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Abstract

Background—Mesothelin, previously shown to be expressed in triple negative breast cancer 

(TNBC), is a potential therapeutic target and prognostic marker in breast cancer.

Methods—We analyzed clinical data from two cohorts comprising of 141 patients treated 

between 2009 and 2011 at our institution (discovery cohort) and 844 patients from The Cancer 

Genome Atlas (TCGA) (validation cohort). Mesothelin expression was quantified by 

immunohistochemistry (IHC) or by RNA transcript levels as measured by whole-transcriptome 

sequencing in the discovery and validation cohorts respectively.

Results—In the discovery cohort, the median follow up was 3.55 years. Univariate analyses 

demonstrated that tumor size (hazard ratio (HR) =1.30, 95% confidence interval (CI) 1.11–1.51), 

positive (+) axillary lymph nodes (HR=3.34; 95% CI 1.51–7.39), and mesothelin expression (HR 

= 2.03; 95% CI 1.10–3.74) were associated with overall and disease-specific survival. We used a 

Cox-proportional hazard (Cox-PH) model to adjust for the two independent predictors of survival, 
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namely (+) axilla lymph nodes and tumor size, and we found a significant association between 

mesothelin expression and overall and disease-specific survival in the discovery cohort (HR = 

3.06, 95% CI 1.40–6.68). Using the TCGA dataset, we confirmed that, over a median follow-up of 

16.0 months, patients with mesothelin-expressing tumors had poorer overall survival (HR=1.46; 

95% CI 1.05–2.03). On Cox-PH multivariate analysis, mesothelin-positivity was an independent 

predictor of worse survival, after adjusting for (+) axillary lymph nodes and tumor size (HR = 

1.69; 95%CI 1.17–2.42).

Conclusions—Our results suggest that mesothelin is a prognostic breast tumor marker whose 

expression is highly enriched in TNBC tumors, especially in African American women. As there 

is no existing targeted therapy for TNBC, mesothelin may be a promising drug target for TNBC. 

Future work is needed to evaluate the efficacy of mesothelin directed targeted therapy in the 

treatment of breast cancer.
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Introduction

Mesothelin is a 40 kDa glycophosphatidylinositol-anchored cell membrane glycoprotein 

encoded by the 2138 bp mesothelin gene which was first identified as a cell surface antigen 

recognized by the mouse K1 monoclonal antibody [1]. Mesothelin was subsequently cloned 

by Chang and Pastan, who were the first to show its expression on the surface of human 

ovarian carcinoma cells [2]. Mesothelin is initially synthesized as a 69kDa precursor protein, 

which is subsequently cleaved post-translationally into a 40 kDa membrane-bound C-

terminal fragment, mesothelin, and a 31 kDa N-terminal soluble secreted protein fragment, 

megakaryocyte potentiating factor (hMPF) [3].

Mesothelin is expressed in the lining of the peritoneum, pleura and pericardium [1]. The 

biological function of mesothelin is unknown but mice with homozygous null mutation 

showed no detectable anatomic, developmental or reproductive defects indicating that 

mesothelin is not likely to be an essential protein in mice [4]. Mesothelin appears to be 

involved in cell adhesion via its interaction with CA125 and has been proposed to play a 

role in cancer progression [5].

Only recently has mesothelin been identified as a tumor antigen in breast cancer [6–8], in 

part because tumors of the most common breast cancer subtype, i.e. luminal A, rarely 

express mesothelin. In contrast, mesothelin is expressed in nearly half of all tumors 

belonging to the less common breast cancer subtype, basal or triple negative breast cancer 

(TNBC) [8]. This skewed expression pattern of mesothelin suggests that mesothelin may be 

a unique therapeutic target in TNBC. As numerous targeted therapeutic strategies directed 

against mesothelin have been developed for the treatment of malignancies such as 

mesothelioma, ovarian and some biliary and pancreatic carcinoma (summarized in a recent 

review [9]), these strategies, which include mesothelin-specific immune toxins, monoclonal 

antibodies, antibody-drug conjugates, tumor vaccines and cell-based immunotherapies, may 
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be adopted as novel treatment strategies for TNBC. However, prior to adopting these 

mesothelin directed targeted therapy for clinical use, the mechanistic role of mesothelin in 

breast cancer pathogenesis has to be better understood.

The association between mesothelin expression in tumor cells and unfavorable clinical 

outcome has been reported in several gastrointestinal malignancy including biliary 

adenocarcinoma [10], and gastric carcinoma [11]. However, there has also been conflicting 

results that demonstrated that mesothelin expression was associated with prolonged survival 

in patients with advanced stage in epithelial ovarian carcinomas [12]. As for breast cancer, 

efforts to elucidate its prognostic significance have likely been dampened due to conflicting 

results from two studies aimed at evaluating the association between mesothelin expression 

and clinical outcomes in breast cancer [13, 14].

We therefore performed this study using data from two breast cancer patient cohorts 

comprising of patients treated at a single institution (n=141, discovery cohort) and patients 

from a multi-center cohort (n=844, validation cohort) obtained from The Cancer Genome 

Atlas (TCGA) to further clarify the equivocal status of mesothelin as a bona fide prognostic 

tumor marker in breast cancer. Our results demonstrate that mesothelin is indeed a 

prognostic tumor marker in breast cancer. Our findings support the need for further research 

to elucidate the mechanistic role of mesothelin in breast cancer progression and to evaluate 

the efficacy of some of the established mesothelin-targeted therapies in the treatment of 

breast cancer, in particular, TNBC.

Materials and Methods

Patients and tissue specimens

The discovery cohort is comprised of 141 patients. After obtaining approval from our 

Institutional Review Board, we identified all consecutive cases of TNBC (n=70) treated 

between 2009 and 2011 at our breast center located in a tertiary medical center. In addition, 

we included an additional 71 consecutively-treated patients who were diagnosed with 

receptor positive breast cancer (defined below) within the same study period. The majority 

of the patients in the discovery cohort (n=134) were diagnosed with primary operable breast 

cancer except for seven patients who had undergone surgical resection of their in-breast or 

chest wall recurrence in the same study period. These seven patients were initially diagnosed 

with their primary breast cancer between 2001 and 2008. All patients were treated according 

to the National Comprehensive Cancer Network (NCCN) guidelines. All patients included 

in the study were reviewed to ensure that there was sufficient archival tumor tissue for 

additional IHC studies.

Immunohistochemistry staining Protocol

Estrogen (ER), progesterone (PR), and Her-2/neu (Her2) receptor expression were evaluated 

by standard immunohistochemistry (IHC) staining techniques on formalin-fixed paraffin-

embedded (FFPE) breast cancer tissue samples for all participants as part of standard 

pathology evaluation at our institution. The FDA-approved PharmDx ER and PR test kits 

(DAKO, Carpinteria,CA) and HercepTest (DAKO, Carpinteria, CA) were used to evaluate 
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ER, PR and Her2 expression following manufacturer’s guidelines. The tests were reported 

as negative if the Allred score was 2 or less for ER and PR and 0 or 1+ for Her2. Fluorescent 

in situ hybridization (FISH) was performed using PathVision HER2 DNA probe kit (Abbott, 

Late County, IL) on all TNBC to confirm Her2 receptor status. FISH analysis was also 

performed to confirm the Her2 status in all Her2 2+ tumors as determined by IHC.

Expression of mesothelin was evaluated on FFPE tissue sections by IHC staining using a 

mouse monoclonal antibody specific for mesothelin (clone 5B2, 1:100, Thermo Scientific 

MS-1320) using a fully-automated Leica Bond™ Polymer Refine Detection System. Slides 

were pre-treated with Bond ER2 solution for 20 minutes at 100°C. Mesothelioma tissue was 

used as positive control.

All IHC-stained tumor sections were evaluated and scored by a board-certified pathologist 

who was blinded to the clinical characteristics and outcome of the corresponding patient. 

Because mesothelin staining is heterogeneous within and across tumor sections, the H-score, 

defined as the product of % positive tumor cells and IHC staining intensity (1, 2, or 3 with 3 

being the most intense), was determined as the mean score from three separate high power 

fields.

Statistical analyses

For the discovery cohort, clinical characteristics, including African-American (AA) race, 

age at diagnosis (defined as the date of initial breast cancer surgery), tumor subtypes 

according to receptor status, tumor size (as continuous variable or as categorical variable by 

TNM classification), and number of involved or (+) axillary lymph nodes (as ordinal or as 

categorical variable by TNM classification). For this study, we classified tumor subtypes 

into three groups: Group 1 is comprised of ER+ breast cancer which expresses either ER or 

PR and lacks Her2 expression (n=34); Group 2 is comprised of Her2+ breast cancer which 

expresses Her2 as determined by IHC and/or fluorescence in situ hybridization with or 

without expression of ER or PR (n=37); and Group 3 is comprised of TNBC which lacks 

expression of ER, PR, or Her2 (n=70). In addition, we also stratified the cohort into 

mesothelin (−) vs. (+) tumors and evaluated the association of mesothelin expression with 

clinical and pathological characteristics using either a two-tailed student’s t-test for 

continuous covariates (i.e. age and tumor size) or a two-tailed Fisher’s Exact Test for 

discrete or ordinal covariates (ie. histologic types, and number of (+) axillary lymph nodes 

(0 vs. ≥1). Univariate and multivariate analyses were performed to assess both overall and 

disease-specific survival outcomes using the Kaplan-Meier and Cox-proportional hazards 

models, respectively. For the discovery cohort, the overall and disease-specific survival 

outcomes were identical as all deaths were attributed to disease progression.

For the TCGA validation cohort, we acquired the data on total mesothelin mRNA 

expression levels from breast cancer patients who had participated in the TCGA study. 

These expression data were retrieved from publicly available datasets after obtaining 

approval from the TCGA study group. All data files were stored in secure servers as per 

TCGA data handling requirements. We derived a threshold for mesothelin expression based 

on the observed mRNA expression levels in tumors as compared to matched, normal breast 

tissue mesothelin levels (when available). We downloaded the RNA-Seqv2 rsem estimated 
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raw counts for genes and isoforms from solid tumor and adjacent non-tumor samples. 

Transcripts from the UCSC Known Genes Table, Refseq, Wega, and Ensemble and 

predictions were used and scores (number of tags in each transcript) were obtained from 

each sample [15]. We normalized both gene and isoform level estimated raw counts using 

the bioconductor R software package edgeR [16]. Scores were normalized with respect to 

total tags in the sample as well as total tags in the chromosome. Only the tags that overlap 

with transcripts were used in counting total tags. If the same tag is mapped to several places, 

a ratio is taken in counting. These estimation counts were obtained by TCGA using methods 

as published [15] . We retained only those samples with available mesothelin expression 

data (n=844) for further analysis.

We assessed the distribution of mesothelin expression scores (ranging from 0 to 994.5) and 

noted that the distribution of mesothelin expression was non-normal, precluding the use of 

the expression scores directly as a continuous variable. After normalizing the mesothelin 

mRNA expression levels, a mesothelin normalized mRNA expression score was derived for 

each patient based on total normalized read counts. We dichotomized the mesothelin 

expression covariate as either positive or negative. To determine a threshold for mesothelin 

mRNA expression positivity, we compared the distribution of mesothelin expression scores 

in normal versus tumor breast tissues to arrive at a cutoff threshold. As mesothelin mRNA is 

expressed in normal breast tissues albeit at low levels, we used a threshold such that 95% of 

all matching tumor and normal tissues had a tumor mesothelin mRNA level greater than the 

matching normal sample. This cutoff, which is equivalent to a normalized mesothelin 

expression score of (1.64), was retained to dichotomize the mesothelin expression variable 

as mesothelin-positive or negative tumors.

Results

For our discovery cohort, mesothelin expression was quantified by IHC. Representative IHC 

staining results were shown in Fig. 1. Mesothelin was not detected in normal breast tissue by 

IHC (Fig. 1A) while mesothelin was highly expressed in mesothelioma tissue, a positive 

control (Fig. 1B). Staining pattern was predominantly membranous but cytoplasmic staining 

was also observed in breast tumor sections with heterogeneity noted within and across tumor 

samples. Representative IHC staining patterns with associated H-scores of 40 and 200 were 

shown in Fig. 1C and D respectively.

For the discovery cohort, we noted that mesothelin H-scores (ranging from 0 – 225) was not 

normally-distributed (skewness = 2.36 and kurtosis = 5.12) with a significant number of 

samples showing H-scores under one (mean = 22.68 and median = 0). The distribution of H-

scores according to tumor subtypes was shown in Fig. 2A. The majority of tumor tissues 

have H-score <10. In addition, most tumors that were mesothelin (+) belonged to a specific 

tumor subtype, i.e. TNBC. To determine a method for dichotomizing the H-score, we 

visualized the histogram of H-scores and noted a natural distribution of patients either with 

≥10 or <10 H-scores. We therefore used H-score of 10 as the threshold to dichotomize 

tumor samples into mesothelin positive vs. negative when H-score was ≥ 10 or H-score <10 

respectively. Of note, the same H-score threshold was used in a recent study [14].
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For the TCGA (validation) cohort, we used total mRNA expression of all mesothelin 

transcripts from the TCGA whole-transcriptome sequencing dataset to evaluate mesothelin 

expression. The distribution of mesothelin RNA expression values in the TCGA cohort also 

failed to follow a normal distribution, with the majority of the tumors showing very low or 

non-detectable expression (Fig. 2B). Similar to the discovery cohort, the majority of tumor 

tissues which expressed mesothelin were of the TNBC subtype (Fig. 2B). In both the 

discovery and validation cohort datasets, our empirically determined threshold, which was 

based on mesothelin expression levels as visualized by kernel density plot, provided a clear 

cutoff for dichotomizing tumors [14]. Subsequent univariate and multivariate analyses to 

assess association of mesothelin positivity with survival outcomes would use this binary 

classification to dichotomize tumors as either mesothelin (−) vs. (+).

The clinical characteristics of both study cohorts as stratified by mesothelin positivity were 

summarized in Table 1. For the discovery cohort, we noted that the mesothelin (+) subgroup 

was significantly enriched for patients of African American (AA) race (p = 0.02). Most 

importantly, we noted that 63% of TNBC samples (44 of 70) expressed mesothelin with H-

scores ranging from 10 to 225 (mean = 22.68). In contrast, mesothelin expression was only 

observed in 1 out of 34 ER+ tumors (3%) and 5 out of 37 Her2+ tumors (14%) (Table 1).

For the TCGA validation cohort, we again noted a significantly higher proportion of women 

with AA descent whose tumors were mesothelin (+) (p = 4.84 E-07) (Table 1). We also 

observed a significant enrichment for mesothelin (+) expression in 66% TNBC tumors (76 

of 116) as compared to all other receptor subtypes combined (12%) (p = 1.07 E-31).

For the discovery cohort, clinical and pathological characteristics that correlated with worse 

prognosis included tumor size (both as continuous variable in cm and as categorical variable 

in T stage), (+) axilla nodes, and (+) mesothelin expression with HR = 1.30, 95% CI 1.11–

1.51; HR = 3.34, 95% CI 1.51–7.39; and HR = 2.03, 95% CI 1.10–3.74 respectively. Of 

note, our data did not show that breast cancer subtype was significantly associated with 

breast cancer outcomes although there was a trend towards worse prognosis for TNBC 

tumor subtype (HR = 2.35, CI 0.95–5.93) (Table 2A).

For the TCGA cohort, the clinical variables that correlated with worse prognosis included 

tumor size (as categorized by TMN staging classification), (+) axillary lymph nodes, tumor 

subtypes, specifically TNBC and Her2+ tumor subtypes, and (+) mesothelin expression with 

HR = 2.12, 95% CI 1.06–4.21; HR=1.60, 95% CI 1.18–2.35; HR=2.19, 95% CI 1.13–4.22; 

HR=2.53, 95% CI 1.38–4.65; and HR 1.46, 95% CI 1.05–2.03 respectively (Table 2B).

To further evaluate the prognostic significance of mesothelin expression, Kaplan-Meier 

analyses were performed to correlate mesothelin expression with overall survival for 

patients in both study cohorts. As shown in Fig. 3, mesothelin expression is significantly 

associated with worse survival outcome in both Discovery and TCGA patient cohorts.

When multivariate analyses were performed using data from the discovery cohort taking 

into consideration of all identified significant covariates from Table 2A, we identified three 

independent prognostic factors that predicted outcome. These prognostic factors were: 1) (+) 

axilla lymph nodes, 2) tumor size (in cm) and 3) mesothelin (+) disease with HR=1.13, 95% 
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CI 1.05–1.21; HR=1.37, 95% CI 1.13–1.67; and HR=3.06, 95% CI 1.40–6.68 respectively 

(Tables 3A). Of note, we were not able to demonstrate that the following covariates, namely, 

women with AA race and tumor subtypes, were independent prognostic factors in the 

discovery cohort. To illustrate this further, we stratified our data by either AA race or tumor 

subtype. Importantly, the three prognostic variables remained statistically significant upon 

stratification by AA race (Table 3A), suggesting that despite the association between 

mesothelin (+) tumors and AA race, (+) mesothelin expression remained an independent 

predictor of clinical outcome (HR = 3.14, 95% CI 1.24–6.17) (Table 3A). In contrast, when 

we stratified the data by tumor subtypes, mesothelin was no longer significantly associated 

with outcomes (HR=1.63, 95% CI 0.65–4.10) suggesting a strong association between 

mesothelin expression and tumor subtypes, specifically TNBC.

When multivariate analyses were performed using data from the TCGA cohort taking into 

consideration of the significant covariates identified in the Discovery cohort, we identified 

two independent prognostic factors that predicted outcome. These factors were: 1) (+) axilla 

nodes and 2) mesothelin (+) tumors with HR = 1.10, 95% CI 1.06–1.13; and 1.69, 95% CI 

1.17–2.42. Interestingly, tumor size as categorized by T stage was no longer associated with 

survival in this analysis (Table 3B). Again, the association between clinical outcome and (+) 

axilla nodes and (+) mesothelin expression was preserved upon stratification by AA race, 

indicating that these two prognostic factors were independent of AA race. As was observed 

with the discovery cohort, the significant association between mesothelin expression and 

outcome no longer persisted upon stratification by tumor subtypes, suggesting a very strong 

correlation between mesothelin (+) tumors and the TNBC tumor subtype. Involved axilla 

nodes remained an independent prognostic variable regardless of tumor subtypes, HR=1.09, 

95% CI 1.04–1.12 Table 3B).

Discussion

TNBC enjoys no benefit from targeted therapy directed against estrogen, progesterone, or 

Her-2/neu receptors. Therefore, the search for a molecular therapeutic target for TNBC is 

ongoing. We reported earlier that mesothelin is a promising molecule that may serve as a 

tumor marker for TNBC especially since the majority of TNBC express mesothelin [8]. Two 

studies [13][14] have reported on the prognostic value of mesothelin expression in breast 

cancer but only one showed a significant correlation with clinical outcome [13]. The 

divergent results of these two studies may be attributable to differences in study design and 

differences in clinical demographics of the patient cohorts.

The study that did demonstrate a significant prognostic significance of mesothelin was a 

retrospective analysis involving 182 breast cancer patients. The study included tumors of all 

receptor subtypes. Results from that study demonstrated that aside from nodal status, tumor 

size, and Her2+ disease, mesothelin expression was significantly associated with poor 

prognosis. However, a recent retrospective study, which restricted their analyses to patients 

diagnosed with TNBC subtype only (n=109), did not demonstrate a significant correlation 

between mesothelin expression and poor outcome. In that TNBC study, although a statistical 

significance was not reached, a trend towards worse prognosis was noted in patients with 

mesothelin (+) tumors (HR=1.02, 95% CI 0.35 – 2.98). The inability to demonstrate a 

Li et al. Page 7

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 December 10.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



significant association between mesothelin expression and poor outcome in the TNBC study 

may be due to an inadequate sample size even though the study included 109 TNBC 

patients. Extrapolating from our data and using the expected HR of 1.69 (Table 3B) derived 

from the TCGA study cohort dataset, we estimated that a sample size of at least 208 TNBC 

patients will be needed to achieve sufficient power (0.8) to test the prognostic value of 

mesothelin within this specific tumor subtype.

Given that another retrospective study may share intrinsic limitations including inadequate 

sample size and selection bias, to overcome these potential limitations, we included in our 

study two independent patient cohorts. The smaller study cohort was comprised of patients 

treated at a single institution and served as a discovery cohort while the second larger cohort 

was comprised of patients participating in a multi-institution clinical trial for The Cancer 

Genome Atlas project (TCGA) and served as a validation cohort. Our results demonstrated 

that mesothelin is indeed a prognostic breast tumor marker and is significantly associated 

with poorer overall and disease-specific survival in both patient cohorts. In addition, we 

observed in both study cohorts that mesothelin expression is primarily observed in TNBC.

Nevertheless, our study has limitations. Despite the large sample size provided by the TCGA 

cohort, we could not demonstrate that the association between mesothelin expression and 

worse outcome is independent of tumor receptor subtypes. As mentioned earlier, we would 

need a cohort that has at least 208 patients diagnosed with TNBC to elucidate the prognostic 

value of mesothelin expression in this specific tumor subtype. Due to the strong correlation 

between tumor mesothelin positivity and receptor status (~60% of all TNBC tumors 

expressed mesothelin), we estimate that we will require a sample size twice that of the 

TCGA cohort to be sufficiently powered to dissect the prognostic value of mesothelin 

independent of receptor subtypes. Indeed, future mechanistic studies will help address the 

biology of the association between mesothelin expression and receptor status.

Another notable difference between our study and the TNBC study [14] was that we found a 

higher proportion of TNBC tumors that were mesothelin (+) (~60%) as compared to 34% as 

reported in the TNBC study. This difference may be attributed to the difference in 

methodology of the two studies. As opposed to using tissue microarrays for IHC analyses in 

the TNBC study, we performed all of our IHC staining using whole tumor tissue sections. 

The use of tissue microarrays may have resulted in a lower rate of detection of mesothelin 

(+) tumors since mesothelin expression was noted to be heterogeneous within and across 

tumor samples when we performed our IHC analyses.

Taken together, our results demonstrated that mesothelin positivity was significantly 

associated with TNBC and poor clinical outcome. Our results support future work to dissect 

the mechanistic role of mesothelin in breast cancer pathogenesis. Our results also provide 

the rationale to adapt existing mesothelin targeted therapies intended for other malignancies 

as novel treatment strategies for TNBC.
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Figure 1. Expression of mesothelin in Mesothelioma and Breast Cancer Tissues
The expression of mesothelin as assessed by Immunohistochemistry (IHC) and 

representative IHC staining results in various tissues were shown. A. Normal breast tissue; 

B. mesothelioma; C. 2+ cytoplasmic staining intensity, overall H-score = 40; D. 3+ 

membranous staining intensity, overall H-score = 200.
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Figure 2. A and B. Distribution of tumor mesothelin status stratified by receptor subtypes in the 
two study cohorts
Histogram plots illustrating the stratified distribution of tumor mesothlin expression levels/

scores in the two cohorts, Discovery (A) and TCGA (B) cohorts by the three receptor 

subtypes (as described in Methods). Note that NA denotes samples whereby receptor 

subtype information was not available. Also note that the mesothelin expression level (based 

on RNA sequencing data obtained for the TCGA dataset) was normalized and a natural log 

transform is shown (B).
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Figure 3. A and B Kaplan Meier plots showing breast cancer patient survival probabilities 
stratified by mesothelin expression positivity in the Discovery (A) and TCGA (B) cohorts
Patient survival rates are shown for all patients in either the Discovery (A) or TCGA (B) 

cohorts as a function of the survival time (in days). Probabilities are based on those derived 

from the Kaplan Meier survival estimates using only those patients included in the analyses 

as described.

Li et al. Page 12

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 December 10.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Li et al. Page 13

T
ab

le
 1

C
lin

ic
al

 c
ha

ra
ct

er
is

ti
cs

 o
f 

th
e 

tw
o 

br
ea

st
 c

an
ce

r 
pa

ti
en

t 
co

ho
rt

s 
st

ra
ti

fi
ed

 b
y 

m
es

ot
he

lin
 e

xp
re

ss
io

n 
st

at
us

C
lin

ic
al

 c
ha

ra
ct

er
is

tic
s 

fo
r 

bo
th

 c
oh

or
ts

 a
re

 s
ho

w
n 

fo
r 

al
l p

at
ie

nt
s 

in
cl

ud
ed

 in
 o

ur
 a

na
ly

se
s.

 P
at

ie
nt

s 
w

ith
 m

is
si

ng
 c

ov
ar

ia
te

s 
w

er
e 

ex
cl

ud
ed

 f
ro

m
 

m
ul

tiv
ar

ia
te

 a
na

ly
se

s 
an

d 
m

od
el

 s
ea

rc
h 

bu
t w

er
e 

in
cl

ud
ed

 in
 u

ni
va

ri
at

e 
an

al
ys

es
 to

 id
en

tif
y 

si
gn

if
ic

an
t c

ov
ar

ia
te

s 
as

 s
tr

at
if

ie
d 

by
 m

es
ot

he
lin

 p
os

iti
vi

ty
.

D
is

co
ve

ry
 C

oh
or

t
T

C
G

A
 C

oh
or

t

O
ve

ra
ll

M
es

ot
he

lin
 (

−)
*

M
es

ot
he

lin
 (

+)
p 

va
lu

e
O

ve
ra

ll
M

es
ot

he
lin

 (
−)

M
es

ot
he

lin
 (

+)
p 

va
lu

e

P
at

ie
nt

s 
(N

)
14

1
91

50
84

4
66

6
17

8

R
ac

e
no

n-
A

A
61

46
15

2.
14

E
-0

2
64

5
52

5
12

0
4.

84
E

-0
7

A
A

80
45

35
70

37
33

N
A

0
0

0
13

9
11

4
25

A
ge

 a
t 

di
ag

no
si

s 
(y

ea
rs

)
m

ea
n 

±
 s

d
55

.6
3±

13
.9

3
57

.1
3±

13
.9

5
52

.9
0±

13
.6

1
0.

07
58

.3
5±

13
.2

1
58

.6
5±

13
.3

4
57

.2
6±

12
.6

9
0.

31

≤5
0

56
31

25
25

4
19

5
59

>
50

85
60

25
59

0
47

1
11

9

T
um

or
 s

iz
e 

(c
m

)
m

ea
n 

±
 s

d
2.

32
±

1.
80

2.
22

±
1.

83
2.

50
±

1.
74

0.
31

0.
12

T
1

<
2

69
48

21
22

8
18

7
41

T
2

2–
5

55
31

24
49

5
38

0
11

5

T
3

>
5

10
7

3
95

80
15

N
A

7
5

2
26

19
7

St
ag

e
I

47
33

14
0.

53
14

8
11

9
29

0.
87

II
62

37
25

50
3

39
4

10
9

II
I

21
14

7
19

3
15

3
40

N
A

11
7

4
0

0
0

(+
) 

ax
ill

a 
ly

m
ph

 n
od

e(
s)

0
79

47
32

0.
13

36
3

27
4

89
0.

09

≥1
52

38
14

35
6

28
8

68

N
A

10
6

4
12

5
10

4
21

R
ec

ep
to

r 
su

bt
yp

e
E

R
/P

R
+

 &
 H

er
2-

34
33

1
6.

66
E

-1
2

52
7

46
3

64
1.

07
E

-3
1

A
ny

 H
er

2+
37

32
5

14
4

12
6

18

T
N

B
C

70
26

44
11

6
40

76

N
A

0
0

0
57

37
20

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 December 10.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Li et al. Page 14

D
is

co
ve

ry
 C

oh
or

t
T

C
G

A
 C

oh
or

t

O
ve

ra
ll

M
es

ot
he

lin
 (

−)
*

M
es

ot
he

lin
 (

+)
p 

va
lu

e
O

ve
ra

ll
M

es
ot

he
lin

 (
−)

M
es

ot
he

lin
 (

+)
p 

va
lu

e

P
at

ie
nt

s 
(N

)
14

1
91

50
84

4
66

6
17

8

L
en

gt
h 

of
 F

ol
lo

w
 U

p 
(d

ay
s)

M
ea

n 
±

 s
d

12
06

.6
5±

57
1.

79
12

86
.6

5±
59

7.
34

10
58

.4
5±

49
3.

19
1.

36
E

-0
2

85
1.

92
±

57
1.

79
83

4.
86

9±
59

7.
34

91
5.

78
±

49
3.

19
0.

15

M
ed

ia
n

12
94

.5
13

90
11

35
47

9
45

6.
5

58
1.

5

C
lin

ic
al

 O
ut

co
m

e
N

E
D

11
0

74
36

4.
96

E
-0

3
58

6
47

2
11

4
8.

08
E

-0
3

A
W

D
8

8
0

18
15

3

D
O

O
0

0
0

45
33

12

D
O

D
22

9
13

34
19

15

N
A

0
0

1
16

1
12

7
34

M
es

ot
he

lin
 e

xp
re

ss
io

n 
is

 d
ef

in
ed

 b
y 

IH
C

 s
ta

in
in

g 
(d

is
co

ve
ry

 c
oh

or
t)

 o
r 

m
R

N
A

 e
xp

re
ss

io
n 

le
ve

ls
 (

T
C

G
A

 v
al

id
at

io
n 

co
ho

rt
) 

as
 d

es
cr

ib
ed

 in
 th

e 
m

et
ho

ds

N
E

D
 =

 n
o 

ev
id

en
ce

 o
f 

di
se

as
e;

 A
W

D
 =

 a
liv

e 
w

ith
 d

is
ea

se
; D

O
D

 =
 d

ie
d 

of
 d

is
ea

se
; D

O
O

 =
 D

ie
d 

of
 O

th
er

 c
au

se
s;

 A
A

 =
 A

fr
ic

an
 A

m
er

ic
an

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 December 10.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Li et al. Page 15

T
ab

le
 2

R
es

ul
ts

 f
ro

m
 u

ni
va

ri
at

e 
K

ap
la

n 
M

ei
er

 s
ur

vi
va

l a
na

ly
si

s 
sh

ow
in

g 
th

re
e-

ye
ar

 s
ur

vi
va

l e
st

im
at

es
 f

or
 e

ith
er

 th
e 

D
is

co
ve

ry
 o

r 
T

C
G

A
 c

oh
or

ts
 b

as
ed

 o
n 

ba
se

-

lin
e 

su
rv

iv
al

 e
st

im
at

es
 a

lo
ng

 w
ith

 e
st

im
at

ed
 H

R
s.

A
 U

ni
va

ri
at

e 
Su

rv
iv

al
 C

ha
ra

ct
er

is
ti

cs
 B

as
ed

 o
n 

3-
ye

ar
 E

st
im

at
ed

 O
ve

ra
ll 

Su
rv

iv
al

 f
ro

m
 K

ap
la

n 
M

ei
er

 E
st

im
at

es
 in

 t
he

 D
is

co
ve

ry
 C

oh
or

t

D
is

co
ve

ry
 C

oh
or

t
3-

yr
 E

st
 S

ur
vi

va
l

H
az

ar
d 

R
at

io

V
ar

ia
bl

e
F

ac
to

r
3-

yr
E

st
 S

ur
vi

va
l

95
%

C
on

fi
de

nc
e

In
te

rv
al

F
ac

to
r

H
az

ar
d

R
at

io
95

%
C

on
fi

de
nc

e
In

te
rv

al

P
-v

al
ue

;
L

og
ra

nk
te

st

R
ac

e
A

A
0.

82
1

0.
74

–0
.9

1
A

A
:n

on
A

A
1.

80
3

0.
32

–4
.4

4
2.

00
E

-0
1

no
n-

A
A

0.
89

1
0.

81
–0

.9
8

A
ge

 a
t 

di
ag

no
si

s
>

50
0.

87
1

0.
80

–0
.9

5
>

50
: 

≤5
0

0.
63

0
0.

27
–1

.4
5

2.
78

E
-0

1

≤5
0

0.
82

0
0.

72
–0

.9
3

T
um

or
 s

iz
e 

(c
m

)
T

2+
T

3 
(>

=
2c

m
)

0.
83

3
0.

74
–0

.9
3

T
2+

T
3:

 T
1

1.
44

5
0.

73
–2

.8
3

2.
84

E
-0

1

T
1 

(<
2c

m
)

0.
91

7
0.

84
–0

.9
8

C
on

tin
uo

us
1.

30
0

1.
11

–1
.5

1
4.

58
E

-0
4

T
um

or
 s

ta
ge

 (
cm

)
I

0.
97

6
0.

93
–1

.0
0

II
:I

4.
73

6
0.

57
–3

9.
35

1.
50

E
-0

1

II
0.

91
3

0.
84

–0
.9

9
II

I:
I

21
.2

94
2.

68
–1

68
.6

9
3.

78
E

-0
3

II
I

0.
59

2
0.

41
–0

.8
6

In
vo

lv
ed

 a
xi

lla
 n

od
e(

s)
>

=
1

0.
76

2
0.

65
–0

.9
0

≥1
:0

3.
34

2
1.

51
–7

.3
9

2.
86

E
-0

3

0
0.

94
5

0.
89

–1
.0

0

B
re

as
t 

ca
nc

er
 s

ub
ty

pe
s

T
N

B
C

0.
80

2
0.

71
–0

.9
1

T
N

B
C

: 
E

R
+

/P
R

+
/H

er
2+

2.
34

7
0.

95
–5

.9
3

6.
57

E
-0

2

E
R

+
/P

R
+

 o
r 

H
er

2+
0.

89
5

0.
82

–0
.9

7

M
es

ot
he

lin
#

m
es

ot
he

lin
(+

)
0.

77
2

0.
66

–0
.9

1
m

es
ot

he
lin

(+
):

 m
es

ot
he

lin
(−

)
2.

03
1

1.
10

–3
.7

4
2.

32
E

-0
2

m
es

ot
he

lin
(−

)
0.

89
3

0.
83

–0
.9

6

B
 U

ni
va

ri
at

e 
A

na
ly

se
s 

to
 E

va
lu

at
e 

A
ss

oc
ia

ti
on

 B
et

w
ee

n 
C

lin
ic

al
 C

ov
ar

ia
te

s 
an

d 
E

st
im

at
ed

 O
ve

ra
ll 

Su
rv

iv
al

 f
ro

m
 K

ap
la

n 
M

ei
er

 E
st

im
at

es
 in

 t
he

 T
C

G
A

 C
oh

or
t

T
C

G
A

 C
oh

or
t

3-
yr

 E
st

 S
ur

vi
va

l
H

az
ar

d 
R

at
io

V
ar

ia
bl

e
F

ac
to

r
3-

yr
 E

st
Su

rv
iv

al
95

%
C

on
fi

de
nc

e
In

te
rv

al

F
ac

to
r

H
az

ar
d

R
at

io
95

%
C

on
fi

de
nc

e
In

te
rv

al

P
-v

al
ue

;
L

og
ra

nk
te

st

R
ac

e
A

A
0.

89
0.

80
–0

.9
9

A
A

:n
on

A
A

0.
95

4
0.

50
–1

.8
1

0.
89

no
n-

A
A

0.
93

0.
90

–0
.9

6

A
ge

 a
t 

di
ag

no
si

s
>

50
0.

90
0.

86
–0

.9
4

>
50

: 
≤5

0
1.

30
2

0.
80

–2
.0

9
0.

28

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 December 10.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Li et al. Page 16

B
 U

ni
va

ri
at

e 
A

na
ly

se
s 

to
 E

va
lu

at
e 

A
ss

oc
ia

ti
on

 B
et

w
ee

n 
C

lin
ic

al
 C

ov
ar

ia
te

s 
an

d 
E

st
im

at
ed

 O
ve

ra
ll 

Su
rv

iv
al

 f
ro

m
 K

ap
la

n 
M

ei
er

 E
st

im
at

es
 in

 t
he

 T
C

G
A

 C
oh

or
t

T
C

G
A

 C
oh

or
t

3-
yr

 E
st

 S
ur

vi
va

l
H

az
ar

d 
R

at
io

V
ar

ia
bl

e
F

ac
to

r
3-

yr
 E

st
Su

rv
iv

al
95

%
C

on
fi

de
nc

e
In

te
rv

al

F
ac

to
r

H
az

ar
d

R
at

io
95

%
C

on
fi

de
nc

e
In

te
rv

al

P
-v

al
ue

;
L

og
ra

nk
te

st

≤5
0

0.
94

0.
91

–0
.9

9

T
um

or
 s

iz
e$

T
1 

(<
2c

m
)

0.
94

0.
89

–0
.9

8
T

2:
T

1
1.

20
2

0.
70

–2
.0

7
0.

51

T
2 

(2
–5

cm
)

0.
94

0.
90

–0
.9

7
T

3:
T

1
1.

01
3

0.
48

–2
.1

4
0.

97

T
3 

(>
5 

cm
)

0.
87

0.
78

–0
.9

8

T
um

or
 s

ta
ge

 (
cm

)
I

0.
97

0.
92

–1
.0

0
II

:I
1.

30
1

0.
68

–2
.4

7
0.

05

II
0.

93
0.

89
–0

.9
7

II
I:

I
2.

11
6

1.
06

–4
.2

1
0.

03

II
I

0.
82

0.
74

–0
.9

0

(+
) 

ax
ill

a 
ly

m
ph

 n
od

e(
s)

≥1
0.

89
0.

85
–0

.9
4

≥1
:0

1.
60

4
1.

18
–2

.3
5

3.
86

E
-0

3

0
0.

96
0.

92
–0

.9
9

T
um

or
 R

ec
ep

to
r 

Su
bt

yp
es

T
N

B
C

0.
85

0.
77

–0
.9

5
T

N
B

C
:E

R
/P

R
 (

+
)

2.
18

6
1.

13
–4

.2
2

2.
85

E
-0

3

H
er

2+
0.

85
0.

76
–0

.9
6

H
er

2 
(+

):
E

R
/P

R
 (

+
)

2.
52

8
1.

38
–4

.6
5

0.
02

E
R

/P
R

+
&

 H
er

t2
(−

)
0.

96
0.

93
–0

.9
8

M
es

ot
he

lin
#

m
es

ot
he

lin
(+

)
0.

93
0.

90
–0

.9
6

m
es

ot
he

lin
(+

):
 m

es
ot

he
lin

(−
)

1.
46

3
1.

05
–2

.0
3

0.
02

m
es

ot
he

lin
(−

)
0.

86
0.

79
–0

.9
3

A
A

: A
fr

ic
an

 A
m

er
ic

an

# m
es

ot
he

lin
 p

os
iti

vi
ty

 is
 b

as
ed

 o
n 

IH
C

 S
co

re
 d

ic
ho

tim
iz

at
io

n 
as

 d
es

cr
ib

ed
 in

 th
e 

m
et

ho
ds

A
A

: A
fr

ic
an

 A
m

er
ic

an
;

$ Q
ua

nt
ia

tiv
e 

tu
m

or
 s

iz
e 

(i
n 

cm
) 

is
 n

ot
 a

va
ila

bl
e

# m
es

ot
he

lin
 p

os
iti

vi
ty

 is
 b

as
ed

 o
n 

m
R

N
A

 tr
an

sc
ri

pt
 le

ve
l-

de
ri

ve
d 

di
ch

om
iz

at
io

n 
as

 d
es

cr
ib

ed
 in

 th
e 

m
et

ho
ds

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 December 10.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Li et al. Page 17

Table 3

Results from multivariate Cox proportional hazard analysis of the Discovery and TCGA datasets using the 

multivariate model identified in the discovery cohort based on those covariates that are independently 

associated with survival were summarized in Table 3A and 3B.

A. Multivariate Cox Proportional Hazardz Analysis using data from the discovery cohort

Penn Study Cohort

Forward stepwise parsimonious model HR 95% CI p value

Involved axilla node(s) 1.13 1.05–1.21 1.13E-03

Mesothelin(+):(−) 3.06 1.40–6.68 5.01E-03

Tumor size (cm) 1.37 1.13–1.67 1.44E-03

Stratified by AA Race

Involved axilla node(s) 1.13 1.01–4.60 4.69E-02

Mesothelin(+):(−) 3.14 1.24–6.17 6.14E-03

Tumor size (cm) 1.35 1.15–1.68 5.78E-04

Stratified by Receptor Type

Involved axilla node(s) 2.42 1.13–5.19 2.27E-02

Mesothelin(+):(−) 1.63 0.65–4.10 3.00E-01

Tumor size (cm) 1.43 1.17–1.75 4.46E-04

B. Multivariate Cox Proportional Hazardz Analysis using data from the TCGA cohort

TCGA cohort

Based on model in discovery cohort HR 95% CI p value

Involved axilla node(s) 1.10 1.06–1.13 2.53E-03

Mesothelin(+):(−) 1.69 1.17–2.42 1.24E-02

Tumor size (T2:T1) 0.95 0.53–1.7 7.84E-01

Tumor size (T3:T1 0.53 0.22–1.26 2.67E-01

Stratified by AA Race

Involved axilla node(s) 1.08 1.04–1.11 2.65E-03

Mesothelin(+):(−) 1.72 1.19–2.46 1.71E-02

Stratified by Receptor Type

Involved axilla node(s) 1.09 1.04–1.12 5.94E-03

Mesothelin(+):(−) 1.20 0.75–1.89 5.99E-01
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