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ARTICLE INFO ABSTRACT

Keywords: Objectives: We aimed to describe mesothelin (MSLN) and programmed cell death 1 ligand 1 (PD-L1) tumour
MeSOthe.lioma overexpression amongst patients with malignant mesothelioma (MM), and their associations with survival,
Prognosis amongst a cohort of patients with MM in Finland.

Biomarkers

Methods: Between 2004 and 2017, 91 adults with histologically confirmed MM were identified from the Auria
Biobank in Finland and followed-up using linked data from electronic health records and national statistics.
Biomarker content in tumour cell membranes was determined using automated Immunohistochemistry on his-
tological sections. Stained tumour sections were scored for MSLN and PD-L1 intensity. Adjusted associations
between MSLN/PD-L1 co-expression and mortality were evaluated by estimating hazard ratios (HRs) with 95%
confidence intervals (CIs) using Cox regression.

Results: Biomarker overexpression occurred in 52 patients for MSLN and 34 patients for PD-L1 and was associated
with tumour histology and certain comorbidities. Fifteen per cent of patients had a tumour that overexpressed
both biomarkers; r =-0.244, p-value: 0.02. Compared with MSLN+/PD-L1+ patients, HRs (95% CIs) for death
were 4.18 (1.71-10.23) for MSLN-/PD-L1+ patients, 3.03 (1.35-6.77) for MSLN-/PD-L1- patients, and 2.13
(0.97-4.67) for MSLN+/PD-L1- patients.

Conclusions: Both MSLN and PD-L1 markers were independent prognostic indicators in patients with MM.
Overexpression of MSLN was associated with longer survival; yet their combined expression gave a better
indication of survival. The risk of death was four times higher amongst MSLN-/PD-L1+ patients than in MSLN+/
PD-L1+ patients.

Disease progression
Programmed cell death 1 ligand 1

1. Introduction prevalence of mesothelioma [6] and, for some countries,

under-reporting of this cancer may hide a much higher burden of disease

Malignant mesothelioma (MM) is a devastating cancer arising
mainly in the cells lining the pleura [1]. In most cases, it is caused by
past exposure to asbestos fibres in workplace environments, and has an
average latency period between exposure and onset of symptoms of
35-45 years[2-4]. According to recent registry-based data, the incidence
of mesothelioma in Europe has a male:female ratio of approximately 3:1
[5]. There is considerable inter-country variation in the incidence and
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[7, 8].

Mesothelioma is a fatal disease with patients having a median overall
survival of 15 months [9]. This poor prognosis is further affected by
tumour histology — the sarcomatoid type having shorter median survival
compared with epithelioid and mixed types [10]. Differential diagnosis
of MM is difficult not only because of its heterogeneity, but also because
pleura is a common site for metastatic disease, and MM is often
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confounded by other tumour types (e.g. other tumours of the pleura,
ovarian cancer, etc.) [11-13]. To overcome these challenges, recent
years have seen extensive research into biomarkers with good specificity
and sensitivity profiles for identifying MM. Some of the most promising
are mesothelin (MSLN) and programmed cell death 1 ligand 1 (PD-L1)
[14-16], both of which are current therapeutic targets in the treatment
of MM [17-19].

MSLN is a protein expressed in the membrane surface in the majority
(around 75-80%) of mesothelioma tumour cells [20, 21]. It has good
specificity but poor sensitivity in the diagnosis of malignant pleural
mesothelioma [14, 20]. In addition, MSLN has been studied as a po-
tential indicator of treatment response and prognosis, but despite better
performance than other biomarkers, results have been inconsistent and
study sizes often small [14, 22-26]. PD-L1 is expressed in approximately
20% of the tumour cells in patients with MM [27]. Notwithstanding
extensive clinical research, the prognostic role of PD-L1 in mesothelioma
patients remains controversial [28-32]. The differential clinical course
of pleural mesothelioma with and without overexpression of MSLN and
PD-L1 is not well understood [23, 27] and there has been little research
into the co-expression of these two biomarkers in mesothelioma tumours
and its clinical implications. To this end, we performed a retrospective
observational study among a cohort of patients with MM in Finland that
aimed to describe MSLN and PD-L1 tumour expression and their asso-
ciations with the natural history of the disease.

2. Materials and methods
2.1. Data sources and study population

We used data from the Auria Biobank in Finland with linkage to
hospital-based electronic health records (EHRs) and to Statistics
Finland. The Biobank is situated in Turku, Finland and is a joint insti-
tution between the hospital districts of Southwest Finland, Satakunta
and Vaasa, VSSHP, and Turku University. It was established in 2012, and
in Spring 2014 it received its operating license from the National Su-
pervisory Authority for Welfare and Health. The Biobank’s activities
adhere to the 2013 Finnish Biobank Act, which came into force in
September 2013. Donor samples and associated information are
collected and saved in the Biobank for research purposes either with the
donor’s direct consent or through a notification process. A total of 146
individuals aged >18 years were identified from the Biobank with a
diagnosis of mesothelioma (International Classification of Diseases
[ICD] version 10: code C45.x) between 2004 and 2017. Among these
individuals, 140 had at least one Formalin-Fixed Paraffin-Embedded
(FFPE) tumour sample available from the pathology archives, 91 of
whom had MM confirmed following histopathology and were included
in the study. All but two mesothelioma tumour samples used in this
study were collected either before, or at the time of, mesothelioma
diagnosis. Histology and molecular characteristics of the tumours,
including the level of MSLN and PD-L1 expression, were determined by
immunohistochemistry (IHC) and histopathology expert evaluation.
Clinical and demographic characteristics of patients, comorbidities and
treatments administered were obtained from linked hospital-based
EHRs. Further patient data including socio-economic status, employ-
ment history, asbestos exposure, and cause and date of death was ob-
tained through linkage to Statistics Finland using a non-trackable unique
identifier. Use of these tumour samples and other patient data were
approved by Auria Biobank’s Scientific Steering Committee under De-
cision AB17-8946 and by Statistics Finland under application number
TK-53-124-18 and project ID U1118 a. All patients included in the
study were followed from the date of mesothelioma diagnosis to either
death or the end of follow-up at 31st December 2017, whichever came
first.
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2.2. Patient characteristics

We obtained information from the patients’ electronic health records
on demographics (age at diagnosis and socioeconomic status), exposure
to asbestos, treatment (chemotherapy, radiotherapy) and comorbidities.
We calculated the Charlson comorbidity score for each patient and
categorised them as scores of 0-3, 4-5 and >5. To identify the start and
end dates of a treatment, and therefore differentiate the lines of treat-
ment, for each patient we identified any longitudinal change in the
treatment. According to ESMO guidelines [11], the recommended
first-line therapy is pemetrexed plus platinum-based treatment, which
may be followed by maintenance on pemetrexed as monotherapy.
Currently, there is no standard of care for second-line therapy, thus any
treatment regime after the first administered was considered to be
second-line treatment.

2.3. Analysis of MSLN and PD-L1 in tumour and classification of patients
according to their expression levels

Automated IHC was performed on 4 um histological FFPE sections on
a Ventana Discovery autostainer using DAB detection chemistry with
anti-PD-L1 antibody (clone SP263) [33] and anti-MSLN antibody (clone
SP74) [34] from Ventana Medical Systems Inc. (Tucson, AZ, USA),
respectively. Stained sections were transferred physically to the same
board of certified pathologist (Provitro AG, Germany) for scoring. In
addition, one H&E stained slide per sample was provided to assess the
tumour content. The result of the analysis included the following in-
formation for each sample: the tumour content as a percentage, the
percentage of tumour cells showing membrane staining with intensity
scores of 0, 1, 2 and 3 for PD-L1 and MSLN, and the calculated H-score
for both biomarkers. The H-score is a measure of biomarker expression
that ranges from O to 300 and considers the number of cells expressing
the marker of interest as well as the intensity of such expression. It is
calculated using the following formula [35, 36]

1 x (%cells] +) + 2 x (%cells2 +) + 3 x (%cells3 +)

For analysis, we classified the study population into four mutually
exclusive categories according to the level of MSLN and PD-L1 expres-
sion. First, we assigned a threshold to identify overexpression of each
biomarker. For MSLN, we considered overexpression (MSLN+) as an
expression at moderate or strong membrane intensity (2 or 3) on >30%
of tumour cells in the FFPE section [37, 38]. For PD-L1 we considered
overexpression (PD-L1+) as an expression showing a Tumour Propor-
tion Score (TPS) > 1% [39]. TPS is defined as the percentage of viable
tumour cells showing partial or complete membrane staining in the
FFPE section related to all tumour cells on the slide [27, 39]. Patients
were subsequently assigned to one of the following four groups:
MSLN+/PD-L1+, MSLN+/PD-L1-, MSLN-/PD-L1+, and MSLN-/PD-L1-.

2.4. Statistical analysis

Baseline characteristics were described for each biomarker expres-
sion group. Categorical variables were summarised using frequency
counts and percentages, and continuous variables were summarised
using medians with inter-quartile range (IQR). The H-score, as a
continuous variable, was used to calculate the Pearson’s correlation
coefficient (r) as a measure of the linear association between MSLN and
PD-L1 expression levels. Associations between patient characteristics
and MSLN and PD-L1 overexpression were identified using multinomial
logistic regression to calculate crude odds ratios (ORs) with 95% con-
fidence intervals (CI). To explore the effects of MSLN/PD-L1 over-
expression, and other patient characteristics on mortality, we produced
Kaplan-Meier survival curves and used Cox regression to calculate
hazard ratios (HRs) with 95% CIs adjusted for confounders. Tumour
overexpression was evaluated independently for the two biomarkers (i.
e. two categories for each; MSLN+ or MSLN-, and separately PD-L1+ or
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PD-L1-), as well as according to their co-expression (i.e. the four
biomarker categories). For the latter, we also evaluated the risk of death
for MSLN+/PD-L1-, MSLN-/PD-L1+ and MSLN-/PD-L1- patients, using
MSLN+/PD-L1+ patients as the reference group. Statistical Analysis
Software version 9.4 (SAS Institute, Cary, NC) was used for all data
management and statistical analysis.

3. Results
3.1. Baseline characteristics

Baseline characteristics of the 91 mesothelioma patients in the study
are described according to MSLN and PD-L1 co-expression in Table 1,
and according to MSLN and PD-L1 expression separately, in the Ap-
pendix Table. Eighty-three (91%) patients had pleural mesothelioma.
There were 39 (43%) MSLN- patients, of whom 20 were PD-L1- and 19
were PD-L1+, and 52 (57%) MSLN+ patients of whom 37 were PD-L1-
and 15 were PD-L1+. The H-score of MSLN and PD-L1 showed an in-
verse non-adjusted correlation (Pearson coefficient -0.244, p-value:
0.02). Demographic characteristics were generally similar irrespective
of MSLN or PD-L1 overexpression, although PD-L1- patients were
slightly younger than PD-L1+ patients. Of the four biomarker expression
subgroups, the MSLN-/PD-L1+ group had the highest frequency of
males (94.7%); this group was also the oldest with a mean age of 70.1
years. Most MSLN+ patients and most PD-L1- patients had epithelioid

Table. 1
Characteristics of the 91 patients with malignant mesothelioma by MSLN and
PD-L1 co-expression levels.

MSLN- (n = 39) MSLN+ (n = 52)

PD-L1- (n PD-L1+ (n PD-L1- (n PD-L1+4
= 20) =19) = 37) (n=15)
n % n % n % n %
Male, 17 85.0 18 947 30 811 12 80.0
Age at diagnosis
(years)
<65 8 400 5 26.3 15 405 4 26.7
65-74 8 40.0 8 42.1 14 37.8 8 53.3
>75 4 200 6 31.6 8 216 3 20.0
Socio-economic
status (1990-2010)
Self-employed 2 100 3 15.8 8 216 3 20.0
Upper-level employee 1 5.0 3 15.8 5 135 1 6.7
Lower-level employee 9 450 2 10.5 6 16.2 2 13.3
Manual worker 4 20.0 9 47.4 15 405 7 46.7
Others 4 200 2 10.5 3 8.1 2 13.3
Exposed to asbestos 10 500 9 47.4 22 595 6 40.0
according to
medical records
Pleura anatomical 18  90.0 18 947 34 919 13 86.7
site
Histology
Missing 2 100 O 0.0 2 5.4 1 6.7
Epithelioid 13 650 7 36.8 34 919 12 80.0
Mixed 1 5.0 4 21.1 1 2.7 2 13.3
Sarcomatoid 4 200 8 42.1 0 0.0 0 0.0
Death 19 950 19 1000 36 973 14 933
Follow-up*“median + 245+435 155+230 345+520 4354595
IQR
Chemotherapy 16 80.0 15 789 34 919 13 867
Pemetrexed &
platinum-based
therapy
Maintained 8 50.0 12  80.0 13 382 7 53.8
Followed by other 8 50.0 2 13.3 18 529 4 30.8
therapies
Sole monotherapy 0 0.0 1 6.7 3 8.8 2 15.4
Radiotherapy
1 4 200 4 21.1 9 243 5 33.3
2-5 4 200 2 10.5 4 108 3 20.0

* Rounded to the nearest 5 days. IQR, inter-quartile range; MM, malignant
mesothelioma; MSLN, mesothelin; PD-L1, programmed cell death 1 ligand 1.
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tumour histology (88.5% and 82.5%; Appendix Table). Epithelioid
tumour histology was seen in the majority of MSLN+ patients irre-
spective of PD-L1 overexpression (91.9% for MSLN+/PD-L1- patients
and 80.0% for MSLN+/PD-L1+ patients; Table 1). The MSLN-/PD-L1+
biomarker subgroup was the most heterogeneous in terms of tumour
histology: 37% epithelioid, 42% sarcomatoid and 21% mixed histology.

MSLN- patients were treated with chemotherapy less frequently than
MSLN+ patients (79.5% vs 90.4%, respectively; Appendix Table).
Administration of second-line treatment following pemetrexed + plat-
inum-based therapy was commonly received by PD-L1 patients: 52.9%
of MSLN+/PD-L1- patients, 50.0% of MSLN-/PD-L1- patients compared
with 30.8% of MSLN+/PD-L1+ patients, and 13.3% of MSLN-/PD-L1+
patients (Table 1). No differences between biomarker subgroups were
seen in respect to treatment with radiotherapy (in total, between
approximately 36% to 40% of patients received at least one dose; Ap-
pendix Table).

3.2. Patient characteristics and MSLN/PD-L1 overexpression

Associations between patients’ baseline characteristics and MSLN/
PD-L1 overexpression are shown in Table 2. PD-L1 overexpression
(OR 0.43, 95% CI: 0.18-1.02) and comorbidities of the circulatory sys-
tem (OR: 0.28, 95% CI: 0.08-0.98) were both associated with a reduced
likelihood of MSLN overexpression. There was some evidence that
chemotherapy was associated with more than twice the likelihood of
MSLN overexpression compared with no chemotherapy (OR 2.43, 95%
CI: 0.73-8.10) although the wide CI meant the estimate was imprecise.
Having either mixed or sarcomatoid tumour histology was associated
with an increased likelihood of PD-L1 overexpression when compared
with epithelioid histology: (OR 7.42, 95% CI: 1.37 -40.09) for mixed
histology and OR 4.95 (95% CI: 1.33-18.39) for sarcomatoid histology.
Other factors for which there was some evidence that they may be
associated with PD-L1 overexpression were: older age (OR 1.92, 95% CI:
0.60-6.10 for >75 years vs 18-64 years, and OR 1.86, 95% CI:
0.68-5.07 for 65-74 years vs. 18-64 years), a Charlson comorbidity
score of >six (OR 2.36, 95% CI: 0.71-7.90 vs. a score of 0-3), and having
a circulatory system comorbidity (OR 3.20, 95% CI: 0.95-10.76).

3.3. Survival

Eighty-eight patients (97%) died over a total follow-up of 53,265
person-days (median of 285 days, IQR 150-570). The three surviving
patients had an observational time-at-risk of 2545 (patient belonging to
the MSLN-/PD-L1- group), 1945 (MSLN+PD-L1+) and 140 days
(MSLN+/PD-L1-), and none were MSLN-/PD-L1+. Among all 91 pa-
tients, survival time was shortest for MSLN- patients (median of 195
days), and longest for MSLN+ patients (median of 375 days). The
reverse pattern, although less marked, was seen for PD-L1 expression, i.
e. PD-L1+ patients had a shorter survival time (median of 228 days)
than PD-L1- patients (median of 330 days). The better survival of
MSLN+ patients (vs. MSLN- patients) and of PD-L1- patients (vs. PD-L1+
patients) is shown in the Kaplan-Meier survival curves (Fig. 1a and 1b,
respectively). Furthermore, the survival curves in relation to the
biomarker H-scores show the increasingly better survival with
increasing MSLN intensity (Figure 1c), and the increasingly worse
survival with increasing PD-L1 intensity (Figure 1d). In the Cox
regression analysis, MSLN+ status (vs. MSLN-) was associated with a
reduced risk of death after adjusting for confounders, including tumour
histology (HR 0.53, 95% CI: 0.31-0.91) (Table 3). The age-and gender
adjusted HR for PD-L1+ (vs. PD-L1-) was 1.15 (95% CIL: 0.73-1.80) and
this changed substantially to HR 0.56 (95% CI: 0.32-0.99) in the fully-
adjusted model, being driven predominantly by adjustment for histol-
ogy and chemotherapy sequence.

Of the four biomarker subgroups, the MSLN-/PD-L1+ group (the
oldest group with the highest percentage of males) had the worst
prognosis. All 19 of these patients died, their median time between
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Table. 2

Crude odds ratios (95% CI) for the association between patient characteristics and of overexpression of MSLN or PD-L1.
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MSLN
n (%) MSLN-

n (%) MSLN+

OR (95% CI)

PD-L1
n (%) PD-L1-

n (%) PD-L1+

OR (95% CI)

PD-L1+ 19 (48.7) 15 (28.8) 0.43 (0.18-1.02) -

Exposure to asbestos 19 (48.7) 28 (53.8) 1.23 (0.54-2.82) 32 (56.1) 15 (44.1) 0.62 (0.26-1.45)
Age at diagnosis, years

18-64 13 (33.3) 19 (36.5) 1.00 (reference) 23 (40.4) 9 (26.5) 1.00 (reference)
65-74 16 (41.0) 22 (42.3) 0.94 (0.36-2.45) 22 (38.6) 16 (47.1) 1.86 (0.68-5.07)
>75 10 (25.6) 11 (21.2) 0.75 (0.25-2.28) 12 (21.1) 9 (26.5) 1.92 (0.60-6.10)
Histology

Epithelioid 20 (51.3) 46 (88.5) 1.00 (reference) 47 (82.5) 19 (55.9) 1.00 (reference)
Mixed 5(12.8) 3(5.8) - 2(3.5) 6 (17.6) 7.42 (1.37-40.09)
Sarcomatoid 12 (30.8) 0 (0) - 4 (7.0) 8 (23.5) 4.95 (1.33-18.39)
Comorbidities

ICD-10 chapter

1. Neoplasm 5(12.8) 13 (25.0) 2.27 (0.73-7.01) 12 (21.1) 6 (17.7) 0.80 (0.27-2.38)
1V. Endocrine 2(5.1) 7 (13.5) 2.88 (0.56-14.70) 5(8.8) 4 (11.8) 1.39 (0.35-5.56)
IX. Circulatory 9(23.1) 4(7.7) 0.28 (0.08-0.98) 5(8.8) 8(22.5) 3.20 (0.95-10.76)
X. Respiratory 31 (79.5) 37 (71.2) 0.64 (0.24-1.70) 44 (77.2) 24 (70.6) 0.71 (0.27-1.86)
XVIIIL. Signs, symptoms 9 (23.1) 7 (13.5) 0.52 (0.17-1.54) 11 (19.3) 5(14.7) 0.72 (0.23-2.29)
Charlson comorbidity score

0-3 17 (43.6) 20 (38.5) 1.00 (reference) 26 (45.6) 11 (32.4) 1.00 (reference)
4-5 13(33.3) 25 (48.1) 1.64 (0.64-4.15) 23 (40.4) 15 (44.1) 1.54 (0.59-4.02)
>6 9(23.1) 7 (13.5) 0.66 (0.20-2.15) 8(14.0) 8(23.5) 2.36 (0.71-7.90)
Chemotherapy 31 (79.5) 47 (90.4) 2.43(0.73-8.10) 50 (87.7) 28 (82.4) 0.65 (0.20-2.14)
Radiotherapy 14 (35.9) 21 (40.49) 1.21 (0.51-2.85) 21 (36.8) 14 (41.2) 1.20 (0.50-2.86)

CI, confidence interval; MSLN, mesothelin; OR, odds ratio; PD-L1, programmed cell death 1 ligand 1.

diagnosis and death was 155 days, and only 13.3% reached second-line
treatment. PD-L1+4/MSLN+- patients had the longest survival (median of
435 days), even though 14 (93%) of these patients died during follow-
up. Age-adjusted associations of death with baseline patient character-
istics stratified by overexpression of MSLN (MSLN+ or MSLN-) and
separately by overexpression of PD-L1 (PD-L1+ or PD-L1-), are shown in
Table 4. Regardless of overexpression of each biomarker, patients aged
75 years or more had higher risk of death. Likewise, an increased risk of
death was seen among patients with sarcomatoid or mixed histology
tumours compared to those with epithelioid histology. However, this
association did not exist in patients with MSLN+ tumour. A high co-
morbidity index was also associated with higher risk of death. Not
receiving chemotherapy or radiotherapy was also associated with a
higher risk of death. Overexpression of MSLN was associated with a
reduced risk of death especially among PD-L1+ patients (age-adjusted
HR 0.26, 95% CI: 0.11-0.58). Interestingly, among MSLN- patients,
overexpression of PD-L1 was associated with an increased risk of death
(age-adjusted HR, 1.88, 95% CI: 0.96-3.71), whereas among MSLN+
patients, overexpression of PD-L1 was associated with a reduced risk of
death, albeit the CIs overlapped 1.0, (age-adjusted HR, 0.66 CIL:
0.35-1.27). As shown in Table 5, after adjustment for confounders,
compared with MSLN+/PD-L1+ patients, including tumour histology,
all other biomarker subgroups had an increased risk of death; a four-fold
increased risk for MSLN-/PD-L1+ patients, a three-fold increased for
MSLN-/PD-L1- patients, and a two-fold increased risk for MSLN-/PD-
L1- patients.

4. DISCUSSION

Despite growing interest in the therapeutic effect of personalised
cancer treatment that targets tumours overexpressing MSLN and PD-L1
in patients with MM, few studies have evaluated the co-expression
patterns of these two biomarkers and its joint prognostic value. Our
study showed that patients with mesothelioma tumours overexpressing
MSLN have a better prognosis compared with patients without MSLN
tumour overexpression in crude and adjusted survival models. Likewise,
overexpression of PD-L1 was not associated with survival in crude
models, but we found an association with longer survival after adjusting

for potential confounders. Interestingly, we found an apparent interac-
tion between PD-L1 and MSLN overexpression and their association with
death, with the risk of death being four times higher among MSLN-/PD-
L1+ patients than in MSLN+/PD-L1+ patients. Among MSLN+ patients,
the difference in survival between those whose tumours did or did not
overexpress PD-L1 was less pronounced. Although a two-fold higher risk
of death was seen among MSLN+ patients without PD-L1 overexpression
(vs. with PD-L1 overexpression), our findings suggest that MSLN over-
expression may be a stronger predictor of prognosis than PD-L1 over-
expression. We also found that overexpression of the two biomarkers is
inversely correlated, and previous studies suggest that this may be
driven by tumour histology [27, 40].

Our finding that MSLN tumour expression was associated with better
survival is consistent with findings from previous studies in other cancer
types such as gastric and ovarian cancer [41, 42]. A biological plausible
mechanism through which this association could be mediated may
involve the triggering of an anti-MSLN immune response involving both
T cells and B cells [35]. This is supported by studies that have evaluated
the suitability of MSLN as a target for immunotherapy [40]. An immune
response alongside surgical removal of the tumour and chemotherapy
may increase survival [41]. A similar conclusion and interpretation was
elicited by Yen and colleagues in their analysis of around 200 samples of
ovarian serous carcinomas [42]. However, another study conducted in
25 cholangiocarcinoma samples found contradicting results [43], and
this is supported by data from an in vitro study, which found that MSLN
expression increased cell proliferation and migration, and resulted in
worse prognosis [44]. Interestingly, a meta-analysis of eight studies (579
patients) reported that high levels of soluble MSLN in serum were
consistently associated with a poorer prognosis of malignant pleural
mesothelioma. However, only one of the studies included in the
meta-analysis used pleural effusion rather than blood serum as a source
of soluble MSLN and reported no association with cancer prognosis [20].
With respect to PD-L1 membrane expression, some studies have shown
an association with poor prognosis in mesothelioma patients [27], but
there is still controversy around its prognostic value [28].

Owing to the limited research on this topic, our study provides
valuable findings into the effects of MSLN and PD-L1 co-expression in
patients with MM. Another strength of our study is that we evaluated co-
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Fig.. 1. Two-year Kaplan-Meyer survival curves of mesothelioma patients at diagnosis: A) By MSLN over-expression (expression at moderate or strong membrane
intensity (2+ or 3+) on >30% of tumour cells), B) By PD-L1 over expression (expression showing a tumour Proportion Score (TPS) > 1%), C) By tertile categories of

the MSLN H-score, D) By tertile categories of the PD-L1 H-score.

expression of the two biomarkers using the same tumour sample for each
patient. Also, our analyses used actual survival time for nearly all pa-
tients. Only three patients were still alive at the end of follow-up for
whom survival time will have been underestimated. However, our study
has limitations that must be considered when interpreting its results.
Firstly, our study population was derived from a specific region of
Finland and was slightly younger compared with patients with meso-
thelioma from Turku in Finland’s national cancer registry [45].
Although, this potentially raises doubts about its external validity, we
believe that our findings have good generalisability to broader pop-
ulations. We would not expect the biological properties of the bio-
markers or the aetiology of the disease to differ across geographic
regions, the treatment guidelines are similar across developed countries,
and healthcare patterns are broadly similar across Scandinavian coun-
tries and more widely across Europe. Secondly, our sample size was
small, and this limited the precision of the estimates in our study.
Although we used all the available MM tumour samples in the Biobank,
MM is a rare cancer (approximately only 25-30 cases arise every year in
the Biobank’s catchment area). While cohorts in other molecular
epidemiology studies of MM have been larger, these have not evaluated
PDL1 expression, and our study is the largest to investigate
co-expression of both MSLN and PDL1. Notwithstanding this, it would
be interesting to compare our results with those from future studies that
evaluate co-expression of both these biomarkers in larger cohorts, and
our results have the potential to be included in future
pooled/meta-analyses on the topic. Other factors contributing to our

small sample size included the need to obtain patient consent to store
biological samples, and the need for a large enough sample to provide
sufficient tumour content for analysis. If the tumour content of samples
was associated with clinical factors such as severity of disease or the
likelihood of undergoing certain clinical procedures, this may have
introduced some selection bias into the study. Thirdly, we did not use
methodologies to homogenise the compared subgroups at baseline such
as 1:1 matching or propensity scores. This was due to the very limited
sample size of our MM cohort. We controlled for confounding bias
adjusting for co-variables that proved to be confounders in the regres-
sion models, although it must be noted that residual confounding, from
unknown or unmeasured variables, may have occurred. Fourthly, we
were unable to assess the two biomarkers over time as only two in-
dividuals from our cohort had two tumour samples that were obtained at
different points in time. Finally, our study design depended on second-
ary data collection for all variables except for biomarker expression
measurements, therefore we could not control for data collection quality
and relied on the information in the EHRs and administrative databases.

Only 15% of patients in the study had a tumour overexpressing both
markers and 20% had a tumour that expressed neither. Hence, 65% of
mesothelioma patients overexpressed only one of the two biomarkers
reducing in theory the population that could potentially benefit from a
combined therapy targeting both markers. The prognostic value of
MSLN and PD-L1 was evident through evaluation of their co-expression.
Both markers measure in sections of the same sample demonstrated
good value in evaluating survival probability irrespective of histology,
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Table. 3
Age-adjusted hazard ratios (95% CI) for death associated with various factors
according to overexpression to MSLN and PDL1.

MSNL- MSNL+ PD-L1- PD-L1+
HR (95% CI) HR (95% CI) HR (95% CI) HR (95%
CD
PD-L1+ 1.88 0.66 1.10 -
(0.96-3.71) (0.35-1.27) (0.70-1.72)
MSLN+ 0.52 - 0.77 0.26
(0.34-0.81) (0.43-1.35) (0.11-0.58)
Age at
diagnosis,
years
<65 1.00 1.00 1.00 1.00
(reference) (reference) (reference) (reference)
65-74 (1.67 1.07 1.34 1.06
(0.77-3.61) (0.56-2.05) (0.72-2.49) (0.45-2.49)
>75 2.34 2.65 2.50 2.14
(0.95-5.73) (1.19-5.89) (1.17-5.32) (0.82-5.61)
Histology
Epithelioid 1.00 1.00 1.00 1.00
(reference) (reference) (reference) (reference)
Mixed 5.53 1.52 8.31 2.86
(1.79-17.06)  (0.45-5.14) (1.81-38.21)  (1.03-7.94)
Sarcomatoid 1.78 - 1.87 2.85
(0.82-3.87) (0.65-5.40) (1.14-7.13)
Exposure to 1.00 1.75 1.39 1.78
asbestos (0.52-1.89) (0.98-3.15) (0.80-2.41) (0.80-3.99)
Radiotherapy 0.48 0.89 0.64 0.61
(0.24-0.96) (0.50-1.58) (0.37-1.13) (0.27-1.36)
Chemotherapy
None 1.00 1.00 1.00 1.00
(reference) (reference) (reference) (reference)
Maintained 0.21 2.27 0.23 1.56
pemetrexed & (0.08-0.56) (0.77-6.70) (0.09-0.60) (0.53-4.55)
platinum-
based therapy
Pemetrexed & 0.10 0.83 0.10 0.69
platinum- (0.03-0.30) (0.29-2.40) (0.04-0.28) (0.21-2.30)
based therapy
followed by
other therapies
Sole pemetrexed - 0.56 0.09 0.54
& platinum- (0.15-2.19) (0.02-0.38) (0.10-2.81)
based therapy
monotherapy
Comorbidities
1. Neoplasms 0.45 1.41 0.85 1.34
(0.16-1.29) (0.74-2.70) (0.44-1.64) (0.52-3.42)
IV. Endocrine 3.60 1.90 2.16 1.28
(0.81-15.98) (0.83-4.34) (0.84-5.55) (0.42-3.87
IX. Circulatory 0.96 0.64 1.14) 1.05
(0.40-2.31) (0.19-2.13) (0.40-3.21 (0.44-2.53)
X. Respiratory 2.30 1.16 1.07 2.09
(0.96-5.50) (0.60-2.22) (0.55-2.07) (0.92-4.72)
XVIII. Symptoms 1.03 0.67 0.94 0.78
& signs (0.47-2.27) (0.26-1.70) (0.44-2.01) (0.30-2.05)
Charlson
comorbidity
score
0-3 1.00 1.00 1.00 1.00
(reference) (reference) (reference) (reference)
4-5 2.31 1.43 1.68 1.14
(1.04-5.10) (0.77-2.68) (0.91-3.10) (0.51-2.56)
>6 1.77 4.35 2.80 2.11
(0.76-4.10) (1.67-11.32)  (1.20-6.52) (0.80-5.54)

CI, confidence interval; HR, hazard ratio; MSLN, mesothelin; PD-L1, pro-
grammed cell death 1 ligand 1.

type, age at diagnosis, sex or chemotherapy. However, the fact that our
results indicated that the association between MSLN and survival was
evidently less confounded by other factors such as histology than PD-L1,
makes it potentially more useful as a prognostic marker. The current and
future paradigm of personalized, proactive and preventive healthcare
administration makes it very important to understand mechanisms of

Cancer Treatment and Research Communications 25 (2020) 100260

Table. 4

Hazard ratios (95% CI) for death by MSLN/PD-L1 tumour overexpression status.

MSLN & PD-L1 overexpression status

MSLN+ / PD-L1+
MSLN+ / PD-L1-
MSLN- / PD-L1-
MSLN- / PD-L1+

Crude

HR (95% CI)
1.00

1.47 (0.78-2.79)
1.92 (0.94-3.90)
3.83 (1.85-7.94)

Adjusted*

HR (95% CI)

1.00

2.13 (0.97-4.67)
3.03 (1.35-6.77)
4.18 (1.71-10.23)

" Adjusted for gender, overexpression of MSLN and PD-L1, histology, exposure
to asbestos, radiotherapy, chemotherapy, and Charlson comorbidity score. CI,
confidence interval; HR, hazard ratio; MSLN, mesothelin; PD-L1, programmed

cell death 1 ligand 1.

Table. 5

Hazard ratios (95% CI) of death associated with various factors and over-
expression of both MSLN and PD-L1.

Age & sex-adjusted HR

(95% CI)

Multivariable-adjusted“HR
(95% CI)

Overexpression of MSLN
Overexpression of PD-L1

Histology

Epithelioid

Mixed

Sarcomatoid

Exposure to asbestos

Radiotherapy

Chemotherapy
sequence

None

P & P maintained

P & P followed by other
therapy

Monotherapy

Comorbidities

1. Neoplasms

IV. Endocrine

IX. Circulatory

X. Respiratory

XVIII. Symptoms & signs

Charlson comorbidity
score

0-3

4-5

>6

0.56 (0.36-0.88)
1.15 (0.73-1.80)

1.00 (reference)
2.84 (1.30-6.22)
2.33 (1.19-4.55)
1.18 (0.74-1.89)
0.61 (0.39-0.96)

1.00 (reference)
0.57 (0.28-1.16)
0.24 (0.11-1.20)

0.40 (0.14-1.20)

0.83 (0.48-1.42)
1.41 (0.69-2.87)
0.95 (0.50-1.79)
1.33 (0.79-2.45)
0.86 (0.48-1.55)

1.00 (reference)
1.71 (1.03-2.83)
2.57 (1.38-4.80)

0.53 (0.31-0.91)
0.56 (0.32-0.99)

1.00 (reference)
4.62 (1.89-11.36)
1.82(0.83-3.98)
1.00 (0.60-1.65)
0.63 (0.39-1.04)

1.00 (reference)
0.50 (0.23-1.12)
0.16 (0.06-0.39)

0.57 (0.18-1.85)

1.00 (reference)
1.29 (0.75-2.22)
1.77 (0.92-3.41)

" Adjusted for gender, overexpression of MSLN and PD-L1, histology, exposure
to asbestos, radiotherapy, chemotherapy, and Charlson comorbidity score.

drug action at the populational level. This, in turn, would help in opti-
mizing combination treatments. Our study approach to investigate
clinical and molecular epidemiology questions in MM — use of secondary
data sources for clinical and demographic information linked to bio-
logical samples from a well-established academic biobank — proved to be
feasible and cost-efficient. In addition, it showed a strong potential for
further use in the area of oncology and other therapeutic areas such as
cardiovascular disease. The results of this manuscript are of particular
interest considering the recent FDA approval in October 2020 of the
immune checkpoint inhibitor drug combination nivolumab and ipili-
mumab as first-line treatment for unresectable malignant pleural me-
sothelioma, based on the prespecified interim analysis of the phase III
CheckMate-743 study [46]. In CheckMate-743 [47] patients were not
required to express PD-L1 and, in light of our data, it would be very
interesting to retrospectively analyse the tumour tissues from that study
for expression of PD-L1 and MSLN.

Our results indicate that PD-L1 and MSLN expression in mesotheli-
oma tumors is often not concomitant, and this may be driven by the
histological type. In addition, MSLN and PD-L1 overexpression in the
tumour cells may indicate a better prognosis independent of other fac-
tors such as histology. Further studies are needed to confirm these re-
sults in different mesothelioma patient populations, as well as in
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different tumour types such as ovarian cancer that commonly express
MSLN and PD-L1.
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