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Comprehensive profiling of metaplastic breast
carcinomas reveals frequent overexpression
of programmed death-ligand 1
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ABSTRACT

Aims Metaplastic breast carcinoma (MBC) is a rare
subtype of breast carcinoma less responsive to
conventional chemotherapy than ductal carcinoma. In
molecular terms, MBCs usually cluster with triple-
negative breast cancers (TNBCs), but have a worse
prognosis than TNBCs. Studies investigating MBCs for
specific biomarkers of therapy response are rare and
limited by the methodological approaches. The aim of
the present study was to characterise MBCs on a
molecular level and test programmed death-ligand 1
(PD-L1) biomarker expression in MBCs for future
therapeutic interventions.

Methods We profiled 297 samples (MBC (n=75),
TNBC (n=106), human epidermal growth factor receptor
2 (HER2)-positive breast cancers (n=32) and hormone-
positive breast cancers (n=84)) by next-generation
sequencing. Immunohistochemistry for PD-L1 and
programmed cell death 1 (PD-1) expression was
performed using automated procedures.

Results The most commonly mutated genes in MBCs
included TP53 (56%) and PIK3CA (23%). Pathogenic
mutations in other genes, including HRAS, FBXW?7,
PTEN, AKT1 and SMAD4, were rare. PD-L1 expression
was detected in a significantly higher proportion of
MBCs (46%) than in other subtypes (6% each in
hormone-positive and HER2-positive breast cancers, and
9% in TNBC, not otherwise specified, p<0.001). PD-1-
positive tumour infiltrating lymphocytes (TILs) varied
greatly in MBCs.

Conclusions Comprehensive profiling of a large cohort
of this rare subtype of breast carcinoma highlighted the
predominance of TP53 mutation and increased PD-L1
expression in carcinoma cells. These results can be
exploited in clinical trials using immune checkpoint
inhibitors.

INTRODUCTION

Metaplastic breast carcinomas (MBCs) are rare and
aggressive tumours comprising ~1% of all breast
cancers.! These heterogeneous tumours are com-
posed of biphasic components, including conven-
tional adenocarcinoma and metaplastic cellular and
matrix components such as squamous, chondroid,
spindle, rhabdoid or osseous. They are commonly
triple-negative (oestrogen receptor (ER) negative/
progesterone receptor (PR) negative and human
epidermal growth factor receptor 2 (HER2) nega-
tive), and placed under the triple-negative breast

cancer (TNBC) category. Despite shared biological
characteristics, these tumour types have different
clinical behaviours. MBCs are characterised by
larger tumour size at presentation, lower rates of
lymph node involvement and higher rates of recur-
rence.”> More importantly, they respond less fre-
quently to chemotherapy than TNBCs and carry a
worse prognosis with S-year cumulative survival
rates of 49%-64%.> * In efforts to better compre-
hend MBCs biologically, Ross et al® genetically pro-
filed 20 MBCs using hybridisation capture from
~255 cancer-associated genes and discovered
alterations in the TP53, PIK3CA, MYC, KMT2D
(MLL2), PTEN, CKDNZ2A/B, CCND3, CCNEI1,
EGFR and KDM6A genes.

The tumour immune microenvironment has also
come under scrutiny recently for exploration of new
therapeutic ~ strategies.® An immunosuppressive
microenvironment is maintained through several
tumour-immune cell interactions including pro-
grammed cell death 1 (PD-1, CD279) receptor-
ligand interaction. Programmed death-ligand 1
(PD-L1 or B7-H1), one of the two ligands of PD-1,
is usually expressed on the surface of immune cells,
such as antigen-presenting cells, and can be aber-
rantly expressed on cancer cells. PD-L1 binding to
PD-1, a CD8 T-cell receptor, produces co-inhibitory
signals that lead to inactivation of tumour infiltrat-
ing lymphocytes (TILs) and facilitate tumour pro-
gression. The suppression of PD-1/PD-L1
interaction using specific inhibitors has been corre-
lated with significant and durable responses in many
malignancies.” ' No studies have investigated
PD-L1 expression in MBCs; a few publications have
analysed PD-L1 expression in TNBCs which have
shown higher PD-L1 expression than hormone-
positive and HER2-positive breast cancers (19%-
390p).6 11-14

In this study, we analysed the distribution of
PD-L1 expression in MBCs in comparison to
hormone-positive, HER2-positive and TNBCs. We
also analysed the presence of PD-1 expression in
TILs within the MBC cohort and searched for cor-
relations between immune-related biomarkers and
genetic alterations.

MATERIALS AND METHODS

Samples and patients

Two hundred and ninety-seven formalin-fixed
paraffin-embedded (FFPE) primary breast tissue
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samples from Thomas Jefferson University —Hospital
(Philadelphia, Pennsylvania, USA) and Caris Life Sciences
(Phoenix, Arizona, USA) included MBC (n=75), TNBC, not
otherwise specified (n=106), HER2-positive breast cancers
(n=32) and hormone-positive (ER and PR) breast cancers
(n=84). The TNBCs, HER2-positive and hormone-positive
breast cancers were limited to histologic subtype: invasive ductal
carcinoma, not otherwise specified. The mean age of the MBC
group was 63 years. The H&E stained slides were re-reviewed
by a board-certified pathologist to confirm the diagnosis of
MBC. The diagnostic criteria included the presence of ductal
carcinoma coexisting with a metaplastic component as defined
by the WHO (2012) classification. Histologically, the MBC
group consisted of carcinomas with metaplastic elements includ-
ing 20 spindle, 18 squamous, 16 chondroid, 12 mixed, 5 myoe-
pithelial, 3 not specified and 1 angiosarcomatoid. The tissue
samples included biopsies and/or resection specimens irrespect-
ive of therapeutic status.

Within the MBC group, hormone receptor and HER2 status
information were available for 71 patients. ER and PR immuno-
histochemistry (IHC) were considered positive when nuclear
staining was identified in >1% of the tumour cells.'> HER2
scoring was based on circumferential membranous staining
using the HER2 testing algorithm: Scores 0 and 14 were
considered negative, score 2+ was considered equivocal and
reflexively tested with in situ hybridisation (ISH) and score 3+
was called positive on IHC alone.'® The majority of MBCs were
triple negative (63/71, 89%). Among the remaining eight cases
(11%), three were ER and PR positive only, two were PR
positive only, two were ER positive only and one was HER2
positive/ER negative/PR negative. Within the invasive ductal car-
cinoma groups, the hormone-positive samples were ER and PR
positive, and HER2 negative by IHC and HER2/CEP17 ISH.
Among the HER2-positive cancers, all cases were HER2 positive
by IHC and/or ISH. Of these, 16 were ER positive/PR negative,
11 were ER positive/PR positive and 5 were ER negative/PR
positive.

TNBC samples were negative for ER, PR and HER2. The
study was approved by the Institutional Review Board at both
institutions.

Immunohistochemistry

FFPE tissue sections were stained for PD-L1 (clone: antihuman
PD-L1 rabbit monoclonal antibody SP142, Spring Bioscience)
and PD-1 (Clone EH12.1, BD Biosciences/Pharmingen) using
automated procedures (Ventana BenchMark XT). For PD-L1
IHC, PD-L1 overexpression was estimated as a percentage of
total tumour cells and categorised by intensity of staining
(0-3+): 0 for no staining, 1+ for weak cytoplasmic staining, 2
+ for moderate membranous staining and 3+ for strong mem-
branous staining. Tumour samples with >2+ intensity in >5%
of the tumour cells were considered positive for PD-L1 overex-
pression.® "' Dendritic cells and macrophages were consist-
ently positive for PD-L1 and lymphocytes in lymphoid follicles
were positive for PD-1, serving as internal positive controls for
IHC. PD-1 expression (membranous staining at any intensity) in
TILs was assessed by counting positively stained lymphocytes in
10 consecutive high power fields (hpf) rich in lymphocytes
within the tumour (400X magnification).

Molecular methods

The Illumina TruSeq Amplicon cancer hotspot panel and
Illumina MiSeq next-generation sequencing (NGS) were used
for analysis of genomic DNA extracted from FFPE tumour

tissues of MBCs following microdissection. The panel tests
mutation hotspots of 45 genes that can be found at: http:/www.
carismolecularintelligence.com/next-generation-sequencing-profile.
The extended NGS gene panel used for analysis of the control
groups consisted of 592 cancer-related genes sequenced using
Agilent SureSelect XT and the Illumina NextSeq instrument. A
list of the 592 gene panels can be found at: http:/www.
carismolecularintelligence.com/pdf/MI1%20ProfileX%20Menu%
20v10.pdf All reported variants were detected with >99%
confidence based on the frequency of the mutation present and
amplicon coverage. A full sequence BRCAI/2 gene analysis
was performed using TruSeq Custom Amplicon BRCA1 and
BRCA2 panel. Mutations were classified into categories (patho-
genic, presumed pathogenic, variant of unknown significance,
likely benign and benign) by board-certified clinical molecular
geneticists using available database sources and scientific
literature.

Statistical methods
Correlations between variables were identified using x> test and
two-tailed Fisher’s exact test (p<0.05).

RESULTS

PD-1 and PD-L1 expression in MBCs and invasive ductal
carcinoma groups

The differences in PD-L1 expression in MBCs and the invasive
ductal carcinoma groups are summarised in table 1.

PD-L1 expression was positive in 33 of 72 (46%) interpret-
able MBC cases. Within the invasive ductal carcinoma groups,
nine TNBCs (9%), two HER2-positive cancers (6%) and five
hormone-positive breast carcinomas (6%) showed PD-L1
expression. Overall, there was a statistically significant difference

Table 1 PD-L1 status in tumour cells of MBCs and invasive ductal
carcinoma cases (46% in metaplastic vs 6%—9% in other subtypes
combined, p<0.001)

PD-L1 status
Cut-off >2+ intensity/
>5% tumour cells

Breast cancer subtype Negative Positive Total
Metaplastic carcinoma 39 (54%) 33 (46%) 72
TNBC-NOS 93 (91%) 9 (9%) 102
HER2-positive breast cancer 30 (94%) 2 (6%) 32
Hormone-positive breast carcinoma 79 (94%) 5 (6%) 84
Total 241 (83%) 49 (17%) 290

HER2, human epidermal growth factor receptor 2; MBC, metaplastic breast
carcinoma; PD-L1; programmed death-ligand 1; TNBC, triple-negative breast cancer.

Table 2 Categorisation of MBCs based on PD-L1 expression in
tumour cells and low or high PD-1 expression in TILs

Tumour microenvironment Number of cases

Type (PD-L1/PD-1 TiLs) (n=71)

1 PD-L1 positive, high PD-1* 16 (23%)
2 PD-L1 negative, low PD-1* 22 (31%)
3 PD-L1 positive, low PD-1* 14 (20%)
4 PD-L1 negative, high PD-1* 19 (26%)

*PD-1 categorisation as high or low is done around the median of 22.5.
MBC, metaplastic breast carcinoma; PD-1, programmed cell death 1; PD-L1;
programmed death-ligand 1; TIL, tumour infiltrating lymphocyte.
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in expression of PD-L1 in MBCs versus the TNBCs,
HER2-positive and hormone-positive breast cancers (p<0.001).
Total TILs were not enumerated; however, they were noted to
vary greatly within the MBC cohort by histologic examination.
The mean number of PD-1-positive TILs in 10 hpf was 68.3 in
70 interpretable cases (median: 22.5, range: 0-400). The data
were dichotomised around the median PD-1 expression into
two groups, high versus low PD-1. We then categorised PD-L1
expression in tumour cells and PD-1 expression in TILs
into four categories (type 1-4) based on the presence or absence
of PD-L1 and high or low PD-1 expression similar to the mel-
anoma study by Teng et al.>® These results are summarised in
table 2.

PD-1 and PD-L1 expression in representative cases of
the four categories are depicted in figure 1. TILs and PD-1
status of the other breast cancer groups were not analysed for
this study.

Mutational profile of MBCs and invasive ductal carcinoma
groups

Mutational profiles were divided into pathogenic, presumed
pathogenic, variants of unknown significance and suspected
benign variants. For discussion purposes, only pathogenic/pre-
sumed pathogenic alterations were considered. Seventy-two
MBCs were tested with the 45-gene NGS mutation panel,
which covered regions of the genes in which mutations are
commonly found (hotspots). Fifty-seven of these had interpret-
able results. Failure of the remaining 15 samples was attributed
to poor DNA quality in the samples. Of note, 5 of these 15
cases were positive for PD-L1 overexpression (33%). A total of
52 pathogenic/presumed pathogenic alterations were detected
in 45 tumours; no mutations were detected in 12 tumours that
were successfully sequenced. TP53 alterations were identified in
most cases (32/57, 56%) with 20 having isolated TP53 muta-
tions, while 12 also had mutations in other genes. PIK3CA was
the second most commonly mutated gene (13/57, 23%) and
HRAS was third (3/57). Single cases harboured additional
pathogenic mutations of FBXW7, PTEN, AKT1 and SMAD4. Of
note, full sequencing of the BRCA1 and BRCA2 genes showed
two MBCs samples with pathogenic BRCA1 mutations
(R1076fs, S766fs) and one case with BRCA2 mutation of
unknown significance. Online supplementary figure S1 com-
pares the different mutations and their frequencies in MBCs.
Online supplementary tables S1 and S2 list specific mutations
that were seen in each case and the clinical significance of the
mutations. The 592 gene NGS panel, which covers the com-
plete protein coding regions of the genes, detected pathogenic
mutations in 23 genes (those also present in the 45 gene panel)
in the TNBC group; results were available for 96 of 106
tumours. A total of 130 pathogenic alterations were detected in
94 TNBCs. Altogether, 83 of 96 cases had a TP53 mutation
(86%), 13 had a PIK3CA mutation (14%), 4 had a BRCAI
mutation (4%), 3 had a BRCA2 mutation (3%), 4 had an AKT1
mutation (4%) and 3 had an ERBB2 (Her2) mutation (3%).
The remaining 20 mutations were found at a low frequency of
<2%. Lists of altered genes and frequencies in the different
breast cancer groups are presented in online supplementary
tables S3-S5. When tumour types were further subcategorised
into mutation types, TP53 versus other mutations (see online
supplementary table S6), TP53 mutations were more prevalent
in TNBCs and HER2-positive cases than MBCs (88%, 90% vs
71%). No statistically significant correlation was identified
between number of molecular alterations and PD-L1 expression
in MBCs (p=0.52). Similarly, no statistically significant

correlation was discovered between types of mutations (TP53
vs other) and PD-L1 expression in MBCs (p=1.00).

DISCUSSION

MBCs are an aggressive subtype of breast carcinoma that are
comparatively resistant to conventional chemotherapy making
them ideal for genomic and immunologic alteration studies in
search for novel therapies. An early phase Ib clinical trial using
pembrolizumab, a PD-1 inhibitor in recurrent/metastatic
TNBCs with PD-L1 expression, has shown promising results
(ClinicalTrials.gov identifier: NCT02447003). Comparable data
are accruing with the use of MPDL3280A, a PD-L1 inhibi-
tor.?! 2% A recently published study has shown that patients with
metastatic melanoma who responded to pembrolizumab had
higher levels of CD8+ T lymphocytes (TILs), PD-1 and PD-L1
expressing cells in their pretreatment samples.”® These studies
suggest that an increased presence of these markers may be asso-
ciated with improved responses to PD-1/PD-L1 blockade. Our
study shows for the first time that PD-L1 expression in MBCs is
significantly greater than in HER2-positive breast cancer,
hormone-positive breast cancer and TNBCs. Literature shows
substantial variability in PD-L1 expression in TNBCs likely due
to use of different analysis platforms. Molecular methods of
DNA profiling/gene amplification show PD-L1 expression as
high as 39% in TNBCs, while IHC studies show PD-L1 expres-
sion only as high as 19% in TNBCs."'™"* Our study showed 9%
PD-L1 expression in TNBCs and the variation from literature
can be attributed to variability in IHC interpretation and cut-off
values. Categorisation of PD-L1 and PD-1 status in MBCs into
four groups akin to the melanoma study was done to characterise
the tumour microenvironment and gain insight the prognostic
implications for use of PD-1/PD-L1 inhibitors in MBCs.?’ The
melanoma study stratification offered prognostic implications,
where patients with type 1 expression had the best prognosis and
highest probability of responding to PD-1/PD-L1 inhibitors.'® 2*
We modified the stratification variables to PD-L1 expression in
tumour cells and PD-1 expression in TILs from what was used in
the melanoma study. Using PD-L1 and PD-1 expression for cat-
egorisation, in our opinion, may be more relevant for PD-1/
PD-L1 inhibitors. In our study, 23% of the MBCs fell in the type
1 category, implying that nearly a quarter of the MBCs would be
amenable to immune checkpoint therapy. Interestingly, the prog-
nostic value of PD-L1 expression in breast cancers is controver-
sial. Muenst et al showed PD-L1 as a negative prognostic marker
in breast cancer, while another recently published study has lent
support to the hypothesis that PD-L1 expression may serve as a
good prognostic marker.”> 2° The prognostic value of increased
PD-L1 expression in MBCs would be interesting to address in a
prospective cohort. In our study, we discovered a vast variation
in PD-1 expression in TILs in MBCs. Further studies to better
understand the role of TILs and the tumour immune microenvir-
onment in MBCs need to be pursued.

In genetic profiling, TP5S3 mutation was the most common
and biologically relevant alteration discovered in our study, con-
sistent with recently reported results.’ Potentially targetable
mutations identified in our study affected the PIK3CA/Akt/
mTOR signalling pathway (PIK3CA, AKT-1, PTEN) proposing
benefits of using PIK3CA and mTOR inhibitors in MBCs. A
study of five metastatic MBCs treated with the mTOR inhibitor,
temsirolimus in combination with liposomal doxorubicin and
bevacizumab showed promising preliminary results.””

The limitations of our study included PD-L1 expression ana-
lysis based on a single, although well-characterised, antibody
used in clinical trials."” The current literature shows vast
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Figure 1

(A-L) Interface between tumour and tumour infiltrating lymphocytes (TILs) in different metaplastic breast carcinomas (MBCs) categorised

into four categories based on programmed death-ligand 1 (PD-L1) and programmed cell death 1 (PD-1) expression, 400x magnification. (A—C) Type
1 (PD-L1 positive, high PD-1): MBC with squamous metaplastic component (A) showing 3+ intensity PD-L1 staining in 50% of the tumour (B) and
high PD-1 expression in the peritumoral lymphocytes (210/10 high power fields) (C). (D-F) Type 2 (PD-L1 negative, low PD-1): MBC with spindle cell
metaplastic component (D) with tumour cells showing no increase in expression of PD-L1 by tumour cells (E) and no expression of PD-1 by
interstitial lymphocytes/plasma cells (F). (G-1) Type 3 (PD-L1 positive, low PD-1): MBC with spindle cell metaplastic component (G) with moderate
overexpression of PD-L1 in the tumour cells (H) and no expression of PD-1 in the TILs (I). (J-L) Type 4 (PD-L1 negative, high PD-1): MBC with areas
of chondroid metaplastic component (J) with no PD-L1 overexpression in tumour cells (K) and moderate expression of PD-1 positive in TILs (190/10

high power fields) (L).

variability in PD-L1 IHC interpretation and lack of standardised
protocols, except for the recently Food and Drug
Administration-approved companion diagnostics kit for use in
non-small cell lung carcinomas therapy with pembrolizumab
(PD-L1 IHC 22C3pharmDx, Dako). However, it appears that
no significant IHC performance differences exist between
several recently analysed anti-PD-L1 antibodies raised against
the intracytoplasmic domain.?® Furthermore, our preliminary
study has shown high concordance (88%-100%) between

SP142 antibody used in this study and three other antibodies
(SP263, 28-8 and 22¢3 clones).?’ Other limitations include
associated biases secondary to missing clinical data, and differ-
ent platforms used in NGS.

In summary, our study is the first and largest study to demon-
strate overexpression of a targetable checkpoint protein, PD-L1
in MBCs. We have also identified the presence of targetable
genetic alterations in a large cohort of MBCs providing options
for multitargeted combination therapy.
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Take home messages

» Metaplastic breast carcinoma (MBC) is an aggressive and
uncommon breast cancer subtype that is less susceptible to
chemotherapy than triple-negative breast cancer (TNBC).

» Programmed death-ligand 1 (PD-L1)/programmed cell death
1 (PD-1) inhibitors have shown promise in multiple
carcinomas, and in our study we discovered PD-L1
overexpression in MBCs compared with TNBC, hormone-
positive breast cancer and human epidermal growth factor
receptor 2-positive breast cancer.

» Next-generation sequencing of MBCs showed mutations
most frequently in the TP53 and PIK3CA genes.

» PD-1/PD-L1 inhibitors and PIK3CA/mTOR pathway inhibitors
may be used in the treatment of aggressive, resistant MBCs.
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