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Fibulin-3 as a biomarker of response to
treatment in malignant mesothelioma
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Background. Fibulin-3 is a new potential biomarker for malignant mesothelioma (MM). This study evaluated the
potential applicability of fibulin-3 plasma levels as a biomarker of response to freatment and its prognostic value for
progressive disease within 18 months. The potential applicability of fibulin-3 in comparison with or in addition to soluble
mesothelin-related peptides (SMRP) was also assessed.

Patients and methods. The study included 78 MM patients freated at the Institute of Oncology Ljubljana between
2007 and 2011. Fibulin-3 levels in plasma samples obtained before treatment and in various responses to treatment
were measured with the enzyme-linked immunosorbent assay.

Results. In patients evaluated before the treatment, fibulin-3 levels were not influenced by histopathological sub-
types, tumour stages or the presence of metastatic disease. Significantly higher fibulin-3 levels were found in progres-
sive disease as compared to the levels before freatment (Mann-Whitney [U] test = 472.50, p = 0.003), in complete
response to treatment (U = 42.00, p = 0.010), and in stable disease (U = 542.00, p = 0.001). Patients with fibulin-3 levels
exceeding 34.25 ng/ml before treatment had more than four times higher probability for developing progressive
disease within 18 months (odds ratfio [OR] = 4.35, 95% confidence interval [Cl] 1.56-12.13). Additionally, patients with
fibulin-3 levels above 34.25 ng/ml after treatment with complete response or stable disease had increased odds for
progressive disease within 18 months (OR = 6.94, 95% Cl 0.99-48.55 and OR = 4.39, 95% CI 1.63-11.81, respectively).
Conclusions. Our findings suggest that in addition to SMRP fibulin-3 could also be helpful in detecting the progres-
sion of MM.
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Introduction

nosis and following the response to treatment have
been intensively investigated. One of the most ex-

Malignant mesothelioma (MM) is an aggressive
malignant disease that has been associated with oc-
cupational and environmental exposure to asbes-
tos.!'8 Most commonly it arises from serosal cells
of the pleura and less frequently from peritoneum
or other serosal surfaces such as pericardium and
tunica vaginalis.®”

Malignant mesothelioma remains a fatal disease
that is hard to treat with favourable outcome.”!
Hence, potential new biomarkers for earlier diag-
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tensively studied blood-based biomarkers is solu-
ble mesothelin-related peptides (SMRP); however,
the poor sensitivity limits its added value to early
diagnosis.!®!! Nevertheless, the results of our pre-
vious study suggest that SMRP may be a useful tu-
mour marker for detecting the progression of MM
and evaluating tumour response to treatment.!?
Fibulin-3, also known as epidermal growth fac-
tor containing fibulin-like extracellular matrix pro-
tein 1 (EFEMP1), is suggested to be a new potential
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biomarker for MM.!® Fibulin- 3 belongs to a family
of extracellular matrix glycoproteins!“ that have re-
cently been shown to act as tumour suppressors or
activators in different cancers.!>!” It has restricted
expression in the body and is predominately local-
ized in the extracellular matrix of elastic tissue.!®
The levels of fibulin-3 expression have been found
to be decreased in many cancer types due to pro-
moter hypermethylation and have been correlated
with poor survival of patients with lung cancer!®%,
breast cancer?, and hepatocellular carcinoma.?
On the other hand, an increase in fibulin-3 was
observed in malignant gliomas?®, cervical carcino-
mas?, and pancreatic cancer.?

Fibulin-3 was first studied as a biomarker of
MM by Pass et al. who reported that plasma fibu-
lin-3 levels can distinguish a healthy person with
exposure to asbestos from patients with MM.!®
They found that in conjunction with fibulin-3 lev-
els in pleural effusions, plasma fibulin-3 levels can
further differentiate MM effusion from other ma-
lignant and benign effusions.!® Recent studies iden-
tified soluble mesothelin as a superior diagnostic
biomarker for MM compared to fibulin-3, whereas
fibulin-3 provided superior prognostic informa-
tion compared to mesothelin.?

According to our knowledge and available lit-
erature, fibulin-3 has not been studied so far as a
biomarker for evaluating tumour response to treat-
ment. This study aimed to determine fibulin-3
levels in plasma of patients with MM before treat-
ment and in various responses to treatment (com-
plete response, partial response, stable disease,
and progressive disease), to evaluate its potential
applicability as a biomarker of tumour response to
treatment, and to assess if plasma level of fibulin-3
could predict the probability of progressive disease
after the response to treatment in the period of 18
months. We also assessed the potential applicabil-
ity of fibulin-3 as a biomarker of tumour response
to treatment in comparison with or in addition to
SMRP.

Patients and methods
Patients

A panel study was performed. Patients eligible for
inclusion in the study had histologically proven
MM and each subject acted as her/his own con-
trol in an ongoing longitudinal study.!? Briefly, the
study included 78 patients with MM treated at the
Institute of Oncology Ljubljana in the period be-
tween March 2007 and June 2011.
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Eligibility criteria included biopsy-proven MM.
In all patients, thoracoscopy or laparoscopy/lapa-
rotomy was performed. The immunohistochemis-
try methods were used (Cytokeratin 5/6 [CK5/6],
Epithelial Membrane Antigen [EMA], Calretinin,
Vimentin, Wilms tumour gene-1 [WT1], CD15,
Ber-EP4, B72.3, MOC-31, actin, desmin, S-100,
Carcinoembryonic Antigen [CEA], thyroid tran-
scriptor factorl [TTF-1]). The patients had no
history of another cancer during the past 5 years
or breast cancer ever; the Eastern Cooperative
Oncology Group (ECOG) performance status (PS)
was 0-2.

Tumour extension was classified according to
TNM classification, based on the results from chest
and upper abdominal CT scan and thoracoscopy.?”
For comparison with subsequent scanning, the
thickness of the tumour on three CT levels was re-
corded considering the modified RECIST criteria.?
Sporadically a NMR was done to evaluate the op-
erability of some patients® and a PET-CT was also
done in some patients to evaluate the extent of dis-
ease and response to treatment like in patients with
lung cancer.®

The patients were treated with 4 to 9 cycles of
chemotherapy comprising cisplatin and low dose
gemcitabine in prolonged infusion, or cisplatin and
pemetrexed.’* In one patient with pleural MM,
extrapleural pleuropneumonectomy was carried
out before chemotherapy and in four patients with
pleural MM, it was carried out after chemothera-
py. Peritonectomy was performed in two patients
with peritoneal MM before chemotherapy and in
three patients after chemotherapy. Four patients
received best supportive care only. Twenty-nine
patients with pleural MM were treated with sec-
ond-line chemotherapy and two of them received
palliative radiotherapy.!?

For all the patients, data on smoking were ob-
tained using a standardized questionnaire. The du-
ration of smoking and the number of pack-years
of smoking were calculated for each subject.®>* To
determine occupational and/or environmental as-
bestos exposure, a semi-quantitative method was
used as previously described.!?

Methods

Blood specimen collection was carried out in pa-
tients before treatment (before the 1% cycle of chem-
otherapy or surgery) and/or after treatment (after
the third and/or the sixth cycle of chemotherapy or
surgical procedure) and/or at the progress of the
disease. In total, 135 blood samples from 78 pa-
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TABLE 1. Fibulin-3 levels (ng/ml) before tfreatment at different histopathological subtypes, at different fumour stages and according
to the presence of metastatic disease in patients with malignant mesothelioma

Mann-Whitney

Characteristics Mean sSD Median Range Inter-quartile (U) test p value
Subtype

Epitheloid (N = 25) 41.52 24.26 36.42 1.65-92.32 23.00-58.14 69.00° 0.789
Biphasic (N = 6) 41.04 16.57 35.24 22.72-65.22 28.41-59.41 2.00° 0.286
Sarcomatoid (N = 2) 27.36 1.60 27.36 26.23-28.49 26.23-27.36 17.50¢ 0.519
Tumour staged

le(N=1)

II'(N=28) 28.88 8.32 28.67 15.69-40.78 21.98-35.32 32.001 0.156
I(N=13) 46.39 28.09 47 .41 1.65-92.32 22.03-66.43 42.00¢ 0.817
IV (N=7) 40.97 21.71 30.31 22.72-84.33 28.49-54.93 19.00n 0.320
Metastatic disease

Present (N =7) 40.97 21.70 30.31 22.72-84.33 28.49-54.93 73.00 0.854
Not present (N = 22) 39.89 23.38 35.25 1.65-92.32 22.21-54.12

N = number of plasma samples; ® Mann-Whitney (U) test calculated for epitheloid subtype vs. biphasic subtype; ® Mann-Whitney (U) test calculated for
biphasic vs. sarcomatoid subtype; ¢ Mann-Whitney (U) test calculated for epitheloid subtype vs. sarcomatoid subtype; ¢ Pleural malignant mesothelioma
only; ¢ Stage | was found only in one patient with fibulin-3 level 43.44 ng/ml;  Mann-Whitney (U) test calculated for stage Il vs. lll; ¢ Mann-Whitney (U)
test calculated for stage lll vs. IV; " Mann-Whitney (U) fest calculated for stage Il vs. IV; ' Mann-Whitney (U) fest calculated for metastatic disease present

vs. not present

tients were collected in different periods of disease
and treatment.

Plasma was prepared immediately after blood
sampling and stored in aliquots frozen at -30 °C
until the fibulin-3 assay was performed. Fibulin-3
levels in plasma were measured with the use of
enzyme-linked immunosorbent assay (Uscn Life
Science Inc., Wuhan, China). The median value of
fibulin-3 in complete response or after the surgery
was chosen as the cut-off level.

For all the patients, the information on SMRP
levels was available from our previous study!? for
the same time-points before and/or after treatment.
A level of 1.50 nmol/L was considered as a cut-off
value for positive SMRP. Using receiver operat-
ing characteristic (ROC) curve analysis, we deter-
mined the fibulin-3 cut-off values for prediction
of disease progression. We compared serum lev-
els in progressive disease with levels in complete
response, partial response or stable disease and
calculated the area under the curve (AUC), sensi-
tivity and specificity. As our aim was to determine
the usefulness of serum fibulin-3 for screening for
progressive disease, cut-off value with at least 80%
sensitivity was selected to limit the potential for
false negative results. On the other hand, lower
specificity would not be as problematic, as patients
would have a more detailed check-up after initial
screening.

Statistics and ethical consideration

Standard descriptive statistics were used to de-
scribe each variable. Mann-Whitney test (U) test
was performed to determine the differences in
fibulin-3 levels before treatment and in various
responses to treatment. The correlations between
fibulin-3 and SMRP levels were calculated using
Pearson’s correlation coefficient. Logistic regres-
sion analysis was used to assess the odds for differ-
ent responses to treatment.

Prior to inclusion, all patients were fully in-
formed about the study and signed informed
consent to participate. The study was approved
by the Slovenian Ethics Committee for Research
in Medicine and was carried out according to the
Helsinki Declaration.

Results
Patients

The study included 78 patients with MM, 57 (73%)
male and 21 (27%) female. The overall median
(min—-max range) age was 66 (23-84) years. Among
them, 35 (44.9%) were ever smokers and 43 (55.1%)
of them never smoked. The median duration of
smoking was 18 (1-69) years, the median number
of smoked cigarettes per day was 20 (1-29) and
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TABLE 2. Fibulin-3 levels (ng/ml) before treatment and in different responses to treatment in 78 patients with MM

Mann-Whitney

Disease phase Mean SD Median Range Inter-quartile (U) test p value
All phases 4457 2131 4078 000-10500  29.18-56.27

(N = 135)

?,jfg';;'“'me"' 40.57 22.26 35.09 1659232  24.23-56.21 877.00° 0.598
Complete response or B -

o raery ) 32.43 9.98 3425 18164550  23.55-40.40

m’fﬁ';)esm“se 4513 26.48 4108 000-10500  27.90-56.42

?L“'j'g??'se“se 40.00 16.11 3700 650-7344  29.40-47.56

'(’,;°g'§;;'ve disease 53.56 21.67 4709 1626-10500  37.78-67.93 813.000 0.001

N = number of plasma samples; ¢ Mann-Whitney (U) test calculated for fibulin-3 before treatment vs. stable disease + partial response + complete
response or after surgery; ® Mann-Whitney (U) test calculated for fibulin-3 in progressive disease vs. stable disease + partial response + complete response

or after surgery

TABLE 3. The odds for developing different responses to treatment for fibulin-3 levels > 34.25 ng/ and SMRP levels >1.50 nmol/L in

univariate and multivariate analysis

Univariate analysis

Multivariate analysis

Fibulin-3 SMRP Fibulin-3 SMRP
OR (95% ClI) OR (95% Cl) OR (95% Cl) OR (95% CI)

Before freatment vs.

potaiiiheail 0.63 (0.09-4.26) 0.14 (0.01-1.43) 0.74 (0.1-5.48) 0.15 (0.02-1.48)
Before trealment vs. 1.51 (0.41-5.58) 0.67 (0.18-2.45) 1.56 (0.42-5.84) 0.64 (0.17-2.39)
partial response

Before treatment vs.

Serore ot 0.99 (0.39-2.51) 0.74 (0.29-1.91) 1.04 (0.41-2.67) 0.73 (0.28-1.93)
Before freatment vs. 435 (1.56-12.13) 5.86 (1.68-22.40) 3.74 (1.28-10.93) 494 (1.35-18.08)

progressive disease

Complete response vs.

€ resi 6.94 (0.99-48.55)
progressive disease

Partial response vs.

progressive disease 289 (0.75-11.19)

Stable disease vs.

progressive disease 4.39 {1.63-11.81)

41.00 (3.65-461.03)

8.79 (1.97-39.28)

7.92 (2.37-26.46)

7.77 (0.58-104.98) 43.99 (3.07-629.57)

2.90 (0.65-13.00) 8.81 (1.89-41.11)

3.52 (1.22-10.14) 6.58 (1.90-22.83)

Cl = confidence interval; OR = odds ratio; SMRP = soluble mesothelin-related peptides

the median pack-years of smoking amounted to 15
(1-45).

Asbestos exposure was confirmed in 67 (85.9%)
of the patients with MM. The assessed exposure
was low in 24 (30.8%) patients, median in 21 (26.9%)
patients, and high in 22 (28.2%) patients, while in
11 patients (14.1%) asbestos exposure could not be
proven with certainty. In the exposed group, the
median duration of exposure was 90.50 (0.1-528)
months.

Regarding the location of the disease, 70 (89.7%)
patients had pleural and 8 (10.3%) peritoneal
MM. Epitheloid MM was found in 64 (82.0%),
biphasic in 7 (9.0%), and sarcomatoid in 7 (9.0%)
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patients. Five (6.4%) patients were diagnosed with
stage I, 17 (21.8%) with stage II, 28 (35.9%) with
stage III and 20 (25.6%) with stage IV, while
8 (10.3%) patients had MM of peritoneum and
therefore, the stage could not been determined.
The median survival of all patients was 20.1
(2.8-86.1) months.

Among 33 patients evaluated before treatment,
no significant differences in fibulin-3 levels were
observed between histopathological subtypes or
between tumour stages. Fibulin-3 levels before
treatment were not significantly different between
patients with and without evidence of metastatic
disease (U =73.00, p = 0.854) (Table 1).
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The results of descriptive statistics for fibulin-3
levels before treatment and/or in different respons-
es to treatment for all 78 malignant mesothelioma
patients are presented in Table 2. No significant
difference was observed between the fibulin-3 lev-
els before treatment as compared to the levels in
patients in complete response to treatment (U =
71.00, p = 0.641), partial response to treatment (U
= 186.00, p = 0.496), or stable disease (U = 597.00,
p = 0.603). On the other hand, significantly higher
fibulin-3 levels were found in progressive disease
as compared to the levels before treatment (U =
472.50, p = 0.006). Fibulin-3 levels were also signifi-
cantly higher in progressive disease as compared
to the levels in complete response to treatment (U
=42.00, p = 0.020) or stable disease (U = 542.00, p
= 0.002), while no significant difference was ob-
served between progressive disease and partial re-
sponse to treatment (U =229.00, p = 0.241).

No correlation (r =0.364, p <0.001) was detected
between fibulin-3 levels and SMRP levels as de-
termined at the same time-points in our previous
study.!?

In ROC curve analysis comparing progressive
disease with complete response, partial response
or stable disease, AUC for fibulin-3 was 68.3% (95%
CI=57.9-78.7, p = 0.002). Cut-off value of 34.25 ng/
ml had sensitivity of 82.2%, thus passing the sensi-
tivity threshold of 80%. On the other hand, speci-
ficity for this cut-off value was 47.7% (Figure 1).
For mesothelin levels, AUC was 84.2% (95% CI =
76.8-91.7, p < 0.001, Figure 1). Previously deter-
mined cut-off value of 1.5 nmol/L had high sensi-
tivity of 91.1% and specificity of 49.1%, thus also
limiting the chance of false negative results.

For further logistic regression analysis, fibu-
lin-3 levels were categorized into two categories
based on ROC curve analysis: < 34.25 ng/ml and
> 34.25 ng/ml. Patients with fibulin-3 levels before
treatment exceeding 34.25 ng/ml had more than
four times higher probability for developing pro-
gressive disease during the period of 18 months
(OR =4.35, 95% CI 1.56-12.13, p = 0.005). However,
fibulin-3 levels before treatment were not associat-
ed with complete response to treatment (OR = 0.63,
95% CI 0.09-4.26, p = 0.633), partial response to
treatment (OR = 1.51, 95% CI 0.41-5.58, p = 0.540),
or stable disease (OR = 0.99, 95% CI 0.39-2.51, p =
0.984). Nevertheless, patients with fibulin-3 levels
higher than 34.25 ng/ml after the treatment with
complete response to treatment or with stable dis-
ease showed increased odds for developing pro-
gressive disease during the period of 18 months
(OR = 6.94, 95% CI 0.99-48.55, p = 0.051 and OR

0.8

o
™
1

Sensitivity

[=]
-
L
L

SMRP
= fibulin-3

027 Referznce Line

T T T T
0.0 0.2 04 06 08 10

1 - Specificity
FIGURE 1. Receiver operatfing characteristic (ROC) curve
for mesothelin-related peptides (SMRP) and fibulin-3 serum
levels comparing values at progressive disease with values at
complete response, partial response or stable disease.

= 4.39, 95% CI 1.63-11.81, p = 0.003 respectively)
(Table 3).

The analysis also showed that patients with pre-
treatment SMRP levels >1.50 nmol/L had almost six
times higher odds for progressive disease during
the period of 18 months (OR = 5.86, 95% CI 1.68-
22.40, p =0.005). Additionally, patients with SMRP
levels >1.50 nmol/L after the treatment and with
complete response to treatment, partial response
to treatment, and stable disease were at higher risk
for developing progressive disease compared with
those with SMRP < 1.50 nmol/L during the period
of 18 months (OR = 41.00, 95% CI 3.65-461.03, p =
0.003, OR = 8.79, 95% CI 1.97-39.28, p = 0.004, and
OR =7.92, 95% CI 2.37-26.46, p = 0.001 respective-
ly) (Table 3).

To evaluate the combined effect of fibulin-3 and
SMRP levels in evaluating tumour response to treat-
ment, we constructed multivariate logistic regres-
sion models that included two categories of fibu-
lin-3 (> 34.25 ng/ml vs. < 34.25 ng/ml) and two cat-
egories of SMRP (>1.50 nmol/L vs. < 1.50 nmol/L).
The odds for developing different responses to
treatment (complete response, partial response,
stable disease, progressive disease) did not change
considerably compared to the results of univarate
logistic regression analysis when pretreatment
fibulin-3 and SMRP were both above the respective
cut-off levels (34.25 ng/ml and 1.50 nmol/L respec-
tively). Similarly, the probability for developing
progressive disease did not change significantly
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compared with the results of univarate logistic re-
gression analysis when fibulin-3 and SMRP were
both above the respective cut-off levels in different
responses to treatment (Table 3).

Discussion

As expected the occupational and/or environmen-
tal exposure to asbestos was confirmed in almost
86% of patients with MM. This is in agreement
with the results of the studies published so far that
have proposed asbestos as a major cause for devel-
oping this aggressive disease.!

Fibulin-3 has recently been suggested as a new
tumour biomarker for MM.13% Pass et al. presented
that plasma fibulin-3 levels can distinguish an as-
bestos exposed healthy person from patients with
MM Creaney et al. recognized soluble mesothelin
as a superior diagnostic biomarker for MM com-
pared with fibulin-3, while fibulin-3 was indicated
to provide superior prognostic information com-
pared with mesothelin.?* However, to our knowl-
edge and available literature, fibulin-3 has not been
studied yet as a biomarker for evaluating tumour
response to treatment.

The results of the current study show signifi-
cantly higher fibulin-3 levels in progressive disease
as compared with the levels before treatment, in
complete response to treatment, and in stable dis-
ease, which indicates that fibulin-3 could be help-
ful in identifying the progression of MM. On the
other hand, no significant difference was observed
between the fibulin-3 levels before treatment as
compared with the levels in complete response to
treatment, partial response to treatment, and sta-
ble disease. The results of our previous study in-
vestigating SMRP as a tumour biomarker for MM,
showed significantly higher SMRP levels before
treatment than the levels in complete response,
partial response, and a borderline significant dif-
ference between levels before treatment and stable
disease.!? These findings suggest SMRP not only as
a superior diagnostic biomarker for MM compared
with fibulin-3 as presented in the study of Creaney
et al.?%, but also as a superior biomarker for evaluat-
ing tumour response to treatment.

An important finding of the current study
shows that the probability for the development of
progressive disease during the period of 18 months
was more than four times higher when fibulin-3
levels before treatment exceeded 34.25 ng/ml, and
almost five times higher when SMRP level before
treatment was higher than 1.50 nmol/L. The analy-
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sis also showed increased odds for developing pro-
gressive disease during the period of 18 months
when fibulin-3 levels after the treatment and with
complete response to treatment or stable disease
were higher than 34.25 ng/ml. The same holds true
of SMRP levels above 1.50 nmol/L in complete re-
sponse, partial response, and stable disease. These
results suggest that in addition to SMRP, the fibu-
lin-3 levels before treatment, in complete response
to treatment, and in stable disease could help pre-
dict the risk of developing progressive disease
in MM. When including fibulin-3 levels above
34.25 ng/ml and SMRP levels above 1.50 nmol/L in
multivariate logistic regression models, the odds
for both fibulin-3 and SMRP did not change signifi-
cantly, suggesting independent effects. However,
we have to indicate that the confidence intervals
were wide because the number of involved sub-
jects was low.

In conclusion, the findings of our current study
show that in addition to SMRP"?, fibulin-3 could
also be helpful in detecting the progression of
MM. Contrary to SMRP*?, fibulin-3 has not been
proven as a useful biomarker for evaluating tu-
mour response to treatment. The results of the pre-
sent study also indicate that fibulin-3 levels before
treatment, in complete response to treatment, and
in stable disease could be beneficial in predicting
the risk of developing progressive disease in pa-
tients with MM. To increase the power of the study
and to validate these results, a larger sample size
is needed.
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