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Introduction: 

Breast cancer (BC) is the most common cancer among 
women in the United States and is the second leading 
cause of cancer death in women after lung cancer. 
Breast cancer is estimated to affect 13% of women in 
the general population at some point in their lives.1 On 
the other hand, by the time they are 70–80 years old, 
55%–72% of women who inherit a BRCA1 gene 
mutation and 45%–69% of women who inherit a 
BRCA2 variant will have breast cancer.1 Several 
factors influence a woman's risk, some of which are 
still being investigated. In the realm of histopathology, 
invasive breast cancer manifests as a histologically 
diverse entity. Predominantly, invasive ductal 
carcinoma (IDC) emerges as the prevailing archetype, 
constituting 70–75% of reported cases.2 Subsequently, 
invasive lobular carcinoma (ILC) follows suit, 
contributing to 5–15% of cases.2 A subset of cases, 
approximately 5%, manifest as invasive mixed ductal 
and lobular carcinoma (mDLC), displaying features of 
both IDC and ILC.3 Breast mucinous carcinoma 
(MC), colloquially known as colloid cancer, represents 
a relatively rare category,  

 

 

 

encompassing about 4% of all breast cancer cases.4 
Recently, there has been an observable escalation in 
the prevalence of lobular breast tumors, notably 
among postmenopausal women. This surge has been 
correlated with compelling indications proposing that 
the heightened utilization of hormone replacement 
therapy in contemporary years has augmented the risk 
of developing invasive lobular carcinoma (ILC) and 
mixed invasive ductal and lobular carcinoma to a 
greater extent than that of invasive ductal carcinoma.5 

We present the case of a 42-year-old woman who 
developed multifocal invasive mDLC. Although there 
was no evidence of a mucinous component in the 
primary tumor masses, two of the nine positive axillary 
lymph nodes showed features of metastatic mucinous 
carcinoma after neoadjuvant chemotherapy. 
Metastatic malignancy usually follows the same 
features as primary malignancy, with few exceptions. 
In this report, we review the relevant literature to 
explain the reasons behind the changes occurring in 
metastatic tumors and why the non-mucinous breast 
carcinoma showed lymph node metastasis with 
features of mucinous carcinoma. 

Abstract 

Invasive ductal carcinoma (IDC) and invasive lobular carcinoma (ILC) are the most common types of invasive 
breast carcinoma. However, there are several cases where both ductal and lobular characteristic features are 
present in the same tumor. These types of mixed tumors are referred to as invasive mixed ductal lobular 
carcinoma (mDLC). Mixed ductal lobular carcinoma represents a unique clinical entity that integrates certain 
attributes from both lobular and ductal breast carcinoma. Mucinous breast carcinoma is an uncommon type 
defined as pure mucinous carcinoma (PMC) when it shows at least 90% mucinous component and mixed 
mucinous carcinoma (MMC) when it shows less than 50% mucinous component. The categorization of invasive 
breast cancer into discrete subtypes based on tumor histology holds specific importance for diagnostic and 
prognostic considerations. This report details a case of invasive mixed ductal lobular carcinoma in a 42-year-old 
woman, notable for the absence of a mucinous component in the primary tumors. At the same time, two out of 
nine positive axillary lymph nodes exhibit characteristics consistent with mucinous carcinoma. We review the 
relevant literature and attempt to understand the mechanisms behind the phenomenon of the changing features 
of a metastatic tumor from the primary tumor. 
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Case Presentation: 

A 42-year-old woman presented with multiple left 
breast masses involving the outer half of her left 
breast, discovered during a breast examination. Two 
years ago, the patient's mammogram showed multiple 
left breast dense nodularities, and she was advised to 
follow up with her primary physician right away. She 
did not follow the recommendation. A physical 
examination showed two palpable masses in the upper 
outer quadrant (UOQ) and lower outer quadrant 
(LOQ). The mammogram showed two main masses 
(#1= at least 4.5 cm and #2= at least 3.2 cm) and 
multiple smaller ones (4 nodules), each smaller than 
0.5 cm. In addition, the left axilla showed multiple 
nodularities suspicious of metastatic carcinoma in the 
lymph nodes. At the age of 63, the patient's mother 
developed invasive ductal breast carcinoma that tested 
positive for ER but negative for Her-2 and required 
lumpectomy, radiation, and hormonal therapy. BReast 
CAncer (BRCA) gene testing was not performed at 
that time. 

A core biopsy of the two large masses showed the 
same features of invasive mixed ductal lobular 
carcinoma and ductal carcinoma in situ (DCIS). Both 
tumors were positive for Her-2 and ER. The second 
mass at the LOQ showed more lobular features than 
the first mass. Immunohistochemistry (IHC) studies, 
including negative E-Cadherin, outlined the lobular 
component in the mixed tumors. No mucinous 
component was identified in either biopsy. An axillary 
lymph node biopsy showed metastatic carcinoma with 
the same ductal and lobular features and no evidence 
of a mucinous component. Due to the strong family 
history, the patient was tested for BRCA genes and 
was positive for both BRCA-1 and BRCA-2. The 
patient's two sisters decided to perform BRCA testing. 
The older sister showed positivity for BRCA-1, while 
the younger sister was negative for BRCA-1 or BRCA-
2. The body survey showed no evidence of metastatic 
disease. A multidisciplinary tumor board 
recommended mastectomy and axillary dissection 
following neoadjuvant chemotherapy. Neoadjuvant 
chemotherapy with doxorubicin, taxanes, and 

pertuzumab was started to shrink the tumors and 
evaluate the therapy effect. 

The patient decided to undergo a bilateral mastectomy 
and reconstruction. The right breast mastectomy 
examination showed no evidence of malignancy. The 
pathological findings in the left mastectomy were 
described as follows: Invasive mixed ductal and 
lobular carcinoma and DCIS. Two residual viable 
post-therapy masses were identified: #1 at the 2:00 
o’clock location, measuring 1.4 cm (Figure 1A,B), and 
#2 at the 5-6:00 site, measuring 1.3 cm (Figure 1C,D). 
Both masses showed prominent therapy effects, with 
moderate sclerosis estimated at 80% of the original 
tumors and no mucinous features. In addition, 
multiple scattered viable tumor foci, each measuring 
less than 0.3 cm, were present. The mastectomy 
surgical margins were free of tumors, with at least a 4 
mm safe margin. 

A left axillary dissection revealed nine out of 14 lymph 
nodes positive for mixed ductal and lobular carcinoma. 
Also, several small fibrotic nodules were found. 
Following therapy, these were probably metastasized 
lymph nodes with complete necrosis and fibrosis 
(Figure 2A). Pure mucinous carcinoma involved more 
than 75% of two of the nine positive lymph nodes 
(Figure 2B). Extracapsular extension of the metastatic 
tumor was noted in most of the positive lymph nodes. 
It was pointed out that small and medium-sized blood 
vessels and lymphatics had spread around the tumor 
masses and the left axillary area. None of the vascular 
invasion fragments showed any mucinous component 
(Figure 2C). There was no non-cancerous breast tissue 
found in the axillary tissue, which ruled out the 
possibility of other primary mucinous carcinomas in 
ectopic breast tissue. There were diagnostic areas of 
mucinous carcinoma in both lymph nodes, which 
ruled out the possibility of a mucocele-like lesion in the 
left axilla. Neural invasion was also identified in the 
dissected axillary tissue (Figure 2D). 

Therapeutic analysis was performed on both major 
masses, and the results were as follows: Tumor #1 at 
2:00 o'clock was positive for ER (ID5) with 95% 
strong nuclear staining, PR negative with <1% nuclear 
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staining, Ki67 (MIB-1) with high proliferation 40% 
nuclear staining and Her-2 3+/positive. Tumor #2 at 
5-6:00 o'clock was positive for ER with 95% strong 
nuclear staining, positive for PR with 90% strong 
nuclear staining, intermediate proliferation with Ki-67 
10% nuclear staining, 2+/equivocal Her-2, but 
2.3/positive with Her-2 and Cep 17 FISH studies. 
Immunohistochemistry (IHC) studies and therapeutic 
analysis were the same for pre-and post-operative 
tumor analysis. Negative E-Cadherin outlined the 
lobular component in both tumor masses, which was 
more prominent in tumor #2. Both tumors were 
negative for MUC1 and MUC2 in the initial biopsies. 
Nevertheless, the sampling phenomenon most likely 
explains why the tumors in the mastectomy specimen 
were positive for MUC1 and negative for MUC2. The 
patient received adjuvant chemotherapy, including 
doxorubicin, taxanes, and trastuzumab with 
pertuzumab, in addition to hormonal therapy. 

After four years with no evidence of recurrence or 
metastasis, the patient began to develop moderate 
coughing and episodes of severe dyspnea, in addition 
to gradual changes in mental status. Imaging studies 
confirmed the presence of multiple metastatic masses 
involving both the lungs and the brain. The condition 
was considered terminal, and the patient was provided 
with hospice care, which lasted for three weeks, after 
which the patient expired. 

Discussion: 

Breast cancer (BC) is the most diagnosed cancer in 
women in the United States. It is the second most 
common cause of cancer death in women after lung 
cancer. Ductal carcinoma of the breast is the most 
common breast malignancy, followed by lobular 
carcinoma. Mucinous carcinoma (MC) is a special type 
of breast carcinoma that is defined as pure mucinous 
carcinoma (PMC) when it shows at least 90% 
mucinous component and as mixed mucinous 
carcinoma (MMC) when it shows less than 50% 
mucinous component.6 With some exceptions, 
metastatic tumors usually have the same 
histomorphological features as the primary tumor. 
These exceptions typically include changes in tumor 

grade, metaplastic changes, or tumor dedifferentiation. 
Mucinous carcinoma has a better prognosis than 
invasive ductal or lobular carcinoma, and lymphatic 
metastasis is uncommon.4,6 

Invasive lobular carcinoma (ILC) accounts for 5%–
15% of all invasive breast cancers (BCs) and is the 
second most common type of BC behind invasive 
ductal carcinoma (IDC) of no special type.7 
Characteristic attributes of invasive lobular carcinoma 
(ILC) encompass the absence of the cell-cell adhesion 
molecule E-Cadherin, leading to the propagation of 
small dyscohesive cells in linear arrangements.7 
Additionally, ILC is characterized by positive 
expression for both estrogen receptor (ER) and 
progesterone receptor (PR) while concurrently 
exhibiting negativity for human epidermal growth 
factor receptor 2 (HER-2).8 Indeed, ductal carcinoma 
in situ and low-grade invasive ductal carcinoma 
typically manifest heightened E-cadherin (ECAD) 
membrane staining compared to the staining observed 
in normal breast epithelial cells. This phenomenon 
indicates an upregulation in expression rather than a 
reduction.9 Invasive lobular carcinoma (ILC) exhibits 
a higher propensity for multifocality and bilaterality in 
contrast to invasive ductal carcinoma (IDC).7 A loss of 
cellular adhesion typifies ILC and its subtypes, 
frequently the result of biallelic inactivation where 
there is gene mutation combined with gene deletion of 
the CDH1 gene encoding E-cadherin, although other 
mechanisms of expression loss also feature.10 The loss 
of the E-cadherin gene is a hallmark feature of ILC 
that can aid in molecular diagnosis. The E-cadherin 
gene encodes a 120 kDa single transmembrane 
glycoprotein, or CDH1, found on human 
chromosome 16q22.1.11 There is a correlation between 
having the mutation on CDH1 and ILC, and it was 
discovered that 89% of cases with heterozygous 
deletion of chromosome 16 had this mutation.11 

The key pathological features of dyscohesive 
morphology and proliferation into single-file strands, 
alongside the diffuse growth pattern of ILC, make 
establishing a diagnosis particularly challenging. ILC is 
difficult to detect upon physical examination and with 
standard imaging techniques.12 However, magnetic 
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resonance imaging (MRI) reported greater sensitivity 
in detecting and characterizing ILC than "gold 
standard" mammography. Systemic therapy is an 
integral part of the multidisciplinary approach to 
treating BC, and this often involves the use of 
chemotherapy. However, due to the unique molecular 
biology of ILC, treatment response to chemotherapy 
is often predictably poor, resulting in lower rates of 
complete pathological response, thus leading to an 
increase in mastectomy rates in these patients.12,13 
Despite challenges, key features such as ER and PR 
positivity are associated with an excellent response to 
hormonal treatment (HT) among ILC patients. 
Evidence suggests that using an aromatase inhibitor 
such as letrozole should be the treatment of choice in 
ILC due to the inevitable endocrine resistance 
associated with tamoxifen. In the case of advanced BC, 
targeted therapies such as CDK4/6 inhibitors 
combined with traditional HT are warranted. This is 
currently being investigated in the neoadjuvant setting 
in the PELOPS clinical trial.14 Mutations within the 
CDH1 gene are common factors in the pathogenesis 
of ILC alongside mutations within the PI3K pathway. 
Therefore, therapies targeting these pathways 
represent an attractive option for ILC patients. 
Furthering our understanding of the unique biology of 
ILC is essential to facilitate the development of novel 
therapeutic strategies, moving toward precision 
medicine for patients diagnosed with all subtypes of 
ILC.12 

Invasive mixed ductal lobular carcinoma (mDLC) 
remains a poorly understood subtype of breast cancer 
composed of coexisting ductal and lobular 
components. These cases might show clinical and 
pathological characteristics other than pure ILC or 
IDC.5 A meta-analysis evaluating mDLC showed 
shared features with both ILC and IDC, with 
significantly more ER-positive and fewer high grades 
in mDLC compared to IDC, although mDLCs were 
significantly smaller and included fewer late-stage 
tumors compared to ILC.15 One study investigated 
clinicopathologic features to determine whether 
mDLC is clinically more similar to IDC or ILC. They 
observed a higher concordance in clinicopathologic 

characteristics between mDLC and ILC compared to 
IDC.16 Additionally, they noted the trend for higher 
rates of successful breast-conserving surgery after 
neoadjuvant chemotherapy in patients with mDLC 
compared to patients with ILC, which is known to be 
lower than in those with IDC.16 The favorable 
prognosis of mDLC compared with ILC was noted in 
a recent study by Metzger-Filho et al., which compared 
the management course for 474 patients with invasive 
mDLC and 337 patients with ILC. Their results 
showed that mastectomy was more common in ILC 
patients than in invasive mDLC patients. However, 
there were no appreciable variations in the frequency 
of radiation. Nevertheless, the study showed that 
individuals with ILC received chemotherapy less 
frequently, even though their tumor burden was more 
considerable upon diagnosis. In the same study, 91 
patients (44 patients with ILC and 47 patients with 
invasive mDLC) were found to have recurrences of 
the disease. The consistent pattern of relapse after year 
5 was probably the reason for the poor outcomes 
linked to ILC.17 More studies are necessary to fully 
understand the biology and clinical importance of 
tumors containing mDLC, which are less frequent. 
Compared to ILC and IDC, invasive mDLC 
metastasizes to far-off locations, with a greater 
preference for the liver and peritoneum. In our case, 
metastasis occurred in the lung and the brain. The 
metastatic lesions caused by invasive mDLC tumors 
show IDC, ILC, and invasive mDLC traits. Ongoing 
genetics investigations will likely illuminate details on 
the pattern of invasive mDLC tumor metastases.5 
Nasrazadani et al. compared the response to systemic 
therapy between invasive mDLC and ILCs and the 
overall prognosis and predictive significance of 
histologic grade. They demonstrated that patients with 
invasive mDLC tumors, particularly postmenopausal 
women, had a better prognosis than those with ILC. 
Their findings could affect practices for follow-up. 
Furthermore, they reported that histologic grade 
showed a substantial predictive value in invasive 
mDLC, highlighting its clinical relevance in guiding 
decisions on invasive mDLC treatment, even though 
it could not stratify ILC risk.16 In addition, their study 
concluded that adjuvant aromatase inhibitors were 
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superior to tamoxifen for disease-free survival in ILC, 
and this was also true for invasive mDLC.5,16 

Breast mucinous carcinoma (MC) is classified as a 
special subtype of breast cancer in the most recent 
World Health Organization (WHO) classification of 
breast cancers (2019). The main characteristic of breast 
MC is mucin synthesis, with extracellular mucin 
production predominating.4 Breast MC is classified 
into two categories based on the extent of mucin 
production by the breast epithelial cells: 1) Pure 
mucinous carcinoma of the breast (PMC), in which 
tumor cells expressing both extracellular and 
intracellular mucin make up over 90% of the tumor 
mass. This variant is more common: 2) Mixed 
mucinous carcinoma (MMC), where mucin makes up 
less than 90% of the tumor mass, which includes 
infiltrating elements with features of ductal or lobular 
breast cancer.6 Compared to invasive ductal carcinoma 
(IDC), mucinous carcinoma has a higher MUC2 
expression predominance and higher expression levels 
of the progesterone receptor (PR) and estrogen 
receptor (ER). The significant synthesis of mucin has 
been linked to the overexpression of MCU2, making it 
a unique property.18 It is also important to remember 
that MC can rarely show HER2 positivity. These Her-
2-positive cases, particularly those with ER+ and PR+ 
HER2+ patterns, should be treated with anti-HER2 
therapy, chemotherapy, and hormone therapy 
containing aromatase inhibitors.20,21 

The characteristic of cancer that causes the most 
cancer-related deaths is metastasis. It still needs to be 
better understood, though. To explain the 
phenomenon observed in our case, where the 
metastatic tumor of a primary non-mucinous 
carcinoma showed lymph node metastasis with 
features of mucinous carcinoma, we should 
comprehend the principles that control the metastatic 
process from the beginning to the end. A few of the 
molecular foundations of this dispersion process have 
been identified by the ongoing development of 
investigations in cancer biology and the introduction 
of novel paradigms in the study of metastasis.21 Can 
genomic and epigenomic changes of cancer cells and 
their interaction with the surrounding tissue explain 

the changes in the metastatic features of the primary 
tumor reported in our case? The answer to this 
question will require continued reporting of cases with 
findings like ours to enrich our understanding of this 
phenomenon. J. Fares and his group examined the 
most recent developments in the study of metastasis 
and highlighted the most recent discoveries that have 
shaped this characteristic of cancer. While traveling to 
the target location, the invasive tumor cell interacts 
with other cells and proteins. In this study, they found 
that identifying these relationships enhanced some of 
the basic concepts governing the mobility and 
adaptability of the metastatic cell. They demonstrated 
that through communication with the tumor 
microenvironment, invasive cancer cells can settle and 
colonize despite stromal obstacles. In addition, 
changes in the genome and epigenome of the tumor 
cell and the surrounding tissue cause these features of 
cancer cells. They concluded that determining the 
molecular principles behind the metastatic process is 
essential to identifying windows of opportunity for 
effective therapeutic interventions.22 A review of the 
literature revealed that most studies looked at tumor-
grade alterations. The frequency with which 
metastases change in grade from their primary tumors 
and whether a higher grade of metastases influences 
prognosis remain unknown.23 Most cancers, if not all 
of them, develop and spread in response to intense 
evolutionary pressure from trophic, metabolic, 
immunological, and therapeutic variables. These 
elements have varying relative effects on tumor 
evolution throughout time and space, ultimately 
supporting the development of a neoplastic 
microenvironment with significant genetic, 
phenotypic, and behavioral heterogeneity among its 
constituents.24 

We report an unusual case of a breast primary tumor 
with features of mixed ductal and lobular carcinoma, 
with a lobular component predominating and no 
mucinous characteristics. Interestingly, two of the nine 
positive axillary lymph nodes showed features typical 
of mucinous carcinoma metastases after receiving 
neoadjuvant treatment. While the possibility of a new 
axillary mucinous-type tumor mass is contemplated, 
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the lack of residual non-cancerous breast tissue 
eliminates the possibility of a new MC originating from 
axillary ectopic breast tissue. The mucinous 
component that was identified could be a possible 
result of the neoadjuvant treatment. Remarkably, most 
carcinomas do not experience significant 
morphological changes after chemotherapy, and the 
changes are usually a decrease in cellularity and an 
increase in nuclear atypia, as reported by Moll UM et 
al.25 Nevertheless, some instances of altered tumor 
histology following neoadjuvant chemotherapy have 
been documented in recent studies. The most reported 
modifications were to HER-2 and estrogen receptor 
expression. According to IHC investigations, changes 
in tumor type and grade were also reported.26,27 Except 
for the emergence of mucinous carcinoma in two 
metastatic lymph nodes, our reported tumor pathology 
did not alter following chemotherapy. A further 
scenario is that the metastatic tumor is combined with 
an axillary mucocele lesion. The absence of histologic 
evidence of a mucocele and the presence of diagnostic 
mucinous cancer in the two lymph nodes ruled out this 
scenario. 

A core biopsy is usually used to diagnose breast cancer. 
This limited core tissue sample represents a tiny 
portion of the tumor mass and is not necessarily 
representative of the entire tumor, considering the 
usual tumor heterogenicity. It should be noted that the 
initial size of the larger primary tumor mass in our case 
was large, measuring more than 4 cm, raising the 
possibility of limited sampling. The initial diagnostic 
core biopsy may not have sampled a mucinous 
component. In addition, none of the malignant 
fragments inside vasculatures noted with vascular 
invasion showed a mucinous component. It is difficult 
to determine if the changes that have been noticed 
represent heterogeneity in the initial tumor or result 
from the chemotherapy. Prospective studies using 
multiple sampling areas of large tumors may be 
necessary to examine and explore this possibility. An 
extensive literature review failed to explain the changes 
in the metastatic tumor noted in our case. This report 
aims to alert breast cancer professionals to this 
phenomenon, promoting increased awareness, 

encouraging further investigations, and reporting on 
this unusual presentation. 

Figures: 

 
Figure 1: Microscopic examination of post-chemotherapy tumor 
masses #1 and#2 
1A: Low-power view of tumor mass #1 showing infiltrating 
carcinoma with mixed ductal and lobular features (H&E stain X20) 
1B: High-power view of tumor #2 showing infiltrating ductal 
glands and infiltrating single lobular cells (H&E stain X40) 
1C: Low-power view of tumor mass #2 showing infiltrating mixed 
ductal lobular carcinoma with a predominance of lobular features 
(H&E stain X40) 
1D: High-power view of tumor #2 showing infiltrating prominent 
lobular features with single lines of malignant lobular cells (H&E 
stain X40) 
 

 
Figure 2: Axillary lymph nodes with metastasis and vascular/neural 
invasion 
2A: A low-power view shows a lymph node subtotal replaced by 
dense post-therapy fibrosis, residual lymphoid tissue, and scattered 
residual viable tumors in the center of the nodule. (H&E stain X20)  
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2B: A low-power view shows a lymph node replaced by metastatic 
mucinous carcinoma and mucinous spread in the axillary tissue. 
(H&E stain x20) 
2C: A low-power view shows axillary blood vessels invaded by 
clusters of tumor cells (H&E stain x20) 
2D: A high-power view shows axillary tissue with neural invasion 
by tumor clusters 
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