American Journal of Clinical and Experimental Medicine
2025, Vol. 13, No. 6, pp. 170-176
https://doi.org/10.11648/j.ajcem.20251306.12

SciencePG
Science Puﬁng Group

Case Report

Lung Metastasis of HER2-positive Breast Cancer with
Squamous Cell Differentiation Phenotype: A Case Report
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Abstract

Drug resistance, recurrence, and metastasis are the main challenges that can lead to treatment failure and deteriorate outcomes of
patients with breast cancer. Breast cancer metastasizes to different organs and may present with different phenotypic features.
However, the underlying mechanisms of phenotypic plasticity of breast cancer still remain unclear. We herein report a case of
HER2-positive breast cancer in which the patient developed acquired therapeutic resistance following standard postoperative
adjuvant chemotherapy combined with anti-HER2 targeted therapy. The patient initially responded to treatment; however, one
year after completion of therapy, new bilateral pulmonary nodules emerged. Subsequent pathological examination confirmed
metastatic carcinoma with a transdifferentiated squamous cell phenotype. Comprehensive biomarker analyses, including
immunohistochemistry (IHC), fluorescence in situ hybridization (FISH), and next-generation sequencing (NGS), were
performed on matched samples from the primary breast tumor and the corresponding lung metastatic lesions. Integrated
diagnostic results confirmed that the pulmonary lesions were metastatic in origin from the breast, harboring HER2 amplification
as well as PIK3CA and TP53 mutations. In contrast to the primary lesion, the metastatic lung lesions demonstrated acquisition of
a squamous phenotype, accompanied by multiple chromosomal heterozygous/homozygous deletions and copy-number gain that
may have contributed to this phenotypic transformation. Despite HER2 amplification, the pulmonary metastases showed
negative HER2 protein expression, possibly reflecting tissue-specific gene expression differences. These findings provide new
insights for the clinical management of HER2-positive breast cancer.
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1. Introduction

HER2-positive breast cancer accounts for approximately
20% of all breast cancer cases. The standard neoadjuvant or
adjuvant treatment regimen typically consists of anthracy-
cline- and taxane-based chemotherapy combined with
trastuzumab and pertuzumab. However, about 30%-40% of
patients show resistance to this therapeutic approach, leading
to disease recurrence and metastasis. Common metastatic
sites include the lungs, brain, and liver, but the underlying

mechanisms remain incompletely understood. Here, we re-
port a rare case of HER2-positive breast cancer with pulmo-
nary metastasis exhibiting squamous metaplasia following
adjuvant chemotherapy and anti-HER2 targeting therapy.
Notably, the patient presented with pulmonary nodules that,
based on intraoperative frozen section examination, were
initially suspected to be primary squamous cell carcinoma of
the lung. We finally confirmed that the intrapulmonary le-
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sions represented metastatic breast carcinoma with metaplas-
tic features rather than primary lung carcinoma through
comprehensively histopathological examination, immuno-
histochemical staining, and next-generation sequencing
(NGS) analysis. Actually, phenotypic transformation in met-
astatic breast cancer involving squamous metaplasia is rela-

2. Case Presentation

tively uncommon, this case highlights the diagnostic chal-
lenge in distinguishing primary lung malignancies from rare
metaplastic metastatic breast cancer and provides a diagnos-
tic approach combining histopathology, immunophenotyping,
and molecular profiling, which may serve as a valuable ref-
erence for clinicians and pathologists in similar scenarios.

(A) Keratin beads can be seen under low power microscope (HE, 409);
(B) Atypical epithelial cells are seen in the lung tissue in nests and infiltration, along with keratin beads (HE, 100%);

(C) Tumor cells with abundant cytoplasm can be seen, obvious nucleoli can be seen in nuclei, some cells show keratinization that includes
keratin bead formation (HE, 400>); Immunohistochemical staining results: ER, PR negative; HER2 1+, CK5/6, EGFR positive; TP53 greater

than 95%, strongly positive.

A 45-year-old female patient was found to have multiple
solid nodules in both lungs on routine postoperative chest
computed tomography (CT) during follow-up on September
8, 2023. Given her medical history, these findings were
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highly suggestive of pulmonary metastases. Positron emis-
sion tomography/computed tomography (PET/CT) revealed
hypermetabolic nodules in the dorsal segment of the right
lower lobe and the lateral basal segment of the left lower
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lobe, consistent with the possibility of metastatic lesions. On
September 21, 2023, the patient underwent video-assisted
thoracoscopic surgery (VATS) with wedge resection of the
left and right lower lobe nodules, along with intercostal
nerve blockade. Intraoperative frozen section analysis indi-
cated poorly differentiated invasive carcinoma, and meta-
static disease could not be ruled out based on the patient’s
history. Histopathological examination of all resected speci-
mens revealed nests of atypical epithelial cells infiltrating the
lung parenchyma. The tumor cells had abundant eosinophilic
cytoplasm, prominent nucleoli, and focal areas of necrosis.
Keratinization and keratin pearl formation were observed in
parts of the tumor nests (Figure 1 A-C). IHC showed diffuse
positive expression of p63, p40, CK5/6, CK7, p16, EGFR,

and c-Myec, with partial positivity for SOX10. While TTF-1,
Napsin A, and PAX8 were negative. Importantly, a panel
biomarkers of mammary gland including GATA3,
mammaglobin, and GCDFP-15 was detected and shown fo-
cal positive staining, supporting cancer cells were
breast-originated. ER, PR, and AR were negative, HER2 was
scored as 1+ by IHC, and there was strong diffuse p53 ex-
pression (>95%) with a Ki-67 labeling index of approxi-
mately 60% (Figure 1). The overall features were consistent
with poorly differentiated squamous cell carcinoma; however,
given the clinical history, a diagnosis of metastatic carcino-
ma of breast origin was favored. FISH further confirmed
HER2 gene amplification.

(A) Tumor infiltration in normal breast tissue can be seen under low-power microscope, with local necrosis (HE, 40x); (B) Tumor cells are
highly atypical, with pink cytoplasm (HE, 100x); (C) Tumor cells have large nuclei, visible nucleoli, pathological and mitotic figures; Im-
munohistochemical staining results: ER and PR negative, HER2 score of 2+.

For patient's past medical history, she was noted a palpa-
ble mass in the upper outer quadrant of the right breast in late
May 2022. Digital mammography revealed a high-density
mass in the right upper outer quadrant measuring approxi-
mately 3.2cm < 2.0cm, with an ill-defined margin and asso-
ciated calcifications; it was classified as BI-RADS category
5, highly suggestive of malignancy. Breast magnetic reso-
nance imaging (MRI) with plain and dynamic con-
trast-enhanced scans showed a punctate hypointense lesion
in the same quadrant, measuring approximately 3.4cm =< 2.9
cm % 2.5 c¢cm, also classified as BI-RADS 5, consistent with
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breast carcinoma. Breast ultrasonography confirmed a hy-
poechoic mass measuring approximately 1.6cm x 3.4cm X
2.9cm, likewise categorized as BI-RADS 5. On June 6, 2022,
the patient underwent a right modified radical mastectomy
with right axillary lymph node dissection. Postoperative his-
topathological examination confirmed invasive ductal carci-
noma of the breast, grade Il (tubule formation: 3, mitotic
count: 3, nuclear pleomorphism: 2; total score: 8). No defi-
nite evidence of lymphovascular invasion or perineural infil-
tration was noted. The surrounding breast ducts exhibited
high-grade ductal carcinoma in situ (DCIS), accounting for
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approximately 20% of the tumor area (Figure 2 A-C). IHC
revealed that ER, PR, and p63 were negative, while
E-cadherin and p120 showed strong membranous positivity.
CD34 highlighted vascular structures. HER2 was scored as
2+ by IHC, with p53 showing strong nuclear positivity in
approximately 90% of tumor cells, and a Ki-67 labeling in-
dex of about 50% (Figure 2). FISH confirmed HER2 gene
amplification. Following surgery, the patient received adju-
vant chemotherapy with four cycles of the EC regimen (cy-

clophosphamide 0.9 g and Caelyx 50 mg). This was followed
by combination with HER2-targeted therapy and chemo-
therapy (herceptin 380 mg, pertuzumab 420 mg,
nab-paclitaxel 400 mg, and carboplatin 450 mg). From No-
vember 28, 2022, to September 6, 2023, the patient contin-
ued maintenance therapy with trastuzumab (360 mg) and
pertuzumab (420 mg).

NGS results for both the pulmonary lesions and the pri-
mary breast carcinoma are summarized in Table 1.

Table 1. Comparison of genomic profiling results of breast and lung tumors.

Tumor type Gene Exon Nucleotide
changes
PIK3CA exon21 ¢.3140A>G
. TP53 exon8 c.818G>A

Invasive breast

carcinoma, ERBB2 (HER2) - -

grade 11l ETV6 exon6  ¢.1105C>T
ZFHX3 exon8 €.3590C>T
PIK3CA exon21 €.3140A>G
TP53 exon8 c.818G>A

Lung tumor

lesions (meta- ERBB2 (HER2) - -

static breast ETV6 exon6  ¢.1105C>T

cacer with

squamous dif- NRG1 exonl C.341A>T

ferentiation) SMARCA4 exon3l  C.4441G>A
ZFHX3 exon9 €.6332C>T

3. Discussion

HER2-enriched breast cancer accounts for approximately
15-20% of all breast cancer Although targeting therapy
against HER2, including trastuzumab; pertuzumab; and
small molecule tyrosine kinase inhibitors (TKIs) such as
lapatinib, tucatinib, and pyrotinib as well as antibody-drug
conjugate (ADC) such as ado-trastuzumab emtansine
(T-DM1) and Trastuzumab Deruxtecan (DS-8201), have
significantly improved the clinical prognosis of this subtype
of breast cancer, approximately 30% of patients with
HER2-positive breast cancer still develop metastasis, partic-
ularly lung and brain metastasis, after diagnosis and/or pri-
mary tumor treatment, which are the main causes of death in
patients with HER2-positive breast cancer. However, the
mechanisms behind drug resistance, recurrence, and metas-
tasis of various subtypes of breast cancer are not fully under-
stood. Acquired mutations of HER2 gene, loss or masking of
HER2 protein epitopes, activation of bypass pathways, het-

Amino acid Variant classifica- Mutation frequency
changes tion / copy number
p.H1047R Class | variants 77.2%
p.R273H Class | variants 57.0%

- Class | variants 55

p.R369W Class Il variants 14.3%
p.P1197L Class 11 variants 31.5%
p.H1047R Class | variants 72.9%
p.R273H Class | variants 60.9%

- Class | variants 5.8

p.R369W Class Il variants 18.2%
p.D114V Class Il1 variants 31.4%
p.E1481K Class Il variants 11.0%
p.P2111L Class Il variants 38.2%

erogeneity of HER2 protein expression, and phenotypic plas-
ticity have been proposed to explain the mechanisms behind
drug resistance, recurrence, and metastasis of HER2-positive
breast cancer [1]. Among these, the transdifferentiated phe-
notypes of breast cancer cells, including squamous metaplasia,
have garnered significant attention in clinical practice and
translational research because of their roles in drug resistance,
recurrence, and metastasis. However, the underlying causes
and mechanisms driving this phenotypic plasticity across
different subtypes of breast cancer during the disease pro-
gression remain incompletely understood [2].

This patient was presented with multiple nodules in both
lungs and admitted to the hospital for examination and sur-
gery. The medical history and imaging diagnosis indicated a
high possibility of lung metastasis of breast cancer. However,
frozen section diagnosis of the lung tumor revealed observa-
tions quite different from the common breast invasive ductal
or lobular carcinoma. The tumor cells were found to be po-
lygonal, round, spherical, and flaky, with a few cells showing
keratinization, suggesting squamous cell carcinoma. Com-
bined with the microscopic examination of postoperative
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paraffin sections, the diagnosis was inclined towards squa-
mous epithelial cell carcinoma. The question was whether the
tumor was a primary lung squamous cell carcinoma that ex-
isted during the breast cancer treatment of the patient or a
squamous cell carcinoma that formed after breast cancer
metastasis. This is a key distinguishing point in intraoperative
and postoperative pathological diagnosis. To distinguish these
two possible origins of the lesions, we first performed im-
munohistochemical testing, which showed that CK5/6, P63,
P40, P16, EGFR, c-Myc, and SOX10, common markers of
squamous cell carcinoma, were positively expressed in the
lung nodules; however, TTF-1 and Napsin A, common
markers of lung adenocarcinoma, were negatively expressed,
indicating squamous cell differentiation. More importantly,
these squamous cell-like structures fully or partially expressed
common markers for identifying breast tissue lineage origin,
including transcription factor GATAS3, mamaglobin (partially
positive), and GCDFP-15 (partially positive), but negatively
or weakly expressed common therapeutic markers for breast
cancer, for instance, ER and PR (negative) and HER2 (score
of 1+). These findings suggest that the origin of lung squa-
mous cell carcinoma is likely breast cancer metastasis.

Considering the medical history since the breast cancer le-
sions of the patient exhibited HER2 amplification, we further
performed HER2 FISH to further confirm the pathological
association between the two lesions. The results showed that
HER2 amplification was also present in the squamous cell
carcinoma lesions of the lungs, which provided an important
basis for genetic variations, further confirming that the lung
lesions originated from breast cancer metastasis. More im-
portantly, we sampled the breast cancer and lung squamous
cell carcinoma lesions of the patient for NGS, and the results
showed PIK3CA p.H1047R and TP53 p.R273H-oncogenic
mutations and ETV6 p.R369W-possible oncogenic mutations
in both lung and breast lesion specimens. Copy number vari-
ation (CNV) analysis revealed that HER2 amplification in
both breast and lung tissue lesions. In addition, the lesions at
both sites had heterozygous/homozygous deletions of chro-
mosomes, including 4p16.3—q23/4q31.3—q35.2,
8p23.3—pl2, 17921.31 (BRCAL1), and increased or amplified
7p/q copies. Similar gene mutation spectra further confirmed
that the lesions were caused by breast cancer metastasis.

To further clarify the molecular mechanism underlying
phenotypic transformation after lung metastasis of breast
cancer, we further analyzed the whole genome CNV of le-
sions at the two sites. The results showed that in addition to
the above changes to the breast cancer gene profiling, the lung
lesions also harbored missense mutations of unknown sig-
nificance in NRG1 and SMARCA4/BRG1. More importantly, a
series of chromosomal heterozygous/homozygous deletions
were observed in the lung metastatic lesions, including
1p34.2—p12 (MUTYH/JAK1/CDC73), 2q
(NFE2L2/PMS1/STAT4/CASPS), 5p/q (RIC-
TOR/MAP3K1/APC/RAD50/MSH3/NSD1), 10q (SUFU), 11q
(MEN1/RPS6KA4/INPPL1/EMSY/MRE11A/ATM/KMT2A),
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12q (ARID2/ACVR1B), and 19p
(STK11/INSR/KEAP1/SMARCA4). Further, some chromo-
somal regions with increased or amplified copies, including
11q13.3 (FGF3/FGF4/FGF19), 12p13.32 (FGF6/FGF23),
and 19g12 (CCNE1) were also detected. These changes sug-
gested that the lung lesions of the patient acquired multiple
clonal evolutionary driver mutations; however, the underlying
gene networks were interconnected.

The morphological changes and IHC of the primary lesion
of the patient indicated typical HER2-positive breast cancer.
Clinically, standardized postoperative chemotherapy and
anti-HER2-targeted therapy were performed according to the
current guidelines, but the lesion could not be completely
controlled, leading to lung metastasis. NGS results showed
that despite the breast cancer lesions of the patient showing
HER2 amplification and overexpression, PIK3CA H1047R
(77.2%) and TP53 R273H (57.0%) hotspot mutations were
observed, which were the main driving mutations responsible
for the primary targeted and chemotherapy resistance of the
patient [3]. A previous study showed that compared with
HER2-negative breast cancer subtypes, HR—/HER2+ sub-
types are more likely to metastasize to the lungs, and HER2
amplification with PIK3CA mutation can further promote
breast cancer metastasis to the lungs [4]. In addition,
HER2-positive breast cancer with PIK3CA mutations is re-
sistant to both trastuzumab monotherapy and trastuzumab
combined with lapatinib or pertuzumab [5, 6]. Malignant
tumors with TP53 mutations are widely resistant to chemo-
therapy and radiotherapy [7].

In breast cancer, differentiation of cancer stem cells/progenitor
cells into luminal epithelial cells is often inhibited, and prolifer-
ating breast cancer cells may transdifferentiate into other cell
lineages such as squamous cells [10]. A previous study showed
that among 1,000 cases of invasive breast cancer, approximately
3.6% of lesions showed squamous cell metaplasia, the most
common form of metaplasia in breast cancer [8]. Although, vast
majority (>90%) of metaplastic breast cancers (MBC) lack ex-
pression of ER, PR, and HER2 [9], compared with other tri-
ple-negative invasive ductal carcinomas not otherwise specified,
MBC exhibit aggressive behavior, poor response to chemother-
apy, and worse prognosis [10], with squamous cell carcinoma
exhibiting the worst prognosis.

The lesions of the patient in the present study showed
squamous cell differentiation after lung metastasis, but the
exact mechanism has not yet been fully elucidated. Studies
have shown that MBC is highly enriched in key molecular
variants of the PIK3CA/PIK3R1 (61%) pathway, suggesting
that PIK3CA mutations may be a key event in squamous
differentiation of breast cancer [7]. This may be related to the
fact that mutant PIK3CA induces breast tumor cells to un-
dergo epithelial-mesenchymal transition and acquire stem
cell-like phenotypes, further displaying lineage plasticity [11].
In addition, breast cancer with squamous cell differentiation is
often accompanied by high frequencies of TP53 (64%) and
TERT (telomerase catalytic subunit) promoter mutations
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(25%) [12]. Studies have shown that P53/BRCAZ1-deficient
breast epithelial cells are prone to abnormal differentiation,
which is often accompanied by DNA damage [13]. Unre-
paired DNA damage can cause squamous metaplasia [14].
Abnormal accumulation of p-catenin induces epidermal dif-
ferentiation in the mammary epithelium, eventually leading to
squamous cell carcinoma [15]. NGS results showed that in
addition to the pathogenic mutation of PIK3CA, most meta-
static lesions had heterozygous/homozygous deletion of
chromosomes and showed functional loss of genes related to
the squamous cell phenotype of metastatic lesions, including
as NFE2L2 and KEAP1, along with a series of DNA damage
repair-related and epigenetic-related gene functional losses,
such as RADS50/EMSY/MRE11A/ATM/KMT2A, including
copy number lost, increase in the copy number of fibroblast
growth factor receptor signaling pathway-related ligand genes,
such as FGF3/FGF4/FGF19/FGF6/FGF23, and high copy
amplification of CCNE1. These findings suggest elevation in
the activity of multiple oncogenes and suppression of the
functions of tumor suppressor genes in the lesions.

FISH and NGS results showed that the lung metastatic le-
sions showed HER2 gene amplification, but HER2 protein
expression was negative. However, the detailed mechanism
has not yet been fully clarified. Recent studies have found that
HER2 gene locus amplification is often accompanied by the
formation of super-enhancers, thereby promoting HER2
overexpression [16]. However, whether the super-enhancer
specific for HER2 expression is missing in the context of
squamous cell differentiation of tumor cells has not been
extensively studied [17].

4. Conclusion

This article reports a case of a patient with cancer who was
admitted to the hospital with pulmonary nodules as the main
clinical manifestation, and the intraoperative frozen section
diagnosis and postoperative pathological examinations of the
tumors were confirmed as squamous cell carcinoma, which
made differential diagnosis challenging. We integrated results
of the morphological characteristics, IHC, FISH and NGS
comprehensive genomic profiling (CGP), and finally con-
firmed a phenotypic transformation of breast cancer metasta-
sis and squamous cell differentiation. In addition, CGP not
only provided evidence for the diagnosis but also detected
potential driver mutations that were related to the phenotypic
transformation of the lesions. Future studies are needed to
elucidate the molecular mechanism of HER2 gene amplifica-
tion and negative protein expression in metastatic lesions.

Abbreviations

IHC Immunohistochemical
FISH Fluorescence in Situ Hybridization
NGS Next-generation Sequencing
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CT Computed Tomography

PET/CT Positron Emission Tomography/Computed
Tomography

VATS Video-assisted Thoracoscopic Surgery

MRI Magnetic Resonance Imaging

DCIS Ductal Carcinoma in Situ

HE Hematoxylin and Eosin

TKIls Tyrosine Kinase Inhibitors

ADC Antibody-drug Conjugate

DS-8201  Trastuzumab Deruxtecan

CNV Copy Number Variation

MBC Metaplastic Breast Cancers

TERT Telomerase Catalytic Subun
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