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 Invasive Breast Carcinoma of No Special Type

 Overview

Invasive breast carcinoma of no special type (IBC-NST) is 
the most common invasive breast carcinoma (IBC). It is a 
diagnosis of exclusion and considered a “wastebasket” cate-
gory for tumors that cannot be classified as a special type. In 
2012, the World Health Organization (WHO) recommended 
a change in terminology from invasive ductal carcinoma not 
otherwise specified (IDC-NOS) to IBC-NST [1]. Invasive 
breast carcinoma NST comprises 70–80% of all IBC based 
on Surveillance Epidemiology and End Results (SEER) data 
and several published series [1–4]. A few studies have 
reported a lower incidence rate of 47–53%, as these authors 
segregated tumors showing mixed morphology (invasive car-
cinoma, NST admixed with some special type IBC) from 
tumors showing only IBC-NST [5, 6]. In the United States, 
the median age at diagnosis is 63 with the majority of cases 
occurring in women in their 50s and 60s [7]. Men in general 
are at low risk of developing breast cancer, with IBC-NST 
being the most common type.

 Gross and Radiologic Features

Clinically, invasive breast carcinoma NST most commonly 
presents as a palpable mass. Pain as well as nipple retraction 
or inversion, skin retraction, or nipple discharge may be 

present. Rarely, primary breast carcinoma can present in the 
axilla without any abnormality detected in the breast.

On imaging, breast carcinomas usually present as a mass 
with some variability in presentation. Broberg et  al. 
described five different groups for invasive carcinomas 
based on mammographic findings: Group A—presence of 
spiculated mass with or without calcifications, Group B—
increased attenuation or structural variation in the paren-
chyma such as density or architectural distortion with or 
without calcifications, Group C—presence of clusters of 
heterogeneous calcifications without an evident mass, 
Group D—circumscribed lesions with or without calcifica-
tions, and Group E—tumors with no visible abnormality on 
mammogram [8]. The majority of histologically confirmed 
IBC are stellate masses without calcifications; some tumors 
may present as stellate or circumscribed masses with calci-
fications or as calcifications only (Figs. 10.1 and 10.2). The 
sensitivity of mammography alone in detecting invasive 
cancer is highly variable, ranging from 45% to 90%, and 
depends on a number of factors including age, size of the 
tumor, breast density, presence of an implant, and prior sur-
gical procedures [9]. One study reported the detection rate 
to be 50% for tumors less than 10 mm and 88% for tumors 
greater than 10 mm in diameter [10].

Ultrasonography is not routinely used for screening as it 
is time consuming and has low sensitivity for calcifications 
[11, 12]. The sensitivity of ultrasound for mass-forming 
breast carcinoma is 80–90% [9]. Ultrasound as an adjunct to 
mammography increases the sensitivity of breast cancer 
detection in older women and in patients with increased 
breast density. Ultrasound alone is the recommended first- 
line breast imaging modality only in young high-risk women 
(<40  years). Additionally, ultrasound is used routinely to 
evaluate any suspicious mass found on mammography and to 
evaluate the axillary lymph nodes.

On ultrasonography, invasive carcinoma commonly pres-
ents as an irregular hypoechoic mass with ill-defined mar-
gins, sometimes accompanied by spiculation, posterior 
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shadowing, or microlobulation [13] (Fig. 10.3). Other find-
ings that are worrisome for malignancy include “taller than 
wide” mass as compared to “wider than tall” nodules that 
tend to be benign. Tall nodules suggest neoplastic growth 
across the normal tissue plane as the patient is scanned in a 
supine position [14], whereas benign lesions, such as fibro-
adenomas, grow along the normal tissue plane resulting in a 
wide mass [15].

Magnetic resonance imaging (MRI) has been shown to 
be highly sensitive, but mammography and ultrasound are 
still the principal imaging modalities to detect breast cancer. 
Recommendations for annual MRI screening along with 
mammography are limited to women with a high lifetime 
risk of breast cancer (20–25% or greater). These include 
carriers of BRCA1 or BRCA2 gene mutations, first-degree 
relatives with BRCA1 or BRCA2 gene mutations, patients 
who had radiation therapy to the chest between the ages of 
10 and 30, and patients with either Li-Fraumeni or Cowden 
syndrome or who have first-degree relatives with these syn-
dromes [16].

Fig. 10.1 Invasive breast carcinoma NST. Mammography demon-
strates a 1.8 cm spiculated mass with associated architectural distortion 
in the middle depth of the left breast. (Courtesy of Stephen Seiler. Used 
with permission)

Fig. 10.2 Invasive breast 
carcinoma NST. 
Mammography demonstrates 
subtle architectural distortion 
in the middle to posterior 
depth of the medial left 
breast. This distortion persists 
on subsequent spot 
compression imaging 
(circled). (Courtesy of 
Stephen Seiler. Used with 
permission)

Fig. 10.3 Invasive breast carcinoma NST. Ultrasound shows an irregu-
lar hypoechoic mass with indistinct and angular margins (circled). 
(Courtesy of Stephen Seiler. Used with permission)
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MRI is also commonly used to determine the extent of 
disease and detect additional tumors in newly diagnosed 
breast cancer patients. The tumor size obtained from MRI 
corresponds more closely to pathologic tumor size than mea-
surements by mammography, ultrasound, or clinical assess-
ment [9]. MRI has also proven to be the most accurate 
method for assessing treatment response and measuring 
residual tumor in patients who undergo neoadjuvant chemo-
therapy [17]. Although MRI is highly sensitive, the specific-
ity for detecting carcinoma is low [18, 19]. Some of the 
benign lesions that can present as an enhancing lesion on 
MRI include inflammatory lesions and benign lesions such 
as fibroadenoma, sclerosing adenosis, intraductal papilloma, 
and apocrine metaplasia [18, 19].

On MRI, image morphology and contrast enhancement 
kinetics are used to determine how suspicious a lesion is. 
Lesions that are irregular and enhance rapidly on injection of 
the MR contrast agent Gadolinium, sometimes with ring 
enhancement, tend to be malignant, due to increased vascu-
larity in malignant lesions. In contrast, benign lesions gener-
ally show slow and less avid enhancement. Lesions that 
show rapid contrast enhancement followed by rapid washout 
are highly predictive of malignancy (Fig.  10.4). Similarly, 
lesions that do not show any enhancement have a high nega-
tive predictive value for a malignant process. Schnall et al. 
reported a negative predictive value of 94% for invasive car-
cinoma and 88% for any malignant process. Of the non- 

enhancing lesions, 16% turned out to be ductal carcinoma in 
situ (DCIS) and 3% were invasive carcinoma on final patho-
logic assessment [20].

Digital breast tomosynthesis (DBT) is a newer imaging 
technology that is essentially “three-dimensional” mam-
mography. While the benefits of DBT are currently being 
actively studied, it appears to increase the cancer detection 
rate and reduce recall rates. Tomosynthesis is particularly 
useful in assessing asymmetries and architectural distor-
tions as it allows better assessment of the shape and margins 
of masses [21].

Grossly, IBC-NST appears as a white-tan to yellow-tan, 
firm-to-hard, stellate mass (Fig. 10.5). Close inspection may 
reveal white fibrous streaks extending into the surrounding 
fibroadipose tissue. A chalky-white appearance within the 
tumor is indicative of either necrosis or calcifications. About 
one-third of tumors can have somewhat circumscribed bor-
ders with a soft fleshy texture, although this feature is mostly 
seen with special types of mammary carcinoma such as 
mucinous, solid papillary, and basal-like triple-negative 
breast carcinoma (Fig. 10.6). Most IDCs induce fibroblastic 
stromal reaction (desmoplasia) and hence was described as 
scirrhous carcinoma in the past [22]. The consistency of an 
IDC depends primarily on the amount of desmoplastic or 
fibroblastic stroma present in the tumor.

Invasive breast carcinoma is most often identified in the 
upper outer quadrant (40–50%) irrespective of laterality, 
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Fig. 10.4 Invasive breast carcinoma NST. MRI was performed for 
high-risk screening in this patient with a known BRCA2 mutation. (a) 
An irregular heterogeneously enhancing mass is seen in the lateral right 

breast (arrow). (b) Time–intensity curve (kinetics) shows a rapid uptake 
and rapid wash out, a pattern typically seen with malignancy. (Courtesy 
of Stephen Seiler. Used with permission)
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a b

Fig. 10.5 Invasive breast carcinoma NST. (a) Gross appearance of a stellate mass with infiltrating margin and pink gelatinous material (hydrogel) 
indicative of the prior core biopsy site (arrow). (b) Scanning view depicts the stellate appearance of the tumor on histology

a b

Fig. 10.6 Invasive breast carcinoma NST. A 7 mm IBC with relatively circumscribed borders, (a) gross appearance and (b) scanning view shows 
relatively well-delineated border on histology

 followed by central breast, upper inner, lower outer and 
lower inner quadrants. The frequency corresponds with the 
amount of breast parenchyma present in the respective quad-
rants [2].

 Microscopic Features

WHO defines pure IBC-NST as tumors showing less than 
10% of a special subtype such as invasive lobular carcinoma 
(ILC). When a tumor shows a component of a special type 
such as tubular or lobular carcinoma, WHO recommends 
that the term “mixed IBC-NST and special subtype carci-
noma” be used with the percentage of the special subtype 
given [1].

The morphology of IBC-NST is highly heterogeneous. 
The majority of tumors show a highly infiltrative border 
appreciated on scanning power, recapitulating the stellate 
appearance seen grossly (Fig. 10.7). The tumor may grow as 
cords, trabeculae, diffuse sheets, or a mixture of these pat-
terns in addition to showing gland or tubule formation 
(Figs.  10.8, 10.9, and 10.10). Occasionally, tumors may 
exhibit single cell infiltration or a targetoid configuration 
entrapping benign ducts or lobules that resemble ILC at low- 
power examination but lacks the dyscohesion of lobular car-
cinoma (Fig. 10.11). Arps et al. termed IDC with prominent 
single cell infiltration as IDC with lobular features and 
reported that these tumors showed more aggressive behavior 
than ILC and IDC that did not show lobular features [23] 
(Fig.  10.12). Rarely, small foci of squamous or sebaceous 
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Fig. 10.7 Invasive breast carcinoma NST. Low power depicts the stel-
late appearance of the tumor due to infiltration of the fibrous bands by 
tumor cells with associated desmoplasia

Fig. 10.8 Invasive breast carcinoma NST. Low power of the tumor 
displays varying architectural patterns comprising glands and solid 
nests

Fig. 10.9 Invasive breast carcinoma NST, with prominent nesting pat-
tern and well-delineated border

a b

Fig. 10.10 Invasive breast carcinoma NST, poorly differentiated with highly pleomorphic tumor cells, (a) low-power and (b) high-power 
magnifications

Fig. 10.11 Invasive breast carcinoma NST, with targetoid growth pat-
tern around a benign duct (left)
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Fig. 10.12 Invasive breast carcinoma with lobular features. (a) Low- 
power view shows diffuse infiltration by single cells and thin cords of 
tumor, (b) high-power view shows invasive carcinoma cells with mini-

mal nuclear pleomorphism, and (c) E-cadherin shows positive mem-
brane staining in the tumor

differentiation can be seen, particularly in high-grade IBC 
NST (Figs. 10.13 and 10.14).

The stroma of IBC NST can be highly variable, ranging 
from pauci-cellular and edematous to showing marked des-
moplasia, dense sclerosis, or hyalinization. It can also appear 
to be highly cellular due to an admixed lymphoplasmacytic 
infiltrate (Fig. 10.15). Some tumors may show a large central 
area of sclerosis (Fig. 10.16). Necrosis may be present, either 
as single cell necrosis/apoptosis or focal to extensive.

 Histologic Grading

Histologic grading in IBC has been shown to be a reliable 
prognostic indicator, even though it can be subjective [24–
27]. The Nottingham grading system, a modification of the 
original Scarff-Bloom-Richardson grading system, is used 
for histologic grading of breast carcinomas [25, 28, 29]. The 
Nottingham grade along with lymph node status and tumor 
size is collectively required for calculation of the Nottingham 

Prognostic Index (NPI) [30]. The higher the NPI score, the 
worse the prognosis. Patients are stratified into good, moder-
ate, or poor prognostic groups using the NPI score [31].

Histologic grading requires assessment of three compo-
nents of tumor morphology, each of which is given a score 
from 1 to 3. The final grade is calculated by adding the three 
scores. The three components are tubule/acinar/glandular 
formation, nuclear atypia/pleomorphism, and mitotic rate. 
Glandular formation is generally assessed at low-power 
examination and a score is given based on the percentage of 
tubule formation. A score of 1 is given when more than 75% 
of the tumor shows tubule formation, a score of 2 is for 
10–75% tubule formation, and a score of 3 is for less than 
10% gland formation. Tumor clusters with reverse polariza-
tion of tumor cells as seen in micropapillary carcinoma, 
solid tumor clusters floating in mucin pools as seen in muci-
nous carcinoma, and solid tumor nodules with a pushing 
border as seen in some invasive (solid) papillary carcinomas 
are by default scored as 3. Pure cribriform architecture is 
scored as 1.

H. Hwang et al.
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Fig. 10.13 Invasive breast carcinoma NST, poorly differentiated with focal squamous differentiation (arrow), (a) low-power and (b) high-power 
magnifications

Fig. 10.14 Invasive breast carcinoma NST, moderately differentiated 
with focal sebaceous differentiation

a b

Fig. 10.15 Invasive breast carcinoma NST, high grade with prominent inflammatory cell infiltration, (a) low-power and (b) high-power 
magnifications

Fig. 10.16 Invasive breast carcinoma NST.  Low power displays an 
IBC with a central zone of sclerosis
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Nuclear pleomorphism refers to an amalgamation of 
variation in tumor nuclear size, chromatin characteristics, 
and the presence of nucleoli. Of the three components 
used for grading, nuclear grade is the most subjective. For 
nuclear size estimation, comparison with the adjacent or 
entrapped benign breast ductal epithelial cells should be 
used. If there are no benign breast epithelial cells nearby, 
stromal lymphocytes can be used as a reference. Tumors 
with small and regular nuclei with evenly dispersed chro-
matin and indistinct nucleoli, similar or slightly larger (up 
to 1.5 times) than the size of the adjacent normal breast 
epithelial cells is given a score of 1. Tumors with moder-
ate variation in nuclear shape and size (1.5–2 times) than 
normal epithelial cells, occasional bigger nuclei among 
most tumor cells, uneven distribution of chromatin, vesic-
ular nuclei with chromatin dispersed more peripherally 
towards the nuclear membrane and small visible nucleoli 
are given a score of 2. A score of 3 is reserved for tumors 
with marked nuclear size variation, frequent bizarre 
nuclei, nuclei with a predominant vesicular chromatin 
pattern and prominent to macro nucleoli. Some high-
grade tumors with markedly enlarged nuclei with frequent 
mitoses may not show variation in nuclear size but should 
be scored as 3.

Strict criteria for the mitotic count should be adhered 
to, as the mitotic index is a reflection of the proliferative 
potential of the tumor and perhaps the most important 
semiquantitative component of the histologic grading 
system with prognostic implications. The current recom-
mendation is to count mitotic figures on routine H&E 
stain. Immunohistochemistry/immunohistochemical 
(IHC) stains such as anti-phosphohistone H3 (pHH3) can 
highlight mitotic figures but at present is not recom-
mended to assess mitotic count [32]. Only unequivocal 
mitotic figures should be counted. Care should be taken 
to distinguish apoptotic cells (characterized by dense 
pink eosinophilic cytoplasm and dark pyknotic nuclei 
often noted in higher grade tumors) and intratumoral 
lymphocytes from mitoses. The count should be per-
formed at high-power field (400×), and the total number 
of mitoses per ten adjacent high-power fields should be 
used to estimate the mitotic score. In an excisional speci-
men, the area with the most mitotic activity should be 
counted; this generally corresponds to the leading edge 
or the periphery of the tumor. One should avoid counting 
mitosis in the center of the tumor, which often has sclero-
sis or low cellularity. The same rule also applies in core 
needle biopsy (CNB) samples, although it is highly 
dependent on sampling, i.e., the area and amount of 
tumor sampled. Additionally, crush artifact resulting 
from the biopsy procedure may impact mitosis count and 
nuclear grading in CNB samples (Fig. 10.17).

The size of a high-power field is variable and may differ 
up to sixfold from one microscope to another (Table 10.1).

Other factors that may affect mitotic count are the type 
of fixative and fixation time. Start et al. found that a delay 
in tissue fixation for up to 6 h reduced the number of vis-
ible mitoses by a mean of 53% without any effect on 
nuclear pleomorphism or tubule formation [33]. Robbins 
et al. reported that tissues fixed in B5 fixative rather than 
in buffered formalin/formaldehyde tend to show increased 
nuclear pleomorphism/size and higher mitotic count, 
though that difference was not statistically significant 
[34]. Therefore, the current recommendation is to use 
10% neutral phosphate-buffered formalin at pH 7.0 with 
an optimal formalin- to-tissue ratio of 10:1. The tissue 
should be fixed in formalin as soon as possible. It is rec-
ommended that the time interval between tissue removed 
from the patient to its placement in formalin (cold isch-
emia time) be less than 1 h [35]. This is easily achievable 
in core needle biopsy (CNB) samples. However, for 
 excision specimens, one needs to be mindful of ischemia 
time as inking and sectioning takes time. Minimizing the 
tissue ischemia time to less than 1 h is also important for 
biomarker studies.

Once the three components have been assessed, the scores 
are added to determine the histologic grade (Table  10.1). 
Tumors with a score of 3–5 are well differentiated (grade 1), 
score 6–7 are moderately differentiated (grade 2), and score 
8–9 are poorly differentiated (grade 3) (Figs. 10.18, 10.19, 
and 10.20). The concordance rate for histologic grade 
between CNB and excision is reported to be 59–91% [36–
39], with the majority of cases (30–40%) upgraded on exci-
sion by one level [40]. An upgrade rate of two levels, i.e., 
from grade 1 to grade 3, is very rare (0–2%) [41–43]. The 
discordance in tumor grade is mainly due to underestimation 
of mitotic count, followed by nuclear pleomorphism and 
tubule formation [41, 43]. One study reported better correla-
tion between anti-pHH3 and MIB-1 staining with that of 
mitotic figures obtained from excision specimens than on 
CNBs [44]. The underestimation of mitotic activity in CNBs 
can be problematic, particularly when the difference in scor-
ing results in an upgrade of the overall histologic grade on 
excision. Clinicians find this seemingly discordant histologic 
grade reported between the CNB and the subsequent exci-
sion specimen disconcerting and confusing. Hence, if such a 
scenario is foreseen, it is suggested that the histologic grade 
in the CNB be reported as “well to moderately differentiated 
(Grade 1–2)” so that both “options” are available to the 
pathologist who will be reporting the final histologic grade 
on the excision specimen. Alternatively, a statement such as 
“Final histologic grade should be based on the excision spec-
imen” could be included in the comment of the pathology 
report.

H. Hwang et al.
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a b

c

Fig. 10.17 Invasive breast carcinoma NST, with marked crush artifact that interferes with histologic grading, specifically nuclear pleomorphism 
and mitotic count, (a) low-power and (b) high-power magnifications, (c) Ki-67 stain shows high proliferation rate

Table 10.1 Nottingham scoring system to evaluate histologic grade for invasive breast carcinoma

Parameters
Score
1 2 3

Tubule/gland formation
>75% 10–75% <10%

Nuclear pleomorphism/size
Small/regular nuclei with 
evenly dispersed chromatin and 
indistinct nucleoli; size 1.5× 
normal breast epithelial nuclei

Moderate variation in nuclear shape 
with uneven distribution of chromatin, 
vesicular nuclei, and occasional small 
visible nucleoli; size 1.5–2× normal 
breast epithelial nuclei

Marked nuclear size variation, frequently 
bizarre nuclei with a predominant 
vesicular chromatin pattern and prominent 
to macro nucleoli; size >2–2.5× normal 
breast epithelial nuclei

Mitotic counta

Field diameter (mm)
0.4 ≤4 5–9 ≥10
0.45 ≤5 6–11 ≥12
0.5 ≤7 8–14 ≥15
0.55 ≤8 9–17 ≥18
0.6 ≤10 11–20 ≥21
0.65 ≤12 13–24 ≥25

Reproduced from Elston, C.W. and Ellis, I.O. (1991), Pathological prognostic factors in breast cancer. I. The value of histological grade in breast 
cancer: experience from a large study with long-term follow-up. Histopathology, 19: 403–410. https://doi.org/10.1111/j.1365- 2559.1991.
tb00229.x, with permission of John Wiley and Sons
Final grade (addition of scores of each component): Grade 1: total score, 3–5. Grade 2: total score, 6 and 7. Grade 3: total score, 8 and 9. Based on 
Elston and Ellis modification of the original Scarff-Bloom- Richardson grading system [27]
a Mitotic count varies according to the field diameter and field area at high-power magnification (400×)
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a b

Fig. 10.18 Invasive breast carcinoma NST, grade 1, (a) low-power and (b) high-power magnifications (arrow indicates normal duct for 
comparison)

a b

Fig. 10.19 Invasive breast carcinoma NST, grade 2, (a) low-power and (b) high-power magnifications (arrow indicates normal duct for 
comparison)

a b

Fig. 10.20 Invasive breast carcinoma NST, grade 3, (a) low-power and (b) high-power magnifications (arrows indicating mitosis)

H. Hwang et al.
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 Reporting Core Needle Biopsy

A correct pathologic diagnosis of invasive carcinoma in a 
CNB is paramount as it not only guides further treatment but 
also provides important information for prognostic and pre-
dictive factors. In patients who undergo neoadjuvant therapy 
and have complete pathologic response, the CNB will be the 
only available tumor tissue for diagnosis and biomarker stud-
ies. As sampling is limited on a CNB, utmost vigilance should 
be taken not to overdiagnose invasive carcinoma. Several 
studies have reported high concordance rates ranging from 
91% to 100% between CNB and the subsequent excision for 
a malignant diagnosis [45–47]. The sensitivity and specificity 
of diagnosing invasive carcinoma in CNB ranges from 85 to 
100% and 96 to 100%, respectively [48–50].

Once the diagnosis of malignancy is established, every 
effort should be made to report tumor type, histologic grade, 
tumor size, the presence or absence of coexistent in situ car-
cinoma, lymphovascular invasion, the presence and extent of 
necrosis and tumor infiltrating lymphocytes (TILs). If coex-
istent DCIS is identified, its extent, architectural type, and 
nuclear grade should be reported. Recording the number of 
cores containing tumor and the largest linear extent of the 
tumor in core biopsies becomes important in certain 

instances: small tumors can be entirely removed with no 
residual tumor left in the excision specimen, the size of the 
tumor on the CNB can be larger than in the excision, and to 
ensure that there is more than minimal invasive component 
(at least more than 2 mm and ideally 5 mm of tumor tissue) 
available to perform and assess tumor biomarkers. The latter 
is extremely important in cases where neoadjuvant chemo-
therapy is planned. Routinely performing ER, PR, and HER2 
on CNB samples rather than the excision is preferred as there 
is less variation in cold ischemia time and duration of fixa-
tion; the hormone receptor (HR) and HER2 status also dic-
tate possible pre-surgical systemic therapy.

 Differential Diagnosis

The differential diagnosis of IBC-NST includes both malig-
nant and benign lesions. The main invasive carcinoma in the 
differential is ILC, particularly ILC variants, e.g., pleomor-
phic type, as they can show similar architecture and high- 
grade morphology (discussed in Chap. 15) (Fig.  10.21). 
Distinction between IBC NST and ILC is recommended 
because their clinical behavior and outcome are different 
[51, 52].

a b

c

Fig. 10.21 Invasive lobular carcinoma mimicking ductal carcinoma, 
(a) low-power view shows a diffuse infiltration of tumor cells admixed 
with inflammatory infiltrate, (b) high-power view shows highly pleo-

morphic tumor cells growing in a trabecular pattern, and (c) E-cadherin 
shows negative staining in the tumor cells but positive staining of a 
normal duct on the left
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a b

Fig. 10.22 Radial scar mimicking IBC-NST and DCIS. (a) Low-power and (b) high-power magnifications

a b

c d

Fig. 10.23 Extensive mass-forming sclerosing adenosis. Example 1 (a, b). The distorted lobules and sclerosis mimic invasive carcinoma. Example 
2 (c, d). The distorted lobules and areas of stromal sclerosis can easily be mistaken for invasive carcinoma

Benign and in situ lesions that may mimic IBC-NST 
include nipple adenoma, sclerosing adenosis alone or sec-
ondarily involved by DCIS/lobular carcinoma in situ (LCIS), 

radial scar with epithelial hyperplasia, and complex scleros-
ing lesions involved by epithelial hyperplasia, DCIS or LCIS 
(Figs.  10.22, 10.23, 10.24, 10.25, and 10.26). Histological 
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a b

Fig. 10.24 Sclerosing papilloma. (a) Entrapped glands and sclerosis in an intraductal papilloma can be mistaken for invasive breast carcinoma 
NST. (b) High-power magnification reveals smooth outline of the entrapped glands by pink basement membrane

a b

Fig. 10.25 Complex sclerosing lesion with epithelial hyperplasia. (a) Epithelial hyperplasia in the benign entrapped glands in a fibrotic stroma 
mimics invasive carcinoma. (b) High-power view shows benign epithelial cells and pink basement membrane (arrows)

features that can help to identify a lesion as benign include 
circumscribed or lobular configuration at low-power exami-
nation and most importantly identification of myoepithelial 
cells beneath the hyperplastic epithelium and the smooth 
outline of the distorted epithelial cells conferred by an intact 
basement membrane. Immunostains for myoepithelial cells 
such as smooth muscle myosin heavy chain (SMM), p63, or 
calponin can be extremely helpful in these cases. In cases 
where the nature of the lesion remains equivocal and the 
diagnosis cannot be made with confidence, it is preferable to 
request a repeat CNB or state that final classification will be 
performed after the evaluation of the excision specimen, 
rather than commit to a questionable diagnosis.

The majority of IBC-NST exhibits infiltrative margins but 
at times may show a circumscribed border with a pushing 
front. When necrosis is present in the center of large expans-
ile solid nests of tumor cells that are high grade, it can resem-
ble comedo-type DCIS.  These high histologic grade 
circumscribed lesions are commonly “triple-negative” breast 
carcinoma or “IBC with medullary pattern” (Fig.  10.27). 
Careful assessment of the intervening stroma that usually 
reveals desmoplasia should prompt one to consider the diag-
nosis of invasive carcinoma, which can be further confirmed 
by myoepithelial stains. When low-to-intermediate grade 
IBC-NST with circumscribed/pushing edge is encountered, 
solid papillary carcinoma should be included in the differen-

10 Invasive Breast Carcinoma of No Special Type, Microinvasive Carcinoma, Tubular Carcinoma, and Cribriform Carcinoma
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a b

c

Fig. 10.26 DCIS involving sclerosing adenosis mimics invasive carcinoma. (a) Low-power and (b) high-power magnifications. (c) p63 stain 
shows intact myoepithelial cells around glands

tial diagnosis, especially in older women who tend to have 
these tumors. Occasionally, low-grade IBC-NST may show 
prominent large nests of tumor cells embedded in fibrotic 
stroma resembling DCIS (Fig. 10.28).

Lymphomas of the breast, whether primary or secondary, 
are rare. High-grade lymphoma can mimic high-grade IBC- 
NST with an inflammatory infiltrate [53, 54]. The most com-
mon primary breast lymphoma in most series is diffuse large 
B cell lymphoma (DLBCL), with frequency ranging from 
49% to 64% [55, 56]. The next most common lymphomas 
encountered are extranodal marginal zone lymphoma of 
mucosa-associated lymphoid tissue (MALT) type (19–23%) 
and follicular lymphomas (14–19%) [55, 56]. Lymphoma 
usually presents as a mass lesion in the breast. High-grade 
lymphoma should be suspected when the lesion is diffuse, 

grows as sheets, and shows intimate mixture of neoplastic 
cells and other chronic inflammatory cells (Fig. 10.29).

Lastly, IBC-NST must be differentiated from metastases 
to the breast from extramammary sites. Although uncom-
mon, metastases to the breast accounts for up to 3% of all 
breast masses [57]. Fortunately, most patients who present 
with metastases to the breast already have an earlier diagno-
sis of the primary tumor. The tumors that metastasize to the 
breast include melanoma and carcinomas from ovary, lung, 
thyroid, kidney, and liver [58–60]. Breast involvement by 
metastatic carcinoma may be a sign of rapid widespread dis-
semination with a survival rate of only 10.9  months [61]. 
Certain features that may be indicative of metastasis are 
absence of microcalcifications, lack of spiculations on imag-
ing, or lack of skin involvement clinically, but none of these 

H. Hwang et al.



405

a b

c

Fig. 10.27 Invasive breast carcinoma NST masquerading as DCIS. (a) 
A 2 cm mass that shows large solid nests of tumor with round borders 
and central necrosis resembling DCIS. (b) High-power view shows 

altered desmoplastic stroma between the nests distinct from normal 
breast stroma. (c) Immunostain for p63 shows lack of myoepithelial 
cells in the entire lesion

features are specific for metastatic disease. In a CNB, meta-
static tumor to breast should be suspected when a malignant 
tumor with unusual morphology is encountered or when a 
tumor believed to be breast primary shows an unusual stain-
ing pattern with prognostic markers (Figs. 10.30 and 10.31). 
The presence of in situ carcinoma favors tumor of breast ori-
gin, although incidental DCIS can be present adjacent to 
metastatic tumor. In some cases, metastatic tumors may not 
display any of the above features. What is crucial in these 
cases is having a detailed clinical history. On the rare occa-
sion when metastasis to the breast is the first manifestation of 
the tumor, a detailed discussion with clinicians is required to 
determine the primary site. A panel of immunostains may 
help determine the primary site, keeping in mind that no 

stain is pathognomonic for a site of origin. TTF1, for exam-
ple, can be positive in breast carcinomas [62] and focal 
expression of WT1 in IBC with mucinous differentiation has 
been reported [63].

 Immunohistochemistry

Invasive breast carcinomas tend to be CK7 positive and 
CK20 negative, consistent with most tumors found above the 
diaphragm. Immunostains that can help identify breast as the 
site of origin include ER, GATA3, GCDFP-15, and mam-
maglobin. ER is expressed in approximately 80% of IBC 
[64]. Strong, diffuse ER expression may be sufficient to ren-

10 Invasive Breast Carcinoma of No Special Type, Microinvasive Carcinoma, Tubular Carcinoma, and Cribriform Carcinoma



406

a b

c

Fig. 10.28 Invasive breast carcinoma NST, moderately differentiated 
mimicking DCIS. (a) Low-power view shows solid nests of low nuclear 
grade cells with round to oval borders, (b) high-power view, and (c) 

SMM immunostain shows absence of staining around the nests con-
firming the tumor’s invasive nature

der a diagnosis of metastatic breast carcinoma in the appro-
priate clinical setting. ER however is not specific and can be 
expressed in skin adnexal, salivary gland, and gynecologic 
tumors. Mammaglobin and GCDFP-15 are highly specific 
(both have >90% specificity) but have low sensitivity for 
IBC (mammaglobin 50%, GCDFP-15 20–50%) [65–68]. 
Staining for both markers also tends to be patchy. Similar to 
ER, other tumors that are likely to express both these mark-
ers are skin adnexal, salivary gland, and gynecologic tumors 
[66, 69]. GCDFP-15 is a marker of apocrine differentiation 
and accordingly is more sensitive in cases of apocrine carci-
noma (75%) or IBC with apocrine differentiation (55%) 
compared to carcinoma without apocrine differentiation 
(23%) [70].

GATA3, a member of a zinc finger transcription factor 
family, is expressed in 70–90% of breast carcinomas [71, 
72]. Of greater utility however, GATA3 is expressed in up to 

70% of triple-negative breast carcinomas (TNBC) [73]. 
GATA3 is also expressed in a majority of skin adnexal, skin 
squamous cell, and urothelial carcinomas [72].

While well-differentiated metastatic IBC will usually 
express ER and GATA3, TNBC may not show expression 
of these markers which can make diagnosing metastatic 
TNBC challenging in some cases. One stain that may help 
in such a setting is SOX10. SOX10 is an immunostain that 
is primarily associated with nerve sheath tumors and mela-
noma but has also been shown to be expressed in up to 70% 
of TNBC [74].

 Pathogenesis

Seminal papers by Wellings and colleagues demonstrated 
that both ductal and lobular neoplasia arise from the terminal 
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Fig. 10.29 Primary lymphoma of breast. (a) Core needle biopsy 
reveals a diffuse infiltrate with aggregates of neoplastic cells mimicking 
IBC-NST with inflammatory infiltrates. (b) High-power view shows 

larger neoplastic cells intimately admixed with inflammatory cells. (c) 
Cytokeratin stain shows complete lack of staining in neoplastic cells 
while (d) immunostain for CD20 is diffusely positive

duct lobular unit (TDLU) [75, 76], in contrast to the conven-
tional thought at that time that lobular tumors arise from lob-
ules and ductal tumors arise from ducts. Just as lobular 
neoplasia (atypical lobular hyperplasia and LCIS) is a non- 
obligate precursor to ILC [77–79], flat epithelial atypia 
(FEA), atypical ductal hyperplasia (ADH), and DCIS are 
considered non-obligate precursors to IBC-NST [75, 76, 80, 
81]. Contrary to the historical belief that a tumor progresses 
from a precursor lesion to low-grade invasive carcinoma to 
high-grade invasive carcinoma, genetic and gene expression 
studies have supported two different pathways: a low-grade 
pathway and a high-grade pathway.

High-grade DCIS and poorly differentiated IBC share 
common genetic alterations whereas low-grade lesions, 
such as ADH, low-grade DCIS, and well-differentiated 
invasive carcinoma, exhibit similar genomic changes, pro-

viding little support for a transition from a low-grade carci-
noma to a high-grade carcinoma. Comparative genomic 
hybridization (CGH) studies have revealed that the low-
grade evolutionary pathway is characterized by frequent 
loss of chromosome 16q, gain of chromosome 1q, and infre-
quent amplification of 17q12 [82–84]. Similarly, various 
loss-of-heterozygosity (LOH) and CGH-based studies have 
demonstrated similar genetic alterations (16q loss and 1q 
gain) in FEA and ADH [82, 85, 86]. On the other hand, loss 
of chromosome 16q is infrequent in high-grade lesions fur-
ther supporting segregation of low- and high-grade lesions 
[83, 84]. Furthermore, high-grade carcinomas (both in situ 
and invasive) demonstrate complex karyotypes such as loss 
of 8p, 11q, 13q, and 14q, gains of 1q, 5p, 8q, and 17q, and 
amplification of 17q12 and 11q13 [84, 87]. However, some 
studies have suggested, albeit in a small subset of tumors, 
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Fig. 10.30 Serous carcinoma of the ovary metastatic to breast. (a) 
Low-power magnification shows a high-grade invasive tumor with 
areas of necrosis mimicking in situ carcinoma, (b) high-power magnifi-

cation, (c) WT1 and (d) PAX8 show diffuse nuclear staining in tumor 
cells confirming its Mullerian origin

that there might be a  pathway leading from low-grade to 
high-grade as they demonstrated loss of 16q in high-grade 
lesions [88, 89]. Natrajan et al. noted 16q loss is more fre-
quent in high-grade luminal subtype carcinomas compared 
to other high-grade carcinomas such as HER2 only or basal-
like phenotypes [88].

Invasive breast carcinoma NST is a heterogenous disease, 
varying in histologic grades, HR/HER2 biomarker status, 
gene expression profiles, and genetic alterations. By gene 
expression profiling, IBCs-NST encompass all five intrinsic 
molecular subtypes: luminal A, luminal B, HER2-enriched, 
basal-like, and normal breast-like. Luminal A tumors (over-
all corresponding to low-grade, ER/PR-positive, HER2- 
negative IBC-NST with low Ki-67 proliferation rate) are 
enriched in PIK3CA mutations (~50%), whereas basal-like 
tumors (in general as high-grade ER/PR/HER2 triple- 

negative IBC-NST) have a high prevalence of TP53 muta-
tions (~85–90%). Studies from patients with genetic tumor 
syndromes have identified multiple genes that when altered 
are associated with an increased susceptibility to breast can-
cer. These breast cancer-predisposing genes include BRCA1, 
BRCA2, PTEN (Cowden syndrome), TP53 (Li-Fraumeni 
syndrome), ATM, PALB2, and CHEK2, among others. Many 
of these genes are involved in DNA repair. Breast cancers 
occurring in these genetic tumor syndromes are mostly IBC- 
NST; however, tumors with mutations in select genes, either 
germline or somatically acquired, tend to show specific 
pathologic features. For example, most IBC with germline 
and/or somatic BRCA1 mutations appear well-demarcated, 
have prominent lymphoplasmacytic infiltrate and are high 
grade with high mitotic activity. Breast cancers from 
Li-Fraumeni patients are most likely to be grade 3 IBC-NST 
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Fig. 10.31 Neuroendocrine tumor of ileum metastatic to breast. (a) 
Low-power view shows infiltrative growth pattern mimicking moder-
ately differentiated IBC-NST. (b) High-power view shows prominent 
nesting and fine powdery chromatin of tumor cells. (c) Negative hor-
mone receptor (ER/PR) staining (estrogen receptor stain shows com-

pressed normal lobules with focal positive staining (arrows)) prompted 
further IHC investigation. (d) Chromogranin and (e) CDX2 show dif-
fuse staining in tumor cells and no staining in normal lobule (arrow) (all 
breast-specific markers were negative, not shown)
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with frequent HER2 overexpression/amplification (~60%), 
while apocrine differentiation is common in breast cancers 
from patients with germline PTEN mutations. Please refer to 
Chap. 23 for comprehensive discussion in molecular profil-
ing of breast cancer.

 Prognosis

The prognosis of IBC-NST depends on a number of factors. 
These include age, tumor size, histologic grade, lymph 
node status, hormone receptor (HR) status, and HER2 sta-

tus. HR and HER2 status are also significant predictive fac-
tors for endocrine and anti-HER2 therapy, respectively 
(Fig. 10.32). Tumor infiltrating lymphocytes have recently 
been found to be a prognostic factor in TNBC and HER2-
positive breast cancer [90]. Other factors that have been 
studied but found to be of uncertain significance include the 
presence of angioinvasion, perineural invasion, tumor 
necrosis, and DCIS (and its extent), among others [90]. 
Prognostic and predictive factors, including panel-based 
gene expression signatures (such as OncotbypeDx®, 
MammaPrint®, Prosigna® and EndoPredict®), are further 
discussed in Chaps. 22 and 23.

a b

c

Fig. 10.32 Invasive breast carcinoma NST. (a) Low-power magnification, (b) diffuse strong nuclear staining with estrogen receptor, and (c) 
strong complete membranous staining with HER2
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 Microinvasive Breast Carcinoma

 Overview

Microinvasive carcinoma (MIC) of the breast is defined as 
invasive carcinoma not exceeding 1 mm in greatest dimen-
sion [91]. MIC is uncommon and accounts for 0.68–2.4% 
of all IBCs [92–94]. It is usually associated with carcinoma 
in situ (CIS) and has been found in 9.5–13% of all DCIS 
cases [95, 96].

Microinvasion has been defined in various ways in the 
past. Some of the initial studies describing lymph node 
involvement in patients with MIC defined it as DCIS with 
stromal invasion without defining the size of invasion [97, 
98]. Other definitions used previously include “DCIS with 
focal stromal invasion in less than or equal to 10% of the 
surface of histological section examined” [99], “more than 
single collection of cells outside the lobular unit or  immediate 
periductal area” [100], “maximal extent of invasion…not 
more than 2 mm or comprising <10% of the tumor with 90% 
of DCIS” [101], “a single focus of invasive carcinoma 
≤2 mm or up to three foci of invasion each not more than 
1 mm in greatest dimension” [102], and “infiltration of neo-
plastic cells beyond the specialized lobular or intralobular 
stroma” [103]. In 1982, Lagios et al. defined microinvasion 
as invasive carcinoma less than 1  mm [104]. In 1996, the 
American Joint Committee on Cancer (AJCC) formally rec-
ognized MIC as invasive carcinoma measuring 1 mm or less, 
the definition of which has remained unchanged in subse-
quent editions of the Cancer Staging Manual [91].

 Gross and Radiologic Features

MIC is a microscopic finding and does not have any spe-
cific clinical, radiological, or gross correlate that would dis-
tinguish it from “pure” DCIS of similar size and grade. 
However, certain radiologic features have been identified 
that are predictive of microinvasion or small invasive carci-
noma. Large size DCIS (>5  cm), cases where the main 
mammographic feature is a mass, distortion, or asymmetry 
versus calcifications, and correspondingly patients who had 
ultrasound- guided CNB rather than a stereotactic CNB 
have been found to be associated with an upgrade to MIC 
when only DCIS was diagnosed on CNB [105–107]. Vieira 
et al. reviewed the ultrasound findings of 11 of 21 patients 

with MIC and found 10 manifested as a solid hypoechoic 
mass, supporting the association of microinvasion with 
mass- forming DCIS [105].

 Microscopic Features

MIC is typically identified in association with high-grade 
DCIS (Fig. 10.33). It is unusual in the setting of low-grade 
DCIS (Fig. 10.34). Besides high-grade DCIS, MIC may be 
seen with LCIS, either classic or pleomorphic types [108] 
(Figs. 10.35 and 10.36). Histologic clues for microinvasion 
include high-grade DCIS, presence of periductal chronic 
inflammation, stromal edema, and stromal desmoplasia 
around DCIS (Fig.  10.37). The presence of excessive 
microcalcifications or comedonecrosis in high-grade DCIS 
is also associated with greater chance of finding MIC [95, 
102, 109], but none of the above features are specific for 
microinvasion as they are often present in DCIS cases with-
out invasion. If one is unable to follow the smooth outline 
around the branching ducts, lobules or other benign scle-
rosing lesions replaced by DCIS, MIC should be strongly 
suspected. The cells in microinvasive foci are cytologically 
identical to the adjacent in situ component and usually 
appear as single cells or small angulated clusters, often 
within the stroma immediately adjacent to the in situ com-
ponent. Due to the limited amount of invasive tumor, 
assigning a combined histologic grade is not feasible. 
Therefore, it is recommended to specify only the nuclear 
grade for MIC or, if reasonable, the degree of differentia-
tion based on tubular formation and nuclear grade. The 
presence of stromal retraction around the neoplastic nests, 
a finding often noted in frankly invasive carcinoma, is 
another helpful clue in the diagnosis of MIC (Figs. 10.38 
and 10.39). Invasive foci may be multifocal in MIC and 
therefore a thorough sampling and search for additional 
(possibly larger) foci should be conducted when a single 
focus of MIC is identified in cases with extensive DCIS 
[109]. While the size of individual foci of MIC should not 
be added together to yield a single cumulative size of tumor, 
there are otherwise no standard guidelines dictating the 
minimum distance between foci to designate one as an indi-
vidual focus.

Conversely, one should be careful not to overdiagnose 
MIC, a common pitfall highlighted by one retrospective 
review. This study found only 19.3% cases with an initial 
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Fig. 10.33 High-grade DCIS with microinvasion. (a) Low-power 
view shows multiple ducts involved by high-grade DCIS with central 
necrosis and periductal fibrosis. (b) Medium power view reveals a focus 

of DCIS with prominent periductal fibrosis and inflammation (arrow). 
(c) Few single cells and small clusters of neoplastic cells in the intra-
lobular stroma around DCIS are seen (arrows)

a b

Fig. 10.34 Low-grade DCIS with microinvasion, (a) low-power and (b) high-power magnifications
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Fig. 10.35 Microinvasive lobular carcinoma associated with classic 
LCIS. (a) Low-power view shows microinvasive lobular carcinoma 
(arrow). (b) High-power view highlights linear infiltration by single 

tumor cells scattered around LCIS. (c) E-cadherin immunostain shows 
lack of staining in both in situ and invasive components (arrow) while 
focal weak positivity is retained in myoepithelium investing LCIS

Fig. 10.36 Microinvasive lobular carcinoma (center left) associated 
with pleomorphic LCIS

diagnosis of MIC or suspicious for microinvasion were truly 
MIC [110]. Diagnosing MIC on CNB is of particular impor-
tance because of the implications for further management 
(discussed in the section “Prognosis”).

 Differential Diagnosis

Lesions that can mimic MIC or small invasive carcinoma in 
a CNB include lobular involvement by DCIS (cancerization 
of lobules), branching or budding ducts of DCIS distorted by 
fibrosclerosis, and sclerosing lesions including adenosis or 
radial scar involved by DCIS (Figs.  10.40, 10.41, 10.42, 
10.43, and 10.44). This can be particularly challenging in a 
CNB where the underlying lesion, e.g., sclerosing adenosis, 
may not be present or apparent due to limited material. MIC 
should be cautiously diagnosed in limited samples unless it 
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Fig. 10.37 DCIS with microinvasion. (a) Low-power view shows 
DCIS associated with marked periductal fibrosis and inflammation 
extending into the fat (lower left). (b) Higher power view shows the 
duct with disrupted wall but the presence of microinvasive carcinoma is 
difficult to discern. (c) Cytokeratin stain highlights the single cells dis-

persed in the fibrotic and inflammatory stroma. (d) Immunostain for 
p63 shows myoepithelial cells surrounding portion of the DCIS but 
absent in microinvasive carcinoma. (e) SMM shows similar pattern 
with loss of myoepithelial cells in the microinvasive focus
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Fig. 10.38 Microinvasive carcinoma in a core needle biopsy adjacent 
to DCIS. (a) H&E section demonstrates stromal retraction around the 
invasive tumor nests. (b) Double IHC stain for p63 (brown chromogen) 

and cytokeratin (red chromogen) shows complete lack of myoepithelial 
staining around MIC

a b
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Fig. 10.39 Microinvasive carcinoma with marked retraction artifact. 
(a) Core needle biopsy with microinvasion and a small focus of DCIS 
with associated calcification. (b) High-power view highlights stromal 
retraction around the invasive tumor nests. (c) Immunostain for p63 

shows lack of myoepithelial cells in microinvasive focus (right) while 
DCIS retains positivity (left). (d) Microinvasive carcinoma as well as 
DCIS are positive for estrogen receptor immunostain
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Fig. 10.40 Mass-forming DCIS. (a) Low-power and (b, c) high-power 
magnifications of different areas of the tumor consisting of sclerosis 
and entrapped cancerized lobules mimicking invasive carcinoma. (d) 

Immunostains for SMM and (e) p63 highlight intact myoepithelial cells 
throughout the lesion including sclerosing areas

is unequivocal. If the suspected microinvasive focus is 
depleted on myoepithelial immunostains or the immunos-
tains are inconclusive, a diagnosis of “DCIS, suspicious for 
microinvasion” with an explanatory note is recommended.

One pitfall unique to excision specimens is the artifactual 
displacement of epithelial cells into the stroma, introduced at 

the time of a CNB or fine-needle aspiration. These embedded 
epithelial clusters can mimic MIC, particularly if the dis-
placed cells are neoplastic (Fig.  10.45). Displaced epithe-
lium can occur after a CNB for DCIS where neoplastic cells 
are easily dislodged [111, 112]. Microscopic clues including 
associated reparative fibrosis, fat necrosis, recent hemor-
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Fig. 10.41 Radial scar involved by DCIS. (a) Low-power view of 
CNB containing a sclerosing lesion, (b) center of the radial scar with 
elastosis and entrapped ducts and lobules involved by neoplastic cells. 

(c) Medium power view shows elongated entrapped neoplastic duct-
ules. (d) SMM immunostain shows intact myoepithelial cells around 
entrapped ductules

rhage, or hemosiderin-laden macrophages in a previous core 
biopsy tract should make the pathologist to consider a diag-
nosis of epithelial displacement rather than invasive carci-
noma [112]. Immunohistochemical stains for myoepithelial 
cells are only helpful in rare cases of displaced non-high- 
grade DCIS or benign entity where myoepithelium is still 
retained in the epithelial clusters. The absence of myoepithe-
lium evidenced by negative staining, however, does not 
exclude the possibility of displaced epithelium.

 Immunohistochemistry

As with any IBC, the most useful immunostains to confirm a 
diagnosis of MIC are those for myoepithelial cells. In addi-
tion, cytokeratin can be helpful, particularly in cases of DCIS 

with marked lymphocytic infiltrate, as it highlights single 
cells and small epithelial clusters of MIC (Fig.  10.37). 
Ideally, MIC is easier to confirm if double IHC staining for 
myoepithelial cells and cytokeratin is available (Fig. 10.38). 
Immunostains for basement membrane such as collagen type 
IV and laminin are not necessary and further can be difficult 
to interpret.

Due to the small size of MIC, residual MIC may not be 
present on subsequent stains for ER/PR/HER2 analysis. In 
many cases, however, the adjacent DCIS shows identical 
expression of these markers, and some may use this as a sur-
rogate [113]. Cases of high-grade DCIS with MIC are often 
ER/PR negative and HER2 positive (Fig. 10.46).

The limited amount of invasive tumor available for IHC 
assessment underscores the importance of anticipating the 
stains needed and proceeding accordingly. When MIC is sus-
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Fig. 10.42 Low-grade DCIS involving sclerosing adenosis. (a) Low-power and (b) high-power magnifications. (c) SMM immunostain shows 
intact myoepithelium

pected in a background of DCIS, performing at least two 
myoepithelial stains, a cytokeratin stain, ER, PR, and prepar-
ing at least three unstained slides for possible subsequent 
HER2 immunostain and HER2 FISH, with instructions that 
they all be cut from the paraffin block in one sitting is recom-
mended. Implementing a breast MIC stain protocol may be 
prudent.

 Prognosis

Few studies have addressed the upgrade of DCIS diagnosed 
on CNB to microinvasive or frankly invasive carcinoma. In 
one study, 13 of 93 patients (14%) with DCIS diagnosed on 
CNB also had microinvasion and another 31 (33%) had inva-
sive carcinoma on excision [107]. Another study of 192 
patients diagnosed as DCIS on vacuum-assisted CNB 
reported 10% and 29% upgrade to microinvasion and inva-

sive carcinoma, respectively [114]. In the United Kingdom, 
3% of DCIS cases diagnosed on CNB were upgraded to 
microinvasion and 18% to invasive carcinoma [115].

The incidence of sentinel lymph node metastasis in MIC 
is less than 5%. One meta-analysis that included 968 patients 
from 24 studies reported 3.2% macrometastasis (95% confi-
dence interval (CI) 2.1–4.6%), 4% micrometastasis (95% CI 
2.7–5.5%), and 2.9% isolated tumor cells (95% CI 1.6–4.6%) 
in MIC [116]. In addition, patients with MIC have a 0.95% 
risk of metastasis to non-sentinel lymph nodes as reported in 
one study [116]. Several studies have reported excellent 
prognosis in MIC irrespective of lymph node involvement 
[117, 118]. Disease-free survival and overall survival for 
patients with MIC closely resembles that of pure DCIS of 
equivalent size and grade [119]. The risk of distant metasta-
sis is extremely low, ranging from 0% to 2% with a median 
follow-up of 4–9 years [117, 118, 120]. Another study how-
ever found the prognosis of microinvasive carcinoma to 
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Fig. 10.43 Low-grade DCIS. Microinvasion vs cancerized lobules. (a) 
Low-power view shows microinvasion (single arrow) and cancerized 
lobules (two arrows). (b) High-power view of microinvasion. (c) p63 

stain shows lack of staining in microinvasive carcinoma. (d) High- 
power view of cancerized lobules. (e) SMM immunostain shows intact 
myoepithelial cells around cancerized lobules
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Fig. 10.44 High-grade DCIS with sclerosis. (a) Low-power view, (b) high-power view reveals the smooth outline of pink basement membrane 
around the distorted lobules which can be helpful if present

a b
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Fig. 10.45 Displaced neoplastic cells from a prior core biopsy of an 
encapsulated papillary carcinoma. (a) Low-power magnification shows 
the encapsulated papillary carcinoma and the needle tract with dis-
placed neoplastic cells embedded in scar tissue. (b) High-power magni-

fication reveals nests of neoplastic cells with associated fat necrosis. (c) 
Immunostain for SMM demonstrates lack of myoepithelial cells around 
the displaced nests
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Fig. 10.46 Microinvasive carcinoma masquerading as DCIS. (a) Low- 
power view, (b) high-power view shows round contour in the invasive 
foci that can be misconstrued as in situ carcinoma. (c) Immunostain for 

SMM shows complete lack of staining in those foci. (d) HER2 stain 
shows strong positive membranous staining (3+) in MIC (both DCIS 
and MIC were negative for ER and PR, not shown)

resemble invasive carcinomas less than 1 cm in size while a 
SEER analysis found an increased mortality rate for microin-
vasive carcinoma versus DCIS [121, 122].

Whether sentinel lymph node biopsy (SLNB) is per-
formed in patients diagnosed with pure DCIS or DCIS with 
microinvasion depends not only on whether the patient is 
undergoing breast-conserving surgery or total mastectomy 
but also on the clinical presentation and imaging findings. 
The 2014 American Society of Clinical Oncology (ASCO) 
guidelines recommend that SLNB be performed in cases of 
DCIS or DCIS with microinvasion diagnosed on CNB if 
mastectomy is planned as it obviates the need for subsequent 
axillary dissection if invasive carcinoma is found [120]. In 
patients undergoing breast-conserving surgery, this issue is 
more controversial. Some support routine SLNB because 
there is a 10–20% chance of an upgrade from DCIS with or 
without microinvasion to frank invasive carcinoma, espe-
cially when DCIS is large (≥5 cm), DCIS presents as a mass 

lesion by imaging and/or on physical examination, or high- 
grade DCIS is associated with comedonecrosis [123, 124].

 Tubular Carcinoma

 Overview

Tubular carcinoma is a well-differentiated invasive carci-
noma with distinct morphologic features and an excellent 
prognosis. It is rare, often reported to comprise less than 2% 
of all IBC [125–128]. Most women are diagnosed in their 
late 50s or early 60s [127, 129–131]. SEER data shows that 
the majority of tubular carcinomas occur in non-Hispanic 
white women (90%), followed by African-American (3.6%), 
Asian/Pacific Islanders (3.5%), Hispanic white (2.3%), and 
American Indian/Alaska Native (0.5%) women [132]. 
Tubular carcinoma is also rare in men [133]. Tubular carci-
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noma can be multifocal with one study finding 10 of 103 
patients with pure tubular carcinomas having multiple foci 
ranging from 2 to 5 in number [134].

 Gross and Radiologic Features

On mammogram, tubular carcinoma appears as a round, oval 
or lobulated, dense mass with irregular or spiculated margins, 
occasionally accompanied by microcalcifications [135, 136] 
(Fig. 10.47). Imaging findings are nonspecific and can over-
lap with patterns seen in sclerosing adenosis, radial scar, or 
IBC-NST [137, 138] (Fig.  10.48). Widespread mammo-
graphic screening has led to an increased incidence of tubular 
carcinomas as it detects non-palpable tumors (1 cm or less in 
size); small, incidental tumors are also found in biopsies per-
formed for unrelated reasons [139–141]. Ultrasonography 
has been reported to be more helpful than mammography in 
detecting smaller-sized lesions [142] (Fig. 10.49).

Tubular carcinomas that are grossly identifiable are indis-
tinguishable from other IBC-NST, appearing as tan-white to 
gray, ill-defined, firm to hard, stellate lesions. The stellate 
appearance is due to extensive elastosis and desmoplasia that 

often accompanies this tumor. The majority of tubular carci-
nomas are 1 cm or less, but larger tumors have been described 
[129, 131, 143]. The largest tubular carcinoma reported in 
the literature is 12  cm [144]. Larger tumors however are 
more likely to be mixed type with an IBC-NST component, 
rather than pure tubular carcinomas.

Fig. 10.47 Tubular carcinoma. Mammographic appearance of a 7 mm 
irregular mass with spiculated margins and associated architectural dis-
tortion seen at the 12 o’clock region that persists on spot compression 
view

Fig. 10.48 Radial scar. Mammographic appearance of a 2.5 cm focal 
asymmetry (circled) that was interpreted as BIRADS 5, suspicious for 
invasive carcinoma

Fig. 10.49 Tubular carcinoma. Ultrasound of the tumor in Fig. 10.47 
shows an oval hypoechoic mass

H. Hwang et al.



423

 Microscopic Features

Tubular carcinoma is characterized by glands or tubules with 
open lumens lined by a single layer of neoplastic epithelium. 
In the majority of cases, the lesion is easily recognizable at 
low power because of the pale blue tincture of the stroma that 
appears different from the surrounding normal breast. The 
tubules are arranged in a haphazard manner, often embedded 
within a dense sclerotic and elastotic stroma, imparting a 
stellate appearance to the tumor (Figs. 10.50, 10.51, 10.52, 
10.53, and 10.54). The tubules are round to oval, often angu-
lated, lined by monotonous cuboidal to low columnar cells 

with eosinophilic to amphophilic cytoplasm and apical 
snouts (Fig.  10.55). Myoepithelial cells are absent around 
these tubules. The nuclei lining the tubules are low-grade, 
basally oriented, with evenly dispersed chromatin and incon-
spicuous nucleoli. Mitoses are rare. Microcalcifications are 
often identified in tubular carcinomas, either in the stroma, 
with associated benign lesions (discussed later), in associ-
ated DCIS, or in the neoplastic tubules. Lymphovascular 
invasion is extremely rare and necrosis is virtually 
non-existent.

In the past, the proportion of tubules required to classify a 
tumor as tubular carcinoma ranged from 75% to 100% [127, 

a b

Fig. 10.50 Tubular carcinoma. (a) The haphazard arrangement of the tubules in a dense stroma contributes to the stellate appearance of the tumor. 
(b) Low-power view of a tubular carcinoma with pale appearing stroma

a b

Fig. 10.51 Tubular carcinoma. (a) Low-power view shows the haphazard arrangement of tubules in dense stroma with focal elastosis. (b) High- 
power view shows angulated glands
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c

Fig. 10.52 Tubular carcinoma resembling a radial scar. (a) Low-power 
magnification shows extensive elastosis associated with neoplastic 
glands. (b) High-power magnification shows aggregates of angulated 

glands embedded in the stroma and a rare focus of DCIS (upper right). 
(c) SMM immunostain shows lack of myoepithelial staining around 
invasive neoplastic glands

Fig. 10.53 Tubular carcinoma. Numerous angulated glands are 
embedded in a desmoplastic stroma with coexisting columnar cell 
lesion (upper left and lower right)

129, 134, 143]. Pure tubular carcinoma is currently defined 
as a tumor showing at least 90% tubule formation [145]. 
Inherently, tubular carcinoma is Nottingham histologic grade 
1. In CNB samples, this assessment may not be possible in 
every case since only portions of the tumor are available for 
study. Therefore, it is recommended that such cases be 
reported as “well-differentiated invasive breast carcinoma 
with (prominent) tubular features” with a comment stating 
that final classification will be performed on the excisional 
specimen.

Tubular carcinomas are not uncommonly associated with 
columnar cell lesions, including FEA, and other low-grade 
lesions such as ADH, ALH, low-grade DCIS, and classic 
LCIS. The coexistence of tubular carcinomas, lobular neo-
plasia, and columnar cell lesions with or without atypia has 
been described as a “triad” or “Rosen triad” [146–148] 
(Fig. 10.56). Tubular carcinomas are more frequently associ-
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c

Fig. 10.54 Tubular carcinoma. (a) Angulated bland appearing glands 
of a tubular carcinoma in dense stroma mimics a benign process such as 
radial scar. (b) High-power view shows the low-grade tubular glands, 

some are compressed. (c) SMM immunostain is negative around the 
neoplastic tubules

a b

Fig. 10.55 Tubular carcinoma. (a) The neoplastic tubules are angular and have open lumens lined by a monolayer of low-grade neoplastic cells. 
(b) High-power view highlights the apical snouts (arrow)
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Fig. 10.56 Rosen triad. (a) Scanning view of an incidental tubular carcinoma (arrow) present in association with lobular neoplasia (upper left) 
and columnar cell lesion. (b) High-power magnification shows tubular carcinoma between the ductules with columnar cell change

a b

Fig. 10.57 Radial scar. (a) Scanning view of radial scar demonstrates a central dense nidus with entrapped glands from which the dilated ducts 
and ducts with epithelial proliferation radiate. (b) High-power magnification of the nidus

ated with columnar cell lesions (93% to almost 100%) than 
with lobular neoplasia (50%) or usual ductal hyperplasia 
(18%) [130, 148, 149]. The presence of one or more of these 
coexisting lesions in CNBs should prompt careful examina-
tion by the pathologist to exclude an occult tubular 
carcinoma.

 Differential Diagnosis

The presence of small round to oval glands with bland neo-
plastic cells makes the diagnosis of tubular carcinoma chal-
lenging, especially in a CBN.  Because of limited tissue 

sampling, various benign entities with similar morphologic 
appearance such as complex sclerosing lesions/radial scar, 
sclerosing adenosis, tubular adenosis, microglandular adeno-
sis, and syringomatous tumor of the nipple-areolar region 
may mimic tubular carcinoma.

 Complex Sclerosing Lesions/Radial Scar
Large radial scars can mimic invasive carcinoma on imaging 
studies and on gross examination. In excisional specimens, 
complex sclerosing lesions/radial scar is easier to recognize 
as the sclerotic or hyalinized nidus and the dilated and prolif-
erative ducts that radiate from the nidus are seen together 
(Fig. 10.57). The center or nidus of a radial scar is composed 

H. Hwang et al.



427

of dense stroma that often exhibits elastosis and contains 
entrapped benign glands that are often angulated, closely 
mimicking tubular carcinoma. Consequently, when the cen-
ter of a radial scar is sampled in a core biopsy, it can lead to 
misdiagnosis (Fig. 10.58). Staining for myoepithelial mark-
ers generally resolves the dilemma in most cases, as radial 
scars will show positive staining for myoepithelial cells in 
the entrapped glands. It is worth noting that in larger or 
highly sclerotic radial scars, staining for myoepithelium may 
be absent in a few centrally located tubules but should be 
intact in the majority of the entrapped glands/tubules. Rarely, 
tubular carcinoma may involve a preexisting radial scar. One 
should be careful not to use this rare occurrence to 
 overdiagnose tubular carcinoma when encountering a radial 
scar (Fig. 10.57).

 Tubular Adenosis and Sclerosing Adenosis
The compressed, elongated, and angulated glands embedded 
in dense sclerotic stroma encountered in sclerosing adenosis 
may be mistaken for tubular carcinoma, particularly in 
CNBs. Examination at low-power magnification is extremely 
helpful as sclerosing adenosis is lobulocentric compared to 
the infiltrative appearance of tubular carcinoma. At higher 
magnification, sclerosing adenosis consists of proliferation 
of compact, swirled glands and tubules, which are com-
pressed and distorted due to dense stromal proliferation, 
especially in the center of a lobule. At the periphery, glands 
are usually round and open with scant luminal secretions 
(Fig.  10.59). Recognizing spindled myoepithelial cells 
around the tubules may help to avoid misinterpretation. In 
challenging cases, immunostains for myoepithelial cells 
such as p63 or SMM can help. Smooth muscle actin (SMA) 

should be avoided, as it can stain adjacent stromal myofibro-
blasts in tubular carcinoma, leading to misinterpretation of 
tubular carcinoma as adenosis. Tubular adenosis is an 
uncommon benign non-lobulocentric lesion with an infiltra-
tive appearance that may mimic tubular carcinoma. 
Depending on the plane of section, the glands may appear 
round or elongated (Fig.  10.60). However, myoepithelial 
cells and the basement membranes are intact and can be well 
demonstrated by appropriate IHC stains.

 Microglandular Adenosis
Microglandular adenosis is a rare benign lesion composed 
of small, round, open glands lined by a single layer of epi-
thelial cells without accompanying myoepithelial cells. 
Certain histological clues can aid in distinguishing between 
the two lesions. Microglandular adenosis is a diffuse lesion 

a b

Fig. 10.58 Radial scar. (a) The center of a radial scar sampled in a CNB demonstrates sclerotic and elastotic stroma associated with entrapped 
angulated tubules and (b) high-power magnification shows compressed elongated and angulated tubular glands

Fig. 10.59 Sclerosing adenosis superficially resembles well- 
differentiated invasive ductal carcinoma
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Fig. 10.60 Tubular adenosis. (a) Low-power view shows elongated tubular glands embedded in fibromyxoid stroma and (b) high-power view 
shows tubular glands with columnar cell change with apical snouts, myoepithelial cells, and distinct basement membrane around each tubule

with glands infiltrating haphazardly into the fibrous stroma 
and adipose tissue, whereas tubular carcinoma is more 
often localized. The neoplastic epithelium of tubular carci-
noma has mild nuclear atypia and pleomorphism with api-
cal snouts and tends to have amphophilic or basophilic 
secretions rather than the dense eosinophilic secretions 
seen in the round glands of microglandular adenosis [150]. 
Additionally, the stroma in tubular carcinoma is dense and 
elastotic whereas in microglandular adenosis the stroma is 
unaltered. Immunostains can be used to differentiate 
between these two entities, although myoepithelial stains 
are unhelpful as both lesions lack myoepithelial cells. The 
most useful stains are ER and S100 protein as tubular car-
cinoma is S100 protein negative and ER positive whereas 
microglandular adenosis shows the opposite pattern of 
staining. The basement membrane is intact in microglandu-
lar adenosis and can be highlighted by either reticulin, peri-
odic acid–Schiff (PAS), or immunostain for collagen type 
IV or laminin (Fig. 10.61).

 Syringomatous Tumor of the Nipple-Areolar 
Region
Syringomatous tumor is a locally infiltrative, recurring, and 
non-metastasizing lesion that almost always occurs in the 
nipple-areolar region (Fig. 10.62). In contrast, tubular carci-
noma rarely occurs in the nipple-areolar region. The pres-
ence of squamous differentiation or squamous cysts, a 
characteristic trait of syringomatous tumor, is not seen in 
tubular carcinoma.

Other carcinomas that should be distinguished from tubu-
lar carcinoma are well-differentiated IBC with tubule forma-
tion, low-grade adenosquamous carcinoma, and tubulolobular 
carcinoma.

 Well-Differentiated IBC with Tubule Formation
This tumor exhibits greater architectural complexity of its 
glands including branching or nesting (Fig. 10.63) or higher 
nuclear grade (Fig. 10.64) than tubular carcinoma.

 Low-Grade Adenosquamous Carcinoma
Low-grade adenosquamous carcinoma is a rare type of meta-
plastic carcinoma with glandular and squamous differentia-
tion typically distributed in a cellular or collagenized stroma. 
As its name states, it shows low-grade features including 
well-formed comma-shaped pointed glands, lined by two 
layers of cells that have low nuclear grade and low mitotic 
activity as seen in tubular carcinoma or syringomatous 
tumor. The key to diagnosis is appreciation of squamoid 
nests and the cellular stroma, particularly around neoplastic 
glands. Overt keratinization is not a feature. On CNB, the 
glandular component may predominate and be confused 
with tubular carcinoma. Immunostains can help, as low- 
grade adenosquamous carcinomas are HR negative and this 
lack of expression should make one question a diagnosis of 
tubular carcinoma. Additionally, immunostain for p63  in 
low-grade adenosquamous carcinoma shows intact staining 
around most tubules and positive staining of the squamoid 
nests and spindle cells (Fig. 10.65).

 Tubulolobular Carcinoma
Morphologically tubulolobular carcinomas are low-grade 
invasive carcinomas that show an admixture of well-formed 
tubules and single cells arranged in cords as seen in lobular 
carcinoma in 75% of the tumor [151]. They tend to be HR 
positive and HER2 negative and are associated with a good 
prognosis [149, 151–154]. Most but not all examples express 
membranous E-cadherin, membranous p120 catenin, and 
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Fig. 10.61 Microglandular adenosis. (a, b) Small round open glands 
lined by a single layer of epithelial cells and containing bright eosino-
philic secretions are distributed in the breast parenchyma without stro-

mal alteration. (c) Collagen type IV immunostain demonstrates intact 
basement membrane while myoepithelial markers are negative (not 
shown)

a b

Fig. 10.62 Syringomatous tumor of the nipple. (a) Low-power view shows infiltration of the nipple stroma by tubules with pointed ends. (b) 
High-power view shows squamoid cysts characteristic of this entity
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Fig. 10.63 A well-differentiated invasive breast carcinoma NST with predominant tubule formation. (a) Low-power and (b) high-power 
magnifications

a b

Fig. 10.64 A moderately differentiated invasive breast carcinoma NST. (a) Low-power view shows predominant tubule formation with minor 
component of solid nests of cells but (b) high-power view reveals tubular glands with high nuclear grade and focal intraluminal necrosis

beta-catenin staining and accordingly are grouped with duc-
tal rather than lobular carcinomas [151, 152, 155]. Many are 
seen in association with lobular neoplasia, however, which 
most likely reflects their origins in the low-grade pathway 
(discussed previously). This diagnosis may not be highly 
reproducible as ILC can show some degree of tubule forma-
tion (Please see additional discussion of invasive carcino-
mas with mixed ductal/tubular and lobular morphology in 
Chap. 15).

 Immunohistochemistry

Tubular carcinomas are invariably HR positive and HER2 
negative (Fig. 10.66). ER has been reported to be positive in 
almost all cases, whereas 71–92% of cases have been 
reported to be PR positive [128–130, 156]. Rare cases of 
tubular carcinoma have been reported to be HER2 positive 

[128, 156]. If a tubular carcinoma is ER negative and/or 
HER2 positive, the diagnosis should be questioned and the 
case reviewed. The well-differentiated nature of tubular car-
cinoma is also reflected by a low (<10%) Ki-67 proliferation 
index and wild-type pattern of p53 expression [157–159].

 Pathogenesis

Molecular and genetic studies have found tubular carci-
noma to be distinct at the genomic level with a low level of 
chromosomal alterations compared to IBC-NST in general. 
However, tubular carcinoma and low-grade breast carci-
noma appear more similar to each other than to high-grade 
carcinomas as both tumors show a higher frequency of 16q 
loss and 1q gain and lower frequency of 17p loss [160]. By 
gene expression profiling, the vast majority of tubular car-
cinomas are classified as luminal A molecular subtype, 
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Fig. 10.65 Low-grade adenosquamous carcinoma. (a) Open angulated 
glands embedded in a fibrous cellular stroma showing focal hyaliniza-
tion. (b) Different areas of the tumor show tubular glands and small 
nests of cells surrounded by cellular stroma. (c) High-power view 

shows squamoid nests with dense eosinophilic cytoplasm (arrow). (d) 
Immunostain for p63 reveals nuclear staining in the peripheral cells of 
the tubules and the squamoid nests. Spindle cells are also positive with 
CAM5.2 and focally with p63 (not shown)

a b

Fig. 10.66 Tubular carcinoma. (a) H&E stain and (b) strong diffuse nuclear staining for estrogen receptor
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similar to  low- grade IDC-NST. However, some differences 
between tubular carcinoma and low-grade IDC-NST have 
been elucidated by comparative transcriptomic analysis, 
with upregulation of the ER-driven signaling pathways 
(ESR1, CREBBP1, and NCOR1 signals) noted in tubular 
carcinoma [158].

 Prognosis

Tubular carcinoma is known for its excellent prognosis. It 
has a low propensity for lymph node metastases (incidence 
2–11%) [129, 130, 134, 143, 161, 162], a low rate of local 
recurrence (4–7%) [127, 129–131] and distant metastasis, 
and a high overall survival rate [130, 143, 156, 161]. The 
5-year disease-free survival rate is generally more than 90% 
[129, 156, 161, 163] and the 10-year overall survival rate is 
comparable to that of the age-matched general population 
[131, 156, 163]. Due to its excellent prognosis, it is critical to 
differentiate tubular carcinoma from well-differentiated IBC 
NST. As mentioned previously, on a core biopsy, depending 
on the size of the tumor, it may be more appropriate to diag-
nose the tumor as “IBC with tubular features” and defer the 
final classification to the excision specimen.

The mainstay of treatment for tubular carcinoma is surgi-
cal excision. Due to the extremely favorable prognosis of 
tubular carcinomas, the impact of endocrine and radiation 
therapy have been questioned. Current NCCN guidelines 
state endocrine therapy should be considered but is not 
clearly recommended for tubular carcinomas less than 3 cm 
in size and/or in node-negative cases. In patients with macro-
metastasis in one or more axillary lymph nodes, endocrine 
therapy is recommended with the option of adjuvant chemo-
therapy [164]. Neoadjuvant chemotherapy is largely not con-
sidered in the treatment of tubular carcinoma [162]. Radiation 
therapy was found to be a favorable prognostic factor for 
overall survival in tubular carcinoma patients in a National 
Cancer Database study [165] while a SEER database study 
found that radiotherapy improved survival outcomes in 
patients aged <50 years [166].

While sentinel lymph node biopsy (SLNB) is a fairly 
standard indication in invasive carcinomas, some studies 
have questioned its routine use in tubular carcinomas. Few 
retrospective studies have reported a higher rate of lymph 
node involvement, mostly because of varying criteria used 
for this diagnosis [127, 130, 143, 162, 167]. Studies that 
examined lymph node involvement in “pure” tubular carci-
noma, defined as >90% tubule formation with low-grade 
 histology, found 4.6–6.2% cases with lymph node metasta-
sis, including cases with isolated tumor cells [134, 167, 168]. 
A study by Lea et al. reported 13 patients with lymph node 
involvement (7 macrometastasis, 5 micrometastasis, and 1 
with isolated tumor cells) in their series of 146 “pure” tubu-

lar carcinomas (defined as tumors with ≥90% tubule forma-
tion). However, in their series, three patients had grade 2 
histology and six patients were not graded. Therefore nine 
cases did not fulfill the criteria for pure tubular histology. In 
addition, 28 patients in their study did not undergo any axil-
lary lymph node sampling [169]. In a large multi- institutional 
study by Dejode and colleagues of 234 patients with pure 
tubular carcinoma, 6 patients (2.5%) had macrometastasis, 
15 (6.4%) micrometastasis, and 2 (0.8%) isolated tumor 
cells. They also reported an overall low rate of non-sentinel 
lymph node involvement, found only in 3 (1.2%) patients, all 
of whom had macrometastasis in their sentinel lymph nodes. 
None of the patients with micrometastasis or isolated tumor 
cells had metastasis in non-sentinel lymph node on comple-
tion of axillary dissection [170].

Fedko and colleagues reported 5 (5.4%) cases with lymph 
node metastasis and 2 with isolated tumor cells in a study of 
105 patients with tubular carcinoma. In their study, the tumor 
ranged from 0.9 to 1.5 cm in node-positive patients. Despite 
two node-positive patients with tumors less than 1 cm in size, 
the authors proposed forgoing axillary staging in patients 
with tumors measuring less than 1.8 cm [134]. Additionally 
in the study by Dejode et al., after multivariate analysis, the 
only parameter significantly linked to lymph node involve-
ment was pathologic tumor size of greater than 10  mm 
(p = 0.007). Of the 122 patients with a pathologic tumor size 
less than 10 mm, none had macrometastasis, 4 had microme-
tastasis, and 1 had isolated tumor cells to the sentinel lymph 
node. They suggested that SLNB could be omitted in patients 
with tumors less than 10 mm in size, and further postulated 
that even those patients with metastasis in the sentinel lymph 
node might not require completion of axillary lymph node 
dissection [170].

Interestingly, the rate of lymph node involvement in pure 
tubular carcinoma is comparable to the accepted overall 
false-negative rate of 5–9.8% reported for sentinel lymph 
node metastases [171–173]. Long-term data from the pro-
spective National Surgical Adjuvant Breast and Bowel 
Project (NSABP) B04 trial reported no difference in disease- 
free survival, relapse-free survival, distant disease-free sur-
vival, or overall survival in clinically node-negative women 
who were randomized to receive radical mastectomy, total 
mastectomy without axillary dissection but with postopera-
tive radiation, or total mastectomy plus axillary dissection, if 
their nodes became clinically positive on follow-up [174]. 
Additionally, univariate analysis using data from the NSABP 
B06 trial revealed that when comparing node-negative 
patients (n = 1090) to node-positive patients (n = 651), those 
with tumors of favorable histology (including 120 with tubu-
lar carcinoma) experienced a significantly greater overall 
survival at 10 years compared to those without. On multi-
variate analysis, favorable histology proved to be an inde-
pendent predictor of survival in node-negative patients [175].
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 Invasive Cribriform Carcinoma

 Overview

Invasive cribriform carcinoma (ICC) is an uncommon mor-
phologic variant of invasive carcinoma comprising less than 
1% of all IBC [176, 177]. Page et al. first characterized this 
entity in 1983 as a well-differentiated carcinoma that often 
has a tubular component and is associated with a favorable 
prognosis [176]. The median age is 61 with a wide age range 
reported (7–91  years) [176, 178–181]. Multifocality has 
been found in 13.7–20% of cases [176, 180].

 Gross and Radiologic Features

The imaging findings of most ICC are similar to other IBC- 
NST.  ICC appears as an irregular high-density spiculated 
mass with or without associated calcifications on mammo-
gram [179, 181]. One study reported four of eight cases to be 
mammographically occult [179]. Common features of ICC 
on ultrasound are irregular shape, hypoechogenicity, and no 
posterior acoustic shadow [179, 181, 182]. On MRI, most 
ICC present as an irregularly shaped enhancing mass.

Grossly, ICC appears similar to other mass-forming IBC- 
NST. The average tumor size ranges from 1.7 to 3.1 cm [176, 
178–180].

 Microscopic Features

ICC shows a sieve-like pattern or fenestrated appearance in 
which individual glands are angular or irregular (Fig. 10.67). 
The cribriform nests may have a round or irregular contour 

(Fig. 10.68). The neoplastic glands infiltrate between ducts 
and lobules of normal breast without disturbing their archi-
tecture (Fig. 10.69). The lumens may contain bluish muci-
nous secretions with or without associated microcalcifications 
[183] (Fig. 10.70). The tumor cells are small with eosino-
philic to amphophilic cytoplasm, low-to-intermediate 
nuclear grade, finely dispersed chromatin, indistinct nucle-
oli, and infrequent mitoses (Fig. 10.71). The stroma usually 
shows a desmoplastic response, sometimes associated with 
inflammatory infiltrates or osteoclastic-like giant cells [160, 
184] (Fig.  10.72). It is not uncommon to find neoplastic 
tubules intermixed with cribriform nests as well as promi-
nent apical snouts in the cribriform nests. In the majority of 
cases, associated DCIS is seen, usually of cribriform type. 
ICCs are histologic grade-1 tumors.

Fig. 10.67 Invasive cribriform carcinoma with sieve-like pattern 
apparent on scanning view

a b

Fig. 10.68 Invasive cribriform carcinoma. (a) Individual tumor nests with round-to-oval contour and (b) a different case showing tumor nests 
with irregular and angulated contour
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Fig. 10.69 Invasive cribriform carcinoma infiltrates between the normal glandular breast elements (arrow), (a) low power and (b) high power

Fig. 10.70 Invasive cribriform carcinoma with basophilic luminal 
secretions and associated microcalcifications which can superficially 
resemble adenoid cystic carcinoma

a b

Fig. 10.71 Invasive cribriform carcinoma lined by monotonous low-grade cells with apical snouts and uniform nuclei with fine chromatin (a, b)

Fig. 10.72 Invasive cribriform carcinoma associated with a marked 
desmoplastic stromal reaction
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WHO defines pure ICC as tumors showing greater than 
90% cribriform architecture. Page et al. originally classified 
ICC as “classical” or “mixed.” Classical ICC was defined as 
tumors showing at least a 50% cribriform component with 
the remaining component showing a tubular pattern 
(Fig. 10.73). Mixed ICC was defined as tumors with at least 
a 50% cribriform component with any admixed component 
being non-tubular [176]. ICC should be distinguished from 
IBC-NST that shows a cribriform pattern but has aggressive 
characteristics such as high-grade nuclei, increased mitotic 
activity, or necrosis (Fig. 10.74). These should not be identi-
fied as ICC as they are not associated with the favorable 
prognosis of these tumors.

 Differential Diagnosis

The most common differential diagnosis of ICC is cribriform 
DCIS. Other rare entities such as adenoid cystic carcinoma 
(AdCC), invasive mammary carcinoma with osteoclast-like 
giant cells, and collagenous spherulosis may superficially 
resemble ICC.

 Cribriform DCIS
ICC and cribriform DCIS can be mistaken for one another, 
particularly in a CNB. Cribriform DCIS is often found within 
ICC, and they must be distinguished from one another in 
order to obtain an accurate measurement of the invasive 

a b

Fig. 10.73 Invasive cribriform carcinoma admixed with tubular carcinoma (a) low power and (b) high power

a b

Fig. 10.74 Invasive breast carcinoma NST shows invasive cribriform growth pattern (a, b)
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component for appropriate tumor staging. Cribriform DCIS 
has smooth round contours as opposed to the angular or 
irregular contours seen in ICC (Fig. 10.75). Also, cribriform 
DCIS does not distort the normal breast architecture or 
induce a desmoplastic reaction. In difficult cases, particu-
larly in core biopsies, immunostains for myoepithelial cells 
can be invaluable in differentiating the two components 
(Fig. 10.76).

 Adenoid Cystic Carcinoma (AdCC)
Low-grade AdCC can exhibit cribriform architecture 
resembling ICC (Fig. 10.77). The dual epithelial–myoepi-
thelial cell population and intraluminal basement mem-
brane material present in AdCC are distinguishing 
features, although ICC can also show intraluminal secre- Fig. 10.75 Cribriform DCIS with round contour and normal breast 

stroma between the nests

a b

Fig. 10.76 An invasive cribriform carcinoma consisting of cribriform nests with round and irregular contours making it difficult to assess the 
extent of in situ versus invasive carcinoma, (a) H&E stain and (b) p63 helps to delineate the in situ and invasive components

a b

Fig. 10.77 Low-grade adenoid cystic carcinoma of the breast. (a) Low power and (b) high power shows accumulated basement membrane mate-
rial (left) and the presence of intercalated ducts (right)
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tions resembling the basement membrane material of 
AdCC. Immunostains are key as AdCC and ICC show dif-
ferent patterns of expression. One of the most useful 
stains is ER as AdCC is typically ER negative, whereas 
ICC expresses ER diffusely in virtually all cases. In addi-
tion, AdCC shows p63 expression by its neoplastic myo-
epithelial component and membranous and cytoplasmic 
CD117 (c-KIT) staining by its epithelial component while 
ICC is negative for myoepithelial markers [185] (see 
Chap. 12 for further discussion of AdCC).

 Collagenous Spherulosis
Collagenous spherulosis can be associated with calcifica-
tions and hence be the target of CNB (Fig. 10.78). The hall-
mark of collagenous spherulosis is the presence of 
amorphous, acellular, dense eosinophilic spherules com-

posed of basement membrane material analogous to the 
spherules seen in AdCC. Degenerative changes in the spher-
ules may result in empty spaces or a basophilic appearance 
that can be mistaken for secretions (Fig. 10.79). The ductal 
cells have a smooth, round appearance with bland cytology. 
Myoepithelial cells typically surround the spherules and are 
also present at the periphery of the ductules. Myoepithelial 
markers such as p63 and SMM demonstrate different pat-
terns of staining in AdCC and collagenous spherulosis, help-
ing to distinguish between the two.

 Invasive Mammary Carcinoma with Osteoclast- 
Like Giant Cells
This is a rare type of IBC in which the invasive component 
may exhibit well, moderate-to-poor differentiation with 
associated cribriform growth pattern or less commonly non- 
cribriform patterns such as lobular, mucinous, papillary, 
squamous, or apocrine carcinomas (Fig. 10.80). Distinctive 
features of this entity include the grossly red–brown appear-
ance of the tumor which microscopically represents numer-
ous red blood cells and hemosiderin-laden macrophages in 
tumoral stroma, as well as the juxtaposition of numerous 
osteoclast-like giant cells of histiocytic origin and neoplastic 
glands. These tumors should be classified and graded accord-
ing to the morphologic pattern and differentiation.

 Immunohistochemistry

ICC is usually HR positive and HER2 negative (Fig. 10.81). 
Almost all cases are ER positive, and 70–90% are PR posi-
tive [178, 180, 181]. The proliferation rate is usually low 
(<14%) [180].

Fig. 10.78 Collagenous spherulosis with associated calcifications. 
Note the bluish appearing degenerated basement membrane material 
within the glandular lumens

a b

Fig. 10.79 Extensive collagenous spherulosis involved by LCIS. (a) Low-power view shows a sieve-like appearance resembling a cribriform 
growth pattern. (b) High-power view shows bluish basement membrane material
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a b

Fig. 10.80 Invasive mammary carcinoma with numerous red blood cells and osteoclast-like giant cells (arrow): (a) low power and (b) high power

a b c

Fig. 10.81 Invasive cribriform carcinoma, (a) H&E stain, (b) strong and diffuse ER staining, and (c) Ki-67 shows low (<10%) proliferation index 
in tumor cells

 Prognosis

Invasive cribriform carcinoma is associated with an excellent 
prognosis. The largest case series include the study by Page 
et al. where 51 cases were divided into classical and mixed 
types as defined above and Venable et al. with 62 cases of 
“pure” ICC, where essentially the entire tumor exhibited a 
cribriform pattern, and “mixed” ICC, where tumors dis-
played cribriform architecture mixed with tubular, papillary, 
ductal, or lobular patterns [176, 178].

With an average follow-up of 14.5 years, only one patient 
with classical ICC in Page’s study died, but from contralat-
eral breast squamous cell carcinoma [176]. Venable et  al. 
found a 100% 5-year survival rate in those with tumors with 

≥50% cribriform pattern [178]. A more recent SEER study 
found a 90% 5-year survival rate for ICC [177]. Axillary 
lymph node metastasis in ICC has been reported to range 
from 14% to 25% [176–178, 180, 181]. ICC is less likely to 
involve more than three lymph nodes compared to tumors 
with a smaller (<50%) cribriform component [178]. 
Interestingly, nodal metastasis from pure ICC maintains a 
cribriform pattern, whereas metastasis from mixed tumors 
are more likely to exhibit a non-cribriform component [176, 
178]. One case of distant metastasis with ICC has been 
reported in a patient with untreated tumor for 13 years that 
eventually ulcerated through the skin. This patient was still 
alive 7 years after presenting with metastatic disease, dem-
onstrating the indolent nature of this tumor [186].
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