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Abstract: Metastatic breast cancer (MBC) remains in most cases an incurable disease with genetic
complexity and heterogeneity. Improvements in classification and management have been
introduced, in addition to the development of endocrine and anti-HER2 targeted therapies.
Currently, efforts are being made to delineate the best approach for the genomic landscape of MBC
and, as result, molecular therapeutic targets. Here, we highlight the recent developments in the
cytopathology of MBC, discussing cytological diagnostic approaches in the characterization of
hallmarks, such as immunocytochemistry and genomic biomarkers. Cytological material can be
processed for ancillary testing for diagnostic and therapeutic purposes. Reassessment of receptor
status is indicated due to changes in tumor biology and metastatic presentation. PD-L1 expression
is the only approved biomarker for predicting immune checkpoint inhibitor response in metastatic
TNBC, evaluated by immunostaining. The feasibility of applying PD-L1 assays in MBC cytological
samples can be recommended, with the adoption of a combined positive score. Non-formalin
cytological samples provide higher purity, cellular yield, and better tumor fraction for single-multi
gene assays. In MBC, molecular tests enable personalized therapy such as PIK3CA, NTRK fusion
genes, and MSI. Cytopathology combined with molecular analysis must be performed effectively
in routine clinical practice, through procedure standardization and experience dissemination.

Keywords: metastatic breast cancer; ancillary tests; fine needle aspiration; cytology; molecular
biomarkers

1. Introduction

Approximately 30% of female cancers are breast cancer (BC), which continues to be
the most common disease in the world with a mortality-to-incidence ratio of 15% [1]. The
vast majority of deaths due to breast cancer are attributed to metastasis and its associated
relapse, which usually occurs in patients ~5-20 years after their first diagnosis [2]. Around
30% of breast cancer patients still relapse with distant metastasis [3]. Even they were
reported as metastasis-free at the time of diagnosis, nearly 25% of patients with node-
negative breast cancer develop metastases [4]. When metastatic breast cancer (MBC) is
diagnosed, the 5-year survival rate is in the range of 38% [5].

The most common sites of breast carcinoma metastases are the bones, liver, lungs,
and brain [2], but other secondary localizations have been described in the literature,
including those of the peritoneal cavity [6]. Different patterns of metastatic sites in breast
cancer are observed according to the hormone receptor, HER2 subtype, and histological
type. The comprehension of primary and metastatic disease has advanced significantly,
allowing the characterization of biomarkers and adequate follow-up for different groups
of patients. However, the factors related to metastatic dissemination are multiple and add
even greater complexity to an already intrinsically heterogeneous disease, with several
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clinical, histological characteristics and molecular subtypes. A study that followed 60,227
patients with the diagnosis of breast cancer and 11,983 patients with metastases for three
decades, illustrates this complexity connected to the cancer’s biological progression. This
work observed a change in the pattern of metastases. Systematic therapies have enabled
the eradication of part of the initial metastases, the so-called prevalent micro-metastasis,
resulting in delaying the appearance of subsequent metastases. Nevertheless, as an effect,
there is an extension of the metastasis-free interval and a reduction in post-metastatic
survival [7].

In the approach of metastatic disease, fine needle aspiration cytology (FNAC) can be
the diagnostic technique of first choice for the documentation of suspected metastases [8].
The minimally invasive nature of cytological procedures facilitates tissue sampling, can
be applied to several types of metastatic lesions, and is useful for patients in poor general
conditions. The demands and implementation of cytology on metastatic breast cancer are
increasing with the advances in radiological and endoscopic techniques for obtaining
cytological material.

Furthermore, besides the confirmation of the primary breast site of metastasis,
cytological material can be used for diagnostic and therapeutic purposes [9]. Currently,
the classification of breast cancer includes the characterization of molecular biomarkers,
which are critical for a properly targeted therapeutic. Recent guidelines from the College
of American Pathologists (CAP) have endorsed the use of all cytological specimen
preparations for molecular assays [10].

In this review, we outline the recent developments in the cytopathology of metastatic
breast cancer, discussing cytological diagnostic approaches in the characterization of
breast cancer hallmarks, such as immunocytochemistry (ICC) and genomic biomarkers,
with an emphasis on molecular profiling.

2. Metastatic Breast Cancer: Molecular Cytological Approach
2.1. Immunocytochemistry Biomarkers: Receptor Status

ICC biomarker tests in MBC are recommended in the guidelines of the American
Society of Clinical Oncology (ASCO)/American Pathology Association [11]. Three breast
cancer subtypes were defined based on immunostaining estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER?2) status:
Hormone receptor (HR)+/HER2- subtype was defined by HR positive (either ER or PR
positive) and HER2- status; HER2+ subtype by HER2 positivity as assessed by IHC and
in situ hybridization in case of 2+ IHC score; and triple negative (TNBC) subtype by lack
of expression of ER, PR and HER2 [12].

ER, PR, and HER? status are critical predictive markers for most of the currently
available targeted treatments. HR+ cancers are found to have increased metastasis to the
bone. HER-2+ and TNBC subtypes are associated with brain metastasis. Metastases to the
lung and bones are frequently seen in TNBC tumors, whereas there appears to be a higher
rate of liver metastasis in HER2 positive breast cancer subtypes [5].

The use of cytology specimens for receptor analysis is a rapid, inexpensive, and less
invasive alternative to biopsy at metastatic sites and in metastatic breast cancer patients
[13]. Following specific validation, immunostaining can be performed on any cytological
preparation, including cellblocks (CBs), cytospins, smears, and liquid-based cytology
(LBC) [14], particularly in cellblocks and LBC sediments.

Cellblocks have technical advantages over other cytological preparations; they can
produce a greater number of sections, which is appropriate for an immunostaining panel.
Additionally, samples are embedded in paraffin, and antigen retrieval techniques are
identical to those used in histology; therefore, marker validation is not necessary. Studies
have been reported in which the results of analysis for receptors in fine-needle aspiration
CBs fixed in 10% buffered formalin showed excellent agreement with those in the
corresponding tissue blocks, including solid tumors at metastatic sites [15].
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Aspiration cytology is particularly useful in the assessment of breast cancers,
allowing a sampling that frames the spatial heterogeneity common to this neoplasm.
Discordance in the receptor status between primary breast carcinomas and corresponding
metastases is well documented in the literature (Table 1). There are several potential
explanations for these changes reported in the literature, including variability in assay
performance, clonal and phenotypic heterogeneity, and biologic evolution of the tumor
[16]. Multiple studies have shown that tumors evolve over time, and metastatic tumors
show enrichment of mutations, as well as de novo molecular aberrations, absent in the
primary site. Treatment history, which might lead to clonal selection, should also be taken
into consideration [17].

MBC after therapy for early breast cancer (EBC) tends to have more aggressive tumor
biology and a worse outcome compared with de novo MBC [7,18]. Thus, improvements
in EBC therapies seem to have led to an alteration in tumor biology and metastasis
presentation in subsequent MBC, presumably resulting from a molecular selection
process [5]. The discrepancies are responsible for a therapy regimen change in 14-20% of
patients [19].

Table 1. Studies on the discordance of immunochemical biomarkers between primary breast
carcinomas and corresponding metastases.

Study Number Discordance Rates
(Author, Year; Type of Study) (Articles or Cases; Period) PBC vs. MBC
ER: 209
Aurilio et al. 2014 [20] 48 articles 0%
Meta-analysi From 1983 to 2011 PR: 33%
eta-analysis rom o HER2: 8%
ER: 149
Yeung et al. 2016 [17] 47 articles °
Review From 1988 to 2012 PR: 21%
HER2: 10%
ER: 249
Nakayama et al. 2016 [21] 20 paired cytology cases PR. 2 4(;)
. . o
Prospective From 2015 HER2: 5%
ER: 21.59
Pareja et al. 2017 [22] 65 paired cytology cases o
Prospective From 2007 to 2009 PR: 41.5%
p HER2: 3.1%
Schrijver et al. 2018 [23] . ER: 19.3%
. . 39 articles o
Systematic review and meta- From 1989 to 2016 PR: 30.9%
analysis HER2: 10.3%
ER: 18.2%
Matsui et al. 2019 [24] 62 paired cytology cases ;
Prospective From 2015 to 2016 PR: 36.4%
P HER?: 8.2%
ER: 229
Sperduto et al. 2020 [25] 316 paired cases PR: 2 6‘;3
. . o
Retrospective From 2006 and 2017 HER2: 10%
Kotecha et al. 2021 [16] . ER: 17%
Systematic review and meta 15 articles PR: 23%
= . o
analysis From 2007 to 2020 HER?2: 12%

ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor
2; MBC: metastatic breast cancer; PBC: primary breast cancer.

In different studies, the criteria for evaluating these markers in cytological material
was similar [13,21,22,24,26-30]. For evaluating the results of HR staining, it was
recommended to report the results as positive or negative according to the following
criteria: any nuclear staining of tumor cells should be classified as positive, and a complete
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lack of staining of tumor cells as negative. For HER 2, the recommendation is to apply the
same ASCO/CAP histological criteria and analysis in cellblocks. Only strongly stained
cells should be categorized as 3+, and cases where it is difficult to decide between 2+ and
1+ should be labeled as 2+. To avoid missing HER2-positive cases, strict scoring criteria
must be used to categorize samples as 2+ or 3+. Nakayama et al. [21] advised utilizing only
positive/negative judgment for both HR and HER2 in cases with cytology material
containing a small number of cancer cells.

Beca and Schmitt [31] highlight the immunocytochemistry of these markers in
cytology samples, including FNAC and fluids, for metastatic breast cancer. In the presence
of a limited sample, which is frequent in a metastatic setting, they recommended testing
only ER, since PR assessment adds little predictive information and ER priority as these
carcinomas benefit from endocrine therapy. Regarding HER2, the work reinforces the test
in cellblocks because these allow for standardized protocols for formalin-fixed, paraffin-
embedded (FFPE) tissue. Moreover, it emphasizes the availability of various methods
(fluorescence, silver, or chromogenic) for testing the HER2 status, using FNAC. Although
improvements have been made in the classification and management of breast cancer, as
well as the development of status-receptor targeted therapies, MBC remains in the
majority of cases an incurable disease [32].

2.2. Immunocytochemistry Biomarkers: Program Death Ligand-1 (PD-L1)

PD-L1 expression, as assessed by immunohistochemistry, is the only established
biomarker for predicting the response to immune checkpoint inhibitors in metastatic
TNBC. PD-L1 positivity predicted the efficacy of pembrolizumab (Clone 22C3) in
combination with first-line chemotherapy for advanced TNBC [12].

According to recent NCCN guidelines [12], PD-L1 expression in TNBC is determined
by using Combined Positive Score (CPS), which is the number of PD-L1 staining cells
(tumor cells, lymphocytes, macrophages) divided by the total number of viable tumor
cells, multiplied by 100, with a cut-off > 10%.

A minimum of 100 viable tumor cells must be present for the specimen to be
considered adequate for PD-L1 evaluation. Any perceptible and convincing partial or
complete linear membrane staining (=1+) of viable tumor cells, lymphocytes, and
macrophages that are perceived as distinct from cytoplasmic staining is considered PD-
L1 staining and should be included in the scoring [33].

In this context, the feasibility of applying PD-L1 assays to MBC cytological samples
can be recommended with better performance. Adoption of CPS facilitates PD-L1
evaluation for cytological samples, as the differentiation between inflammatory cells
(mainly macrophages) and tumor cells can be challenging in immunocytochemical
staining.

Although specific recommendations for PD-L1 testing in cytology are yet to be
established and validated, PD-L1 evaluation has been performed on cytological samples
of lung cancer [34]. The studies demonstrate good agreement in PD-L1 expression
between FFPE samples, FFPE cell blocks, and alcohol-fixed Papanicolaou stained smears
(85.2% adequacy rate; 81-85% median concordance) [33,35].

2.3. Genomic Biomarkers

For metastatic breast cancer, the goal of molecular testing is to find tumor-specific
mutations and then target therapy already approved or under study in clinical trials to
increase survival and quality of life [36]. The European Society of Medical Oncology
(ESMO) recommends including MBC patients in molecular screening programs to assess
targeted therapies [37], either in the framework of multigene panels or to test specific
genes that allow for personalized therapy.

Studies have revealed that cytological specimens produce adequate substrates for
molecular analysis and can provide clinically reliable genomic profiling [10,38].
Cytological samples have been reported to be feasible for collecting sufficient tumor
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samples for DNA and RNA analysis, in single-multiplex genomic assays, including
polymerase chain reaction (PCR), Sanger sequencing, and next generation sequencing
(NGS) [39].

Lee et al. [40], evaluating the sensitivity of FNAC compared with gross surgical
sampling in the detection of somatic mutations in breast cancer (using whole-exome
sequencing), concluded that there was no difference in the total amount of DNA extracted
for both sampling methods. Roy-Chowdhuri et al. [41] reviewed solid tumors
concurrently sampled by FNAC and core needle biopsy (CNB) and compared overall
cellularity, tumor fraction, and the results of NGS. FNAC samples provided better
cellularity, a higher tumor fraction, and superior sequencing metrics than concurrently
performed CNB. Dupain et al. [38], analyzing 61 metastatic samples (CNB and FNAC),
mainly MBC, concluded that FNA can be used in routine diagnostic workflow and clinical
trials for tumor molecular profiling with the advantages of being minimally invasive and
preserving tissue material needed for diagnostic, prognostic, or therapeutic purposes.

The viability is related to the higher purity of the samples, as in smears and touch
preparations. The adoption of non-cross-linking alcoholic reagents may yield superior
results in terms of quality and quantity of extracted nucleic acids with respect to formalin
[42]. Molecular tests are significantly influenced by pre-analytical and analytical tissue
management [43]. The analytical sensitivity of each molecular assay varies according to
the amount and quality of DNA/RNA extracted from the sample tumor.

Molecular platforms require approximately a range from 1 ng to 200 ng input nucleic
acid masses (10 ng usual minimum input for most NGS assays). A fraction of malignant
cells greater than 10% to 20% is generally considered a lower acceptable limit for these
methods [41]. Most NGS assays demand approximately between 1000-5000 cells [43].
About three to fourfold more cells are required from an FFPE sample from ethanol-fixed
material to isolate 10 ng of nucleic acids [44].

Among the different cytological preparations, recent researches have validated the
viability of adopting supernatant fluids for NGS analysis [45,46], while CBs and smears
have shown to be appropriate for more complex NGS analysis, such as tumor mutational
burden profiling [47]. To prevent medico-legal problems, whole slide scanning and digital
storage are required when only one diagnostic slide is available for testing [48].

The genomic alterations in MBC include ERBB2 amplifications, PIK3CA mutations,
germline BRCA 1/2 mutations, somatic BRCA 1/2 mutations, NTRK fusions, ESR1
mutations (mechanism of resistance), PTEN mutations, AKT1E7K mutations, NF1
mutations (resistance biomarker), MDM2 amplifications, ERBB3 mutations, and
microsatellite instability (MSI) [37]. According to the ESMO Scale for Clinical
Actionability of Molecular Targets (ESCAT), only five molecular alterations are associated
with breast cancer treatment efficacy with the highest level of evidence (ESCAT I): ERBB2
amplification, germline BRCA1/2 mutations, PIK3CA mutations, MSI, and NTRK fusion
[37].

In the context of daily practice, there is currently no need to perform tumor multi-
gene NGS for patients with MBC [37]. ERBB2 amplifications are usually assessed by
immunochemistry or in situ hybridization; BRCA1/2 mutations by germline testing; and
PIK3CA status can be determined by PCR on the three hotspots. When performed, multi-
gene NGS in MBC is based on the following gene panel: BRCA1/2, PALB2, ATM, CHEK?2,
RAD51C, BARD1, and TP53 genes [3].

Therapeutically relevant genomic biomarkers to be assessed concerning
immunochemistry classification include: germline BRCA1/2 mutations in HER2-negative
MBC; somatic BRCA mutations in HER2-low MBC; PIK3CA, germline BRCA1/2
mutations, PALB2 mutations (optional), and ESR1 (optional) in ER positive, HER2-
negative MBC; PD-L1, germline BRCA1/2 mutations, and PALB2 mutations (optional) in
TNBC tumors; and in all patients MSI, TMB, and NTRK only if corresponding therapies
are available [5,49].
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Research by Bertucci et al. [50] on 617 metastatic breast cancer patients exhibited that
some driver alterations, in TP53, ESR1, GATA3, KMT2C, NCOR1, AKT1, NF1, RIC8A,
and RB1, were more frequently detected in HR-positive/HER2-negative MBC if compared
to EBC. Additionally, mutations in TP53, RB1, and NF1 were associated with worse
outcomes, and MBC showed an increase in mutational burden compared to EBC.

Systemic therapies in this setting include endocrine therapy with targeted agents,
such as CDK4/6 inhibitors and PIK3CA inhibitors for HR positive disease, anti-HER2
targeted therapy for HER2-positive disease, poly ADP ribose polymerase inhibitors
(PARP) for BRCA1/2 mutation carriers, and immunotherapy currently for part of triple-
negative disease [12,51].

In Table 2, a summary of the genomic changes in MBC associated with the respective
breast cancer subtypes, detection tests, prevalence, rating scales, and targeted therapies
[5,12,37,49,52,53].

Table 2. Summary of genomic alterations in metastatic breast cancer.

Biomarker/Alteration BC Detection Prevalence ESCAT/NCCN FDA-Approved Agents [12]
Subtypes Category
HER?2 Trastuzumab, T-DM1,
. HER2 + IHC, FISH 15%-20% 1A/1 lapatinib, trastuzumab +
Amplification ..
pertuzumab, neratinib
BRCA 1, BRCA 2 o . .
Germline Mutation All NGS 4% 1A/1 Olaparib Talazoparib
BRCA, L BRCA, 2 HER2 IHC 3% ITA2A Trastuzumab deruxtecan
Somatic Mutation low status
PIK3CA . HR+/HER2- PCR,NGS 30-40% 1A/1 Alpelisib + fulvestrant
Hotspot mutation
MSI-H o Pembrolizumab
dMMR Al THC, PCR 1% 1G24 Dostarlimab-gxly
NTRK All FISH, PCR, NGS 1% IC/2A Larotrectinib
Fusion Entrectinib
Pembrolizumab +
PD-L1 TNBC THC 20% 1A/1
chemotherapy
TMB-High All NGS 8-11% IA2A Pembrolizumab
(210 mut/mb)
ESR1
Mutation (mechanism of HER + NGS 10% ITA/1 Fulvestrant
resistance)
PTEI.\I NA NGS 7% ITA/NA NA
Mutation
AKT1
. NA NGS 5% IIB/NA NA
Mutation
NF1
Mutation (resistance NA NGS 6% NA NA
biomarker)
MI?M2 . NA NGS ~1% IIA/NA NA
Amplification
ERBB,‘?, NA NGS 2% IIIB/NA NA
Mutation

BC: breast cancer; ESCAT: ESMO Scale Clinical Actionability of Molecular Targets; FDA Food and
Drug Administration; FISH: fluorescence in situ hybridization; HR: hormone receptor; THC:
Immunohistochemistry; NA: Not applicable; NCCN: Clinical Practice Guidelines in Oncology;
NGS: next generation sequencing; PCR: polymerase chain reaction; TNBC: triple negative breast
cancer.



J. Mol. Pathol. 2022, 3

335

3. Discussion

The genomic scenery of metastatic breast cancer is enriched in druggable genomic
drivers and is more complex than early breast cancer [50]. Identifying these genomic
alterations and consequently targeted treatments is the goal of personalized medicine. To
that end, we outline a framework for a practical approach in the characterization of MBC
hallmarks, with information on standardization for cytological processing and diagnosis
(Figure 1). It is important to emphasize that molecular diagnosis from small cytological
and/or tissue samples has been working for patients with advanced lung cancer [54], with
encouraging effects in reducing mortality and increasing survival [55].

The exploration of cytological specimens seems closer and more connected with
current precision oncology, in which cancer characterization, in both the diagnostic and
therapeutic fields, focuses on the “smallest” level: the molecular. For this purpose, the
cytopathological method has inherent advantages related to its minimally invasive
nature, which may allow an easier approach, greater sampling, and greater tumor
representativeness, which are essential in the heterogeneous landscape common to the
tumor biology and evolution of MBC.

For ancillary testing in advanced breast cancer, the use of cytological specimens can
offer two advantages. The variety of cytological preparations available from FNAC
enables the selection of certain preparations for each type of test based on its performance
and sensitivity. Second, non-FFPE FNA samples provide higher purity, higher cellular
yield, and a better tumor fraction for molecular testing. The benefits of cytological
processing for ancillary tests extend particularly to the most common metastatic site of
breast cancer. Bone FNA samples do not require exposure to decalcifying agents, which
are well known to have a marked effect on hormone receptor tests and molecular assays.

Although, in the last decade, we have validated cytology for molecular tests [10] and
we have been observing a significant increase in the number of FNA cases and ancillary
studies, especi

ally related to lung cancer [39], cytology still needs to be better integrated into routine
molecular diagnostics workflow.

What is necessary for the perception that cytology is naturally connected with
precision medicine? First, it must be performed effectively in clinical practice. Work on
the standardization of cytological pre-analytical and analytical processing and specific
guidelines for assay validation for ancillary tests on cytology samples are required.
Second, it is necessary to demonstrate the experience and disseminate it through scientific
publication for the cytopathological community. Finally, disseminate this knowledge
during the academic education of young pathologists and through training, mainly aimed
at anatomical pathologists.
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Figure 1. Molecular approach in the characterization of MBC hallmarks, using cytological
preparations: (a) Immunocytochemistry biomarkers: Criteria for assessing HR and HER2 receptor
status and PD-L1 expression in cytological material; (b) Genomic biomarkers: therapeutically
relevant molecular changes in MBC and detection methods. FISH: fluorescence in situ
hybridization; HR: hormone receptor; FNAC: fine needle aspiration cytology; MBC: metastatic
breast cancer; NGS: next generation sequencing; PCR: polymerase chain reaction; TNBC: triple
negative breast cancer.
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