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Abstract
Microglandular adenosis (MGA)-related lesions, including atypical MGA (AMGA) and carcinoma involving MGA
(C-MGA), are characterized by epithelial atypia, negative hormone receptors, and HER2 status, and can mimic invasive
triple negative breast cancer (TNBC) in core needle biopsies (CNB) resulting in selection for treatment with neoadjuvant
chemotherapy (NAC). We identified 12 cases of AMGA and/or C-MGA in post-NAC excision specimens (EXC) and
analyzed their morphologic and immunohistochemical (IHC) features. All CNBs were initially diagnosed as containing
TNBC. Upon re-review, TNBC was confirmed in nine cases. In three CNBs AMGA and/or C-MGA had been interpreted as
TNBC. AMGA was initially recognized in only one case but AMGA and/or C-MGA were present in an additional nine
CNBs. At EXC, no residual TNBC was present in 5 of 9 EXCs and all 12 cases showed residual AMGA and/or C-MGA.
Similar to conventional MGA, AMGA, and C-MGA were positive for S-100, laminin and collagen IV and negative for
calponin and p63. Following NAC, these lesions retained their typical staining pattern despite acquiring treatment-related
morphologic alterations, most notably of which were areas of single cell growth pattern seen in eight EXCs. This study is the
first to report the effects of NAC on AMGA and C-MGA. Our data showed no response of the AMGA and/or C-MGA
following NAC in contrast to the high response rate of conventional TNBC. In particular, the infiltrative single cell pattern of
post-NAC MGA-related lesions closely mimicked residual TNBC. The persistence of AMGA and C-MGA following NAC
supports the notion that these lesions are distinct from conventional TNBC. Our findings also highlight the challenges in
recognizing AMGA and C-MGA in CNBs which may lead to unwarranted treatment with NAC in the absence of
conventional TNBC.

Introduction

Microglandular adenosis (MGA) is a rare, unusual pro-
liferation in which small glands haphazardly permeate the
breast. While delineated by a thin basement membrane, the
glands do not possess myoepithelial cells. The cells of
MGA are estrogen (ER) and progesterone receptor (PR)
negative, do not show human epidermal growth factor
receptor-2 (HER2) overexpression and are consistently
positive for S-100 [1]. In addition, concurrent invasive

carcinoma may be present in up to 27% of cases [2–4].
Rosenblum et al. [3] were the first to propose that carci-
nomas may develop from MGA. In a series of eight cases,
the authors found identifiable MGA intimately associated
with carcinoma in all patients and noted transitional patterns
of MGA exhibiting atypia. Atypical MGA (AMGA) has the
growth pattern of typical MGA but the cells show nuclear
and architectural atypia. When the proliferations become
expansile, obliterate glandular lumens, show severe cyto-
logic atypia with increased apoptotic and mitotic figures and
lack a stromal desmoplastic reaction typical of NOS type
invasive ductal carcinoma while still retaining the distinct
growth pattern of MGA, the diagnosis of carcinoma
involving MGA (C-MGA) can be rendered [2]. It should be
noted, however, that AMGA and C-MGA represent a
spectrum of morphologic changes from moderate to marked
atypia and as a result the two entities can be difficult to
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delineate. Nevertheless, the diagnosis of C-MGA is best
considered as equivalent to ductal carcinoma in situ (DCIS).

The seemingly infiltrative growth pattern and marked
atypia of these MGA-related lesions along with the absence of
myoepithelial cells mimic invasive carcinoma, making the
distinction in core needle biopsy (CNB) specimens especially
challenging. Additionally, because nearly all AMGA and C-
MGA are negative for hormone receptors and HER2, there is
potential for misdiagnosis as triple negative invasive breast
carcinoma (TNBC). As most patients with TNBC are now
offered neoadjuvant chemotherapy (NAC), this may result in
overtreatment when systemic therapy is not indicated. We
have observed cases from both our consultation service and in
house breast service of AMGA and C-MGA that led to
diagnostic difficulties.

This study aims to highlight the morphologic and
immunohistochemical (IHC) features of AMGA and
C-MGA in material obtained by CNB and post-NAC
excision/mastectomy (EXC) specimens and to raise
awareness of these lesions to prevent diagnostic pitfalls
and consequently patient overtreatment.

Results

Between 2011 and 2019, 12 cases from 12 women were
identified which met the above inclusion criteria. Ten CNB
had been obtained at other centers and the slides were
reviewed as departmental consultation cases when the
patient transferred care to our center. Two CNBs had been

performed in-house (cases 11 and 12). Ten EXCs were
performed in-house and slides of 2 EXCs were reviewed in
consultation (cases 6 and 9).

Clinical data

The average patient age was 46 years (range 29–77) (Table 1).
Imaging findings were available for 11 cases and all showed
an irregular mass with a median size of 2.33 cm (range
0.9–3.5). Physical examination revealed a palpable mass in
eight patients, an area of fullness without a distinct mass in one
and no specific findings in a patient who had a sub-centimeter
mass on mammogram. All patients received NAC: ten patients
received anthracycline and taxanes (ACT), one was treated
with CMF, and in one consultation case the regimen was
unspecified. Following NAC, seven patients underwent mas-
tectomy and five had breast conserving surgery. Eight patients
had sentinel lymph node biopsy, two had axillary lymph node
dissection, one had no formal axillary lymph node dissection
but a few axillary lymph nodes were found with the mas-
tectomy specimen and one had no axillary lymph node sam-
pling. According to available information, six patients received
radiation therapy following surgery and five did not.

Pre-NAC CNB pathologic findings

The pathologic features of the study cohort are summarized
in Table 2. Out of the ten CNB consultation cases, only one
CNB was initially submitted with a diagnosis indicating the
presence of MGA of any type (case 4), which was

Table 1 Clinical features of study cohort.

Case Age
(years)

Imaging
size (cm)

Physical exam
findings

Neoadjuvant
therapy regimen

Procedure TNBC at
Excision

MGAa

size (cm)
Lymph
node status

Follow-up
(months)

1 49 3.5 Palpable mass ACT BCS, SLNB No 2.7 0/6 NED (37)

2 77 0.9 No abnormality CMF BCS No 1.1 ND NED (7)

3 46 3.5 Palpable mass ACT BCS, SLNB No 2.7 0/8 NED (20)

4 32 2.2 Palpable mass ACT BCS, SLNB Yes
(0.2 cm)

2.2 0/5 NED (8)

5 40 2.0 Palpable mass ACT Mast, SLNB No 2.3 0/4 NED (45)

6 29 N/A N/A Unknown Mast, ALND Yes (6.5 cm) 1.8 1/1 N/A

7 44 3.1 N/A ACT Mast, SLNB No 1.5 0/4 NED (8)

8 57 2.3 Area of fullness ACT Mast, SLNB No 2.3 0/11 NED (14)

9 57 3.1 Palpable mass ACT Mast No 3.0 0/4 NED (1)

10 56 1.0 Palpable mass ACT BCS, SLNB Yes (0.3 cm) 2.2 0/2 NED (1)

11 43 2.3 Palpable mass ACT Mast, ALND Yes (3 cm) 0.5 2/21 AWD (30)

12 29 3.2 Palpable mass ACT Mast, SLNB No 1.5 0/2 NED (4)

ACT anthracyclines and taxanes, CMF cyclophosphamide methotrexate fluorouracil, TNBC triple negative invasive breast cancer, BCS breast
conservation surgery, SLNB sentinel lymph node biopsy, Mastmastectomy, ALND axillary lymph node dissection, N/A not available, ND not done,
NED no evidence of disease, AWD alive with disease.
aMGA microglandular adenosis, atypical microglandular adenosis and/or carcinoma involving microglandular adenosis.

MGA following neoadjuvant chemotherapy 1311
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confirmed during consultation review. In this case, MGA
with areas transitioning into AMGA were identified at the
periphery of the TNBC. Six of the remaining CNB con-
sultation cases were confirmed to contain either AMGA or
C-MGA following morphologic re-review: three CNBs
showed both AMGA and C-MGA, two CNBs showed
AMGA and one showed only C-MGA. Three CNBs also
showed small foci of MGA (Fig. 1). In three CNBs (cases 6-
8), no MGA, AMGA or C-MGA was present; in one of
these three CNBs focal rounded nests were noted at the
edge of the core biopsy that were suspicious for AMGA but
could not be definitively confirmed in the available sub-
mitted material. The two CNBs done in-house (cases 11 and
12) were originally diagnosed as showing TNBC only,
however, following review for this study AMGA and C-
MGA were also identified. Conventional DCIS was present
in 3 of 12 CNBs.

All 12 CNBs were originally reported as having TNBC.
After morphologic re-review for this study, 9 were con-
firmed to contain TNBC. All invasive carcinomas were
poorly differentiated, consisting of solid nests of infiltrat-
ing tumor cells without gland formation, moderate to
marked nuclear atypia and scattered mitoses. Three cases
showed focal myxoid stromal changes and matrix pro-
duction consistent with metaplastic carcinoma. Invasive
tumors were surrounded by desmoplastic stromal reactions
and/or dense lymphocytic infiltrates. Definite TNBC could
not be confirmed in three CNBs (cases 1–3), all

consultation cases. In these cases, the foci originally
interpreted as invasive carcinoma in fact represented foci
of AMGA and/or C-MGA based on their distinct archi-
tectural growth pattern and lack of stromal reaction
(Fig. 2). While no IHC stained slides were submitted for
the consultation, in case 1 the presence of adjacent typical
MGA aided in the diagnosis of AMGA/C-MGA. Cases 2
and 3 were both reported to be S-100 positive and showed
absence of myoepithelial staining with p63 and calponin
on submitted IHC slides. No basement membrane stains
were performed on the CNB material of these three cases
at the submitting institutions. For the remaining CNB with
available IHC, immunoreactivity for S-100 protein and
laminin/collagen IV aided in confirmation of the presence
of AMGA and C-MGA.

Post-NAC EXC pathologic findings

At excision, all 12 cases showed either AMGA or C-MGA.
One EXC (case 7), which did not show evidence of AMGA
or C-MGA in the submitted CNB, also showed MGA. The
extent of MGA, AMGA, and/or C-MGA was measured as
the largest contiguous microscopic span on a single repre-
sentative tissue section. The median span was 2.2 cm (range
0.5–3.0). The three cases with no confirmed TNBC on CNB
showed no invasive carcinoma at EXC and no residual
TNBC was seen at EXC in five of the nine cases with
confirmed TNBC on CNB; all had persistent AMGA and/or

Fig. 1 Examples of microglandular adenosis (MGA) and MGA-
related lesions. A Breast core needle biopsy showing typical MGA in
upper core merging with atypical MGA and carcinoma involving

MGA in lower core (H&E, 20X); B Typical MGA (H&E, 100X);
C Atypical MGA (H&E, 100X); D Carcinoma involving MGA
(H&E, 100X).

MGA following neoadjuvant chemotherapy 1313



C-MGA (Fig. 3). Residual TNBC was seen in four EXCs
(Fig. 4). The residual TNBC measured 0.2, 0.3, 3.0 and 6.5
cm, microscopically. DCIS was seen in two EXCs without
residual invasive tumor. Residual carcinoma was identified
in a background of tumor bed changes, consisting of stro-
mal fibrosis, histiocytic aggregates, and chronic inflamma-
tion. Metastatic carcinoma involving axillary lymph nodes
was identified in two patients who underwent axillary
lymph node dissection. For one EXC (case 6), a consulta-
tion case, the axillary contents were entirely submitted and
only one lymph node was identified.

Following NAC, AMGA, and C-MGA showed mor-
phologic alterations consisting of increased pleomorphism
with scattered anaplastic nuclear features, increased cyto-
plasm with vacuolization and reduced size of glands
(Fig. 5). Prominent coarse eosinophilic cytoplasmic gran-
ules were identified in AMGA and C-MGA in four EXCs.
These granulated cells, where present, comprised a small
minority of the neoplastic cells making up the residual
AMGA/C-MGA in the EXCs. Small and faint eosinophilic
cytoplasmic granules were also focally identified in MGA in
all three CNBs in which it was present and in adjacent
AMGA in those CNBs. Eight EXCs revealed areas of

AMGA and C-MGA which showed scattered single cell and
small cell clusters infiltrating through predominantly den-
sely collagenous stroma and, in areas, into adipose tissue,
devoid of desmoplastic reaction. The overall growth was in
a pattern reminiscent of the underlying MGA, having a
haphazard or alveolar type growth and without compression
or alteration of preexisting ducts and lobules (Figs. 3–5).

Immunohistochemical findings

All invasive carcinomas, MGA, AMGA, and C-MGA were
ER, PR, and HER2 IHC negative. S-100 protein, performed
in 11 cases, was consistently positive in MGA, AMGA, C-
MGA and in associated TNBC. The AMGA and C-MGA
showed delineation of the basement membrane with laminin
and collagen IV stains in nine cases and ten cases, respec-
tively. Basement membrane staining pattern was hetero-
geneous within and between cases with both strong, dark
circumferential staining and weak, faint patchy expression.
In cases with TNBC, laminin and collagen IV stains were
predominantly negative around the invasive tumor, however
focal disrupted staining was identified in some cases. Cal-
ponin and p63 stains were negative around AMGA/C-MGA
in five and six cases, respectively. Additionally, calponin
and p63 were negative around TNBC in cases in which it
was present. The AMGA and C-MGA growing as single
cells also stained positively for S-100 and demonstrated
circumferential staining with laminin and collagen IV. No
myoepithelial cell staining was present.

Outcomes

Follow-up data was available for 11 patients (Table 1).
The median time of follow-up was 16 months (range 1–45).
One patient (case 11) developed a chest wall recurrence and
a lung metastasis 19 months after surgery. This patient was
found to have TNBC and AMGA on her pre-NAC CNB.
Post-NAC she had 3.0 cm residual TNBC, AMGA and
metastatic carcinoma in two lymph nodes. She received
post-mastectomy radiation. At present, the patient is alive
with widely metastatic disease (bone, liver, pleura, brain
and meninges). The remaining patients show no evidence of
disease at last follow-up.

Discussion

This series is the first to examine the effects of NAC on
AMGA and C-MGA. Although we observed treatment
related morphologic alterations, there appeared to be mini-
mal response of AMGA and C-MGA to NAC, in contrast to
the high response rate of conventional TNBC. While more
than half of the cases in this study showed complete

Fig. 2 Breast core needle biopsy with atypical microglandular
adenosis having an original submitted diagnosis of triple negative
invasive breast cancer. A H&E, 200X; B H&E, 200X; C p63
immunohistochemical stain, 100X.

1314 A. Grabenstetter et al.



pathologic resolution of the invasive carcinoma, all cases
showed persistence of extensive AMGA and/or C-MGA.

In this data set, 75% (9/12) of cases were confirmed to
contain AMGA and/or C-MGA on CNB, however AMGA
was only initially identified in one case. More importantly,
25% (3/12) of CNBs had only AMGA and/or C-MGA,
which were initially interpreted as TNBC. These findings
highlight the challenges in recognizing AMGA/C-MGA in
CNB. The triple negative phenotype, degree of cytologic
and architectural atypia, and lack of peripheral myoepithe-
lial cells can make differentiation from invasive carcinoma
difficult, especially in CNB specimens. This is further
complicated by the infiltrative nature of these lesions, which
closely mimic invasive carcinoma. However, bona fide
invasive carcinoma arising in this setting is characterized by
expansile and coalescent growth, desmoplastic reaction and
destruction of normal architecture, while the overall
appearance of AMGA/C-MGA still reflects the underlying

pattern of MGA which characteristically shows haphazard
irregular glands that surround but do not compress or alter
preexisting ducts and lobules. AMGA/C-MGA may show a
multinodular or alveolar growth pattern and may appear
solid at low power magnification but on closer evaluation
individual acini packed together can be appreciated. The
identification of adjacent typical MGA can also suggest the
diagnosis however typical MGA may not be present in
limited CNB specimens. As illustrated in this study, while
pathologists should remember that invasive carcinomas
occur much more frequently than MGA, being more
familiar with the morphologic pattern of MGA will aid in
the recognition of AMGA/C-MGA. Desmoplasia can be a
key feature in differentiation of AMGA/C-MGA from
TNBC as it is absent in the former and variably prominent
in the latter. The IHC profile of IDC associated with
AMGA/C-MGA to a large extent resembles that of MGA
itself (cytokeratin and S100 positive, negative for

Fig. 3 Post-neoadjuvant chemotherapy breast excision with no
residual invasive carcinoma and persistent atypical microglandular
adenosis (AMGA) and carcinoma involving microglandular adenosis
(C-MGA). A Low power view of tissue section showing biopsy site
changes in upper left, treatment related changes without residual invasive
carcinoma in center, and persistent AMGA/C-MGA in lower right. Inset

shows higher power of AMGA/C-MGA exhibiting single cell pattern
(H&E, 20X; inset H&E, 50X); B Absence of myoepithelial cells around
AMGA/C-MGA (ADH5, 100X); C Residual AMGA/C-MGA with
positive nuclear staining with S-100 protein (100X); Preservation
of basement membrane surrounding AMGA/C-MGA (D collagen IV,
100X; E laminin, 100X).

MGA following neoadjuvant chemotherapy 1315



myoepithelial cell markers) however, as our data confirms,
basement membrane material will be preserved in AMGA/
C-MGA and disrupted or completely absent in TNBC.

The distinction between IDC and AMGA/C-MGA can
be even more challenging post-NAC due to treatment
related morphologic alterations, including anaplastic cyto-
logic features with bizarre nuclear figures and increased,
vacuolated cytoplasm and prominent eosinophilic granules.
While we identified some fine, cytoplasmic eosinophilic
granules in areas of MGA pre-NAC, the granularity was
coarse and more pronounced following therapy. The clinical
significance of this finding is unclear with some suggesting

it simply represents a degenerative phenomenon related to
cell injury and death, as these large eosinophilic globules
have been identified in high numbers in those tumors which
had received prior treatment (radiation or chemotherapy)
[5]. Whilst the presence of cytoplasmic granules typically
raises the differential diagnosis between MGA and acinic
cell carcinoma (ACC), Huo et al. [6] argue against the
finding of prominent eosinophilic granules as diagnostic for
one or the other, concluding instead that they most likely
represent a nonspecific, metaplastic process. None of the
lesions in our series showed an overall morphology of
ACC. The cells of ACC have variably basophilic and

Fig. 4 Post-neoadjuvant chemotherapy breast excision with resi-
dual invasive carcinoma and persistent atypical microglandular
adenosis (AMGA) and carcinoma involving microglandular ade-
nosis (C-MGA). Residual poorly differentiated invasive carcinoma
with surrounding inflammatory infiltrate and stromal reactive changes
and extensive residual AMGA/C-MGA present as small glands,
interconnected chains and single cells with an infiltrative pattern
(A H&E, 10X; B H&E, 100X; C H&E, 50X); D Poorly differentiated

invasive carcinoma with desmoplastic stromal reaction (H&E, 50X);
Absence of basement membrane surrounding residual invasive carci-
noma (E collagen IV, 50X; F laminin, 50X); G AMGA/C-MGA with
infiltrative single cell pattern without stromal reactive changes (H&E,
100X); Preservation of basement membrane around AMGA/C-MGA
(H collagen IV, 50X; I laminin, 50X); Absence of myoepithelial cells
around AMGA/C-MGA (J calponin, 50X; K p63, 50X); L AMGA/C-
MGA showing positive nuclear staining with S-100 protein (50X).

1316 A. Grabenstetter et al.



eosinophilic granular cytoplasm, imparting a variegated
appearance, unlike the cells in our cohort which showed
eosinophilic to clear cytoplasm with focal eosinophilic
granules, making up only a small subset of the neoplastic
cell population [7]. It has been proposed that expression of
lysozyme and α1-antichymotrypsin, markers of serous dif-
ferentiation, can be useful in the confirmation of ACC
however diffuse expression of these enzymes have been
observed in MGA, AMGA, secretory carcinoma, cystic
hypersecretory carcinoma, normal lactating breast and
apocrine metaplastic cells, and expression has even been
reported in many common breast cancers as well [8–12]. It
is our recommendation that these IHC assays should be
used only after identifying histologic features strongly
suggestive of ACC to aid in confirmation of that diagnosis.
Likewise, although laminin and collagen IV expression
have been shown to be typically absent around the neo-
plastic glands of ACC there are reports of circumferential
staining in some of these tumors [7]. In contrast, the pre-
servation of the basement membrane is well documented
and is characteristic in AMGA and C-MGA [7, 8].

Most notable was our observation of a recurrent scattered
single cell and small cell cluster pattern, seen in 67% (8/12)
of excisions, reminiscent of the appearance of many resi-
dual invasive carcinomas post NAC. A similar partial
pathologic response of scattered residual tumor cells has
been reported in up to 40% of post-NAC cases and, to
complicate matters further, residual invasive carcinoma has
also been described as being embedded in a densely fibrotic
tumor bed without significant desmoplasia [13]. The pre-
sence of chemotherapy induced histomorphologic changes
in the stroma and surrounding non-neoplastic breast tissue
can make the identification of reactive stromal changes to an
invasive component even more difficult. In these instances,
IHC can be a useful adjunct to diagnosis as again we
identified consistent preservation of basement membrane,
highlighted by laminin and collagen IV, with an

accompanying lack of myoepithelial cells surrounding
AMGA/C-MGA.

Invasion is fundamentally defined as the breach of the
basement membrane, and not just loss of myoepithelial cells
[14]. While some invasive carcinomas such as well differ-
entiated cutaneous squamous cell carcinoma and basal cell
carcinomas have been reported to display a continuous
basement membrane [15], studies of breast neoplasia have
repeatedly observed a gradual loss of basement membrane,
as demonstrated by IHC studies, with increasing degree of
tumor dedifferentiation. Thin, but often fragmented and
discontinuous, basement membrane has been seen in well
differentiated tumors, including tubular carcinomas, in
contrast to its consistent absence of staining in poorly dif-
ferentiated tumors [16–19]. In addition, continuous base-
ment membrane staining has been identified surrounding
benign and in situ breast lesions, supporting the notion that
the absence of basement membrane indicates stromal
invasion [20].

The invasive carcinomas arising in association with
MGA-related lesions are reported to be poorly differentiated
and triple negative in the majority of cases (between 83%
[2] and 100% [21, 22] of cases and 75% [21] to 100%
[2, 22, 23], respectively). These tumors also often show
metaplastic features, particularly chondromyxoid matrix
production, observed with varying frequency in almost all
reported series [2, 3, 11, 21, 23]. It should be noted that less
aggressive triple negative tumor types, including adenoid
cystic carcinoma and ACC, have also been seen in asso-
ciation with MGA-related lesions [24, 25]. In our cohort, all
cases with invasive carcinoma were poorly differentiated
TNBC and in three cases matrix production was identified.

Interestingly, despite most having histopathologic and
IHC features usually associated with a poor prognosis, cases
of carcinoma arising in association with AMGA/C-MGA
have been shown to have a relatively favorable prognosis
compared to conventional TNBC. A study from James et al.

Fig. 5 Morphologic changes in microglandular adenosis-related
lesions following neoadjuvant chemotherapy. A Single cell infil-
trative pattern (H&E, 50X); Reduced size of glands, increased nuclear

pleomorphism and cytoplasmic vacuolization (B H&E, 200X; C H&E,
200X); Prominent eosinophilic cytoplasmic granules (D H&E, 50X;
E H&E, 200X).
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[21] reported that 12 patients with AMGA and invasive
carcinoma were recurrence free after a mean follow up of
54 months and, while one patient did develop a spinal
metastasis she was still alive at 98 months. Resetkova et al.
[22] detailed the 10-year follow up of a case of C-MGA and
invasive carcinoma treated with breast conservation surgery
without any additional adjuvant therapy who developed a
local breast recurrence which was resected without further
incident. Zhong et al. [23] described ten patients without
evidence of disease after an average follow up of
27 months. Of note, one patient in this cohort received NAC
for a 5.0 cm invasive carcinoma and was alive at 40 months
without evidence of disease. Likewise, despite the persis-
tence of extensive AMGA/C-MGA in all cases, our data
show good overall outcomes, albeit after a relatively short
follow up period. In contrast, patients with usual TNBC
have high rates of early metastasis and death from breast
cancer within 2–5 years from diagnosis and, when found to
have residual disease after NAC, have shorter overall sur-
vival than non-TNBC [26]. Taken together these findings
strongly support the theory that AMGA and C-MGA are not
biologically equivalent to conventional TNBC.

In conclusion, despite its retrospective nature and small
sample size due to the relative rarity of these lesions, this
study highlights the challenges in recognizing AMGA and
C-MGA in CNBs. The triple negative phenotype and
morphologic similarity to invasive carcinoma may lead to
unwarranted treatment with neoadjuvant therapy. Having
only limited CNB material we cannot know the amount of
AMGA/C-MGA present pre-treatment, however our data
show persistence of extensive residual AMGA/C-MGA
after NAC, analogous to post-treatment persistence of
DCIS, supporting the hypothesis that AMGA/C-MGA may
not be equivalent to conventional TNBC despite its lack of
myoepithelial cells. Importantly, the infiltrative single cell
growth pattern of residual AMGA and C-MGA, seen in 8 of
12 excisions, could be misdiagnosed for residual invasive
carcinoma. With the increasing utilization of NAC for
TNBC, familiarity with the morphologic patterns of pre-
and post-NAC MGA-related lesions is paramount.

Materials and methods

After obtaining institutional review board approval, we
identified post-NAC EXC specimens showing AMGA and/or
C-MGA reviewed at our institution through a retrospective
search of our pathology department database. Only cases for
which the slides of paired EXC and CNB were available for
review were included in the study. Demographic and clinical
data were recorded. All available hematoxylin and eosin
(H&E) and IHC stained slides were reviewed. Only IHC
slides, with appropriate positive and negative controls, which

were performed during original evaluation of each specimen,
either on CNB and/or subsequent EXC, were reviewed. Cases
included IHC slides stained at our institution and those stained
at outside laboratories.

The distinct components of each case, including MGA,
AMGA, C-MGA, conventional DCIS, and TNBC, were
categorized and their presence or absence was recorded.
Adhering to the reported morphologic features [27–29],
MGA was defined as small, round glands with generally
open lumens containing eosinophilic colloid-like secretions.
The glands were composed of a single layer of cytologically
bland cells with some containing cytoplasmic eosinophilic
granules. The glands were irregularly distributed in a non-
lobulocentric pattern, infiltrating between and around
uninvolved ducts without altering their structure. AMGA
consisted of irregular glands, arranged in a back to back
pattern without desmoplasia, exhibiting mild to moderate
nuclear pleomorphism and scattered apoptotic and mitotic
figures. Lesions with the architectural features of AMGA
but exhibiting markedly atypical cells, conspicuous mitoses
and no desmoplastic stromal reaction were categorized as
C-MGA. All forms of MGA were characterized by a lack of
myoepithelial cells and maintenance of a basement mem-
brane layer. DCIS consisted of an intraductal proliferation
of neoplastic cells surrounded by a layer of myoepithelial
cells. Growth of cohesive carcinoma cells in coalescent
irregular nests or cords with associated desmoplastic reac-
tion, without myoepithelial cells and absence or disruption
of the basement membrane layer were classified as TNBC.

The American Society of Clinical Oncology/College of
American Pathologist [30, 31] scoring criteria were used for
determining ER, PR, and HER2 status. Lesional cells were
considered positive if they had nuclear and/or cytoplasmic
staining for S-100 and circumferential staining for collagen
IV and laminin. The presence of myoepithelial cells was
highlighted by nuclear staining for p63 and/or cytoplasmic
staining for calponin.

Data availability

All data generated or analyzed during this study are inclu-
ded in this published article.
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