The Breast 44 (2019) 29-32

journal homepage: www.elsevier.com/brst

Contents lists available at ScienceDirect

The Breast

"

BREAST

Short communication

Metaplastic breast cancers: Genomic profiling, mutational burden and N

tumor-infiltrating lymphocytes

Check for
updates

Nancy Tray *, Jessica Taff * ', Baljit Singh °, James Suh ¢, Nhu Ngo ¢, Maryann Kwa 9,
Andrea B. Troxel * ¢, Young Kwang Chae f Razelle Kurzrock £, Sandip Pravin Patel 2,
Elad Sharon ", Carsten Denkert ', Jeffrey S. Ross d Sylvia Adams *"

2 NYU Langone Health, Perlmutter Cancer Center, New York, NY, USA

> White Plains Hospital, White Plains, NY, USA

€ Frederick National Laboratory for Cancer Research, Rockville, MD, USA
d Foundation Medicine, Inc., Cambridge, MA, USA

€ Department of Population Health, NYU School of Medicine, USA

f Northwestern University Feinberg School of Medicine, Chicago, IL, USA
& UC San Diego Moores Cancer Center, La Jolla, CA, USA

" Division of Cancer Treatment & Diagnosis, National Cancer Institute, National Institutes of Health, Bethesda, MD, USA

! Institute of Pathology, Charité University Hospital, Berlin, Germany

ARTICLE INFO ABSTRACT

Article history:

Received 15 November 2018
Received in revised form

19 December 2018

Accepted 19 December 2018
Available online 20 December 2018

Metaplastic breast cancer (MPBC) is a rare subtype that accounts for <1% of all breast cancers. Although
these are typically “triple negative,” they are relatively chemotherapy-refractory compared to conven-
tional triple negative invasive breast cancers with more aggressive features and an overall poor prog-
nosis. MPBC is a heterogeneous group of tumors that are enriched for TP53 and PIK3CA mutations, and
have been found to have high PD-L1 expression though the mechanisms underlying its immunogenicity

remain unclear. We perform comprehensive genomic profiling in the largest MPBC dataset (n = 192) to
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date and assess for other potential biomarkers of immune response.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Metaplastic breast cancers (MPBC) comprise a group of rare
tumors that represent 0.2—5% of all breast cancers [1]. These
include histologically distinct subtypes that are composed of both
adenocarcinoma and metaplastic (either mesenchymal or squa-
mous) elements (Fig. 1) [2]. MPBC are genetically heterogeneous
and enriched for several mutations which vary depending upon
their histologic subtypes. TP53 is the most common somatic mu-
tation seen in as high as 50—75% of cases and has been associated
with tumor progression and invasive disease [3—7]. Mutations in
PIK3CA and PTEN are also frequently seen, suggesting an essential
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role of the PI3K/AKT/mTOR pathway in MPBC tumorigenesis [3,4,8].
Although most MPBC are triple negative and lack expression of the
estrogen, progesterone and human epidermal growth factor re-
ceptor (HER2) receptors, they are typically more aggressive than
conventional triple negative breast cancers (TNBC) with a median
overall survival (OS) of eight months in the metastatic setting,
implying that novel approaches are urgently needed [9,10].
Immune cell infiltration of early TNBC is associated with better
survival [11], which raises the possibility that harnessing the anti-
cancer immune response may improve outcomes in metastatic
TNBC. Programmed cell death-1 (PD-1)/Programmed death-ligand
1 (PD-L1) inhibitors have shown activity in PD-L1+ metastatic
TNBC [12]. As most MPBC are triple negative, immunotherapy may
be an effective approach. Furthermore, frequent overexpression of
PD-L1 was recently demonstrated in primary MPBC, with tumor
PD-L1 expression observed in 33/72 (46%) cases [6]. Among the
mechanisms by which tumor cells can regulate PD-L1 expression
are oncogenic alterations such as the PTEN/PI3K and the
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Fig. 1. Representative H and E stains of two metaplastic breast carcinomas. Panel A

infiltrating lymphocytes (TIL). Panel B: Squamous cell carcinoma at 10x, no TIL.

Ras—MAPK pathways which have been shown to contribute to
immune evasion in breast cancer [13,14]. MPBC are enriched for
PIK3CA mutations when compared with TNBC, which may account
for the significantly increased tumoral PD-L1 expression. Other
causes of tumoral PD-L1 expression such as genomic amplification
of 9p24.1 described in TNBCs could also contribute [15]. PD-L1
expression can also be upregulated by the induction of epithelial
to mesenchymal transition (EMT) [16] which is a typical feature of
MPBC [17]. Tumor-infiltrating lymphocytes (TIL) have also been
demonstrated in MPBC including strongly PD-1 positive TIL [6],
suggestive of an immunogenic cancer phenotype which may result
from higher mutation frequency and gene copy number variance of
MPBC compared with other subtypes.

The limited treatment options and poor prognosis of MPBC
along with the high PD-L1 expression and TIL presence provide the
rationale to study immunotherapies in this subtype. Encouragingly,
in a recent case report, a patient with widely metastatic MPBC
which by immunohistochemistry showed PD-L1 expression of
100% in tumor cells had a dramatic response to anti-PD-1 immu-
notherapy in an ongoing clinical trial (clinical trials.gov:
NCT02752685) [18].

However, further information on genomic alterations including
PD-L1 locus amplification, microsatellite instability (MSI) status,
tumor mutation burden (TMB) and associated TIL infiltration as a
marker of a pre-existing adaptive immune response in a larger set
of patients is critical to the rational design of combination thera-
pies. Here we perform comprehensive genomic profiling (CGP) on
the largest MPBC dataset to date, along with histopathologic
assessment of TIL in a subset, to assess potential biomarkers of
immunotherapy response for MPBC, TMB, MSI and amplification of
9p24.1 (contains PD-L1 (CD274) and PD-L2 gene loci).

2. Methods

192 cases of MPBC were identified from 13,391 locally aggres-
sive, relapsed and metastatic breast cancer samples using the
Foundation Medicine database from January 1, 2010 to July 31, 2017.
Hybrid capture-based CGP was performed using the Foundatio-
nOne assay, with DNA extracted from 40 um of formalin-fixed,
paraffin-embedded (FFPE) tissue sections and adaptor ligation-
based libraries to a mean coverage depth of >650x for up to 315
cancer-related genes. Results were assessed for frequency of
genomic alterations (GA) including base substitutions, insertions/
deletions, select rearrangements, and copy number changes. Gene
amplification was defined as 6 or more copies. TMB was calculated
as the total number of somatic, coding point mutations and indels
per megabase (Mb) in 1.1 Mb of sequenced tumor DNA. For this
study, patient cases were classified as TMB-high (>15 mutations/

: Undifferentiated carcinoma with spindle and giant cells at 10x, with moderate tumor-

Mb) or TMB-low (<15 mutations/Mb). MSI status was assessed
using an algorithm based on sequencing results. A total of 114 loci
were analyzed for length variability and compiled into an overall
MSI score ranging from MSI-high (MSI-H) representing patients
with DNA mismatch repair deficiency (dMMR), MSI-ambiguous/
unknown, or MSI-stable (MSS). We explored the association of
histopathologically enumerated TIL and TMB. TIL were assessed on
archived Hematoxylin and eosin stained tumor sections and
enumerated per guidelines by the TIL Working Group [19] in a
subset of MPBC with the highest TMB and compared with low TMB
cases with the Wilcoxon rank-sum test.

3. Results

A total of 192 cases of MPBC (1.4% of breast cancers) are included
in this study. All patients were female with a median age of 60
(range 24—86). All MPBC cases (100%) harbored a wide variety of
GA involving more than 100 individual genes, the most frequent
being TP53 (65%) and PIK3CA (35%) (Fig. 2). There were no MSI-H
cases (0/126) and amplification of 9p24.1 was observed in only
one case (0.6%) (Table 1). Most MPBC had a low tumor mutation
burden, with a median TMB of 2.7 mutations/Mb (range 0—39.6).
Only 4/192 cases (2%) had high TMB (score 15 or greater), including
3 cases (1.6%) with TMB >20. Tumor sections were available for TIL
review from 9/11 cases with the highest TMB scores (>10 muta-
tions/Mb), as well as 11 control cases with the lowest TMB scores.
TIL were more frequently observed in high versus low TMB MPBC,
with median TIL percentage of 40 and 20 (range 10—80 and range
10—60), respectively, although this difference was not statistically
significant (Wilcoxon rank-sum test, p = 0.15).

4. Discussion

This is the largest dataset of MPBC that has been genomically
profiled to date. Our findings confirm that MPBC are highly
enriched for TP53 and PIK3CA mutations, which may have both
predictive and prognostic implications. In a single institution study,
patients with PIK3CA mutated tumors had a worse prognosis and
shorter recurrence free survival than patients with PIK3CA wild-
type tumors (RFS 33% vs. 100%, p <0.01) [20]. However, when
treated with liposomal doxorubicin, bevacizumab, and an mTOR
inhibitor (either everolimus or temsirolimus), patients with the
PIK3CA mutation had significant objective response rates compared
to those without the mutation [21]. These findings provide a
rationale for therapies targeting the PI3K/AKT/mTOR pathway [22].
TP53 mutations were also recently associated with improved clin-
ical outcomes in MPBC compared to wild-type [23] and predicted
sensitivity to antiangiogenesis agents [24], though these findings



N. Tray et al. / The Breast 44 (2019) 29—32 31

Percent of matching samples

%0

%0¢
%0t
%09
%08

FLITTS
S
||

Ado>
S

juswabuerieay

21dn /(@D
>
> &

Fig. 2. Short tail distribution of genomic alterations in MPBC (n=192) with fre-
quencies >3.5%. Short: substitutions and indels.

Table 1

Frequency of selected genomic alterations.
Genomic Alteration Frequency
TP53 125/192 (65%)
PIK3CA 67/192 (35%)
MSI-High 0/126 (0%)

9p24.1 (PD-L1) amplification 1/192 (0.5%)

need to be validated in larger studies.

Previous studies have shown that MPBC are associated with
high tumoral PD-L1 expression, although our study suggests that
this is not due to PD-L1 gene amplification, which was a rare event.
Additionally, most MPBC had a low TMB and are microsatellite
stable. TIL analysis in the small subset of tumors with a high TMB
showed significant infiltration of lymphocytes (median of 40%,
range 10—80%) but no statistically significant correlation was seen
between TMB and TIL, either due to the small sample size or the
finding that low TMB tumors also had significant lymphocytic
infiltration (median 20%, range 10—60). TIL appear to be frequent in
MPBC, confirming recent findings by Joneja et al. [6]. Altogether
these findings suggest that additional processes are involved in the
immunogenicity of MPBC, and further studies are needed. Correl-
ative analyses in blood and tumor tissue are planned in an ongoing
Phase II therapeutic trial, led by the National Cancer Institute (NCI)
and the Southwestern Oncology Group (SWOG), the DART study
(NCT02834013) which evaluates dual anti-CTLA-4 (ipilimumab)
and anti-PD-1 (nivolumab) blockade in rare tumors, including a
MPBC cohort (Arm 36).
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