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Abstract

Purpose of Review Ductal carcinoma in situ (DCIS) of the breast is a heterogenous intraductal disease that exists within
a spectrum of intraepithelial abnormalities ranging from atypia to invasive carcinoma. The vast majority of DCIS is diag-
nosed in asymptomatic women on screening mammography as suspicious calcifications, but can less commonly present as
a palpable mass, suspicious nipple discharge, or as suspicious enhancement in high-risk women being screened with MRI.
The distinction between atypia and low-grade DCIS is nuanced, and significant overlap in the imaging appearance of DCIS
coupled with interobserver variability in diagnosing DCIS on pathology emphasizes the importance of collaboration between
radiologist and pathologist when making a DCIS diagnosis. Under sampling or sampling error at core biopsy might lead to a
diagnosis of atypia instead of DCIS or DCIS instead of invasive carcinoma, which has important management implications.
Recent Findings Classification of DCIS continues to evolve as it relates to likelihood of recurrence; currently, nuclear grade,
presence or absence of necrosis, and margin status play key roles.

Summary While current treatment options for DCIS remain relatively aggressive and uniform for this non-lethal disease,
on-going clinical trials, newer prognostic indices, and incorporation of genomics, proteomics, and radiomics aim to assist
with optimizing DCIS management with the goal of decreasing overtreatment.

Keywords Ductal carcinoma in situ (DCIS) - High-risk lesions - Radiology - Pathology - Management

Introduction

Ductal carcinoma in situ (DCIS) is a heterogenous group of
intraductal proliferations that is traditionally described as a
Habib Rahbar is a senior author. non-obligate precursor to breast cancer (Image 1). Since the
advent of screening mammography, the once uncommon diag-
nosis now accounts for 20-25% of newly diagnosed breast can-
cer cases [1]. It was previously thought that approximately 40%
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of DCIS may not progress to invasive disease [2]. However,
a more recent study, utilizing two well-established modeling
groups, concluded that observational data alone is insufficient
to determine the natural history of DCIS. Their model suggests
that 36-99% of screen-detected DCIS will progress to invasive
disease for women 50 years and older [3e].

The initial term “carcinoma in situ” was further sub-
categorized into “ductal” or “lobular” phenotype both of
which arise from the terminal ductal lobular unit [4]. Lobu-
lar carcinoma in situ (LCIS) is classified as a non-cancerous
high-risk lesion while DCIS is clinically defined as a stage
0 cancer by the National Cancer Comprehension Network
(NCCN). However, DCIS lacks the ability to invade and
metastasize, which is one of the six essential traits described
by Hanahan and Weinberg as a “hallmark” of cancer [5].
This has led to continued controversy about DCIS and its
role in breast cancer overdiagnosis and treatment.

Epidemiology of DCIS

Risk factors for DCIS are similar to those for invasive breast
cancer, with age and female sex being paramount. The peak
incidence occurs between the ages of 65 and 69, with DCIS
being a relatively uncommon occurrence below the age of
30 [1]. There is increased risk for women with a family his-
tory of breast cancer and for women 50 years and older who
are nulliparous. Rates of DCIS are lower among Hispanic,
American Indian, and Alaska native women compared to
those of White and Black women [1].

Histologic Description

DCIS is characterized by an intraductal proliferation of atypical
cells that expands the ducts without invasion through the base-
ment membrane or into the surrounding stroma [6]. The varying
architectural patterns can be described as cribriform, micropapil-
lary, comedo, solid, or mixed, among others [6]. Traditional clas-
sification systems utilized architectural patterns to stratify DCIS
lesions. However, a significant amount of architectural heteroge-
neity exists, which limits histologic reproducibility and therefore
the utility of these classification systems. Newer classification sys-
tems prioritize nuclear grade, the presence or absence of necrosis,
and cell polarity, as histologic grade functions as a predictor of
biologic behavior, and ultimately impacts treatment options [7].
The Van Nuys classification system is commonly utilized due to
its simplicity. This classification system first defines a lesion as
high nuclear grade (group 3) or non-high nuclear grade. The non-
high-grade lesions are then further divided based on the presence
of necrosis (group 2) or absence of necrosis (group 1) [8].

The Committee of the Consensus Conference on the Classifi-
cation of DCIS did not endorse any single classification system

but did specify which features should be included in the pathology
report: nuclear grade, presence or absence of necrosis, polariza-
tion, and architectural patterns [9]. The Committee recommended
the following characteristic also be included: margins, size, pres-
ence or absence of microcalcifications, and correlation of speci-
men radiograph with tissue sample [9]. They defined three nuclear
grades—low (grade 1), intermediate (grade 2), and high (grade
3), emphasizing that lesions should be primarily stratified by this
feature [9]. Low-grade nuclei are defined as monomorphic with
finely dispersed chromatin, and occasional nucleoli and mitotic
features [9]. High-grade nuclei are defined as markedly pleomor-
phic with irregular chromatin distribution, obvious mitoses, and
multiple nucleoli [9]. Intermediate grade are any nuclei that do
not meet grade 1 or 3 criteria [9]. Substantial comedonecrosis is
usually present in high-grade DCIS; however, it is not a require-
ment [8]. The College of American Pathologists recognizes that
nuclear grade, the presence of necrosis, and distance from margins
are the most important factors in determining the likelihood of
recurrence, with low-grade DCIS on average representing a more
indolent disease than high-grade DCIS [1, 10e] (Image 2).

In our clinical practice, we prefer to assign grade based on the
nuclear features of the neoplastic population. While low-grade
DCIS is a borderline lesion on a spectrum with ADH, intermedi-
ate- and high-grade DCIS are distinct entities that are diagnosed
regardless of size or extent on core biopsy. It should also be
recognized that pathological characterization of the spectrum
of pathologies from ADH to DCIS to invasive cancer is prone
to sampling error, interobserver variability, and poor reproduc-
ibility [11]. For example, it has been estimated that 50% of DCIS
lesions exhibit more than one nuclear grade [12] while another
15-20% will upgrade to invasive disease on surgical excision
[13]. Furthermore, Elmore et al. demonstrated that concordance
rates among pathologists are significantly lower for biopsy spec-
imens consisting of DCIS (84%) or atypia (48%) than invasive
cancers (96%) [13]. This variability highlights the importance
of radiology-pathology concordance for this entity. For example,
imaging findings that are very highly suspicious for DCIS, such
as segmentally distributed fine-linear calcifications, would not
be concordant with pathological findings of benign or high-risk
pathology (e.g., atypical ductal hyperplasia), and would likely
represent undersampling of the target. Similarly, an irregular-
shaped mass with spiculated margins is unlikely to represent
pure DCIS without invasion. In both cases, additional sampling
would be imperative to ensure appropriate pathological assess-
ment prior to finalization of management.

Mammographic Features

Mammography is the primary tool for detecting DCIS, as its
most common presentation is microcalcifications. In approxi-
mately 10% of cases, DCIS can manifest as a non-calcified
mass or asymmetry [8]. The detection of DCIS requires
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understanding of the anatomy of the terminal ductal lobular
unit (TDLU), which is further described in chapter 1. The
specific morphologic descriptors (as defined by the Breast
Imaging-Reporting and Data Systems [BI-RADS] Atlas)
of calcifications associated with DCIS, listed in increasing
order of suspicion, include coarse heterogenous, amorphous,
fine-pleomorphic, and fine-linear/fine-linear branching with
a positive predictive value (PPV) of 70% for the latter [14].
The distribution of calcifications is equally as important with
linear and segmental patterns classified as suspicious distri-
butions. Spot magnification views are a necessity to char-
acterize calcification morphology, distribution, and extent.
Specific BI-RADS morphologies of calcifications that are
commonly associated with DCIS are described in more detail
below:

Coarse heterogenous: irregular shape, and larger
(= 0.5 mm) than fine-pleomorphic with blunted ends.

Differential diagnosis: fibroadenoma, papilloma, fibro-
cystic change, DCIS (typically, low- to intermediate-
grade) (Image 3).

Amorphous calcification:
appearance.

Differential diagnosis: fibrocystic change, sclerosing
adenosis, columnar cell change, or DCIS (more com-
monly low-grade) (Image 4).

Fine-pleomorphic and fine-linear/fine-linear branch-
ing: irregular shape with sharp or pointy ends, smaller
(£0.5 mm) than coarse heterogeneous.

Differential diagnosis: fibrocystic change or DCIS
(more commonly high-grade) (Image 5).

Several non-BI-RADS terminologies have been reported
in the literature that have been used to describe calcifi-
cations that frequently reflect DCIS. These include both
“casting” and “crushed stone” features [1, 4], which have
also been reported to more frequently reflect higher grade
DCIS without comedonecrosis. More recently, Baker and
colleagues have proposed additional calcification mor-
phologies that may provide improved PPVs for DCIS over
current BI-RADS terminologies. Among these, “teardrop,”
“pill,” and “capsule” forms of calcifications were found
to have an PPV of 84.9% for malignancy, most frequently
(66.7%) DCIS [15]. It should be emphasized that suspicion
for malignancy should not be based on morphological fea-
tures alone. Even typically benign morphological features,
such as “round,” could reflect DCIS when paired with a
suspicious distribution, such as “linear” or “segmental.”

Finally, one in ten DCIS lesions present as a non-calcified
finding. Most commonly, this will include a mass or focal
asymmetry, often with relatively benign morphological fea-
tures. In such cases, DCIS presenting as masses and asym-
metries reflects a lower grade form. When architectural dis-
tortion is also noted with a DCIS lesion, it most commonly

“powdered sugar”
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reflects an associated pathology such as sclerosing adenosis
or a complex sclerosing lesion/radial scar [8].

Ultrasound Features

DCIS sensitivity on ultrasound is variable, ranging from 8 to
50% in the literature [16]. Ultrasound is typically most use-
ful to evaluate mammographic findings that are not pure cal-
cifications, although practice patterns differ, and some sites
will evaluate areas of pure calcifications to assess for possi-
ble invasive components and to facilitate ultrasound-guided
biopsy. The presence of a sonographically evident mass is not
pathognomonic for invasive disease since DCIS can present
as circumscribed or irregular masses on ultrasound (Image 6).
DCIS can present as an ill-defined region of echogenic foci and
dilated ducts, sometimes termed “heterogenous tissue” [17].
Another US imaging presentation of DCIS to be aware of is
a mass with complex echotexture, including anechoic spaces.
This type of lesion has been described as having a “pseu-
domicrocystic” appearance and is conjectured to be caused by
distention of the lobular portion of the TDLU by DCIS [17].
Rarely, DCIS may present as a cluster of microcysts; however,
in such cases, there should be associated vascularity as recent
data indicates that pure clustered microcysts are benign [18].
Overall, when DCIS is visible on ultrasound and occult on
mammography, it is more often lower grade [19, 20e].

MRI Features

MRI is useful in conjunction with other modalities in
evaluating extent of disease. It surpasses both mammog-
raphy and ultrasound in the ability to detect the presence
and extent of disease [8, 21, 22]. It is the most sensitive
imaging modality for detecting DCIS, particularly for high
nuclear grade subtypes [23, 24]. Gadolinium-based contrast
enhancement reflects increased vascularity unique or greater
than background parenchymal enhancement. Non-mass
enhancement (NME) is the most common MRI morphol-
ogy of DCIS (Image 7). One classic presentation of DCIS
is clumped NME, which represents enhancement of tumor
growing within the duct giving the appearance of a “string
of pearls” or “cobblestone” [25]. If DCIS involves larger
ducts or expands the involved ducts, circumferential ductal
enhancement becomes apparent and gives the appearance of
“clustered ring” enhancement [25]. The enhancement kinet-
ics of DCIS lesions at dynamic breast MRI vary and no
kinetic pattern is pathognomonic for DCIS or closely cor-
relates with a nuclear grade [7, 8]. Given the variability of
MRI enhancement kinetics, correlation of mammographic
calcifications and NME on MRI remains crucial.
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Related High-risk Lesions

The current theory of progression to invasive breast can-
cer is a multi-step transformation from normal cells to
invasive carcinoma, and within this progression lies the
heterogenous class of DCIS lesions. However, there is a
class of lesions that also typically present as calcifications
on mammography categorized as benign but high-risk.
The term “high-risk” indicates the possibility of under
sampling of co-existing malignancy at core biopsy (i.e.,
risk of upgrade to malignancy at surgical excision) and/
or association of that pathology with elevated future risk
of breast cancer. Several such high-risk lesions are com-
monly associated with DCIS, and are discussed in more
detail below:

Flat epithelial atypia (FEA) is defined as variably
dilated and enlarged acini that contain a flat, intraductal
epithelial proliferation comprised of atypical low-grade
(monomorphic) columnar-type cells (Image 8). FEA is
commonly associated with intraluminal calcifications
(Image 9). FEA is at times a controversial entity with var-
ying amounts of interobserver variability depending on
training, and is on a spectrum with columnar cell change
and columnar cell hyperplasia [26, 27]. A meta-analysis
found that the reported rate of upgrade from FEA on
biopsy to carcinoma at the time of excision ranges from
13 to 67% [28], although the recent international consen-
sus conference on breast lesions of uncertain malignant
potential reported 19.8% [22]. FEA is commonly present
in association with ADH, low-grade DCIS, lobular neo-
plasia, invasive tubular carcinoma or lobular carcinoma,
and it is thought that this upgrade to carcinoma is likely
a progression of the associated proliferative component
(ADH, DCIS, etc.) rather than from the FEA itself [29].
Management for FEA is evolving and requires individual-
ized radiologic correlation [30].

Atypical ductal hyperplasia (ADH) is defined as a focal
intraductal proliferation of low-grade (monomorphic)
atypical epithelium with complex architecture of varying
patterns (Image 10). ADH raises consideration of low-
grade DCIS but falls short in extent (size) or diagnostic
features of DCIS on core biopsy. This is a controversial
diagnostic entity with both variation in interpretation and
practice [31]. In these borderline lesions, low-grade DCIS
interpreted at one institution may be interpreted as ADH
at another. Often both interpretations are reasonable and
the end treatment is the same: excision. Therefore, many
expert breast pathologists interpret such cases as ADH so
as not to over diagnose cancer at the time of biopsy. The
rate of upgrade at excision is 27.6% [22].

In situ lobular neoplasia is a group of high-risk lesions
that include both atypical lobular hyperplasia (ALH) and

lobular carcinoma in situ (LCIS). These intraepithelial pro-
liferations have a lobular phenotype, which is character-
ized by a somewhat discohesive appearance, intracytoplas-
mic vacuoles, and loss of E-Cadherin immunoreactivity.
The distinction between ALH and LCIS is controversial,
with high intra and interobserver variability, and is based
on extent of involvement and distension of the TDLU.
Within a TDLU, ALH is considered to fill but not distend
(subjective) less than 50% of acini while LCIS distends
at least 50% of the acini (Image 11). LCIS is divided into
two main categories, classical and pleomorphic; however,
emerging studies suggest that other clinically relevant
variants such as “florid” may exist with unique prognostic
profiles. Regarding indications for excisional biopsy, if
on core needle biopsy there are >4 terminal duct lobular
units (TDLUs) involved by lobular neoplasia, excisional
biopsy is recommended [8] (Image 12). In addition, there
is consensus that surgical excision (often to clear margins)
is warranted when the lobular neoplasm is pleomorphic
[21] or associated with a mass on imaging. A recent meta-
analysis by Shehata et al. calculated a 5.8% upgrade rate
for LCIS in the setting of radiology-pathology concord-
ance, which led the authors to propose imaging follow-up
as an appropriate alternative to surgical excision [20e].

Complex sclerosing lesion and radial scars are lesions
defined by a central area of sclerosis with variably complex
epithelial components radiating outwards, sometimes cre-
ating a “dark star” appearance on mammography (Image
13). When larger than 1.0 cm, these lesions were historically
referred to as complex sclerosing lesions; however, this dis-
tinction is generally no longer in use and the terms are used
interchangeably. The radial scar/complex sclerosing lesion
may be involved by epithelial proliferations ranging from
usual ductal hyperplasia to sclerosing adenosis to cysts. Fur-
thermore, involvement of the radial scar by atypical epithe-
lial proliferations, carcinoma in situ, or invasive carcinoma
can be focal and patchy and therefore not detectable until
the time of excision. Diagnosing radial scar on biopsy is
challenging due to the limited sampling, which may result in
features that overlap with fibrocystic change or raise concern
for invasive carcinoma. In particular, the central sclerosis
of radial scars can lead to entrapped, angulated glands with
loss of a myoepithelial layer, which may lead to overdiag-
nosis. Biopsy methods that allow for collection of greater
tissue may aid in proper diagnosis of these lesions [32]. The
rate of upgrade at excision is variable and is dependent on
needle size, number of samples, and pathologist experience
(Image 14).

Papillary lesions are defined by fibrovascular cores lined
by myoepithelium and overlying ductal epithelium [33]
(Image 15). The degree to which the epithelium is prolif-
erative and/or atypical guides the pathologist in rendering
a diagnosis. The term “papillary lesion” encompasses a
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diverse group of lesions (Images 16, 17). The intraductal
papilloma is a proliferation of epithelium arranged along
fibrovascular cores confined by a basement membrane. If on
biopsy the epithelial lining has atypical cytomorphology, it
raises consideration of a more worrisome process such as
ADH involving a papilloma, DCIS involving a papilloma,
papillary DCIS, or a form of papillary carcinoma (encapsu-
lated or invasive). Distinguishing between these entities in
the biopsy setting can be challenging and is best deferred
to the time of excision. For papillary lesions diagnosed on
biopsy, the rate of upgrade at excision is variable and based
on associated atypia.

Implications for Management

DCIS is generally a screen-detected entity that constitutes
the earliest form of breast cancer diagnosis that a patient can
receive; however, it is a challenging pathology to character-
ize and is fraught with treatment challenges. The overarch-
ing goal of DCIS treatment is to prevent its progression to
invasive disease and decrease likelihood of an ipsilateral
breast tumor recurrence (IBTR). Currently, the vast major-
ity of women diagnosed with DCIS undergo some form of
surgical resection, typically to achieve disease-free margins
of at least 2 mm. Surgery may be either mastectomy or wide
local excision (WLE, also known as lumpectomy or partial
mastectomy). When WLE is performed as part of a breast
conservation treatment approach, radiation therapy and/
or endocrine therapy is very often recommended. Overall,
survival is excellent for DCIS; however, the rates of local
recurrence vary widely between different treatments [34].
Although DCIS represents a wide spectrum of biology
and prognosis, current treatment is fairly homogeneous
and aggressive. Active surveillance in lieu of surgery
is very rare outside of clinical trials (e.g., Comparison
of Operative versus Monitoring and Endocrine Therapy
[COMET] trial) [35], and radiation therapy is recom-
mended for approximately 75% of women treated with
WLE. This is because it has been shown by the Early
Breast Cancer Trialists’ Collaborative Group meta-anal-
ysis of 4 randomized trials that radiation therapy after
WLE reduces recurrence risk by approximately 50% (34).
Endocrine therapy has also been shown to reduce the risk
of both ipsilateral and contralateral breast events [34].
Nevertheless, neither adjuvant radiation therapy or endo-
crine therapy reduced overall mortality or improved sur-
vival (34). Several clinical models, including the Memo-
rial Sloan Kettering Nomogram [36] and the Van Nuys
Prognostic Index [37], combine clinical and pathological
features to assist clinicians with adjuvant therapy deci-
sion-making. However, neither has to date been accepted
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widely, and it is widely recognized that the high rates of
radiation therapy in the setting of DCIS likely constitutes
overtreatment due to an imperfect means to stratify risk.

Newer technologies, such as Oncotype DX DCIS Score
(Exact Sciences, Madison, WI) and DCISionRT (PreludeDx
Laguna Hills, CA), utilize genomic information to help cal-
culate the 10-year risk of local recurrence in a select group
of patients to help guide treatment options [38, 39]. How-
ever, neither are in broad use due to cost and a lack of pro-
spective validation in clinical trials. Risk stratification of
DCIS through quantitative and radiomic MRI features also
has demonstrated promise, but to date remains exploratory
[40-43]. As a result, DCIS remains a heterogeneous dis-
ease with an elusive natural history. Continued research on
genomic, pathomic, proteomic, and radiomic features that
can further refine individual DCIS lesions’ risk is critical to
improving its biological evaluation and tailoring treatment
to risk.

Conclusion

DCIS and related high-risk pathology remain a diagnostic
challenge from a radiologic, histologic, and clinical per-
spective. This disease process is most frequently diagnosed
by imaging in the form of calcifications and/or non-mass
enhancement, which can have significant overlap with
benign entities. Interobserver variability of pathological
assessment for DCIS can be high due to inherent hetero-
geneity of DCIS lesions, close relationship of low-grade
forms with ADH, and sampling error due to image-guided
approaches. Adequate tissue sampling remains paramount to
provide information at the cellular level for the pathologist
to interpret. Collaboration between radiology and pathology
to determine concordance remains critical for appropriate
management. Radiologists facing non-malignant pathologic
assessment for lesions that are deemed to be highly sus-
picious for DCIS should recommend additional sampling,
either by repeat core biopsy or surgical excision, to minimize
the risk of a delayed cancer diagnosis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12609-021-00439-7.
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