had exceptionally indolent MPM exhibiting
a 12-year progression-free survival interval following radical
surgery. Subclonal NF2 copy number loss was observed at the
time of radiological progression, and this coincided with both a
higher burden of copy number alterations and chemoresistant
MPM, suggesting late stage subclonal expansion, and Hippo
pathway inactivation coincident with clinically more aggressive
growth and drug resistance (Fig. 2b).

In contrast to the low mutation burden in this cohort, copy
number alterations involved almost a quarter of the exome 24.71%
(range 12.76–92.58) of which the majority were clonal, 21.32%
(1.17–63.22) and 4.91% (0.1–29.36) were subclonal (supplementary

data 12 and 13). Copy number losses, estimated and cross validated
using 5 algorithms and by array based analysis (supplementary
fig. 8), were significantly more common than gains across the
cohort (Fig. 2c, supplementary fig. 9 and supplementary data 12
and 13).

Clonal amplification was observed in three cytobands including
16p11.2 which encompasses the oncogenic transcription factor
gene FUS23 commonly involved in translocations associated with
myxoid liposarcoma, 17q21.31, and 17q22-23 which encompasses
the E3 ubiquitin ligase substrate binding adaptor gene SPOP24,25,
most commonly mutated in prostate cancer (supplementary
figs. 1 and 10A, B). The most frequent clonal gains involved 8p24
in 3 MPMs (13%). This region spans NDRG1 which stabilises
methyltransferases involved in DNA repair, and also RECQL4
which plays a crucial role in the end resection step of homologous
recombination. Only one patient had 8p24 gain as a subclonal
event suggesting that this event is restricted to the earlier phase of
MPM evolution.

MPMs showed evidence of allelic heterogeneity, with clonal
copy number alterations mirroring positively selected clonal
mutations. The most frequent was -22q (NF2) in 82% of MPMs,
followed by 9p21.3 (CDKN2A and MTAP), and 3p21.3 (BAP1),
(supplementary fig. 1 and supplementary data 12 and 13). We

HIGH SUBCLONAL DIVERSITY LOW 

MED33 MED12 

linear branched

B 

D C

A 

Fig. 1 Genomic intratumour heterogeneity in MPM. A Pleural mesothelioma tissue sampling locations were consistent between patients involving the
apex (region1, R1), the pericardium (R2), anterior costophrenic angle (R3), posterior costophrenic angle (R4) and the oblique fissure (R5). The rationale for
selecting the anatomically sterotyped sites at the time of tissue sampling was to ensure maximum coverage of the tumour from superior to inferior; medial
to lateral; and anterior to posterior. We chose the oblique fissure (R5) as this is common to both the right and left lung and could be a reliable anatomical
site bilaterally. Spatial evolution of mesothelioma would be expected to be best reflected in samples at maximum distance from one another, reflecting the
inherent intratumour heterogeneity. These regions are represented by the most superior region (R1) and the inferior (R3 and R4). B Inter-patient and
intratumour heterogeneity in the MEDUSA22 cohort. Histograms summarising the variance in clonal versus subclonal mutations (left) compared with
somatic copy number alterations (SCNAs, right). Left top, relative number of mutations, left bottom, proportion of mutations ranked by clonal mutation
proportion ranging from maximum (left) to minimum (right). Right top, ratio of truncal SCNA versus branch SCNA. Right bottom, relative proportion of
SCNA ranked as for mutations. C Spectrum of subclonal diversity in the MEDUSA22 cohort, ranging from linear topology (MED33 left) to branched
(MED12 right). Centre, Pie chart showing the relative proportion of patients in the MEDUSA22 cohort classified as either linear (64%) or branched (36%).
D Box plots showing the positive correlation between topology classified as either linear or branched, and subclonal SCNA count (two-sided
Mann–Whitney U test p= 0.034, left) and subclonal mutation count (two-sided Mann–Whitney U test p= 0.003, right). n= 22 patients. Both box plots
denote medians (centre lines), 25th and 75th percentiles (bounds of boxes), and minimum and maximum (whiskers).

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-021-21798-w ARTICLE
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common evolutionary trajectories with a constrained clonal
mutation order, and to define critical bottlenecks28 during evo-
lution that could serve as potential targets for stratified therapy.
Integrating both clonal SCNA and SNV driver events, 5 evolu-
tionary clusters were delineated, ranging from low complexity
(cluster 1) to the most complex (cluster 5 Fig. 3a, c). A Jackknife
procedure was used to estimate MPM evolutionary cluster sta-
bility (supplementary fig. 14)27.

Notably the largest cluster C5, which exhibited the largest
number of repeated early clonal transitions, and featured frequent
FBXW7 mutation (supplementary fig. 6) secondary to 9p21 loss,
was associated with the shortest median progression free survival
(logrank p= 0.013) and overall survival (logrank p= 0.005
Fig. 3b). We utilised a decision tree to bin MPMs into evolu-
tionary clusters from the tumour genome Atlas, and confirmed a
poorer prognosis for C5 (supplementary fig. 15 and supplemen-
tary data 16). Notably, in both the MEDUSA22 cohort and
TCGA, C5 was restricted entirely to the epithelioid subtype
(supplementary data 16).

Allelic heterogeneity associated with either BAP1 or its locus
3p21 was a repeated, universally early event during MPM evo-
lution involving 2 out of 5 evolutionary clusters (C4 and C5).
Cluster C2 was an outlier exhibiting chromosome 4 loss (-chr4)
defined by at least 60% loss of the whole chromosome and which
encompassed FBXW7(4q31.3). This was the only repeated early
clonal event in cluster C2, but was also associated with other early
clonal events in C3, C4 and C5 suggesting a frequent and critical
role for this macroevolutionary event during MPM tumorigenesis.

A consistent feature across the evolutionary clusters was the
timing of hippo pathway inactivation signified by either loss of
22q or NF2 mutation. This was frequently found to be a late
clonal event involving all clusters except C1.

The tumour microenvironment was modulated by the degree
of exonic ITH with evidence of genomic immune evasion
implicating an interplay between host immunity and MPM evo-
lution. Evolutionary cluster C5 was associated with higher CD8 T
lymphocyte infiltration (Fig. 4a). The MEDUSA22 cohort showed
a wide inter-patient variability in predicted neoantigen burden
averaging 15 per patient (range 0–27) of which the majority were
clonal, with a median of 12 neoantigens per patient (0–26),
compared to subclonal neoantigens which averaged 1/patient
(range 0–14; Fig. 4b). Neoantigens were recurrent in 6 genes
including two drivers: SETD2 which was the most common
(32%), and LATS2, as well as XIRP2, TMEM104, TTN and
TME1L1 (supplementary data 17). Subclonal neoantigen burden
was associated with lower immunosuppressive regulatory T cell
infiltration, as assessed by transcriptome-based digital cytometry
(Wilcoxon p= 0.018, Fig. 4c).

Tumours achieve immune escape from cytolytic T cell
immunosurveillance, in part via loss of heterozygosity (LOH) of
the human leucocyte antigen (HLA) cluster, an immunoediting
strategy that reduces antigen expression via the major histo-
compatibility complex (MHC), to escape T cell receptor-
dependent CD8 lymphocyte mediated tumour suppression.
HLA LOH was found in five patients and was always subclonal
(supplementary fig. 17 and supplementary data 18), ie. temporally
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Fig. 3 Defining evolutionary trajectories and their prognostic significance in MPM. A Heatmap showing the evolutionary clusters inferred by transfer
learning and hierarchical classification. In the middle of the heatmap, five evolutionary clusters are defined and are vertically colour coded, with cluster 1
(C1) in red, C2 blue, C3 green, C4 purple and C5 orange (shown in the key on the right). On the left side of the heatmap, individual evolutionary transitions
(i.e. mutational events including both SCNAs and mutations) are shown on the lower axis. The abbreviation GL corresponds to germline. Any transition
occurring more than three patients is considered a repeated evolutionary transition. On the right the presence or absence of a mutation or copy number
loss is shown. On the right, the probability of an event is presented by the shade of blue, with probability= 1 being dark blue. B Kaplan-Meier curves
showing (left) shorter progression-free (two-sided Log-rank test p= 0.013; hazard ratio 3.52; 95% confidence intervals: 1.22, 10.13) and (right) lower
overall survival (two-sided Log-rank test p= 0.005; hazard ratio 4.43; 95% confidence intervals: 1.42, 13.77) of C5 MPMs compared to other evolutionary
clusters (C1–C4). n= 22 patients. C Inferred evolutionary trajectories involving repeated transitions in more than three patients. Somatic events that are
exclusively early clonal (germline (GL) transitions) are encompassed by a light blue area. Conversely, exclusively late clonal transitions are highlighted in
red. The specific number of patients exhibiting repeated transitions is shown as numbers against the directed edges (transitions).

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-021-21798-w ARTICLE

NATURE COMMUNICATIONS | ��������(2021)�12:1751� | https://doi.org/10.1038/s41467-021-21798-w |www.nature.com/naturecommunications 5

common evolutionary trajectories with a constrained clonal
mutation order, and to define critical bottlenecks28 during evo-
lution that could serve as potential targets for stratified therapy.
Integrating both clonal SCNA and SNV driver events, 5 evolu-
tionary clusters were delineated, ranging from low complexity
(cluster 1) to the most complex (cluster 5 Fig. 3a, c). A Jackknife
procedure was used to estimate MPM evolutionary cluster sta-
bility (supplementary fig. 14)27.

Notably the largest cluster C5, which exhibited the largest
number of repeated early clonal transitions, and featured frequent
FBXW7 mutation (supplementary fig. 6) secondary to 9p21 loss,
was associated with the shortest median progression free survival
(logrank p= 0.013) and overall survival (logrank p= 0.005
Fig. 3b). We utilised a decision tree to bin MPMs into evolu-
tionary clusters from the tumour genome Atlas, and confirmed a
poorer prognosis for C5 (supplementary fig. 15 and supplemen-
tary data 16). Notably, in both the MEDUSA22 cohort and
TCGA, C5 was restricted entirely to the epithelioid subtype
(supplementary data 16).

Allelic heterogeneity associated with either BAP1 or its locus
3p21 was a repeated, universally early event during MPM evo-
lution involving 2 out of 5 evolutionary clusters (C4 and C5).
Cluster C2 was an outlier exhibiting chromosome 4 loss (-chr4)
defined by at least 60% loss of the whole chromosome and which
encompassed FBXW7(4q31.3). This was the only repeated early
clonal event in cluster C2, but was also associated with other early
clonal events in C3, C4 and C5 suggesting a frequent and critical
role for this macroevolutionary event during MPM tumorigenesis.

A consistent feature across the evolutionary clusters was the
timing of hippo pathway inactivation signified by either loss of
22q or NF2 mutation. This was frequently found to be a late
clonal event involving all clusters except C1.

The tumour microenvironment was modulated by the degree
of exonic ITH with evidence of genomic immune evasion
implicating an interplay between host immunity and MPM evo-
lution. Evolutionary cluster C5 was associated with higher CD8 T
lymphocyte infiltration (Fig. 4a). The MEDUSA22 cohort showed
a wide inter-patient variability in predicted neoantigen burden
averaging 15 per patient (range 0–27) of which the majority were
clonal, with a median of 12 neoantigens per patient (0–26),
compared to subclonal neoantigens which averaged 1/patient
(range 0–14; Fig. 4b). Neoantigens were recurrent in 6 genes
including two drivers: SETD2 which was the most common
(32%), and LATS2, as well as XIRP2, TMEM104, TTN and
TME1L1 (supplementary data 17). Subclonal neoantigen burden
was associated with lower immunosuppressive regulatory T cell
infiltration, as assessed by transcriptome-based digital cytometry
(Wilcoxon p= 0.018, Fig. 4c).

Tumours achieve immune escape from cytolytic T cell
immunosurveillance, in part via loss of heterozygosity (LOH) of
the human leucocyte antigen (HLA) cluster, an immunoediting
strategy that reduces antigen expression via the major histo-
compatibility complex (MHC), to escape T cell receptor-
dependent CD8 lymphocyte mediated tumour suppression.
HLA LOH was found in five patients and was always subclonal
(supplementary fig. 17 and supplementary data 18), ie. temporally

A 

C 

GL 

C1 
N=4 

-22q 
4 

C2 
N=3 

C3 
N=3 

C4 
N=5 

GL 

C5 
N=7 

-9p21 

4 -9p21 
7 GL 

-chr4 

3 

-22q 

3 

GL 

-chr4 
3 

-9p21 

3 

-22q 

3 

-10q23 

3 3 

3 

GL 

-chr4 
3 

-3p21 

5 

-22q 

3 

3 

NF2 

3 

-3p21 
7 

-chr4 
3 

-22q 

6  

-14q 
5 

BAP1 

3 

-6q 
3 FBXW7 

3 

-1p36 

3 

3 -13q 

3 

-22q

3
-22q

3

3

-22q

NF2

3

-22q

6

-chr4
3

-chr4
3

-9p21

-chr4

-3p21

B 

3 

Fig. 3 Defining evolutionary trajectories and their prognostic significance in MPM. A Heatmap showing the evolutionary clusters inferred by transfer
learning and hierarchical classification. In the middle of the heatmap, five evolutionary clusters are defined and are vertically colour coded, with cluster 1
(C1) in red, C2 blue, C3 green, C4 purple and C5 orange (shown in the key on the right). On the left side of the heatmap, individual evolutionary transitions
(i.e. mutational events including both SCNAs and mutations) are shown on the lower axis. The abbreviation GL corresponds to germline. Any transition
occurring more than three patients is considered a repeated evolutionary transition. On the right the presence or absence of a mutation or copy number
loss is shown. On the right, the probability of an event is presented by the shade of blue, with probability= 1 being dark blue. B Kaplan-Meier curves
showing (left) shorter progression-free (two-sided Log-rank test p= 0.013; hazard ratio 3.52; 95% confidence intervals: 1.22, 10.13) and (right) lower
overall survival (two-sided Log-rank test p= 0.005; hazard ratio 4.43; 95% confidence intervals: 1.42, 13.77) of C5 MPMs compared to other evolutionary
clusters (C1–C4). n= 22 patients. C Inferred evolutionary trajectories involving repeated transitions in more than three patients. Somatic events that are
exclusively early clonal (germline (GL) transitions) are encompassed by a light blue area. Conversely, exclusively late clonal transitions are highlighted in
red. The specific number of patients exhibiting repeated transitions is shown as numbers against the directed edges (transitions).
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WP2: Targets & Vulnerabilities

• Molecular Processes
• Key Vulnerabilities

• Heterogeneity
• Vertical Integration
• Validation of models

Changes:
1. Panel DNA Seq → WES

Biankin
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scRNA Seq
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2.    FFPE only: Restructure Transcriptome Analysis



WP2 Progress

• DNA Panel Seq not available (CCG Max):  Narrower Panel v WES/WGS?
• WES likely to be best approach →  Pilot and Tender Process ongoing
• 5 Benign-Meso Pairs from Glasgow being retrieved (Craig Dick)

• FF preferred over FFPE for Transcriptomics
• However, FF re-biopsy at Thoracoscopy feasible in ~50% in Meso-ORIGINS 

Feasibility Study:  Mix of FFPE/FF v all FFPE?
• FFPE samples throughout in Meso-ORIGINS (Prospective)
• FF Discovery RNA Seq not feasible; restructure samples sent to VHIO



WP2 Progress

• Central Pathology Review and 
DNA/RNA extraction pipeline: 
• Targeting of Epithelial v 

Stromal Compartments?

Cancers 2021, 13, 5664 10 of 20

Figure 2. Cellular and soluble factors in MPM-ME. The interconnection between tumor cells and the surrounding stromal
and immune component is necessary to create a permissive environment for cancer growth, immune escape and inva-
siveness [59]. Tumor cells, by the release of the growth factors FGF-2 and PDGF-AA, recruited fibroblast at tumor sites
promoting their pro-tumoral activity as CAFs. In turn, these CAFs secreted the HGFs, produced ECM-related proteins,
expressed the CTGF and other cytokines supporting tumor growth [65,66]. Additionally, MPM cells have been found to
express the CTGF as modulator of ECM-related proteins and supporter of cancer invasiveness [62]. CAFs as well as tumor
cells, via the release of the angiogenic VEGF, promoted the recruitment of endothelial cells and the vasculogenesis [67,69,70].
Exhausted Th and CD8+ T cells are also present in TME, characterized by the expression of immune checkpoint molecules,
such as PD-1, TIM3, LAG3 [72]. Moreover, PD-L1 signaling induced Th cells reprogramming in Treg cells [73]. Moreover, the
NK cells showed an immunosuppressive phenotype and low cytotoxicity [77]. TAMs, which represent the most abundant
immune population [36], are recruited at tumor sites by tumor-produced CCL2 [92]. MPM cells enhance the malignancy
of macrophages via the release of TGF-�, IL-10, exosomes (EVs) and M-CSF [36]. The presence of M-CSF and IL-34 was
associated with short survival and chemoresistance [98,99]. Recently, the inhibition of CSF-1R has been shown to reduce
mesothelioma progression and increase the susceptibility of MPM to immune checkpoint inhibitors [101]. The activation
of the IL-1�/IL-1R signaling pathway in tumors by TAMs is correlated with the acquisition of a CSC-like phenotype [96].
As observed in other tumor types, adenosine (ADO) pathways may be involved in MM cells-TAMs interaction, inducing
the release of pro-tumoral cytokines and promoting TAMs proliferation [115,127,128]. Although limited data indicate its
involvement in MPM immunosuppression [117], a deep investigation is required. This figure was prepared using a template
on the Servier medical art website (http://smart.servier.com/).

5. Intra-Tumor Heterogeneity within MPM Subtypes and TME

Several studies have highlighted how the immune landscape among MPM histological
variants impact on the clinics and the immunotherapeutic response. Different microenvi-
ronmental stimuli drive the activation of different signaling pathways and genetic events
that induce tumors to acquire distinct phenotypes and behaviors. Thus, the knowledge of
the TME complexity has become important in order to understand the molecular profile of
the tumor and its involvement in therapy resistance [42]. The intra-tumoral heterogeneity
was investigated by Blum et al. who identified two distinct populations with epithelioid
and sarcomatoid traits in different sites of MPM samples. The non-epithelioid sites resulted
in being enriched in T cells, monocytes, fibroblasts, and endothelial cells as well as high

Cersosimo et al, Cancers 2021, 13(22), 5664



40 new Cell Lines
Epithelial & Sarcomatoid              

15 Benign

WP3 and WP4: Pre-clinical models and Drugs

• Integrated In vitro/vivo pipeline
• Generated using WP1 Tissues
• Validated against WP2 ‘omics
• Cell lines from Pleural Effusion
• Organotypics + macrophages
• Drug Screening feeds into WP4
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WP3 and 4 Progress

3.1 In vitro model generation and validation
• Cell lines from pleural fluid. Collection protocol (McFarlane, Murphy, Coffelt + Kanellakis)

ØUnprocessed samples from sites close to Cambridge/Glasgow
• Organotypic models with retained macrophages. Update later from Marco Bianchi
3.2 In vivo GDMM Expansion and Validation

• Maintained and expanded. Update later from Daniel Murphy
3.3 High throughput drug screening
• Planned activities on schedule

4 Target-Drug Validation 
• BoxA (HMGB1, + anti-tumour immunity) → GDMM soon (Mezzapelle et al, EMBO Mol Med 2021)
• Update later from Anne Willis re mTORC1/2 inhibition (Grosso et al, Nat Comms 2021)
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Figure 1.6 T2-weighted axial (Panels A and B) and coronal (Panel C) HASTE 

images of a patient with pleural effusion, taken pre-contrast using a 3T Siemens 

Magnetom PRISMA® MR scanner at the Glasgow Clinical Research Imaging 

Facility, QEUH. Panels B and C clearly demonstrate multiple septations 

(appearing dark) within pleural fluid (bright) 
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Figure 1.7 T1-weighted axial (Panel A) and coronal (Panel B) fat-saturated VIBE 

images of two patients with Malignant Pleural Mesothelioma, taken post-contrast 

using a 3T Siemens Magnetom Verio® MR scanner at the BHF Glasgow 

Cardiovascular Imaging Facility (Panel A) and a 3T Siemens Magnetom PRISMA® 

MR scanner at the Glasgow Clinical Research Imaging Facility, QEUH (Panel B). 

Panel A demonstrates enhancing pleural tumour and Panel B demonstrates 

nodular pleural thickening with chest wall invasion 

heart lung

Pleural Space

heart lung

Healthy mouse   vs.   Cre + asbestos (end stage)

NF2f/f;Cdkn2a-/-;p53f/f

Pleural Space

Murphy Lab, Glasgow

Thoracic MR images of wild type mouse: 7-T Bruker Biospec scanner, Glasgow Experimental 
MRI Centre. Left paneI: T1-weighted, axial showing cardiac structures (* on left ventricle) but 
no pleural effusion nor mass. Right Panel: T2-weighted, contrast enhanced (IV Magnevist) 
following intra-pleural injection of 250 µl saline to induce a small right pleural effusion (arrow)

GDMM imaging planned, 7T v 1T, effusion 
+/- more complex eg volumetry, perfusion 

July ‘21: Pilot work 
in wildtype mice

Thoracic MR images of human Mesothelioma: 3T Siemens Magnetom scanner, Glasgow 
Imaging Centre of Excellence. Left panel: T1-weighted, coronal, contrast-enhanced (IV 
Gadovist) showing nodular left pleural tumour (arrows), ipsilateral effusion and compressed 
lung. Right panel: T2-weighted axial showing ipsilateral effusion in white (see red *). 

Wildtype Mouse: 
Normal post-mortem appearances

Meso GDMM: Extensive post-mortem tumour 
(arrows) after pleural effusion drained

Heart HeartLungs LungsHuman Meso at Local Anaesthetic Thoracoscopy: T1N0M0 Epithelioid. Both images are 
from left pleural space after drainage of associated large pleural effusion. Arrows highlight 
multiple areas of tumour. Ao: Aorta, LLL: Left lower lobe, LHD: left hemidiaphragm 

*

Figure 1. Translation of Human MRI endpoints to Mouse Models

*



WP5: Risk and Response
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• Additional longitudinal human cohorts
• RISK of Benign - Meso Evolution

• Serum Proteomics
• Exhaled Breath Metabolomics
• Perfusion MRI

• RESPONSE: AI volumetric imaging and 
circulating markers 

• Critical for future trials 
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Perfusion MRI
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Risk Profiling 
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WP1 
590 patients with BAPE

25 UK centres

2-yr F/U

any analyses. In the remaining 60 cases, isotropic, coronal T1-weighted,
fat saturated, 3D spoiled gradient echo sequences (repetition time
2.8–3.2 ms, echo time 1–1.1ms, field of view 400–440mm, matrix
224× 100, flip angle 9°, slice thickness 1.8–1.9 mm, no inter-slice gap)
were acquired during a short breath-hold at end-inspiration. Images
were acquired at baseline and at 40 s, 80 s, 4.5min, 9min and 13.5 min
after injection of 0.1 mmol/kg gadobutrol contrast (Gadovist, Bayer,
Germany) at 2ml/s.

2.4. MRI analyses

2.4.1. Morphology
Each case was classified as benign or malignant by two experienced

thoracic radiologists (DS, GWC), based on morphology assessment
alone. The presence or absence of established morphological features of
PM, [24] including nodular or mediastinal pleural thickening, fissural
nodularity, pleural thickening> 1 cm and chest wall or diaphragmatic
invasion, was used to classify patients. Both radiologists were blinded to
the clinical and perfusion MRI data. A third thoracic radiologist (CN)
provided a casting classification in discordant cases.

2.4.2. Perfusion data
Perfusion analyses were performed by two senior respiratory phy-

sicians (ST and KGB), using OsiriX v5.8 (Pixmeo, Bernex, Switzerland).
KGB’s results were used solely to assess inter-observer agreement.
Repeat analyses by ST after a 2-month interval were used to assess
intra-observer agreement. Images were anonymised and both operators
were blinded to all other data. Up to 15 Regions of Interest (ROI) were
defined at each time point (Fig. 1(a) and (b)), using a track-ball mouse
and cursor, on representative areas of pleural disease. The pleura was
defined as the visible structure running parallel with, and medial to the
rib-cage and immediately contiguous with either aerated lung, pleural
fluid or air (depending on the presence of a fully expanded lung, pleural

effusion or pneumothorax, respectively at the imaged location). Care
was taken to constrain the boundaries of the ROI to the parietal pleura,
where possible, accepting that in cases where there was no pleural fluid
or air separating parietal and visceral pleura this could not be guar-
anteed. Once the required number of ROI (minimum of 5 in patients
with macro-nodular disease and 15 in patients with non-nodular dis-
ease) were defined on the 4.5-min post-contrast scan, these were elec-
tronically copied and pasted onto all other scans. Each scan was then
visually assessed and each operator was asked to make minor adjust-
ments to the position of each ROI to account for inconsistencies in the
patient’s breath-hold and chest wall position, where required.

In patients with macro-nodular disease, a minimum of 5, and up to
15 ROIs were placed on pleural mass lesions (Fig. 1(a)). The number
defined depended on the number of nodules; areas of necrosis were
avoided. In the absence of macro-nodular disease, 15 ROIs were placed
in all cases to ensure broad, random image sampling of the parietal
pleura given the absence of visual indicators of pleural tumour. These
ROI were defined consistently at anatomically similar locations in each
patient (Fig. 1(b–d)), and were distributed across 3 coronal slices:

1. Midpoint slice: the slice with the largest continuous length of par-
ietal pleura measured cranio-caudally. 9 ROIs were evenly dis-
tributed from cupula to costophrenic recess.

2. Anterior slice: the slice half-way from the midpoint slice to the most
anterior slice where parietal pleura was identifiable. 3 ROIs were
evenly distributed.

3. Posterior slice: the slice half-way from the midpoint slice to the most
posterior slice where parietal pleura was identifiable. 3 ROIs were
evenly distributed.

Signal intensity (SI) was measured within each ROI at each time
point, generating ROI SI/time plots (Fig. 1). SI measurements were
corrected for background signal noise using SI of extra-corporeal air.

Fig. 1. Contrast-enhanced, coronal, T1-weighted, fat-saturated, 3d spoiled gradient echo sequence Magnetic Resonance Images in two patients with Malignant Pleural Mesothelioma
(MPM) with highlighted Regions of Interest (ROI). (a) demonstrates a patient with overtly nodular pleural disease. (b) demonstrates a patient with effusion-dominant, low volume pleural
disease. Signal intensity/time curves for up to 15 ROI were plotted. (c) demonstrates an early peak in signal intensity at/before 4.5min (Early Contrast Enhancement (ECE)) in all ROI in a
patient with MPM. (d) demonstrates ECE in 9/15 ROI in a patient with MPM. (e) demonstrates no ECE in any ROI in a patient with Benign Asbestos Pleural Effusion (BAPE).
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WP5.1 Progress

Risk Profiling (@ Benign Inflammation in Meso-ORIGINS)
• Perfusion MRI Manual complete. Training, Software and Remote 

Access → Matheus Zanon and Stephan Altmayer
• Breath Metabolomic training videos complete. Kevin Lamote

ORIGINAL ARTICLE
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ABSTRACT

Introduction: Malignant pleural mesothelioma (MPM) is
difficult to diagnose. An accurate blood biomarker could
prompt specialist referral or be deployed in future
screening. In earlier retrospective studies, SOMAscan pro-
teomics (Somalogic, Boulder, CO) and fibulin-3 seemed
highly accurate, but SOMAscan has not been validated
prospectively and subsequent fibulin-3 data have been
contradictory.
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• Serum Proteomics:
• DIAPHRAGM study, Tsim et al, JTO 2021
• Meso v Asb Exp Controls: 
• Se 75% Sp 82%, AUC 0.855

• Further work ongoing

Site Feasibility and Recruitment 



WP5.2 Progress

Response Biomarkers
• Circulating Markers in
• Prospective, multi-centre, longitudinal observational cohort study 
• Longitudinal banking of pleural fluid and blood (plus data and imaging)
• 15 of 20 planned sites now open: Serum mesothelin analyses planned
• Infrastructure and banked samples leveraged in:
• IAMMED-Meso CRUK Programme: Details later…
• ctDNA Meso Biomarker: Collins Lab, UBC

• Automated Volumetric Segmentation using Deep Learning AI
• Prototype complete and manuscript under review. Details later…





Additional Funding



• Despite challenges there has been considerable progress
• Timetable has effectively been shifted back by 1 year; on-schedule
• Moving into tissue collection phase, feeding downstream pre-clinical pipelines
• Final design decisions re tissue pipeline and molecular analysis
• COVID pressures will make recruitment to Meso-ORIGINS challenging 
• Increased visibility soon via www.predict-meso.com
• Tissue and data sharing, new collaborations and projects, additional funding
• Project Manager: alexandrea.macpherson@glasgow.ac.uk

Summary

http://www.predict-meso.com/
mailto:Alexandrea.Macpherson@glasgow.ac.uk
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2 STUDY FLOWCHARTS 

2.1 ARM A 
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MRI Sub-study 

VISIT A3 (6 months (+/- 14 days)) 
Routine clinical review, blood draw, CT, follow-up data 
 
 

ASBESTOS-ASSOCIATED BENIGN PLEURAL INFLAMMATION 

Identified at outpatient clinic, MDT meetings or during inpatient reviews, or via Arm A 

VISIT A1 (Day 1) CONSENT, REGISTRATION, BASELINE DATA & SAMPLES 
Study introduced, provision of PIS and written consent. Patient registered with CTU. Baseline 
data recorded, bloods, exhaled breath +/- pleural fluid collected. Arrange retrieval of pleural 
biopsy from local pathology and transport to research tissue bank. At participating sites, 
MRI sub-study introduced, PIS provided, written consent, CTU registration. MRI safety 
questionnaire completed, and MRI appointment scheduled NB: Patients declining F/U visits 
can consent to retrieval and banking of previous and subsequent biopsy & fluid samples.  

VISIT A4 (12 months (+/- 14 days)) 
Routine clinical review, blood draw, CT, follow-up data 
 

VISIT A5 (18 months (+/- 14 days)) 
Routine clinical review, blood draw, CT, follow-up data 
 

EXIT STUDY   

EXCLUSION CRITERIA 
o Any cytologically or 

histologically 
confirmed pleural 
malignancy* 

o Any pleural infection 
including TB 

o Granulomatous 
pleural inflammation 

o Any specific pleuritis 
diagnosed (e.g. RA) 

o Previous Pleurodesis  
 
 

 

VISIT A2 (Day 15 (+/- 10 days)) 
Perfusion MRI scan (+/- bloods and exhaled breath sampling 
if not completed at Visit 3). Participating centres only. 
 

REPEAT BIOPSY (METHOD 
DIRECTED BY CLINICAL 

TEAM). PLEURAL BIOPSIES 
AND FLUID RETRIEVED AND 

TRANSPORTED TO RTB  
 

VISIT A8: 
REPEAT BIOPSY AND 

PLEURAL FLUID. 
SAMPLES COLLECTED 

& BANKED 
 

VISIT A9 
A7 +/- 14 

days 
Review 
Results 

 

INCLUSION CRITERIA 
• History of asbestos exposure or imaging compatible with this (e.g., pleural plaques) 
• Any form of pleural biopsy within last 1 year showing evidence of associated pleural 

inflammation (e.g., benign fibrinous pleurisy, non-specific pleuritis, atypical 
mesothelial proliferation)  

• Informed written consent to at least banking of any previous and future pleural tissue 
samples 

 

VISIT A6 (24 months (+/- 14 days)) 
Routine clinical review, blood draw, CT, follow-up data 
 

Clinical suspicion 
of MPM at any 
time, including 
immediate re-
biopsy after an 
initial benign 

result 
 
 

VISIT A7: Repeat 
Biopsy Screening  

Cases selected at A5 or 
A6 by local PI based on 

 
NO Clinical 

Suspicion of MPM 
after at least 18 

months F/U 
 
Eligible if LAT or image 
guided biopsy feasible 
and informed consent 

 
NB: LAT PREFERABLE 

*Clinical suspicion of MPM 
after initial negative (benign) 
biopsy is NOT an exclusion 
criterion. This includes 
patients with malignant-
looking CT imaging who are 
NOT excluded. 
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2.2 ARM B 
 
 

 
 
 
 
 
 
 
 
 
 

STUDY FLOW CHART: ARM B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SUSPECTED MESOTHELIOMA 

Identified at outpatient clinic, MDT meetings or during inpatient reviews 

EXCLUSION CRITERIA 
o Current or recent (within 

last 3 months) intercostal 
chest drain 

o Previous Pleurodesis  
 
 

 

INCLUSION CRITERIA 
• Suspected pleural malignancy, as defined by a unilateral pleural 

effusion or pleural-based mass lesion 
• History of asbestos exposure and/or typical radiological features 

of asbestos exposure, e.g., pleural plaques 
• Sufficient fitness for thoracoscopy (LAT or VATS are permissible) 
• Informed written consent 

 

 
VISIT B1: CONSENT, REGISTRATION and BASELINE DATA (Day 1) 
Study introduced, patient provided with PIS and written consent received. Patient registered with CTU.  

VISIT B2: THORACOSCOPY (Day 15 (+/- 10 days)) 
Local Anaesthetic Thoracoscopy (LAT) or Video-assisted Thoracic Surgery (VATS) thoracoscopy. Multi-region 
research biopsies taken (4-6) in addition to separate clinical biopsies, plus 100-500 ml surplus pleural fluid  
 

 
 VISIT B3: REVIEW WITH THORACOSCOPY BIOPSY RESULTS (Day 29 (+/- 14 days)) 

Clinical review in OP or IP setting. Discuss biopsy findings and direct as below 
 

 
 

MESOTHELIOMA 
 
 

 

BENIGN PLEURAL INFLAMMATION 
e.g. Benign Fibrinous Pleurisy,  
Non-specific pleuritis, Atypical 
Mesothelial Proliferation 
 
 

 

ANY OTHER DIAGNOSIS 
 
 

 
EXIT STUDY   EXIT STUDY   

NB: Consider 
ASSESS-Meso study 

if open at site 
DIRECT TO ARM A 
See preceding page 

 
 



Meso-ORIGINS Biopsy Manual 
V1.2 25Nov21 Page 24 of 27  

BIOPSY DETAILS 
 

ZONE APPEARANCE RESEARCH BIOPSIES 
Ideally 4-6 from different zones 

(3) CLINICAL 
BIOPSIES 

1  o No        o Yes         Pot(s) #_________ o Yes        
2  o No        o Yes         Pot(s) #_________ o Yes        
3  o No        o Yes         Pot(s) #_________ o Yes        
4  o No        o Yes         Pot(s) #_________ o Yes        
5  o No        o Yes         Pot(s) #_________ o Yes        
6  o No        o Yes         Pot(s) #_________ o Yes        
7  o No        o Yes         Pot(s) #_________ o Yes        
8  o No        o Yes         Pot(s) #_________ o Yes        
9  o No        o Yes         Pot(s) #_________ o Yes        
10  o No        o Yes         Pot(s) #_________ o Yes        
11  o No        o Yes         Pot(s) #_________ o Yes        
12  o No        o Yes         Pot(s) #_________ o Yes        
13  o No        o Yes         Pot(s) #_________ o Yes        
14  o No        o Yes         Pot(s) #_________ o Yes        
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RECORD APPEARANCE IN ALL ZONES AS: 
§ MACRO - macroscopic nodules 
§ MICRO - microscopic nodules 
§ THICK - pleural thickening 
§ PLAQUE – calcified pleural plaque  
§ NORMAL – no abnormality seen 
 

RECORD RESEARCH BIOPSIES AS: 
§ Yes or No; if Yes, record the research 

biopsy pot(s) used for collection 
§ Samples from a single site must be put 

in a single numbered biopsy pot 
§ Six pots are provided in the visit pack 
§ Multiple biopsies might be taken from 

the same site to get deeper biopsies  
§ If biopsies are taken from a different 

site in the same zone use a new pot 
§ Biopsies from different sites should 

NEVER GO IN THE SAME POT 
 

NOTES ON PLEURAL ZONE MAP BELOW: Odd-numbered parietal zones correspond to upper half of field of view. The dashed 
line = the visceral surface of the lung. Zone 11=Diaphragm. Zones 12-14=RLL, RML & RUL on right; LLL, Lingula & LUL on left 
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§ Samples from a single site must be put 

in a single numbered biopsy pot 
§ Six pots are provided in the visit pack 
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the same site to get deeper biopsies  
§ If biopsies are taken from a different 
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§ Biopsies from different sites should 
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Figure 1.6 T2-weighted axial (Panels A and B) and coronal (Panel C) HASTE 

images of a patient with pleural effusion, taken pre-contrast using a 3T Siemens 

Magnetom PRISMA® MR scanner at the Glasgow Clinical Research Imaging 

Facility, QEUH. Panels B and C clearly demonstrate multiple septations 

(appearing dark) within pleural fluid (bright) 
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Figure 1.7 T1-weighted axial (Panel A) and coronal (Panel B) fat-saturated VIBE 

images of two patients with Malignant Pleural Mesothelioma, taken post-contrast 

using a 3T Siemens Magnetom Verio® MR scanner at the BHF Glasgow 

Cardiovascular Imaging Facility (Panel A) and a 3T Siemens Magnetom PRISMA® 

MR scanner at the Glasgow Clinical Research Imaging Facility, QEUH (Panel B). 

Panel A demonstrates enhancing pleural tumour and Panel B demonstrates 

nodular pleural thickening with chest wall invasion 

heart lung

Pleural Space

heart lung

Healthy mouse   vs.   Cre + asbestos (end stage)

NF2f/f;Cdkn2a-/-;p53f/f

Pleural Space

Murphy Lab, Glasgow

Thoracic MR images of wild type mouse: 7-T Bruker Biospec scanner, Glasgow Experimental 
MRI Centre. Left paneI: T1-weighted, axial showing cardiac structures (* on left ventricle) but 
no pleural effusion nor mass. Right Panel: T2-weighted, contrast enhanced (IV Magnevist) 
following intra-pleural injection of 250 µl saline to induce a small right pleural effusion (arrow)

GDMM imaging planned, 7T v 1T, effusion 
+/- more complex eg volumetry, perfusion 

July ‘21: Pilot work 
in wildtype mice

Thoracic MR images of human Mesothelioma: 3T Siemens Magnetom scanner, Glasgow 
Imaging Centre of Excellence. Left panel: T1-weighted, coronal, contrast-enhanced (IV 
Gadovist) showing nodular left pleural tumour (arrows), ipsilateral effusion and compressed 
lung. Right panel: T2-weighted axial showing ipsilateral effusion in white (see red *). 

Wildtype Mouse: 
Normal post-mortem appearances

Meso GDMM: Extensive post-mortem tumour 
(arrows) after pleural effusion drained

Heart HeartLungs LungsHuman Meso at Local Anaesthetic Thoracoscopy: T1N0M0 Epithelioid. Both images are 
from left pleural space after drainage of associated large pleural effusion. Arrows highlight 
multiple areas of tumour. Ao: Aorta, LLL: Left lower lobe, LHD: left hemidiaphragm 

*

Figure 1. Translation of Human MRI endpoints to Mouse Models

*


