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Abstract: Metastases to the breast from non-mammary malignancies are rare, accounting for
0.1-5% of all breast malignancies. Neuroendocrine tumors (NETs) rarely metastasize to the
breast. PET-CT somatostatin receptor imaging plays a pivotal role in the staging and follow-
up of NETs, leveraging tracers like 68Ga-DOTATOC that bind to somatostatin receptors
(SSTRs) expressed on tumor cells. While both primary and metastatic NETs express SSTRs,
primary breast tumors may also exhibit an uptake of 68Ga-somatostatin analogs, making
the differential diagnosis between primary breast tumors and neuroendocrine metastases
challenging. Additionally, imaging characteristics of breast metastases from NETs are
poorly documented in the literature, posing a diagnostic challenge that extends to pathology,
particularly when in the absence of clinical suspicion. Misdiagnosis in such cases can lead
to inappropriate therapeutic interventions. We report the case of a 75-year-old female
patient with a history of pancreatic NET who presented to our breast clinic for further
evaluation of a breast mass after a PET-CT scan revealed moderate 68Ga-DOTATOC
uptake. Multimodality breast examination, including mammography and multiparametric
US with B-mode, Color Doppler, Strain Elastography (SE), Shear Wave Elastography
(SWE), and contrast-enhanced US (CEUS), was performed. Following a core biopsy, the
lesion underwent surgical excision, revealing the diagnosis of NET metastasis. This case
highlights a rare instance of neuroendocrine tumor metastasis to the breast, assessed using
various ultrasound techniques, with detailed imaging and quantitative analysis. The
comprehensive multimodal assessment contributes to the limited body of literature and
provides elements for the differential diagnosis of a rare breast lesion that should always
be considered in the presence of a known primary NET.

Keywords: breast metastases; neuroendocrine tumors (NETs); 68Ga-DOTATOC PET-CT;
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Figure 1. A 75-year-old female patient with a clinical history of stage IV neuroendocrine tumor (NET)
of pancreatic origin, with metastases to lymph nodes and liver, came to our breast clinic for further
diagnostic evaluation following a PET/CT scan. 68Ga-DOTATOC PET/CT Transaxial (a) and sagittal
(b) images show a focal faint uptake in the upper inner quadrant (UIQ) of the left breast (KS = 2);
the MIP image (c) shows intense peptide uptake in the midgut, lymph nodes, pancreas, and liver
(KS = 3-4). KS or Krenning score: 0 = no uptake; 1 = very low uptake; 2 = uptake less than/equal to
liver; 3 = uptake greater than liver; 4 = uptake greater than spleen. Metastases to the breast from
non-mammary primary malignancies are rare, accounting for approximately 0.1-5% of all breast
malignancies, with no clear consensus on the exact prevalence [1-3]. The most common cancers metas-
tasizing to the breast include malignant melanoma, lymphoma, lung cancer, and, in men, prostate
cancer [1,2]. Neuroendocrine tumors (NETs) can also spread to the breast, though this occurrence is
particularly uncommon [2,4-7]. PET-CT somatostatin receptor imaging plays a crucial role in the stag-
ing and follow-up of NETs. This technique leverages the high affinity of specific tracers, such as the
68Ga-labeled somatostatin analogs, for somatostatin receptors (SSTRs) expressed on tumor cell sur-
faces. Various radiolabeled somatostatin analogs, including 68Ga-DOTATOC, 68Ga-DOTANOC, and
68Ga-DOTATATE, have been developed for neuroendocrine tumor imaging, differing in their affinity
for specific somatostatin receptor subtypes [8,9]. Both primary and metastatic NETs typically express
SSTRs [6,10]; however, studies have shown that primary breast tumors may also exhibit avidity for
68Ga-somatostatin analogs [11-13]. This presents a diagnostic challenge in distinguishing between
primary breast lesions and metastatic lesions originating from NETs. Moreover, imaging features
of NETs metastases to the breast have not been extensively explored [14,15]. The identification of
metastatic NET can also be particularly challenging for pathologists, especially when relying on
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biopsy specimens unaware of clinical information. This diagnostic complexity increases the risk
of misdiagnosis, potentially leading to sub-optimal therapeutic strategies [16]. The high affinity of
68Ga-somatostatin analogs for SSTRs has significantly transformed the imaging NETs. In recent years,
scintigraphy (single-photon emission computed tomography, SPECT/CT) using 111In-Pentreotide
and 99mTc-Octreotide has been largely replaced with 68Ga-DOTATOC-SSA PET/CT, due to its supe-
rior diagnostic efficiency [4,6]. 68Ga-DOTATOC physiologically distributes in organs that naturally
express high levels of somatostatin receptors (SSTRs). The Krenning score is a semiquantitative
grading system assessing SSTR expression in NETs on scintigraphy and PET imaging, with higher
scores (>3) indicating strong receptor expression. Its determination requires comparison to the
liver and spleen [17]. Both primary neuroendocrine tumors (NETs) and their metastases generally
demonstrate a high expression of these receptors [6,10,18]. The most frequent sites of NET metastases
include the lymph nodes, liver, and lungs; however, less common, metastatic sites such as the bone,
orbita, heart, Virchow’s lymph node, and breast have been reported [4]. Wedin et al. reported
pathological 68Ga-DOTATOC uptake in the breast in 1.5% of patients (18/1171) with a history of
NET [7]. According to Glazebrook et al., breast metastases from gastrointestinal NETs accounted for
0.1% of 7000 breast malignancies studied [15]. Cabrero et al. reported an even rarer occurrence, with
breast metastases from ileal NETs comprising only 0.009% of 10,650 breast malignancies [19]. On
the other hand, it is important to note that primary breast cancer can also exhibit 68Ga-somatostatin
analog avidity. Studies report that up to 20% of breast cancers exhibit neuroendocrine differentiation,
characterized by SSTR overexpression and synaptophysin/chromogranin positivity [11]. Therefore,
all such breast lesions should undergo extended breast examination, including histopathological

analysis, to determine the exact nature of the lesion.

Figure 2. Mammographic CC (a) and MLO (b) views revealed heterogeneously dense breast, which
may obscure small masses (ACR category c). However, in the UIQ, the nodular uptake reported
on the PET-CT was identified as a 10 mm mass with an irregular shape and partially obscured
margin. No prior mammographic studies were available for comparative purposes. No suspicious
microcalcifications were observed. In other studies, metastases have been reported on mammography
as well circumscribed, round, or oval masses without calcifications. Less commonly, they may present
as spiculated masses [14,15].
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Figure 3. Subsequently, the patient underwent a multiparametric US examination, which included
B-mode, Color Doppler, Strain Elastography (SE), Shear Wave Elastography (SWE), and contrast-
enhanced ultrasound (CEUS). B-mode ultrasound of the UIQ of the left breast (a) revealed a hypoe-
choic irregular-shaped lesion with microlobulated margins and anti-parallel orientation, measuring
approximately 9 X 7 mm. No intralesional vascular signals were found at the Color Doppler evalua-
tion (b). No other suspicious lesions were detected, identifying the lesion as solitary. Given these
findings, benign lesions were considered less likely in the differential diagnosis, with the main
differential being between a primary breast lesion and a metastatic tumor from a NET, despite the
latter being extremely rare. The lesion was classified as BI-RADS category 4C, indicating a moderate
suspicion of malignancy and warranting a US-guided core biopsy.
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Figure 4. Strain Elastography (SE) (a) and Shear Wave Elastography (SWE) (b) assessments were
performed during the same ultrasound examination. SE displayed a green color on the colorimetric
map, indicating an intermediate degree of stiffness. SWE measured an average stiffness of 46 kPa in
the stiffest part of the lesion, which is a value significantly lower than those reported in the literature
for differentiating benign and malignant lesions [20]. The available literature on the ultrasound
imaging of breast neuroendocrine tumor (NET) metastases is limited and does not provide reliable
criteria with which to distinguish metastatic lesions from primary breast tumors. However, reported
cases describe a variety of imaging features. Most lesions appeared as hypoechoic, irregular masses,
while others were isoechoic to surrounding fat with a thin echogenic halo. In some instances, lesions
exhibited increased acoustic transmission, suggesting possible complex cysts. None of the reported
cases demonstrated posterior acoustic shadowing. Color Doppler evaluation frequently revealed
marked vascularity, though some lesions showed no detectable flow on power Doppler. Rigid
appearance at Strain Elastography has also been reported [14,15].
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Figure 5. After obtaining informed consent, CEUS was also performed as part of the multipara-
metric US evaluation, with an intravenous infusion of 2 mL of SonoVue (Bracco Inc., Milan, Italy).
Throughout the dynamic study, the nodule did not demonstrate contrast uptake, as confirmed by the
time-intensity curve (TIC). The figure illustrates the placement of three ROlIs: a pink ROI within the
lesion, a yellow ROI in the adjacent fibro-glandular breast tissue, and a blue ROI in the surrounding
adipose tissue. TIC analysis demonstrates the absence of enhancement within the nodule. To the
best of our knowledge, this is the first reported case of NET metastases to the breast evaluated with
an extended breast imaging study, including both mammographic evaluation and multiparametric
ultrasound assessment with CEUS. The qualitative assessment did not reveal typical radiological
features suggestive of malignancy, such as heterogeneous and centripetal enhancement, which are
widely recognized in the literature as indicative of malignant behavior [21]. The lesion demonstrated
nonspecific suspicious features; however, no distinct imaging characteristics have been reported in the
literature to reliably differentiate a primary pathological breast lesion from a NET metastasis. These
two entities may appear indistinguishable both on imaging and in their uptake of a 68Ga-somatostatin
analog, underscoring the necessity of diagnostic confirmation through core biopsy [5-7,12,13,15,22].

Figure 6. Following imaging assessments, five specimens were obtained using a 14G x 10 cm
automatic biopsy needle (a). A titanium marker was placed at the biopsy site, and its position was
confirmed via monolateral mammography in mediolateral (ML) and craniocaudal (CC) views (b),
showing the marker in the site of the lesion. The histological examination revealed a B5 lesion, which
was initially classified as an invasive ductal carcinoma (IDC). The immunohistochemical profile
showed negativity for androgen receptor (AR), estrogen receptor (ER), progesterone receptor (PGR),
and HER2, with a Mib-1 proliferation index of less than 10%, and p63 negativity.
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Figure 7. The patient subsequently underwent left quadrantectomy of the upper inner quadrant
and sentinel lymph node biopsy (SLNB). The latter was negative for neoplastic localization. The
postoperative histological examination showed the neuroendocrine nature of the lesion, document-
ing a 6 mm, grade 2 (G2), neuroendocrine tumor as a secondary lesion from a gastrointestinal
NET. The imaging included the following: (a) Hematoxylin and Eosin (H&E) staining, (b) GATA3
immunohistochemistry (GATA3), (c) chromogranin immunohistochemistry (CgA), and (d) CDX2
immunohistochemistry (CDX2), documenting neoplastic proliferation with an organoid growth
pattern, in nests, insulae, and pseudo-rosettes, consisting of relatively monomorphic elements with
round or oval nuclei and salt-and-pepper chromatin. Immunohistochemical investigation revealed
positivity for synaptophysin, chromogranin, CK19, CK8/18, and CDX2 and negativity for CK7,
GATA3, ER, PGR, HER2, TTF-1, and PAX-8. The proliferation index, assessed using Ki-67, was
approximately 5% of the neoplastic cellularity. The immunophenotypic profile, also considering
the clinical history, primarily suggests a secondary localization from a NET. This case suggests that
despite the a prior diagnosis of a primary NET, misdiagnosis may easily occur [16]. In the absence of
accurate clinical context, diagnosing metastatic NET can be challenging for pathologists, particularly
on biopsy specimens. In fact, while most patients with breast metastases have a known history of
primary NET, this information could not be accessible to pathologists during biopsy evaluation. In
this scenario, a frequent factor of misdiagnosis is a communication failure between radiologists and
pathologists [23,24]. In the study by Perry et al., 44% of breast metastases originating from NETs were
misdiagnosed as primary breast carcinomas [16]. Other studies have demonstrated the significant
tendency of metastatic NETs to closely mimic primary breast malignancies [14,25-27]. The primary
reasons for misdiagnosis can be attributed to an inaccurate assessment of the clinical context, the
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failure in communication between radiologists and other specialists, the rarity of breast metastases
from neuroendocrine tumors, and the morphological similarity to invasive breast carcinomas. Misdi-
agnosis can lead to an inappropriate therapeutic approach, potentially resulting in overtreatment. In
particular, when metastatic NETs are mistaken for primary breast carcinoma, patients may undergo
unnecessary aggressive treatments, including mastectomy and axillary lymph node dissection, which
provide no survival benefit in the context of metastatic disease. This misclassification may not
only subject patients to unwarranted surgical morbidity but also delay the initiation of appropriate
systemic therapy tailored to the underlying neuroendocrine malignancy [16]. To the best of our
knowledge, the management of breast metastases from NETs lacks specific guidelines [10,28]. Surgery,
such as lumpectomy without axillary dissection, could be considered, while somatostatin analogs
may be used for their antiproliferative/anti-hormonal effects. In contrast, primary breast carcinoma
typically requires a more radical therapeutic approach. In such cases, overtreatment such as mastec-
tomy, unnecessary radiation, axillary lymph node biopsy, or systemic therapy for breast cancer could
be avoided [27]. In conclusion, data on the imaging characteristics of NET metastases to the breast
are limited, and imaging findings are often nonspecific and challenging to differentiate from primary
breast carcinoma. This is the first documented case providing a comprehensive breast imaging
study, incorporating both mammographic evaluation and multiparametric ultrasound examination,
including CEUS. In case of a newly detected breast lesion in a patient with a history of gastrointestinal
NET, the possibility of breast metastasis should always be considered, despite its rarity. Core biopsy
plays a pivotal role in achieving an accurate diagnosis. Close collaboration between radiologists,
oncologists, and pathologists, along with a thorough assessment of the patient’s clinical history, is
essential to prevent misdiagnosis and ensure appropriate management. A multidisciplinary approach
fosters accurate diagnosis, optimizes treatment strategies, and ultimately improves patient outcomes.
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