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1 |  INTRODUCTION

The overall survival rate of patients with breast cancer has 
improved considerably over recent years. For patients whose 
tumor has metastasized, however, the outcome remains 
dismal with 5-year survival rates of ~27%.1 A key area of 
breast cancer research is therefore trying to gain a clearer 
understanding of metastatic progression. Recent large-scale 
molecular profiling initiatives (driven by consortia such as 
the International Cancer Genome Consortium [ICGC], The 
Cancer Genome Atlas [TCGA], and Molecular Taxonomy 
of Breast Cancer International Consortium [METABRIC]) 
to catalogue somatic alterations and gene expression profiles 
epitomize the extensive diversity within breast cancer.2-4 As 
powerful as these approaches are, the analyses underestimate 
the extent of intratumor heterogeneity within an individual, 
which has been elegantly illustrated in studies performing 

multiregion genome sequencing of matched primary tumor 
and metastatic deposits from the same patient.5-11 This 
demonstrates how dynamic clonal evolution may be within a 
tumor and that the ‘lethal’ clone may exist within a small and 
specific region of the primary tumor. It is impractical to con-
sider multiple sampling of the primary tumor for sequencing 
applications in routine clinical practice, yet there is scope to 
appreciate and document intratumoral heterogeneity within a 
primary tumor6 to help develop our understanding of clonal 
evolution and metastatic progression.

To illustrate this, we present a case of invasive carcinoma 
of no special type (IC-NST) from a patient who developed 
a local recurrence and widespread metastatic disease of the 
gastrointestinal tract with a range of histological patterns and 
immunophenotypes. Different tumor components were stud-
ied using comparative genomic hybridization (CGH) to de-
tect DNA copy number changes in an attempt to understand 

Received: 2 February 2020 | Revised: 21 July 2020 | Accepted: 1 August 2020

DOI: 10.1002/ccr3.3257  

C A S E  R E P O R T

Phenotypic drift in metastatic progression of breast cancer: A 
case report with histologically heterogeneous lesions that are 
clonally related

Jamie R. Kutasovic1 |   Amy E. McCart Reed1  |   Anna Sokolova1,2 |   Janani Jayanthan1 |   
Leonard Da Silva1,2 |   Peter T. Simpson1  |   Sunil R. Lakhani1,2

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original 
work is properly cited.
© 2020 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

1UQ Centre for Clinical Research, Faculty 
of Medicine, The University of Queensland, 
Brisbane, Qld, Australia
2Pathology Queensland, The Royal 
Brisbane and Women’s Hospital, Brisbane, 
Qld, Australia

Correspondence
Peter T. Simpson, The University of 
Queensland Centre for Clinical Research, 
Herston, Qld 4029, Australia.
Email: p.simpson@uq.edu.au

Funding information
National Health and Medical Research 
Council, Grant/Award Number: 
APP1113867

Abstract
Breast cancer metastasis to the stomach is rare; invasive lobular carcinoma has a 
predilection to spread to the gastrointestinal system and is morphologically similar 
to primary diffuse gastric carcinoma. This case highlights heterogeneous metastatic 
progression and that documentation of heterogeneity is important for informing fu-
ture treatment strategies and prognostication.
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clonal relationships as well as to highlight the challenges that 
this can create for the pathologists and oncologists in their 
routine practice.

2 |  CLINICAL HISTORY

A 52-year-old female patient underwent a wide local exci-
sion of a 13-mm left breast lesion in 2002. A histological 
grade 2 invasive carcinoma of no special type (IC-NST) 
with clear margins was diagnosed. The tumor was positive 
for estrogen (ER) and progesterone (PgR) receptors and 
negative for HER2. Adjuvant therapy consisted of radio-
therapy (61.1 Gy in 30 fractions over 6 weeks) followed by 
Tamoxifen, which was changed to Arimidex due to endome-
trial thickening. Hormonal therapy ceased in 2007. In 2009, 
a 6 mm recurrence of histological grade 2 IC-NST was de-
tected at the site of the 2002 surgery; mastectomy and axil-
lary clearance were carried out and followed by four cycles 
of Docetaxel/Cyclophosphamide. In the same year, a biopsy 
of the stomach identified a malignancy and a subsequent sub-
total gastrectomy was performed revealing infiltrating adeno-
carcinoma of the distal stomach resection and omentum but 
not of the large bowel or regional lymph nodes. The diffuse 
growth pattern of the carcinoma observed on surgical resec-
tion slides indicated a poorly cohesive gastric carcinoma or 
a metastasis arising from an undiagnosed primary invasive 
lobular breast cancer. This diagnosis was followed by chem-
otherapy, which consisted of three cycles of Doxorubicin and 
Cyclophosphamide. The patient died in 2010.

2.1 | Pathology review

The original classification and description of tumor morphol-
ogy was reassessed and confirmed for all of the specimens. 
An associated intermediate-grade DCIS component was also 
noted in the 2002 primary tumor. In the 2009 local recur-
rence, an IC-NST with an associated component of interme-
diate-grade and high-grade DCIS was confirmed. The tumor 
in the stomach and omentum from 2009 showed a diffuse 
carcinoma infiltrating the whole thickness of the gastric wall 
as sheets of single cells and single files of cells, indicative 
of a metastatic lobular carcinoma of the breast or a poorly 
cohesive gastric carcinoma.

2.2 | Immunohistochemical analysis

Immunohistochemistry data are summarised in Table 1 and 
Figure 1 (please refer to Table A1 in Appendix 1 (Materials 
and Methods) for staining conditions and scoring). In brief, 
the 2002 tumor and DCIS were ER (3+ in 100% of cells) 

and PgR (3+ in <5% of cells) positive and negative for 
HER2, whereas the 2009 local recurrence and the stomach/
omentum carcinoma were triple negative (ie negative for 
ER, PgR, and HER2). The 2009 primary breast tumor re-
currence was positive for basal markers EGFR (1+, 40% of 
cells) and CK5/6 (2+, 10% of cells), whereas both the 2002 
breast tumor and the stomach/omentum tumors were nega-
tive. Immunohistochemical staining of the E-cadherin adhe-
sion complex (including β-catenin and p-120 catenin) was 
performed as loss of E-cadherin and β-catenin, and aberrant 
staining of p-120 catenin are hallmarks of an invasive lobular 
phenotype. The 2002 and 2009 breast tumors exhibited nor-
mal distribution of E-cadherin, β-catenin, and p-120-catenin, 
whereas the stomach/omentum lesions were negative for 
E-cadherin (Figure 1) and β-catenin, and stained aberrantly 
for p-120-catenin. Interestingly, we observed a small cluster 
of cells in the 2002 tumor that appeared to grow in a single-
cell file and exhibit aberrant E-cadherin staining (Figure 1B, 
inset). The mesenchymal marker vimentin and the tran-
scription factor Snail were analyzed to determine whether 
E-cadherin downregulation could be related to acquisition of 
a (partial) epithelial to mesenchymal phenotype. Both mark-
ers were negative in the neoplastic epithelium of all tumors 
analyzed. Staining for CK7 and CK20 was performed to fur-
ther discriminate the origin of the stomach lesion. The neo-
plastic cells were CK7 positive (3+ in 80% of tumor cells) 
and CK20 negative, indicating that the tumor is likely to be a 
metastasis and not a primary gastric carcinoma.12,13

2.3 | Comparative genomic hybridization 
(CGH)

Comparative genomic hybridization was employed (see 
Appendix 1 for methodology) to identify copy number al-
terations and define the clonal relationships between the le-
sions. The lesions were small or diffusely infiltrated stroma 
and so were laser-capture microdissected prior to analysis. 
The five different components harbored the same pattern of 
gross DNA copy number alterations (Table 1, Figure 1). Of 
note was a striking alteration on chromosome 2q, showing 
a deletion/amplification/deletion pattern in each lesion ana-
lyzed. The following alterations were also identified in all 
lesions: loss on 3p, 3q, and 11p, and gain on 8q and, 11p, 
20q; and all invasive tumors and the high-grade DCIS also 
had loss on 4 and 8p.

3 |  DISCUSSION

This patient developed IC-NST in 2002 and was diagnosed 
with a recurrence at the same site 7 years later. In that year, 
she was diagnosed with malignancy in the gastrointestinal 
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tract, for which the differential diagnosis was primary dif-
fuse gastric cancer (now classified as poorly cohesive gas-
tric carcinoma) or metastatic lobular breast cancer. Cancer 
genomics can clarify differential diagnoses such as this 
by defining relationships between the lesions in question. 
Ideally, high-resolution genomics technologies would be 
applied; however, in this case, low-resolution chromo-
somal-based CGH analysis was employed due to the small 
and intricate nature of the lesions being examined, and the 
necessity for laser-capture microdissection and DNA am-
plification. Nevertheless, this molecular analysis was suf-
ficient to clearly indicate that all lesions examined were 
clonally related with a close degree of overlap in copy 
number aberrations. Thus, the 2009 breast lesion, encom-
passing DCIS and IC-NST, appeared to be a recurrence of 
the original breast tumor, and the stomach tumor is a me-
tastasis derived from one of the two previously diagnosed 
breast tumors, notwithstanding the clonal expansion of the 
phenotypical divergence to an invasive lobular-like pattern 
of growth.

The current case illustrates the concept of intratumoral 
heterogeneity and clonal evolution during progression, 
where a switch in immunophenotype was observed. The 
primary breast tumors were both classified as grade 2 

IC-NST, and the stomach/omentum metastatic deposits 
were characteristically of invasive lobular carcinoma type. 
We hypothesize that a small population (subclone) of ‘lob-
ular-like’ neoplastic cells within the primary tumor that 
went undetected (perhaps represented by the small clus-
ter of E-cadherin aberrant cells we identified in the 2002 
tumor sample), disseminated, and seeded the metastases. 
The evolution of this infiltrative lobular growth pattern 
coincided with dysfunction of E-cadherin-catenin cell ad-
hesion complex, which is observed by complete absence 
of the E-cadherin, β-catenin, and cytoplasmic p-120-cat-
enin in the metastasis. We have previously shown that a 
lobular-like phenotype can arise via a ductal-like pathway 
of tumorigenesis, as exemplified by the mixed ductal-lob-
ular histological subtype,14 and metastasis from such 
mixed tumors can be of ductal and/or lobular type.15 The 
mechanism of E-cadherin downregulation in this context 
is yet to be elucidated, however, the change in phenotype 
is unlikely to be driven by an epithelial to mesenchy-
mal transition as the mesenchymal marker vimentin and 
the transcription factor Snail were both negative in each 
tumor, and evidence from our previous work suggests 
that EMT does not play a role in the downregulation of 
E-cadherin in ILC.16

T A B L E  1  Immunohistochemistry and comparative genomic hybridization data

Lesion (year)

IC-NST (2002)
Intermediate-grade 
DCIS (2009)

High-grade DCIS 
(2009)

IC-NST 
(2009)

Stomach 
(2009)

Omentum 
(2009)

ER 3 + 100% 0 0 0 0 0

PR 3 + 5% 0 0 0 0 0

HER2 0 0 0 0 0 ND

EGFR 0 0 0 1 + 40% 0 0

CK5/6 0 0 0 2 + 10% 0 0

CK14 0 0 0 0 0 0

CK7 ND ND ND ND 3 + 80% ND

CK20 ND ND ND ND 0 ND

E-cadherin +/Ab + + + 0 Ab

β-catenin + + + + 0 Ab

p-120-catenin + + + + Ab Ab

Vimentin 0 0 0 0 0 ND

Snail 0 0 0 0 0 ND

Shared CNA 2q−/+/−, 3p−, 3q−, 4q−, 8p−, 8q+, 11p−, 20q+ ND

Unique CNA 5p+ 13q+ 5p− 5p+ 12p+ ND

14q− 21q+ 17q+ 12p+ 14q+

17q+ 13q+

17q+

Note: Highlighted in italic are CNA shared between some, but not all, of the lesions.
Abbreviations: −, loss; +, gain; +, positive; 0, negative; Ab, aberrant; CNA, copy number alterations; DCIS, ductal carcinoma in situ; IC-NST, invasive carcinoma of 
no special type; ND, no data.
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The immunophenotype of breast cancer is crucial for 
the selection of targeted therapy. The expression of ER and 
PgR is dynamically controlled and so are also prone to being 
downregulated during progression.17,18 The patient in this 

report had an ER/PgR-positive primary tumor and hence re-
ceived hormonal-based therapy for 5  years post diagnosis. 
Two years following the end of treatment, she was diagnosed 
with the second primary tumor and metastatic disease, both 

F I G U R E  1  Overview of clinical, morphological, and molecular features. A, Timeline: the patient was initially diagnosed with breast cancer 
in 2002 following wide local excision (WLE) and received radiotherapy (XRT) and hormonal-based therapy until 2007. In 2009, she underwent 
mastectomy for a recurrence and a subtotal gastrectomy for adenocarcinoma in the stomach. B, Morphological review of surgical resection slides 
revealed a grade 2 invasive carcinoma NST (10× magnification) in 2002 and in 2009 (10× magnification) and an infiltrative adenocarcinoma in 
the stomach (20× magnification) and omentum (not shown). The ER, PgR, and HER2 immunophenotype of each tumor is shown, together with 
E-cadherin positive staining of the 2002 primary tumor (10× magnification) with a small population of single cells or single files of cells with 
aberrant staining (inset, 20× magnification). E-cadherin staining in the 2009 breast tumor was normal (10× magnification), yet was completely 
absent in the stomach/omentum tumor (20× magnification). Strong aberrant cytoplasmic p-120 catenin staining is also shown (inset, 20× 
magnification), reflecting altered cadherin-catenin complex function. Comparative genomic hybridization shows the three tumors were clonally 
related with the same pattern of copy number alterations. Chromosome profile for chromosome 2, 3, 4, 8, and 11 is shown
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of which were ER/PgR negative. Discordance in hormone 
receptor status between primary and metastatic disease has 
been reported to occur in 18% of cases for ER, and 42% for 
PgR,18 and downregulation tends to occur in a nonrandom 
manner, particularly in breast metastases to the lung, liver, 
and bone.17 It is unusual for a primary lobular carcinoma to 
be ER negative, and it is tempting to speculate that in this 
scenario, the immunophenotypic drift observed was driven 
by selection against long term endocrine-based treatment. 
In order to confirm these ideas, high-resolution multiregion 
exome or whole-genome sequencing should be performed, 
and evolutionary genetics algorithms (eg PyClone) would 
need to be applied; a proposal precluded by the limiting ar-
chival material available.

The gastrointestinal tract is not a common metastatic site 
for breast cancer (the incidence is reported to range from 0.3% 
to 6%19-21 but is a preferential metastatic haven for lobular 
carcinoma compared to other types,15,22-26 with 64%-75% of 
primary breast tumors in reported series being of the lobular 
morphology.21,27-29 Metastatic disease arising in patients with 
primary mixed ductal-lobular carcinomas can either be ductal 
or of a diffuse lobular type in these specific targeted organs,15 
supporting our hypothesis that a minor lobular-like subclone 
in the first primary tumor may be responsible for the disease 
progression. The differential patterns of metastatic spread be-
tween IC-NST and ILC are presumably related to the tissue 
architecture and microenvironment of the target organs and 
the characteristic diffuse growth pattern of ILC. It has also 
been reported that patients diagnosed with ILC who develop 
metastatic disease are also more likely to have widespread 
disseminated disease than patients with IC-NST.30,31 Again, 
this is presumably related to the indolent nature of ILC and 
its diffuse growth pattern, in which disseminated tumor cells 
elicit little damage to host tissues and hence can go unde-
tected for many years.

In summary, intratumor heterogeneity is a critical aspect 
of cancer biology, encompassing morphological, immuno-
phenotypic, and genomic evolution as tumor cell clones adapt 
to local microenvironmental pressures, genomic instability, 
and treatment. This unique case illustrates the potential for 
tumors to undergo morphological evolution and phenotypic 
drift over time and highlights the challenges that this can 
create for the pathologists and oncologists in their routine 
practice. Stomach metastases are rare, and to our knowledge, 
this is the first case report describing a lobular-like metastasis 
from a primary IC-NST.
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APPENDIX 1

MATERIALS AND METHODS

Pathology review and immunohistochemistry
Diagnostic slides of three surgical specimens (2002 breast; 
2009 breast; 2009 stomach) were retrieved and reviewed 
using the current criteria defined by the World Health 
Organization classification for breast and gastric cancers by 
LDS and SRL{Board, 2019 #58;Lakhani, 2012 #26}.

Immunohistochemistry for various markers (Table  A1) 
was performed using the MACH1 Universal HRP-Polymer 

Dection kit (Biocare Medical, LLC) or the Ventana Optiview 
detection kit (Ventana Medical Systems).

Comparative genomic hybridization (CGH)
Five components (IC-NST from 2002; intermediate-grade 
DCIS, high-grade DCIS and IC-NST from 2009; stomach 
adenocarcinoma from 2009) from the case were laser-cap-
ture microdissected prior to DNA extraction and analyzed by 
CGH as previously described{Simpson, 2005 #17}.

T A B L E  A 1  Antibody details and method of scoring

Marker Clone ID, antibody dilution, supplier Scoring method

ER 1D5, 1:40 dilution, Dako >1%; percentage and intensity recorded

PgR 1A6, 1:100 dilution, Dako >1%; percentage and intensity recorded

HER2 Herceptest, Dako Herceptest

EGFR 31G7, 1:100 dilution, Invitrogen Any positivity (membrane/cytoplasmic); percentage and intensity

CK5/6 D5/16B4, 1:300 dilution, Millipore Any positivity; percentage and intensity recorded

CK14 LL002, 1:40 dilution, Novocastra Any positivity; percentage and intensity recorded

CK7 OV-TL 12/30,1:100 dilution Dako* Any positivity; percentage and intensity recorded

CK20 Clone ks20.8, Leica Any positivity; percentage and intensity recorded

P63 4A4, 1:25 dilution, Dako Any positivity; percentage and intensity recorded

E-cadherin HECD1, 1:50 dilution, Zymed Positive: intact membrane staining, Aberrant: fragmented membrane 
and/or cytoplasmic staining, Negative: no staining.

As above
β-catenin 17C2, dilution 1:100, Novocastra

p-120-catenin 98/pp120, 1:200 dilution, BD Transduction Labs

Vimentin V9, 1:400 dilution, Dako Any positivity; percentage and intensity recorded

Snail SN9H2, 1:100 dilution, Cell Signaling 
Technology

Any positivity; percentage and intensity recorded

Note: Antigen retrieval—all citrate buffer (pH 6.0), 3 min pressure cooker at 105°C, except for E-cadherin (EDTA buffer [pH 8.0] for 2 min in a pressure cooker at 
105°C), CK7 (citrate 95°C for 30 mins), CK20 (Ventana CC1 20 mins), and EGFR (Chymotrypsin [pH 7.4] enzymatic antigen retrieval at 37°C for 10 mins).


