The

n e w e ng l a n d j o u r na l

of

m e dic i n e

original article

Fibulin-3 as a Blood and Effusion Biomarker
for Pleural Mesothelioma
Harvey I. Pass, M.D., Stephen M. Levin, M.D., Michael R. Harbut, M.D.,
Jonathan Melamed, M.D., Luis Chiriboga, Ph.D., Jessica Donington, M.D.,
Margaret Huflejt, Ph.D., Michele Carbone, M.D., Ph.D., David Chia, Ph.D.,
Lee Goodglick, Ph.D., Gary E. Goodman, M.D., Mark D. Thornquist, Ph.D.,
Geoffrey Liu, M.D., Marc de Perrot, M.D., Ming-Sound Tsao, M.D.,
and Chandra Goparaju, Ph.D.

A BS T R AC T
BACKGROUND

New biomarkers are needed to detect pleural mesothelioma at an earlier stage and to
individualize treatment strategies. We investigated whether fibulin-3 in plasma and
pleural effusions could meet sensitivity and specificity criteria for a robust biomarker.
METHODS

We measured fibulin-3 levels in plasma (from 92 patients with mesothelioma, 136
asbestos-exposed persons without cancer, 93 patients with effusions not due to mesothelioma, and 43 healthy controls), effusions (from 74 patients with mesothelioma,
39 with benign effusions, and 54 with malignant effusions not due to mesothelioma),
or both. A blinded validation was subsequently performed. Tumor tissue was examined for fibulin-3 by immunohistochemical analysis, and levels of fibulin-3 in plasma
and effusions were measured with an enzyme-linked immunosorbent assay.
RESULTS

Plasma fibulin-3 levels did not vary according to age, sex, duration of asbestos exposure, or degree of radiographic changes and were significantly higher in patients with
pleural mesothelioma (105±7 ng per milliliter in the Detroit cohort and 113±8 ng per
milliliter in the New York cohort) than in asbestos-exposed persons without mesothelioma (14±1 ng per milliliter and 24±1 ng per milliliter, respectively; P<0.001).
Effusion fibulin-3 levels were significantly higher in patients with pleural mesothelioma (694±37 ng per milliliter in the Detroit cohort and 636±92 ng per milliliter in
the New York cohort) than in patients with effusions not due to mesothelioma
(212±25 and 151±23 ng per milliliter, respectively; P<0.001). Fibulin-3 preferentially
stained tumor cells in 26 of 26 samples. In an overall comparison of patients with
and those without mesothelioma, the receiver-operating-characteristic curve for plasma fibulin-3 levels had a sensitivity of 96.7% and a specificity of 95.5% at a cutoff
value of 52.8 ng of fibulin-3 per milliliter. In a comparison of patients with earlystage mesothelioma with asbestos-exposed persons, the sensitivity was 100% and the
specificity was 94.1% at a cutoff value of 46.0 ng of fibulin-3 per milliliter. Blinded
validation revealed an area under the curve of 0.87 for plasma specimens from 96
asbestos-exposed persons as compared with 48 patients with mesothelioma.
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CONCLUSIONS

Plasma fibulin-3 levels can distinguish healthy persons with exposure to asbestos from
patients with mesothelioma. In conjunction with effusion fibulin-3 levels, plasma
fibulin-3 levels can further differentiate mesothelioma effusions from other malignant
and benign effusions. (Funded by the Early Detection Research Network, National
Institutes of Health, and others.)
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nejm.org

october 11, 2012

1417

The New England Journal of Medicine
Downloaded from nejm.org at WAYNE STATE UNIVERSITY LIBRARIES on November 1, 2012. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

The

n e w e ng l a n d j o u r na l

D

espite advances in chemotherapy,
radiation therapy, and surgical management for malignant pleural mesothelioma, the median survival remains 12 months.1
Early detection is limited by the long latency period, an inability of imaging to detect the disease
at an early stage even when it is used as a screening strategy, and the lack of sensitive and specific blood-based markers.2 Moreover, in patients
with undiagnosed pleural effusion, the ability to
diagnose mesothelioma is delayed by failure to
include the disease in the differential diagnosis
and by the lack of noninvasive mesotheliomaspecific blood-based markers. Soluble mesothelinrelated protein, the most extensively studied bloodbased mesothelioma biomarker, is limited by an
overall sensitivity of 47% at 96% specificity.3 A
thrombin cleavage site impedes reproducible
measurements in serum for osteopontin.4 Using
genomic techniques similar to those described for
our identification of osteopontin as a mesothelioma marker5 (see the Methods section in the Supplementary Appendix, available with the full text
of this article at NEJM.org), we assessed whether
plasma levels of fibulin-3 have high specificity and
sensitivity for discriminating patients with mesothelioma from asbestos-exposed persons and from
patients with malignant or benign pleural effusions not due to mesothelioma.

Study Populations

Plasma and effusion samples from patients with
pleural mesothelioma, plasma samples from persons who had been exposed to asbestos but did
not have mesothelioma, and plasma and effusion
samples from patients with pleural effusions not
due to mesothelioma (Table 1) were obtained prospectively (by the first author) at Wayne State University from 1998 through 2005 (Detroit cohort)
and at New York University Langone Medical Center from 2005 through 2011 (New York cohort). The
EDTA-treated specimens were stored at –80°C.
Patients with other cancers were evaluated
with regard to marker specificity, including 20 with
ovarian cancer, 20 with breast cancer, 20 with glio
blastoma, and 31 with prostate cancer (Fig. 1A).
A total of 43 healthy controls (defined as persons
with benign prostatic conditions and without cancer or exposure to asbestos) were also evaluated
(Fig. 1A).
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The study was approved by the ethics committees of all participating institutions, and all study
participants provided written informed consent.
The first author vouches for the accuracy and
completeness of the data and analysis and the fidelity of the study to the technological and biostatistical protocols.
Patients with Pleural Mesothelioma

In the Detroit cohort, 78 patients had mesothelioma. Plasma was obtained from 37 of these patients, and pleural effusions were obtained from
the other 41. In the New York cohort, 64 patients
had mesothelioma. Plasma was obtained from 55
of these patients; it was obtained from 18 patients
2 weeks to 18 months after cytoreductive surgery,
and plasma from 6 patients was available at the
time of documented disease progression. Pleural
effusions were available from 33 of the 64 patients
with mesothelioma, of whom 12 had matching
plasma samples.
The median survival among the 142 patients
with mesothelioma and complete follow-up
through November 2011 (28 months for patients
with stage I or II disease and 8 months for patients with stage III or IV disease) (Fig. S1 in the
Supplementary Appendix) was consistent with
that in other studies using the International Mesothelioma Interest Group staging system.6
Cancer-free Persons with Asbestos Exposure

Me thods

1418

of

Of the 41 asbestos-exposed persons in the Detroit
cohort with plasma samples available,4 32 had occupational exposure to asbestos for at least 5 years
(78%), 5 had occupational exposure for less than
5 years (12%), and 4 had radiographic evidence of
asbestos exposure despite reporting only passive
exposure (10%). In this cohort, 10 persons were
foundry workers, 5 were pipe fitters, 4 were in
building and construction, 4 had passive exposure in the construction business or from contact
with a family member, 4 were involved in brake assembly or repair, 3 were involved in boiler repair,
2 had exposure to vermiculite insulation, 2 were
plumbers, 2 were ship builders, 1 was a machinist,
1 was a tool and die worker, 1 was a millwright,
1 was a brick layer, and 1 was an electrician. Radiographic evidence of fibrosis was found in 13 persons (32%), and pleural scarring or plaques were
found in 30 (73%).
The New York cohort included 95 steamfitters,
who provided plasma samples and underwent
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33

181.8±36.1‡

* Plus–minus values are means ±SE. NA denotes not available.
† Race was self-reported.
‡ P<0.001 for the comparison with patients with pleural mesothelioma in the Detroit cohort.
§ P<0.001 for the comparison between the New York cohort and the Detroit cohort.
¶ P<0.001 for the comparison with patients with pleural mesothelioma in the New York cohort.
‖ P<0.001 for the comparison with patients with pleural mesothelioma in the Toronto cohort.
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computed tomographic scanning between September 2010 and March 2011 at Mount Sinai Medical
Center in New York.7 Four of the steamfitters (4%)
did not report an occupational exposure to asbestos nor did they have pleural plaques or parenchymal fibrosis. The other 91 had exposure of
more than 5 years (range, 6 to 58). Sixty steam1420
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fitters (63%) had pleural scarring, 23 (24%) had
plaques, and 4 (4%) had parenchymal changes.
Validation Cohorts

The Carotene and Retinol Efficacy Trial (CARET)8
contributed deidentified, blinded serum samples
(no plasma samples were available) to the Univer-
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Figure 1 (facing page). Plasma Fibulin-3 Levels.
Panel A shows plasma fibulin-3 levels in patients with
malignant pleural mesothelioma as compared with all
other cohorts. Patients for whom matched effusions
were available had higher plasma levels than patients
for whom effusions were not available. The inset shows
the receiver-operating-characteristic (ROC) curve for all
patients with mesothelioma versus 290 controls. Panel
B shows the ROC curve for patients with stage I or II
mesothelioma as compared with all asbestos-exposed
persons; the diagram at the bottom shows the cutoff
point at highest accuracy. Panel C shows plasma fibulin-3
levels among patients with mesothelioma who underwent cytoreductive surgery and subsequently had disease progression. The fibulin-3 levels fell significantly
after surgery and were higher than postoperative levels
when progression occurred. Panel D shows the results
of blinded fibulin-3 analysis by Princess Margaret Hospital, with an area under the ROC curve (AUC) of 0.87
(top) and the cutoff point at highest accuracy (bottom).
CI denotes confidence interval.

sity of California, Los Angeles, and New York
University; the samples were obtained from 49
asbestos-exposed persons in whom mesothelioma
developed and 96 asbestos-exposed, cancer-free
controls. Fibulin-3 was measured in the blinded
serum, and the results were then unblinded and
analyzed by CARET coinvestigators. Princess Margaret Hospital in Toronto contributed deidentified, blinded plasma samples collected from 48
patients with mesothelioma and 96 asbestosexposed, cancer-free persons as part of an approved mesothelioma screening trial.9 Fibulin
measurements in blinded samples were performed
at New York University, with subsequent data unblinding and analyses by the Toronto coinvestigators.
Patients with Pleural Effusions Not Due
to Mesothelioma

The Detroit cohort included 53 controls with effusions not due to mesothelioma. Of these patients,
1 had an asbestos-related inflammatory effusion,
2 had chronic inflammation, 1 had congestive
heart failure, 2 had spontaneous hydropneumothorax, 2 had an effusion after immunotherapy or
chemotherapy, 17 had a postoperative benign effusion, 12 had adenocarcinoma of the lung, 4 had
squamous carcinoma of the lung, 8 had lung cancer not otherwise specified, 2 had renal-cell cancer, 1 had breast cancer, and 1 had lymphoma.
The New York cohort included 40 controls with
effusions not due to mesothelioma. Of these pan engl j med 367;15

tients, 2 had an asbestos-related inflammatory
effusion, 4 had chronic inflammation, 1 had congestive heart failure, 7 had a reactive pleural effusion, 7 had adenocarcinoma of the lung, 2 had
squamous carcinoma of the lung, 3 had lung
cancer not otherwise specified, 3 had gastrointestinal adenocarcinoma, 1 had renal-cell cancer,
1 had sarcoma, 1 had cancer of an unknown primary site, 5 had breast cancer, 2 had small-cell
carcinoma, and 1 had lymphoma. Matching plasma samples were available from 30 of the 40 controls in the New York cohort.
Immunohistochemical Analysis

Immunohistochemical analysis was performed
on 4-μm sections of a formalin-fixed, paraffinembedded tissue microarray from a previously
constructed 26-patient tissue microarray (with tissue samples obtained from randomly selected patients with mesothelioma for whom 2 to 4 cores
of tumor and 2 cores of non-neoplastic pleural
tissue, lung tissue, or both were available) with the
use of mouse antihuman fibulin-3 antibody, clone
mab3-5 (Santa Cruz Biotechnology) (see the Supplementary Appendix). For each core, both nuclear
staining and cytoplasmic staining for fibulin-3
were scored (with the scorer unaware of the tissue
microarray key) for the proportion of cells stained
(on a scale from 0 to 5, with higher scores indicating a greater proportion of stained cells) and
intensity of staining (on a scale from 0 to 3, with
higher scores indicating a greater intensity of
staining). A total score (range, 0 to 15, with
higher scores indicating more cells positive for
mesothelioma) was given for mesothelioma cells
and the non-neoplastic mesothelial and submesothelial pleural tissue.
Fibulin-3 Enzyme-Linked Immunosorbent
Assay

Levels of fibulin-3 in plasma and pleural effusions
were measured in duplicate wells and quantified
in nanograms per milliliter with the use of the
human fibulin-3 enzyme-linked immunosorbent
assay (USCN Life Science).
Statistical Analysis

Kaplan–Meier survival plots and log-rank tests were
used to assess differences in survival according to
the stage of disease in the patients with mesothelioma and according to levels of fibulin-3 in plasma and effusions in all participants. The ability of
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plasma fibulin-3 levels to distinguish cohorts was
evaluated by means of descriptive statistics —
specifically, the Mann–Whitney test for independent samples, without correction for multiple
comparisons, and receiver-operating-characteristic
(ROC) curves.10,11 The area under the ROC curve
(AUC) was calculated, and 95% confidence intervals were used to test the hypothesis that the
AUC is 0.5.11,12 We calculated differences between
groups by using analysis of variance and multiple
regression analysis in a stepwise fashion, entering
only variables with a P value of less than 0.05 in
the model. Spearman’s rank-correlation coefficients were calculated to assess the correlation
between groups. All statistical analyses were performed with the use of MedCalc software. No
adjustment of P values for multiple comparisons
was planned; when such an adjustment was made,
the results were unchanged.

R e sult s
Plasma Fibulin-3 Levels

Mean plasma fibulin-3 levels differed significantly
between asbestos-exposed, cancer-free persons
and patients with mesothelioma (Table 1) in
both cohorts, and plasma fibulin-3 levels in patients with mesothelioma in the Detroit cohort
were similar to those in patients with mesothelioma in the New York cohort (mean [±SE],
105.0±7.1 ng per milliliter and 112.9±7.6 ng per
milliliter, respectively; 95% confidence interval
[CI] for the difference, –14.8 to 28.6; P = 0.63).
Plasma fibulin-3 levels did not differ significantly
between 44 patients with mesothelioma who received preoperative chemotherapy and 48 who did
not (117.9±8.1 ng per milliliter and 101.1±6.9 ng
per milliliter, respectively; 95% CI for the difference, –37.8 to 4.3; P = 0.12).
No relationship was seen between plasma
fibulin-3 levels and duration of asbestos exposure
or radiographic score in patients in the New York
cohort or those in the Detroit cohort; the mean
(±SE) duration of exposure in the two cohorts was
34±1 years and 21±2 years, respectively. Plasma
fibulin-3 levels were also not influenced by the
patient’s age or sex or by the histologic subtype of
mesothelioma. Plasma fibulin-3 levels in patients
with stage I or II mesothelioma were similar to
those in patients with stage III or IV disease
(Fig. S2 in the Supplementary Appendix) and did
not differ significantly according to overall sur1422
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vival (data not shown). Simultaneously obtained
serum and plasma samples from 20 patients had
similar fibulin-3 levels, with a correlation coefficient of 0.94 (95% CI, 0.84 to 0.98), although serum values were significantly lower than plasma
values (87.3+17.6 ng per milliliter vs. 110.8+21.1 ng
per milliliter, P = 0.006).
ROC Curves

In the Detroit cohort, the AUC for asbestos-
exposed, cancer-free persons as compared with
patients with mesothelioma was 1.00. A cutoff
value of 32.9 ng per milliliter had the highest accuracy (minimal false negative and false positive
results) for mesothelioma detection (sensitivity,
100% [95% CI, 90.5 to 100]; specificity, 100%
[95% CI, 91.4 to 100]). These data were independently confirmed in the New York cohort, with
an AUC of 0.99 at a cutoff level of 52.8 ng per
milliliter for the highest accuracy (sensitivity,
94.6% [95% CI, 84.9 to 98.9]; specificity, 95.7%
[95% CI, 89.6 to 98.8]). When the Detroit and
New York cohorts were combined, the AUC was
0.99 at a cutoff level of 52.8 ng per milliliter for
the highest accuracy in a comparison of plasma
samples from 92 patients with mesothelioma
with plasma samples from all 290 controls (Fig.
1A). Plasma fibulin-3 levels differentiated patients with mesothelioma from patients with benign or malignant effusions not due to mesothelioma and also from patients who had other
cancers without effusions (Table 2).
When the 28 patients with stage I or II mesothelioma were compared with asbestos-exposed
controls, the AUC was 0.99 at a cutoff level of
46.0 ng per milliliter (sensitivity, 100% [95% CI,
87.7 to 100]; specificity, 94.1% [95% CI, 88.7 to
97.4]) (Fig. 1B). Fibulin-3 levels fell after cyto
reductive surgery in 18 of 18 patients with mesothelioma (Fig. 2C), with a trend toward increased
levels at the time of confirmed histologic or cytologic progression in 6 patients.
Validation Studies

The validation study with serum samples obtained from CARET participants failed to discriminate between patients with and those without malignant pleural mesothelioma (AUC, 0.56
[University of California, Los Angeles] and 0.52
[New York University]). Serum samples from
CARET participants were collected from 1985
through 1996, and we noted that even in fresh
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Table 2. Area under the ROC Curve (AUC), Sensitivity, and Specificity According to Study Cohort.*
No. of
Participants

Comparison

AUC (95% CI)

Cutoff

Sensitivity at
100% Specificity

ng/ml

Specificity at
100% Sensitivity

percent

Patients with mesothelioma vs. all controls

92 vs. 290 0.99 (0.974–0.997)

52.8

51.09

74.48

Patients with mesothelioma vs. asbestos-exposed
persons

92 vs. 136 0.99 (0.971–0.999)

52.8

71.32

69.57

Asbestos-exposed persons vs. healthy persons without
asbestos exposure

136 vs. 43 0.64 (0.565–0.710)

21.1

11.00

9.30

Patients with mesothelioma vs. patients with benign
effusions

92 vs. 8

0.95 (0.889–0.984)

67.1

82.61

25.00

Patients with mesothelioma vs. patients with malignant
effusions not due to mesothelioma

92 vs. 22

0.94 (0.876–0.974)

66.6

51.09

13.64

Patients with mesothelioma vs. all patients with effusions
not due to mesothelioma

92 vs. 30

0.94 (0.884–0.976)

67.1

51.09

16.67

Patients with mesothelioma vs. controls without effusions

92 vs. 259 0.99 (0.982–1.000)

44.4

69.57

81.10

* CI denotes confidence interval.

specimens collected simultaneously and stored
for less than 2 years, the serum levels were significantly lower than the plasma levels. We were
concerned that serum fibulin-3 measurements,
particularly in old, archived specimens, might
not be accurate, especially since analysis of the
structure of fibulin-3 revealed at least two thrombin cleavage sites13 similar to those of fibulin-2.14
Hence, we performed another blinded validation
study using plasma samples collected at Princess
Margaret Hospital. Excellent discrimination between the 96 controls and the 48 patients with
mesothelioma was found (AUC, 0.87). At a specificity of 100%, a sensitivity of 33% was achieved
(Fig. 2D).
Effusion Fibulin-3 Levels

There was a surprisingly poor correlation between
fibulin-3 levels in matched samples of plasma and
pleural effusions from 17 patients with mesothelioma (correlation coefficient, –0.007; 95% CI,
–0.486 to 0.475; P = 0.98) as well as in samples of
plasma and pleural effusions from 15 patients
with effusions not due to mesothelioma (correlation coefficient, 0.305; 95% CI, –0.245 to 0.707;
P = 0.27). Mesothelioma effusions had significantly higher fibulin-3 levels than either benign
effusions or malignant effusions not due to mesothelioma (Table 1). The effusion fibulin-3 levels
did not differ significantly between 22 patients
who received preoperative chemotherapy and 52
who did not (617.4±72.5 ng per milliliter and

n engl j med 367;15

703.6±42.6 ng per milliliter, respectively; 95% CI
for the difference, –74.7 to 246.9; P = 0.54).
ROC Curves

Fibulin-3 levels in effusions discriminated between patients with mesothelioma and participants without the condition in both the Detroit
and New York cohorts, with AUCs of 0.95 and
0.91, respectively, and the cutoffs for maximum
sensitivity and specificity were similar (378 ng per
milliliter and 346 ng per milliliter) (Table S1 in
the Supplementary Appendix). As shown in Figures 2A, 2B, and 2C, fibulin-3 levels discriminated
effusions from patients with mesothelioma from
effusions from all other participants (AUC, 0.93),
whether they had benign effusions (AUC, 0.93) or
malignant effusions (AUC, 0.94).
Among 54 patients who underwent cytoreductive surgery and pathological staging, effusion
fibulin-3 levels differed significantly between the
21 patients with stage I or II mesothelioma and the
33 patients with stage III or IV disease (576±67 ng
per milliliter vs. 765±55 ng per milliliter, P = 0.04)
(Fig. 2D). Moreover, when we used as a cutoff value
the median effusion fibulin-3 level (733.4 ng per
milliliter) in all 69 patients with malignant pleural mesothelioma who underwent cytoreductive
surgery and for whom survival information was
available, survival differed significantly according
to the effusion fibulin-3 level at the time of surgery (Fig. 2E). A multivariate model revealed that
the cutoff effusion fibulin-3 level, stage of dis-
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Figure 2 (facing page). Effusion Fibulin-3 Levels.
Panel A, B, and C show the ROC curves for patients
with mesothelioma as compared with all patients with
effusions not due to mesothelioma, patients with benign
effusions, and patients with malignant effusions not
due to mesothelioma, respectively; the diagram at the
bottom of each panel shows the cutoff point at highest
accuracy. Panel D shows effusion fibulin-3 levels according to pathological stage in patients with mesothelioma
who underwent cytoreductive surgery. Unlike plasma
fibulin-3 levels, effusion fibulin-3 levels differed significantly between patients with early-stage mesothelioma
and those with late-stage mesothelioma. Panel E shows
effusion fibulin-3 levels and survival among patients
with mesothelioma who underwent cytoreductive surgery. Higher fibulin-3 levels were associated with significantly poorer survival.

ease, and histologic subtype were independently
predictive of survival (Table S2 in the Supplementary Appendix). Additional prognostic cutoff-point modeling is described in the Supplementary Appendix.
Immunohistochemical Studies

Nuclear expression of fibulin-3, cytoplasmic expression of fibulin-3, or both were seen in the
mesothelioma cells of 26 out of 26 specimens,
and the staining-intensity scores were similar
when the epithelial histologic subtype (mean
score, 7.7±0.6) was compared with the mixed
epithelial-and-sarcomatoid biphasic histologic subtype (6.9±0.8; 95% CI for the difference, –1.2 to
3.0; P = 0.87) or with purely sarcomatoid histologic
subtypes (6.6±1.1; 95% CI for the difference, –2.6
to 4.9; P = 0.62). The total staining score (for both
nuclear and cytoplasmic fibulin-3 staining) was
consistently higher for the neoplastic mesothelioma components than for the non-neoplastic pleura
(7.4±0.5 [range, 0 to 15] vs. 2.4±0.8 [range, 0 to 12];
95% CI for the difference, –6.9 to –3.1; P<0.001)
(Fig. S4 in the Supplementary Appendix).

Discussion
The results of our study suggest that levels of
fibulin-3 in plasma and effusions may aid in determining the diagnosis and prognosis of pleural
mesothelioma. The specificity and sensitivity of
fibulin-3 in discriminating between asbestosexposed persons, as well as patients with effusions not due to mesothelioma, and patients with
mesothelioma are superior to those of other pub-
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lished markers, and fibulin-3 levels are not influenced by the duration of asbestos exposure. In
addition, high levels of fibulin-3 in effusions have
a high positive predictive value for the presence of
mesothelioma and appear to reflect the prognosis.
Fibulin-3 is a highly conserved member of the
extracellular glycoprotein fibulin family encoded
by the gene epidermal growth factor–containing
fibulin-like extracellular matrix protein 1 (EFEMP1)
on chromosome 2p16.15 Gene expression is low in
normal tissues, with the highest expression in the
thyroid.16 Fibulin-3 is expressed in condensing
mesenchyme, giving rise to bony and cartilaginous
structures.17 It mediates cell-to-cell and cell-tomatrix communication, is inversely related to cell
growth, and has variable angiogenic effects.18,19
Inactivation of EFEMP1 due to DNA hypermethylation has been reported in lung,20,21 prostate,22
colorectal,23 breast,24 nasopharyngeal,25 and hepatocellular26 carcinomas. In contrast, fibulin-3 is
up-regulated in pancreatic adenocarcinoma metastases,27 and there are conflicting opinions about
whether the elevated expression of fibulin-3 enhances or suppresses invasion of glioblastomas.28,29
A single study of differences in gene expression
between ovarian or primary peritoneal serous carcinomas and diffuse malignant peritoneal mesothelioma showed that EFEMP1 was overexpressed
in all the mesotheliomas but in none of the ovarian
or serous carcinomas.30 In hereditary maculopathy,
overexpression of fibulin-3 is associated with a
mutation in EFEMP1.31,32 We have not detected any
mutations in the EFEMP1-coding exons of 20 pleural mesotheliomas (data not shown).
The plasma fibulin-3 level was significantly elevated in patients with mesothelioma in the two
separate geographic cohorts (Detroit and New
York), and these elevations were confirmed in a
blinded validation with the use of specimens
from Toronto. The characteristics of the patients
with mesothelioma in the Detroit and New York
cohorts were similar, including their mean plasma
fibulin-3 levels. Plasma fibulin-3 levels discriminated between stage I or II mesothelioma and
asbestos exposure without mesothelioma, at a
specificity of 94% and a sensitivity of 100%, and
the similarity of plasma fibulin-3 levels in earlyand late-stage disease suggests that fibulin-3 may
be associated with early events in mesothelial
transformation. Surprisingly, effusion fibulin-3
levels did not correlate with plasma levels. Cavitary levels of fibulin-3 may reflect the biology of
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mesothelioma more accurately than plasma levels, because an advanced stage of disease was
associated with higher effusion fibulin-3 levels,
and effusion fibulin-3 levels (in contrast to plasma levels) were independently prognostic in patients who underwent complete staging at the time
of cytoreductive surgery. Only effusion levels of
vascular endothelial growth factor (VEGF) have
been associated with prognosis in patients with
mesothelioma33; however, VEGF levels cannot discriminate between effusions due to mesothelioma
and effusions not due to mesothelioma.34
The data from this study cannot support a conclusion that fibulin-3 is an early detection marker
for mesothelioma, owing to the lack of prospective, plasma-based longitudinal collections. Our
CARET data suggest that plasma, not serum,
should be used for fibulin measurement, because
of the possibility of uncontrolled thrombin
cleavage. Further validation studies of plasma
fibulin-3, as well as the prognostic implications
of an elevated fibulin-3 level, must be performed
as part of an international effort to investigate the
management of a rising plasma fibulin-3 level and
to determine the number of years before clinical
onset that plasma fibulin-3 can be used to detect
mesothelioma. Moreover, the role of fibulin-3 as
a monitoring biomarker after treatment for the
disease should be prospectively validated, since
we report that plasma fibulin-3 levels fell dramatically after surgical cytoreduction and rose at
the time of progression. The precision of the cutoff points defined in this study for maximal sensitivity and specificity in the detection of disease
will also need to be examined in further studies.
Although the values for plasma fibulin-3 were
similar in our cohorts, the cutoffs varied between
the two geographic cohorts. This could be due to
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