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Abstract
PURPOSE: Despite the availability of current standards of care treatments for triple negative breast cancer (TNBC), many
patients still die from this disease. Quadruple negative tumors, which are TNBC tumors that lack androgen receptor (AR),
represent a more aggressive subtype of TNBC; however, the molecular features are not well understood. METHODS:
Immunohistochemistry of estrogen receptor (ER), progesterone receptor (PR),HER2, andARwasdetermined in 244primary
and630 recurrent/metastatic sitebiopsies.Expressionwascorrelatedwithapanelof25cancer-relatedgenesandproteinsby
IHC and in situ hybridization (ISH).RESULTS:Weobserved that 80.2% (65 of 81) of primary TNBC tumors and 75.7% (159 of
210) of recurrent/metastatic TNBC tumors are QNBC. Bivariate fit analysis demonstrated that QNBC (n = 224) significantly
(P b .03) correlated with younger aged patients at initial biopsy compared to AR positive TNBC patients (n = 51). In paired
primary tissue samples and primary to recurrent/metastatic samples, at least 70% Luminal, HER2 enriched, and QNBC
subtype did not change molecular profile. But, TNBC seems to be the “unstable” subtype. Within the total cohort,
discordance in molecular profiles was identified in both synchronous (20%) and asynchronous (21%) intra-individual
analyses. Irrespective of sample type, (Synchronous or Asynchronous), QNBCdemonstrated higher concordant than TNBC.
IHCand ISH resultsof thecancer relatedgenes, demonstrated thatgene/protein expressiondiffer bymolecular profile: TNBC
(HR-/HER2-, AR+) andQNBC (HR-/HER2-, AR-). IHC inmetastatic tumors, showed that the percentage of tumors positive of
EGFR were higher, while PTEN and TLE3 were lower in QNBC compared to TNBC. CONCLUSION: Standard treatment of
Breast Cancer (BC) relies on reliable assessment by IHC analysis of ER, PR, and HER2. Our analyses suggest that the
heterogeneity of TNBC is at least partially associatedwith the presence or absence of ARexpression, suggesting thatQNBC
should be considered as a clinically relevant BC subtype. IHC analysis of AR appears to be a practical assay to determine the
most aggressive TNBC subtypes and identifies tumors that could benefit from available targeted therapies.
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early 30% of women diagnosed with early-stage breast cancer will
velop metastatic disease. Discordance in ER, PR and HER2
pression between primary and metastatic breast cancer has been
equently reported [1–5]. Several studies have demonstrated that
rial biopsies of tumors across a patient's cancer continuum can
sult in varying expression of these standard biological markers. In
se of hormone receptor positive cancer, ER, PR andHer2 discordance
d
r
s
h
ce

2
en
-n
3
tp

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tranon.2018.11.008&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.tranon.2018.11.008


be
re
be
di
tr
C
ad
U
ca
T
ba
im
re
T
is
di

pr
re
de
T
ca
H
cu
U
di
in

H
id
pl
si
co
pe
ca
th
lo
M
un
en
ex
of
ch
ha
ag
F
de

be
m
th
re
ca
tr
vi

de
w
ha

[2
ex
in
ne
T

an
pr
de
ex
in
A
ev
ex
of
di
pr

M

T

pa
th
an
co
on
ev
pa
co
as
ac
to
to
Si
[2
fo
us
in
re

C

po
ne
ty
H
th
w

S

in
T
di
gr
di
sp
us

494 Hormone Receptor (HR) Angajala et al. Translational Oncology Vol. 12, No. 3, 2019
tween primary tumor to metastasis site is 12.7%, 38.3% and 15.1%
spectively [6]. Furthermore, differences in these standard biomarkers
tween primary and metastatic tumors has been associated with
fferences in outcomes; thus, making the selection of the optimal
eatment in these patients very complex [7]. As a result, the National
ancer Consortium Network (NCCN) guidelines suggest that
ditional biopsies should be done at the time of each recurrence.
nfortunately, the acquisition of fresh tissue from suspected breast
ncer metastases are not always performed in routine practice.
herefore, therapeutic decisions in the metastatic setting are often
sed on the features of the primary tumor. This can have a significant
pact on patient outcomes, especially when more favorable hormone-
ceptor positive breast cancers switch and become the more aggressive
NBC phenotype, which occurs in about 20% of cases [8]. Thus, there
a need to have set of reliable biomarkers through the progression of
sease that may help optimize patient management [9–12].
Determination of hormone receptors [estrogen receptor (ER),
ogesterone receptor (PR) and human epidermal growth factor
ceptor 2 (HER2) status in the primary tumor is clinically relevant to
fine breast cancer subtypes, choice of therapy and clinical outcome.
NBC accounts for 15–20% of newly diagnosed invasive breast
ncer cases [13,14] and are defined by the absence of ER, PR, and
ER2 receptor expression. Due of the lack of defined targets, the
rrent standard of care for treatment of this disease is chemotherapy.
nfortunately, these tumors are often aggressive with many patients
agnosed with incurable, metastatic disease within 2–3 years of
itial diagnosis and death within 4–5 years [15,16].
Due to the success of targeted therapies in hormone-receptor and
er2-positive breast cancers, enormous efforts have been extended in
entifying therapeutic targets in TNBC. Androgens are known to
ay a role in normal breast physiology and androgen receptor (AR)
gnaling is becoming increasingly recognized as an important
ntributor of breast carcinogenesis [17]. Many studies have been
rformed to elicit better understanding of AR signaling. In breast
ncer, different phenomena such as AR intramolecular interaction
rough the single AR molecule or the AR V7 isoform, the subcellular
calization of AR and its interaction with other proteins (p21,
APK signaling through phosphorylation of ERK) is important to
derstand [17]. The four intrinsic subtypes (Luminal A/B, HER2-
riched, Basal-like) of breast cancer, defined by differential
pression of 50 genes (PAM50), have been shown to be predictive
risk of recurrence and benefit of hormonal therapy and

emotherapy [18]. Previously, we reported that AR-negative patients
ve 66% greater odd ratio (95% CI, 32–146) of being the more
gressive basal-like phenotype compared to other PAM50 subtypes
urthermore, these AR-negative breast tumors are associated with a
creased time-to-progression and decreased overall survival [19,20]
Traditionally, despite being a very heterogenous group, all TNBChave
en treated the same.However, genomic profiling studies have identified
ultiple subtypes of TNBC that have led to clinical trials with targeted
erapies based on the TNBC subtype [21]. AR expression in TNBC has
ceived a lot of attention recently and it's estimated that 24.8%ofTNBC
ses express AR [22]. Enzalutamide, an AR antagonist used in the
eatment of prostate cancer, has been shown to significantly reduce cell
ability of AR-positive TNBC in in vitro and in vivo models [23].
Furthermore, a recent phase II study found enzalutamide
monstrated clinical activity and was well tolerated in patients
ith advanced AR-positive TNBC [24]. While most of the studies
ve focused on the clinical significance of AR-positive TNBC
4,25], we recently reported that AR negative TNBC patients
presses a unique, enriched basal and immune signature, that is
creased in African American women [19]. Thus, there is a critical
ed to further characterize the usefulness of AR as a biomarker for
NBC patients.
These findings support the significance of AR expression in TNBC
d provides the rationale for further investigation of the predictive and
ognostic impact of this biomarker and its potential role in the
velopment of metastatic disease. In this study, we measured the
pression of ER, PR, HER2 and AR by immunohistochemistry (IHC)
291 TNBC primary and metastatic breast cancer tumors.

dditionally, a panel of 25 cancer-related genes and proteins were
aluated using IHC and in situ hybridization (ISH). Our goal was to
amine the clinicopathologic significance of AR expression in a subset
patients with early stage breast cancer who later developed metastatic
sease. Lastly, we sought to examine the examined the prognostic and
edictive use of AR as a biomarker in metastatic breast cancer.
aterials and Methods

issue Samples
A cohort of 874 breast cancer samples, comprising 418 unique
tients, was profiled at Caris Life Sciences from January 1997
rough November 2014. ER, PR, and AR were measured by IHC
d HER2 was determined by immunohistochemistry (IHC) with
nfirmation by in situ hybridization (ISH). Out of these samples,
ly samples with known ER, PR, HER2, and AR status were
aluated for similarities and differences between subtypes, age of
tient at collection date, receptor status, collection time, and gene
rrelations. The Thresholds for the ER, PR, Her2 and AR was used
previously described [26]. Significant variability was observed in
cessing AR expression in literature. The heterogeneity is mainly due
the antibody used or the threshold range (1% or 10%). According
Triana et al. nuclear expression 10% was used as threshold.

milarly, in our study we have considered Nuclear localization of AR
4]. The IHC thresholds (= 0+ or b10% or ≥1+ and ≥10%) is used
r AR. Anti-androgen receptor antibody (ab49712, Abcam), was
ed for AR IHC. Clinicopathological parameters included grade,
vasion, and metastatic potential. The expression of 25 cancer-
lated genes was determined using IHC and ISH.

lassification of Molecular Subtype
Cases that were ER-positive and/or PR positive and HER2 negative/
sitive were considered as Luminal A/B subtype. Cases that were ER-
gative, PR-negative and HER2 positive were considered as HER2
pe or HER2 enriched. Cases that were ER-negative, PR-negative,
ER2 negative and AR positive considered as Triple negative. Cases
at were ER -negative, PR-negative, HER2 negative and AR negative
ere considered as the Quadruple negative subtype [27].

tatistical Methods
Summary statistics were generated to describe the overall dataset,
cluding the distribution of demographic and clinical variables.
hese variables included: age, hormone receptor status (defined in the
agnostic pathology reports), AR status (defined by IHC scores),
ade, invasion, and metastatic potential of the tumor. Significant
fferences in distributions of variables within the cohort, stratified by
ecific clinical or demographic characteristics, were determined
ing a standard T-test with a significance threshold of alpha b 0.05.
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C was done for cancer-relevant genes in TNBC and QNBC
mples. The dichotomized proportion of positive vs negative
pression of each gene was calculated based on IHC results. Fisher's
act test was done to determine statistically significant differences, p-
lues are reported. Specific comparisons between continuous
riables (i.e. age and AR expression) or categorical variables (i.e.
mor's marker status and stage) were measured with a bivariate fit
alysis which incorporates a least squares regression analysis between
e two variables.
cr
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F ure 1. Median and Mean age for QNBC patients is lower than
TNBCARpositive patients: Bivariate fit analysis of patients age andAR
st tus determined that AR negative patients were diagnosed at
yo nger ages compares to AR-positive patients (P b .05). QNBC is
si nificantly correlated with younger aged patients compared to AR
p itive TNBC patients.
esults

oss of Androgen Receptor Expression Associated with High-
rade Tumor and Metastasis
Four hundred eighteen breast cancer patients were biopsied
ultiple times throughout the progression of their disease. Thus, our
hort contained 874 biopsy samples taken from local and numerous
etastatic breast cancer sites before and after treatment. Each sample
as examined for the standard biomarkers (ER, PR, and HER2
pression) and then evaluated for AR protein expression utilizing
C. The majority of high grade 3, poorly differentiated samples
6%) were negative for AR expression compared to low grade tumors
b .5). Also, most samples with positive for Ki67 IHC score were

R negative (59.1%, 139/235) (Table 1). Within the luminal A/B
btype, which made up over half of the cohort, most samples were
sitive for AR IHC expression (P b .0001) in both the non-
etastatic (62.5%, 80/128) and recurrent/metastatic (62.6%, 199/
8) samples. However, in the TNBC subtype, AR negative tumors
counted for 80.2% (65/81) and 75.7% (159/210) of TNBC non-
etastatic and recurrent/metastatic, respectively (Figure S1). Thus,
amining AR expression within the TNBC subtype appears to be
ble 1. Summary of the Clinical Characteristics of the Cohort

Characteristics AR- Nega

%; n

mples (n = 874) Age
≤ 55.5 (mean) 46.3 (n
N 55.5 43.2 (n
Grade
1 16.7 (n
2 15.0 (n
3 46.0 (n
Ki67 IHC score
0 33.0 (n
1 59.1 (n
Invasion
Non-invasive 100.0 (n
Invasive 44.3 (n
Metastasis
Non-metastatic 44.7 (n
Metastatic 44.9 (n

n-metastatic samples HR+ / HER2- Luminal A/B 28.9 (n
HR −/ HER2+ HER2-enriched 50.0 (n
HR- / HER2- Triple Negative 80.2 (n

Total 48.8 (n
current/metastatic samples HR+ / HER2- Luminal A/B 30.5 (n

HR - / HER2+ HER2-enriched 45.9 (n
HR- / HER2- Triple Negative 75.7 (n

Total 48.3 (n

inical data was evaluated for 874 samples from 418 breast cancer patients with ER, PR, HER2, and
rrelation between AR-negativity and high-grade breast tumors, high Ki67 IHC score (P b .05). Both no
pression (P b .0001). Unlike TNBC, over 60% of Luminal A/B samples were AR-positive. † P values w
ds ratio test was also used to obtain P values. Patients or samples missing due to the lack of clinical ch
ig

a
u
g
os
itical, and TNBC tumors that lack AR expression should be
assified as a unique phenotype, QNBC.

ack of AR Expression Associated with Younger Patients in
NBC
Age at diagnosis is a critical clinical feature, which can be
sociated with a more aggressive breast cancer phenotype.
herefore, we divided samples according to AR positive or
tive AR- Positive Unknown Total P†

= 214) 40.5 (n = 187) 13.2 (n = 61) 462 .5009
= 178) 41.3 (n = 170) 15.5 (n = 64) 412

b.05*
= 1) 83.3 (n = 5) 0.0 (n = 0) 6
= 3) 80.0 (n = 16) 5.0 (n = 1) 20
= 57) 37.9 (n = 47) 16.1 (n = 20) 124

b.05*
= 32) 64.9 (n = 63) 2.1 (n = 2) 97
= 139) 39.6 (n = 93) 1.3 (n = 3) 235

.5009
= 2) 0.00 (n = 0) 0.00 (n = 0) 2
= 303) 39.6 (n = 271) 16.1 (n = 110) 684

.8458
= 109) 39.8 (n = 97) 15.6 (n = 38) 244
= 283) 41.3 (n = 260) 13.8 (n = 87) 630
= 37) 62.5 (n = 80) 8.6 (n = 11) 128 b.0001*
= 4) 50.0 (n = 4) 0.0 (n = 0) 8
= 65) 14.8 (n = 12) 4.9 (n = 4) 81 b.0001*
= 106) 44.2 (n = 96) 6.9 (n = 15) 217
= 97) 62.6 (n = 199) 6.9 (n = 22) 318 b.0001*
= 17) 54.1 (n = 20) 0.0 (n = 0) 37
= 159) 18.6 (n = 39) 5.7 (n = 12) 210 b.0001*
= 273) 45.7 (n = 258) 6.0 (n = 34) 565

AR IHC expression. The median age at sample collection was 55 years. There is a significant
n-metastatic Luminal A/B and recurrent/metastatic Luminal A/B significantly correlated with AR
ith * were deemed significant. Fishers exact was used and subsequently validated with the C2 test;
aracteristics were excluded from the analysis.

Image of Figure 1
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Figure 2. QNBC tumors have decreased discordance. Comparison of the frequency and type of change in ER, PR, HER2, AR status
between paired patient profiles. Status at first profile A-D vs. status at 2nd profile (designated by color as shown above). Samples that lack
IHC expression of biomarkers were excluded from the analysis. A. This represents comparison between paired patient first biopsy to
second biopsy profile at primary site. The number of paired primary biopsies were 55(total), Luminal A/B (n = 39), Her2 type (n = 0),
TNBC (n = 3) and QNBC (n = 13). Paired primary tissue samples did not display significant differences in ER, PR, HER2, or AR status for
Luminal A/B (79%). The number of AR positive TNBC, those have paired primary biopsies were low. However, within the AR positive
TNBC tumors, 66% had an alteration in biomarker status, resulting in a change in molecular profile at second biopsy. Furthermore, in the
AR negative QNBC tumors (69%) of the tumors remained QNBC at the second biopsy. B. This illustrates comparison between paired
patient primary – recurrent/metastatic samples of all subtypes .Number of paired primary to metastatic/ recurrent biopsies were n = 91
(total), Luminal A/B (n = 47), Her2 type (n = 5), TNBC (n = 4) and QNBC (n = 35).The discordance rate was observed in all subtypes
(Luminal A/B (24%, HER2 enriched (0%), and QNBC (23%)), with TNBCs displaying the most discordance (50%). C. This illustrates
comparison between paired patient first biopsy and second biopsy profile in metastatic/recurrent site. We further evaluated 195 (total)
paired recurrent/metastatic samples based on subtype at first biopsy and second biopsy, Luminal A/B (n = 118), Her2 type (n = 14),
TNBC (n = 12) and QNBC (n = 51). We observed that as the cancer progressed to recurrent/metastatic disease, the initial biomarker
phenotype often exhibited amore aggressive phenotype, with an increase in QNBC subtype at second profile status. For example, 16% of
AR positive TNBC tumors 78% of QNBC tumors not exhibiting any change.

496 Hormone Receptor (HR) Angajala et al. Translational Oncology Vol. 12, No. 3, 2019
egative expression and compared this to the age of patient at time
sample collection. AR negative TNBC (i.e. QNBC) patients
monstrated the most significant loss of AR expression, we
rformed bivariate fit analysis on this subtype. QNBC tumors
gnificantly (P = .0346) correlated with younger aged patients at
me of biopsy compared to AR-positive TNBC patients
igure 1). The median age for QNBC patient diagnoses was 55
d TNBC AR positive was 60.
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Figure 3.QNBC tumors demonstrate increased concordance in asynchronous and synchronous biopsies. Illustration of the concordance
and discordance of paired ER, PR, HER2, and AR status in paired patient tissue samples. Samples that lack IHC expression of biomarkers
were excluded from the analysis. The paired samples were then classified based on collection dates as synchronous (taken within 6
months of initial biopsy) or asynchronous (taken more than 6 months of initial biopsy). The number of paired samples were 133
(synchronous) and 192 (asynchronous). Both synchronous and asynchronous paired samples displayed consistent concordant molecular
profiles, 80% and 79%, respectively. Despite the concordance of intra-individual samples, discordance of biomarker statuses was
illustrated for synchronous (20%) and asynchronous (21%) stratification. The paired synchronous and asynchronous samples were then
categorized by TNBC and QNBC (synchronous QNBC (n = 40), synchronous TNBC (n = 8), asynchronous QNBC (n = 55), asynchronous
TNBC (n = 13). Within the TNBC subset, in both the asynchronous and synchronous categories, there was a 62% discordance of paired
samples. Contrarily, synchronous and asynchronous QNBC tumors only displayed 23% and 24% discordance, respectively.
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oncordance of AR Expression in Breast Cancer Subtypes
Although multiple reports have demonstrated that AR expres-
on is important in breast tumors, we are not aware of any reports
the concordance of AR expression throughout breast cancer

ogression. Therefore, we compared the intra-individual molec-
ar profiles in patients with paired non-metastatic (primary) and
current/metastatic, as well as patients with paired recurrent/
etastatic samples. Samples missing due to the lack of any IHC
omarkers were excluded from the analysis. Pie charts (Figure 2,
–C) were constructed to compare the frequency and type of
ange in ER, PR, HER2, and AR statuses between first biopsy
d second biopsy of paired samples. At least 70% Luminal, HER2
riched, and QNBC subtype did not change molecular profile.
ut, TNBC seems to be the “unstable” subtype.
Next, we examined the difference in subtype profile in 1st
opsy to 2nd biopsy in primary site. We analyzed 55 total paired
imary biopsies, Luminal A/B (n = 39), TNBC (n = 3) and QNBC
= 13). Paired primary tissue samples did not display significant
fferences in ER, PR, HER2, or AR status for Luminal A/B (79%).
lthough, there were a limited number of AR positive TNBC cases with
ired primary biopsies, 66% had an alteration in biomarker status,
sulting in a change in molecular profile at second biopsy.
rthermore, in the AR negative QNBC tumors (69%) of the tumors
mained QNBC at the second biopsy (Figure 2A).
Next, we analyzed only patients with non-metastatic (primary) and
current/metastatic paired samples of all subtypes. Number of paired
imary to metastatic/ recurrent biopsies were n = 91 (total),
uminal A/B (n = 47), Her2 type (n = 5), TNBC (n = 4) and
NBC (n = 35).The discordance rate was observed in all subtypes
uminal A/B (24%, HER2-enriched (0%), and QNBC (23%)),
ith TNBCs displaying the most discordance (50%) (Figure 2B).
As previously described, we further evaluated 195 (total) paired
current/metastatic samples based on subtype at first biopsy and
cond biopsy, Luminal A/B (n = 118), Her2 type (n = 14),
NBC (n = 12) and QNBC (n = 51). We observed that as the
ncer progressed to recurrent/metastatic disease, the initial
omarker phenotype often progressed into a more aggressive
enotype, with an increase in QNBC subtype at second profile
atus. For example, 16% of AR positive TNBC tumors 78% of
NBC tumors did not exhibit any change (Figure 2C).

NBC has shown higher concordance than TNBC in both
nchronous and asynchronous biopsies
The paired samples were then classified based on collection dates as
nchronous (taken within six months of initial biopsy) or
ynchronous (taken more than six months of initial biopsy). The
mber of paired samples were 133 (synchronous) and 192
synchronous). Both synchronous and asynchronous paired samples
splayed consistent concordant molecular profiles, 80% and 79%,
spectively (Figure 3). Despite the concordance of intra-individual
mples, discordance of biomarker statuses was illustrated for
nchronous (20%) and asynchronous (21%) stratification. We further
tegorized TNBC and QNBC (synchronous QNBC (n = 40),
nchronous TNBC (n = 8), asynchronous QNBC (n = 55), asyn-
ronous TNBC (n = 13). Within the TNBC subset, in both the
ynchronous and synchronous categories, there was a 62% discordance
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Figure 4. Gene and protein expression in TNBC compared to QNBC tumors in metastatic or recurrent site. The expression multiple
cancer-related genes in metastatic TNBC and QNBC tumors was determined by IHC and ISH. EGFR, PTEN and TLE3, demonstrated
statistically significance between TNBC (n = 39) and QNBC (n = 159) patients. The number of samples positive or negative for a gene
was obtained and the total number of samples that have the IHC for that gene was obtained. The percentage of patients positive for each
protein was calculated and statistical significance was obtained using Fisher's exact test (2×2 contingency, two-tailed test).
*** (P b .0001), **(P b .001), *(P b .05).
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paired samples. Contrarily, synchronous and asynchronous QNBC
mors only displayed 23% and 24% discordance, respectively.

NBC is Associated with Higher EGFR, lower PTEN and
LE3 compared to TNBC in Metastatic Samples
Since, we observed major differences in TNBC and QNBC, all
NBC and QNBC samples were assessed using the CARIS Life
iences panel of 25 cancer related genes and proteins. Both TNBCs
d QNBCs were sub-categorized as metastatic or non-metastatic and
pression of the cancer-related genes and proteins were evaluated
igure 4). In both non-metastatic and metastatic QNBCs tumor, we
served a significant increase in loss of AR expression.
Percentage of patients, positive for a gene of interest was calculated
d compared. Genes for which sample number was low, excluded in
r analysis. In metastatic sample, while QNBC is compared to
NBC, we found that EGFR is increased and TLE3 and PTEN was
creased in QNBC. (P b .05). In non-metastatic samples, only AR
as statistically significant (Figure S2).
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has been well-documented that ER, PR and HER2 expression,
hich are the essential triad of biomarkers used in the management of
east cancer, can undergo significant gene expression switching
ross the cancer continuum [28]. This discordance has been
timated to be as high as 40% in patients after neoadjuvant
eatment and/or as their disease progresses (recurrence/metastasis).
urthermore, it has shown that discordant cases have poorer survival
hich has been attributed to inappropriate use of targeted therapies
]. For example, recent studies have shown that women that switch
om an initial ER-positive primary tumor to an ER-negative tumor,
ve a significant 48% increased risk of death, when compared to
omen in which the ER/PR/HER2 status at first recurrence is
known or negative [3,29,30]. Unfortunately, the acquisition of
esh tissue from suspected breast cancer metastases are not always
rformed in routine practice. This results in treatment decisions
ing made based upon the biomarker features of the primary tumor,
hich has often been collected many years, and sometimes, decades
rlier. Due to these troubling findings, the NCCN guidelines have
ghlighted the need that additional biopsies be performed at the time
each recurrence. While the use ER, PR and HER2 status aids
wards selection of appropriate therapies, there is still a need to
vestigate additional markers, such as AR, to potentially benefit
ose patient tumors that lack expression of classical receptors.
Several studies have reported that AR is closely associated with the
currence and progression of breast cancers [31–33]. Furthermore,
lso, AR positivity is associated with smaller tumor size and a lack of
mph node involvement [31]. In addition, AR positive cells upon AR
tivation transition from basal to luminal subtype in vitro [34]. In
mans, over 56% of breast cancers are positive for AR expression
gardless of ER status [35]. In previous studies, androgens have been
own to decrease the cell proliferation of AR-positive breast
rcinomas. Additionally, the presence of AR is significantly linked to
decrease in the probability of breast cancer recurrence within 5 years
d a better overall survival [36]. At the biochemical level this provides
idence that AR could have a functional role in breast tumors.
There are several controversies that exist in the field. The ER to AR
tio has been correlated to breast tumor response to traditional
docrine therapy [37,38]. However, the AR positivity range is broader,
pending on criteria used to define positivity and assay employed
9,40]. Most notably, antiandrogen therapy has been shown clinical
nefit for LAR-TNBC (19–35%) [24,40–42]. Taken together, we
ught to further evaluate AR discordance rates as well as other related
mor markers, important for in the progression of breast cancers.
In our study, we examined the biomarker profile of a cohort of 874
east cancer samples that consisted of patients with early disease that
veloped metastases, de novo metastatic disease, and patients with
lateral breast cancer. In both synchronous or asynchronous biopsies
ere is a discordance in molecular profiles in both synchronous
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0%) and asynchronous (21%) samples by intra-individual analyses.
ithin an individual patient, ER and HER2 status were not always
ncordant between lesions within the same breast, between bilateral
east cancers, and between distinct foci in a metastatic organ site.
lthough, the concordance was much greater between samples, as
pected, the fact that a significant degree of discordance occurred in
e same patient, emphasizes the need for molecular retesting across
e cancer continuum. If not done, patients are at significant risk for
t receiving adequate treatment for the most clinically important
ci of breast cancer. Thus, this data supports, in accordance with
CCN guidelines, that biopsy with molecular profiling should be
rformed on tumor sites at both initial diagnosis and at each time of
currence/progression occurs so that patients receive the most
propriate treatment at any point in time across their cancer
ntinuum.
Our finding suggest that tumors initially identified as TNBCs
monstrated the most change or discordance in receptor status
2%) at second profiling of ER/PR/HER2, compared to all the other
olecular subtypes examined, Additionally, we observed that 79% of
imary TNBC tumors and 76% of recurrent/metastatic TNBC
mors were negative for AR, which we refer to as quadruple negative
east cancer (QNBC) [19]. Interestingly, however the when AR
atus was determined to be negative, TNBC discordance decreased.
his was also apparent in recurrent or metastatic TNBC patients,
here AR-negative status resulted in a 25% decrease in the patients
at exhibited a switch in molecular marker status after the
bsequent biopsies. A limitation to our study is the low number of
ired TNBC AR positive biopsies. Previous results have shown that
–37% of TNBC are AR positive [43], and exhibit higher
scordance rate [44], which is similar to our findings. Thus, despite
e low number of cases analyzed in this study, TNBC AR positive
ems to exhibit a heterogenous profile.
Bivariate fit analysis demonstrated that AR-negative or QNBC
mors are significantly correlated with younger age at initial
agnosis compared to AR positive TNBC patients. Thus, our
alyses suggest that the heterogeneity of TNBC, is at least partially
sociated with the presence or absence of AR expression, suggesting
at QNBC should be considered as a clinically relevant BC subtype.
rthermore, since our previous studies and those of others have
own AR expression is associated with lower tumor grade, along with
creased recurrence and death rates, our findings further support the
stulate that AR has prognostic value and can be used as a therapeutic
ol in TNBC cases. Moreover, this type of sub-stratification of TNBC
so appears to have significant predictive value in these patients and has
e potential to identify patients who may benefit from less aggressive
erapy. Hence, IHC analysis of AR appears to be a practical biomarker
add to the existing triad of biomarkers for breast cancer and thus
ovide a more comprehensive model in characterizing the more
gressive subtypes in TNBC patients.
IHC analysis of AR expression appears to be a practical assay to
termine the most aggressive TNBC subtypes and identifies tumors
at could benefit from available targeted therapies. However, as
pected with any new bioassay, determining the relevant cutoffs for
R expression has been challenging. In the literature, AR expression
TNBC has been reported to be as low as 7% and as high as 75%,
pending on the study [45–48]. This broad range, at least in part, is
obably due to the lack of clearly defined cutoffs for AR expression,
ith some studies using 1% and 10% used some clinical trials
aluating AR antagonist therapy [41,49,50]. To address this issue, a
cent study utilized 135 TNBC cases to determine the appropriate
reshold for AR positivity [51]. They utilized AR expression along
ith clinicopathologic features of TNBCs, such as EGFR expression,
d determined that, using several different cutoff points, there was
difference in DFS in patients with AR expression N1%. Thus, they
ncluded that 1% is the optimal cut point in evaluating AR
munoexpression, which is the same cutoff used to evaluate ER and
expression per the ASCO/CAP guidelines and the cutoff used in

veral other studies [52].
This study not only evaluated change in biomarker status between
ecimens, but also examined some of the genetic changes that occur.
he underlying etiology of biomarker switching is still not well
derstood, thus several plausible explanations for biomarker
scordance have been put forth such as PI3K kinase pathway
tivation, along with TOP2A and ER genes expression dysregulation
6,53–58]. We observed in metastatic samples that EGFR
pression was increased in QNBC tumors. Upregulation of EGFR
pression is associated with poor outcome, early relapse and death
9]. Additionally, as previously reported EGFR was elevated in AR
gative TNBC tumor, which is similar to our findings [60]. PTEN,
tumor suppressor and plays role in cell cycle arrest [61,62].PTEN is
wnstream of EGFR signaling [63]. Interestingly in our results,
EN is decreased in QNBC. Lastly, we observed decreased TLE3
otein expression in QNBC tumors. TLE3 negative TNBC patients
4] have significantly poorer outcome, and this loss may be
sociated with Wnt signaling and adipogenesis. [65,66]. This
idence of molecular changes in QNBC vs TNBC patients, further
pport that QNBC tumor are an aggressive subtype.
In summary, this study provides confirmation of biomarker
itching that occurs across the breast cancer continuum and
pports the NCCN recommendations that new biopsies should be
tained at each sign of recurrence or development of metastatic
sease. Our study also highlights the need for biopsy of all suspicious
tes in synchronous cases so that final treatment will address the most
inically significant phenotype. However, given that the standards of
re in treatment of breast cancer, is based upon this triad of
omarkers, there is a critical need to identify additional biomarkers
at can be used to complement the existing triad and thus provide a
ore comprehensive and reliable predictive and/or prognostic model
r metastatic disease [56,57,67].
A limitation of this study is that we did not have race information
ailable for this patient cohort, which is important since it's well
tablished that TNBC is very common in young African-American
omen and our previous studies have shown that QNBC in African
merican have a more aggressive course hallmarked by a unique
sal-like and immune signature. Furthermore, since this data was
tained from a molecular profiling company, we did not have
rvival or outcome data for this patient cohort either, thus we were
t able to fully address the predictive impact of AR as a biomarker.
owever, when taken together, this study clearly illuminates that
NBC is a distinct tumor phenotype from TNBC, which lends itself
r further exploration of new therapeutic targets for this aggressive
east cancer subtype. Our findings warrant further validation in a
rger cohort of TNBC and ultimate evaluation of AR utility in a
ospective, randomized clinical trial.
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