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Abstract
Purpose of Review Mammographic screening and radiological surveillance for local management has led to an exponential
increase in diagnosis of ductal carcinoma in situ (DCIS) with limited impact on breast cancer specific mortality. Since definitive
diagnosis of DCIS requires histopathological examination increase in radiological surveillance has resulted in significant increase
in breast biopsies. Pathological characteristics of DCIS include grade, necrosis, size, anatomy, margins of excision, estrogen, and
progesterone receptor status, and these features are useful for both prognostication and prediction.
Recent Findings Differential diagnosis of DCIS extends from atypical ductal hyperplasia to micro-invasive carcinoma and
increasingly pathologists recognize intraductal lesions at the borderline between atypical ductal hyperplasia and ductal carcinoma
in situ. Clinicopathological characteristics of DCIS continue to be significant in prospective trials and have been integrated with
predictive molecular tools.
Summary Since most cases of DCIS do not progress to invasive cancer multiple tools which include clinicopathologic and
molecular signatures are in the process of development and validation for personalizing treatment strategies for patients. Ongoing
clinical trials are testing whether DCIS with favorable clinicopathologic characteristics may avoid loco-regional therapy which
typically includes breast conserving surgery and radiotherapy.
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Introduction

Ductal carcinoma in situ (DCIS) is defined as a neoplastic
proliferation of epithelial cells confined to the mammary
ductal-lobular system and is characterized by subtle to marked
cytological atypia and an inherent but not necessarily obligate
tendency for progression to invasive breast cancer [1]. DCIS
simply means that the neoplastic proliferation of ductal cells is
confined within the normal ductal-lobular anatomy of the
breast, and the neoplastic process does not have metastatic
potential. Rare incidence of metastatic disease and breast
cancer-specific mortality reported with a diagnosis of DCIS
is most likely due to a missed diagnosis of invasive carcinoma
due to inadequate sampling or erroneous diagnosis [2].

Routine mammographic screening has increased the incidence
of DCIS from 2–3% to 20–25% in the USA [3]. The
American Cancer Society estimates of 62,930 cases of DCIS
will be diagnosed in 2019 [4]. The natural history of DCIS
was partly illustrated in a series in which the diagnosis of
DCIS was missed on biopsy. Invasive carcinoma developed
in the region with DCIS, suggesting that DCIS is a precursor
lesion [5, 6]. It has been reported that < 1% patients with DCIS
may progress to invasive carcinoma [7], and increased surveil-
lance has had limited, if any impact on breast cancer-specific
mortality. Observational studies and experimental approaches
suggest that low grade DCIS progresses to well to moderately
differentiated carcinoma and high grade DCIS progresses to
poorly differentiated carcinoma [8].

In the modern era, the standard of care for DCIS includes
loco-regional therapy in the form of breast conserving surgery
(BCS) and radiation therapy (RT) followed by systemic anti-
estrogen therapy for hormone receptor positive disease [9,
10–15].Evidence-based guidelines recommend sentinel
lymph node assessment only in patients with DCIS undergo-
ing mastectomy as pathological examination may reveal an
invasive carcinoma and mastectomy precludes subsequent

This article is part of the Topical Collection on Non-Invasive Breast
Cancer Diagnosis and Treatment

* Baljit Singh
Bsingh3@wphospital.org

1 Pathology and Laboratory Medicine, White Plains Hospital, 41 E
Post Road, White Plains, NY 10601, USA

https://doi.org/10.1007/s12609-020-00359-y

Published online: 20 February 2020

Current Breast Cancer Reports (2020) 12:107–117

http://crossmark.crossref.org/dialog/?doi=10.1007/s12609-020-00359-y&domain=pdf
mailto:Bsingh3@wphospital.org


sentinel lymph node mapping [16]. Pathological examination
of sentinel lymph nodes shows that if tumor cells are present
they are commonly isolated tumor cells or micrometastases
although macrometastases can be rarely seen. A meta-
analysis showed that most but not all of these cases have an
invasive carcinoma [17]. Pathologists should be aware that
biopsy procedures can rarely “displace” normal epithelial cells
into the sentinel lymph nodes [18].

Clinical Presentation

The overwhelmingmajority of cases with DCIS (80–85%) are
detected by radiographic screening. DCISmay clinically pres-
ent as unilateral nipple discharge, palpable mass, and erosion
of the nipple (Paget disease of the nipple). The most common
mammographic correlate of DCIS on mammography is calci-
fications. The size of DCIS on pathological examination may
not correlate with span of calcifications seen on mammogra-
phy [19]. Non-mass enhancement with delayed peak enhance-
ment on MRI screening may correlate with DCIS. Bilateral,
synchronous breast cancer is noted in less than 10% patients
with half the cases being DCIS. Metachronous contralateral
DCIS is more common [20].

Tissue Diagnosis

A definitive diagnosis of the lesions detected by imaging is
achieved by pathological examination of breast tissue. In most
cases, the foci of calcifications, architectural distortion, or
non-mass enhancement can be targeted by image guided core
biopsy. Stereotactic vacuum-assisted biopsies use mammo-
graphic imaging to target the abnormality, and MRI guidance
is used to perform vacuum-assisted biopsy of lesions seen
only on MRI scans. 3-D stereotactic vacuum-assisted core
biopsy uses 3-D mammography for targeting. Rarely, the ra-
diographic lesion is not amenable to core biopsies, and an
open excisional biopsy is necessary to make a diagnosis.

If calcifications are targeted by the core biopsy, the core
biopsy specimen should be radiographed to ascertain that the
calcifications are present in the core and were adequately sam-
pled. Core biopsies should be submitted entirely for routine
histological processing and multiple levels examined (Fig. 1).
Histological processing and microscopic examination take 1–
2 days, as a definitive diagnosis of DCIS may require diag-
nostic immunohistochemical stains. Frozen sections of core
biopsies are inappropriate and can lead to loss of diagnostic
tissue. Histopathological examination of breast core biopsies
can be challenging, and many lesions can mimic DCIS or
invasive carcinoma. Definitive excision following an initial
core biopsy diagnosis of DCISmay reveal invasive carcinoma
in 15–27% cases [21]. For consistent quality of pathological

diagnoses, it is good practice for more than one pathologist to
review breast biopsies with a malignant or atypical diagnosis.
This is especially useful in pathology departments that do not
have a sub-specialized team of breast pathologists.

Fine needle aspiration (FNA), especially with image guid-
ance, is a very useful technique but should be used judiciously
for breast lesions. If the specimen contains neoplastic cells, the
distinction between DCIS and invasive carcinoma cannot be
made with certainty [22]; thus, FNA is not recommended for
t i ssue diagnosis of mammographica l ly detec ted
microcalcifications [23]. FNA samples of DCIS may be less
cellular and contain an admixture of neoplastic and benign
epithelial cells. If a patient presents with nipple discharge,
cytology of the nipple discharge fluid can be informative [24].

Open excisional biopsies are indicated when the lesion
cannot be adequately sampled with image guidance. The le-
sion is usually localized prior to excision; the specimen should
be handled as per American Society of Oncology/College of
American Pathologists (ASCO/CAP) guidelines and oriented
by the surgeon [25]. Specimens should be routinely X-rayed
to ascertain that the lesion was excised and the entire specimen
is best submitted for microscopic examination.

Gross Pathology

Historically the term “comedo” was first used to describe
gross characteristics of breast tissue by Bloodgood in 1934
when he reported a case in which he assisted Dr. Halstead.
“The moment we cut into [the mass] and pressed on it, there
extruded from its surface many grayish white, granular cylin-
ders, which I called at the time comedos [26].” It has been
reported DCIS may form a radiographic mass in 10–40%
cases [27]. The mass might be pre-existing due to underlying

Fig. 1 A cylindrical piece of tissue from a vacuum-assisted core biopsy
with ductal carcinoma in situ, high grade, comedo type with
microcalcifications (2x)
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fibrocystic change or may due to desmoplastic response to
DCIS. In current practice, most cases with DCIS are detected
by screening, and there is no gross correlate of DCIS in exci-
sional biopsies. Typically gross examination of excision spec-
imens with a prior core biopsy diagnosis of DCIS shows a
healing biopsy site and fibrocystic change in the specimen.

Anatomy of DCIS

DCIS may be a contiguous process involving the ductal sys-
tem, or there may discontiguous foci of DCIS involving dif-
ferent parts of the ductal system. Radiologic-pathologic stud-
ies have shown that most cases of DCIS are confined to a
single segment of the ductal system; however, skipped areas
can occur [19]. The anatomy of the excised specimen is also
distorted spatially, as the spherical piece of excised tissue from
a (pendulous) breast appears like a pancake ex vivo. The ex-
cision specimen is sampled in approximately 2-cm2 pieces of
tissue, which are processed and embedded in paraffin blocks.
Since DCIS is diagnosed microscopically, the anatomy of
DCIS must be ascertained by following careful grossing pro-
tocols and correlating gross examination with microscopic
findings. This process is challenging because glass slides yield
a two-dimensional picture, and DCIS is a complex three-
dimensional process involving the ductal system.

Multifocality is commonly defined as discontiguous foci of
DCIS confined to one quadrant of the breast. In the definitive
NSABP B17 trial, multifocality was defined as “DCIS in two
or more different blocks,” and 60.8% cases in this trial were
categorized as multifocal [12]. This definition has beenwidely
used in the literature. Multicentricity has many definitions and
refers to DCIS in multiple quadrants and thereby can be
assessed only in mastectomy specimens and cannot be
assessed in lumpectomy specimens [28]. The incidence of
multicentricity may range from 0 to 75% depending on vary-
ing definitions, sampling protocols, and radiological screening
methods. Hardman et al. reported multicentricity in 27% of
cases [28]. With the increase in MRI screening, the incidence
of multicentricity has increased [29]. Rauch et al. recently
reported a series of 1657 patients with pure DCIS and defined
multifocality as two or more foci of disease in the same breast
quadrant within 5 cm of one another and multicentricity as
DCIS in multiple breast quadrants or disease foci separated
by more than 5 cm [30•]. In a multivariate analysis of this
study, younger women with dense breast tissue were associ-
ated with multicentricity (p < 0.0004) and are more likely to
undergo mastectomy (p < 0.0001).

As such, ascertaining the “size” of DCIS is inherently an
inexact exercise; however, the span of DCIS in the excision
specimen can be ascertained by careful mapping. The extent
of DCIS is also reflected in the number of slides with DCIS
and total number of slides from the specimen.

Protocols for Gross Pathology Evaluation

Intraoperative radiographic assessment of resection speci-
mens is useful to evaluate adequacy of resection and re-
lation of lesion/calcifications to the resection margin
[31•]. The images are ideally reviewed by the multidisci-
plinary team, including surgeons, radiologists, and pathol-
ogists. Surgeons typically orient the specimen with two
sutures, and the six aspects (medial, lateral, anterior, pos-
terior, superior, inferior) of the specimen are inked with
different colors. The ink can travel into normal crevices in
breast tissue. This can make interpretation of inked mar-
gins difficult, and so this process may not identify mar-
gins correctly in a significant number of cases [32]. Shave
margins are more accurate since the orientation is per-
formed by the surgeon at the time of excision, and the
true margin can be marked with one suture and inked
accurately [33•]. Excision specimens with a prior diagno-
sis or radiographic suspicion of DCIS without a grossly
identifiable lesion must be sampled more thoroughly than
those with a well-defined invasive carcinoma. Sequential
sampling of excision specimen allows for easy calculation
of the span of DCIS and is recommended by CAP for all
excision specimens with a prior diagnosis of DCIS [4].
Nonsequential sampling is inexact and may under or over-
estimate the extent of DCIS. The inked margins either
from the excision or shaved specimens are best sampled
perpendicularly. This allows accurate assessment of dis-
tance to margin. En face margins can overestimate the
“positive” margin extent and lead to unnecessary re-exci-
sions, and it is not feasible to assess distance to margin.

Microscopic Pathology

Ductal carcinoma in situ is definitively diagnosed by
microscopic histopathological examination. In current
practice, DCIS is classified by nuclear grade, architectur-
al pattern, and presence or absence of necrosis and re-
ported with current College of American Pathologists
(CAP) protocols [4]. Many classification schemes have
been proposed; however, none are included in the syn-
optic reporting standards developed by CAP [4, 34].
Grading of DCIS is currently based on nuclear features
only, and DCIS is assigned into three grades: low, inter-
mediate, or high. Architectural features are essential for
diagnosis of DCIS, even though architecture is not used
for grading. Not uncommonly, more than one grade of
DCIS is seen in excision specimens, and the spectrum of
grades should be noted in the pathology report.
Intraluminal necrosis has been used extensively in clas-
sification schemes (comedo/non-comedo) with imprecise
definitions of comedo necrosis [35•].
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Diagnostic Criteria for DCIS

In t r aduc ta l p ro l i f e ra t ions inc lude usua l duc ta l
hyperplasia(UDH), atypical ductal hyperplasia (ADH), and
DCIS. The diagnosis of DCIS (Fig. 2) requires both architec-
tural (rigid cellular bars; bulbous micropapillae; round,
punched out spaces) and cellular features (cellular uniformity;
even cell placement; distinct cell borders; no residual normally
polarized cells) [1, 36]. In ADH, the atypical architectural and
cytological features are seen in only part of involved ducts;
therefore, the distinction between ADH and DCIS is inherent-
ly quantitative. The quantitative criteria for presence of DCIS
are involvement of two membrane-bound spaces or size of at
least > 2 mm [37, 38]. Nuclear grade assessment of DCISmay
be challenging due to lack of diagnostic agreement between
pathologists, especially for low grade DCIS. Onega et al.
found agreement with 83% high grade DCIS but only 46%
for low grade DCIS [39••]. In another study, there was a high
level of concordance amongst pathologists for diagnosis of
invasive carcinoma, but concordance was significantly lower
for DCIS (84% (95% CI, 82–86%) were concordant, 3%
(95% CI, 2–4%) were over interpreted, and 13% (95% CI,
12%–15%) were under interpreted) [40•].

Low Grade DCIS

DCIS populated by small, monomorphic cells typically
with solid, cribriform, or micropapillary architecture is
categorized as low grade. The nuclei show minimal vari-
ation in size and shape, have regular chromatin without
nucleoli or chromocenters and rare if any mitoses (Fig. 3).
Cellular necrosis may be present; however, central necro-
sis is rare. Psammomatous calcifications are associated
with low grade DCIS. Low grade DCIS and lobular

carcinoma in situ can be challenging to distinguish by
histopathology alone, and immunohistochemical stains
are useful to distinguish ductal from lobular differentia-
tion. E-cadherin stain shows strong membranous staining
in ductal cells and minimal staining in lobular cells, and
p120 stain shows cytoplasmic staining in lobular cells and
membranous staining in ductal cells [41].

Intermediate Grade DCIS

DCIS populated by cells with mild to moderate pleomor-
phism, coarse chromatin, variably prominent nucleoli, and
occasional mitoses is interpreted as intermediate grade
(Fig. 4). Cellular or central necrosis and associated amor-
phous or psammomatous calcifications may be seen in
intermediate grade DCIS.

Fig. 2 Ductal carcinoma in situ with micropapillary and papillary
architecture (10x)

Fig. 3 Ductal carcinoma in situ, low nuclear grade composed of small,
monomorphic cells (40x)

Fig. 4 Ductal carcinoma in situ, intermediate gradewithmild to moderate
pleomorphism with focal necrosis (40x)
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High Grade DCIS

DCIS populated by very atypical cells with high pleomor-
phism, lack of polarity, coarse chromatin, prominent nucleoli,
and frequent mitoses is categorized as high grade (Fig. 5).
Central, expansile (comedo) necrosis with amorphous or
coarse microcalcifications is commonly seen but is not neces-
sary for diagnosis of high grade DCIS. A single duct with high
grade nuclei is adequate for diagnosis.

Borderline Lesions Between Atypical Ductal
Hyperplasia and Ductal Carcinoma In Situ

The distinction between ADH and low grade DCIS can be
challenging for the practicing pathologist, and even breast
pathology experts may have considerable inter-observer vari-
ability in diagnosis in lesions at the cusp of ADH and DCIS
[42••, 43]. In a recent study, five expert breast pathologists
attempted to classify a cohort of 105 borderline cases defini-
tively as either ADH or DCIS. All five agreed in only 30% of
cases [42••]. At a median follow-up of 37 months, 4 patients
with majority diagnosis of ADH developed subsequent ipsi-
lateral breast carcinoma (2 invasive, 2 DCIS). In this study,
distinction between ADH and DCIS was not prognostic for
risk of subsequent breast carcinoma.

From a practical standpoint, it is useful for the practicing
pathologist and the multidisciplinary team to appreciate the
category of borderline lesions between ADH and DCIS
(Fig. 6). On a core biopsy, such lesions are best categorized
as ADH, or a definitive diagnosis can be deferred to examina-
tion of the excision specimen. A diagnosis of borderline ADH/
DCIS lesion on excision specimen should be made after peer
review by more than one pathologist and more conservative
therapeutic approaches considered.

Margin Assessment

Consensus guidelines for margin assessment for DCIS
undergoing BCS with whole breast irradiation were joint-
ly published by Society of Surgical Oncology (SSO),
American Society for Radiation Oncology (ASTRO),
and American Society of Clinical Oncology (ASCO) and
have been endorsed by a panel of the St. Gallen
International Expert Consensus on the Primary Therapy
of Early Breast Cancer [44, 45••].

The consensus panel used a meta-analysis from systematic
review of 20 studies, including 7883 patients. Positive margin,
defined as DCIS on ink, was associated with a two-fold in-
crease in in-breast tumor recurrence (IBTR), which is not nul-
lified with whole breast radiation. In NSABP B-17, cases with
lumpectomy alone with positive margins had an IBTR rate of
8.1%, and those with negative margins had IBTR of 3.3%. In
a meta-analysis by Marinovich et al., Bayesian analysis found
patients with negative margins had lower rates of recurrence
than those with positive margins (OR 0.45, 95% credible in-
terval 0.30–0.62) [46•]. Frequentist analysis yielded similar
findings, and the results persisted after adjustment for age,
grade, RT, and endocrine therapy. These analyses showed sig-
nificant decrease in IBTR for 2-mmmargins compared to 0 or
1 mm and led to the choice of 2-mm threshold.

Based on this evidence, SSO-ASTRO guidelines qualify
negative margins with a distance from the inked margin.
Negative margins are defined as > 2 mm from ink, and based
on the meta-analysis, more widely clear margins do not appear
to enhance IBTR. Negative margin with DCIS < 2 mm from
ink is not an absolute indication for re-excision, and the deci-
sion for re-excision is predicated on other prognostic features,
e.g., extent and grade of DCIS, mammographic abnormalities,
and age of patient. Havel et al. performed a meta-analysis of
the impact of SSO-ASTRO guidelines and found a 35%

Fig. 6 Lesion with borderline features between atypical ductal
hyperplasia and ductal carcinoma in situ (10x)

Fig. 5 Ductal carcinoma in situ, high grade with marked pleomorphism,
central necrosis and coarse microcalcifications (40x)
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reduction in the odds of re-excision after guideline publication
[47]. A randomized controlled trial to assess surgical and pa-
thology techniques to sample margins in breast cancer dem-
onstrated that cavity shave margins halved the rate of positive
margins and re-excision undergoing BCS [33]. This definitive
trial included 20% patients with DCIS (Stage 0).

Paget Disease of the Nipple

Sir James Paget described Paget disease of the nipple in 1874
[48].WHO defines this entity as “a breast cancer characterized
by the presence of malignant glandular epithelial cells (Paget
cells) within the squamous epithelium of the nipple that may
extend to into the areola and adjacent skin [49].” Paget disease
of the nipple is usually associated with underlying breast can-
cer that may be invasive (53–60%) or DCIS (24–43%). Rarely
Paget disease of the nipple arises in situ in the epidermis with-
out underlying carcinoma [50, 51]. Microscopic examination
shows large cells with abundant pale cytoplasmwith pleomor-
phic nuclei in the epidermis (Fig. 7). Paget cells may be ER,
PR positive and are usually positive for Her2 [52]. Prognosis
and treatment depends on the underlying carcinoma.

Microinvasion

Microinvasion is defined by AJCC (8th Ed) as invasion
measuring < 1 mm and is commonly seen in a background
of DCIS and staged as T1mic [53]. Invasion irrespective
of the size of the invasive carcinoma implies that the
invasive cells have escaped from the normal anatomy
through the basement membrane into the stroma and lack
myoepithelial cells (Fig. 8). Prominent lympho-histiocytic
react ion may be seen in foci of microinvasion.

Immunohistochemical stains for myoepithelial cells
(calponin, p63, SMA, SMM-HC) are very helpful diag-
nostically and show absence of myoepithelial cells in the
invasive focus and presence in adjoining DCIS and nor-
mal terminal duct lobular units. Microinvasion is most
often seen with high grade DCIS but can be seen with
all grades and architectural patterns. Core biopsies can
“displace” cells which can be mistaken for microinvasion,
and displaced cells can also reach sentinel lymph nodes
[18]. Displaced cells lack morphological and immunohis-
tochemical characteristics of tumor cells and do not in-
voke a stromal response. In cases with extensive DCIS
with multiple foci of microinvasion, there is no consensus
as to how these cases should be staged.

Champion et al. studied a cohort of 134,569 cases of
which 3.2% had microinvasion, 70.9% DCIS, and 25.9%
with T1a invasive carcinoma [54•]. After adjusting for
treatment, breast cancer-specific survival was significant-
ly different between cases with microinvasion and the
other two groups (DCIS: HR 0.59, CI 0.43–0.8; inva-
sive: HR 1.43, CI 1.04–1.96); however, overall survival
was better for patients with only DCIS and not signifi-
cantly different between microinvasive and T1a disease
(HR 0.83, CI 0.75–0.93). Sopik et al. interrogated the
SEER database and reported that the 20-year actuarial
breast cancer-specific mortality rate was similar for
microinvasive carcinoma and small invasive carcinoma
(0.2–1.0 cm) [55].

SSO-ASTRO guidelines recommend that DCIS with
microinvasion should be considered to be DCIS when
considering the optimal margin width. In contrast, margin
assessment for cases with invasive carcinoma with focal
DCIS should be done for invasive carcinoma as their out-
come depends on the invasive carcinoma. Extensive DCIS
close to many margins in multiple slides may be an indi-
cation for re-excision [56].

Fig. 8 Microinvasion in the vicinity of ductal carcinoma in situ (10x)

Fig. 7 Large atypical cells in the epidermis with abundant cytoplasm and
pleomorphic nuclei with prominent nucleoli
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Prognostic and Predictive Clinicopathological
Features and Biomarkers

Local recurrence and progression to invasive carcinoma has
been linked to clinicopathological features such as young age,
size, high grade, multifocality, and comedo necrosis. In a
meta-analysis of randomized controlled trials and observa-
tional studies, tumor size, high grade, comedo necrosis, and
multifocality were found to be associated with higher risk of
ipsilateral recurrence [57, 58].

Various tools have been developed to assess risk of
recurrence. USC/VNPI includes nuclear grade, necrosis,
tumor size, margin width, and age. In a retrospective
study with BCS with and without radiation, patients with
a USC/VNPI low score treated with excision alone had <
6% local recurrence. In a second series of patients treated
with mastectomy, all patients who recurred had a high
score [59, 60]. Nevertheless, other investigators have not
been able to replicate these results [61]. Shamilyan et al.
studied Van Nuys classification as part of their meta-
analysis and did not find a linear association between
the score and recurrence, even though patients with higher
scores had worse prognosis [57]. Another nomogram was
developed by a group of investigators at MSKCC and
includes age at diagnosis, family history, presentation,
RT (after BCS), adjuvant endocrine therapy, nuclear
grade, necrosis, margin status, number of excisions, and
year of surgery [62]. This nomogram has been indepen-
dently validated [63].

Estrogen (ER) and progesterone receptors (PR) are both
prognostic and predictive markers for breast cancer. ER and
PR are normally expressed in the breast glandular tissue and
may be over expressed in neoplastic processes. A retrospec-
tive analysis of ER expression in NSABP B-24 suggested that
tamoxifen benefit for risk reductions in ipsilateral and contra-
lateral breast cancer following loco-regional therapy correlat-
ed with increased expression of ER [64, 65]. Level 1 evidence
correlating level of expression and response to tamoxifen for
DCIS is lacking. ER expression in DCIS mimics that seen in
invasive carcinoma and 68.7% cases are positive for ER [66].
ASCO/CAP guidelines recommend assessment of ER and PR
by immunohistochemistry for all cases with DCIS (Fig. 9)
[25]. ASCO/CAP guidelines recommend that both percentage
and intensity of staining should be reported and > 1% staining
is categorized as positive.

Multiple ongoing clinical trials are testing anti-Her2
therapies in DCIS [67]; however, currently routine testing
for Her2 is not indicated, and there are no standardized
criteria to interpret and report Her2 staining. ER negativ-
ity, androgen receptor, Her2, p53, Cox-2 overexpression,
and high proliferation assessed with Ki-67 have been as-
sociated with higher rates of local recurrence [68, 69, 70•,
71, 72]. The biomarker profile of DCIS typically mimics

the profile of adjacent invasive carcinoma. Invasive breast
cancer can be sub-typed by molecular analysis into four
major categories: luminal A, luminal B, Her2, and basal
like; these subtypes are also seen in DCIS [65, 73, 74].

With the exponential increase in diagnosis of DCIS,
there is a growing need to identify biomarkers that can
categorize patients who do not need aggressive therapy
and may avoid loco-regional therapy. Oncotype DX
DCIS score is a commercially available prognostic score
based on expression of 12 genes – seven cancer-related
genes (Ki-67, STK15, survivin, CCNB1, MYBL2, PgR,
and GSTM1) and five reference genes (ACTB, GAPDH,
RPLPO, GUS, and TFRC). The DCIS score quantifies the
10-year risk of ipsilateral recurrence following diagnosis of
DCIS without RT. The DCIS score was validated in a
retrospective/prospective analysis of samples from ECOG
E5194 trial of DCIS patients who underwent BCS with
clear margins (>3 mm) and did not receive RT [75]. The
continuous DCIS score was statistically significantly asso-
ciated with the risk of developing recurrent DCIS when
adjusted for tamoxifen use (prespecified primary analysis)
and with invasive recurrence. DCIS score was also validat-
ed on a second (Ontario) cohort with a similar trial design,
although negative margins were defined as no DCIS on ink
[70•]. Multivariate analysis of both studies showed that age
at diagnosis and size were significant predictors of recur-
rence in addition to DCIS score. DCIS score may be help-
ful in concert with other clinicopathological factors in
identifying patients who can avoid RT.

Another tool which utilizes a combination of immuno-
histochemical assays (COX-2, FOXA1, HER2, Ki-67,
SIAH2, PR, and p16/INK4A) and clinicopathological fea-
tures (age, size, margin status, and palpability) yields a
decision score that stratifies patients with DCIS into
low-risk and elevated-risk groups [76•]. The score was
validated in 526 DCIS patients treated with BCS and

Fig. 9 Estrogen receptor nuclear stain in ductal carcinoma in situ (20x)
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RT. The score was significantly associated with ipsilateral
and invasive recurrence and identified a Low and
Elevated Risk Groups with 10-year risk of 4–7% and
15–23%, respectively. The Elevated Group received sig-
nificant benefit from RT and no benefit in the Low Group.

Immune response to tumors has recently been success-
fully targeted by immunotherapy for many types of inva-
sive tumors. An international working group has devised
guidelines to assess tumor infiltrating lymphocytes (TILs)
in DCIS [77]. Pruneri et al. reported that TILs were sig-
nificantly associated with DCIS grade, age, comedo ne-
crosis, and Her2 positive and triple negative subtypes;
however, no association was found with ipsilateral recur-
rence [78]. In another observational study, subtypes of
TILs (low numbers of activated CD8/HLA-DR positive,
high numbers of non-activated CD8/HLA-DR positive,
high CD115 positive macrophages) were associated with
local and metastatic recurrences [79]. To date, there are no
data to support any change in treatment based on TILs in
DCIS, although studies are ongoing to evaluate the possi-
ble role of the immune environment in DCIS progression.

Conclusion

DCIS is a highly heterogeneous diagnosis, ranging from low
volume, low grade, hormone receptor positive disease to ex-
tensive high grade, hormone receptor negative disease with
very different prognostic, predictive, and therapeutic implica-
tions. Therefore, accurate assessment of grade, necrosis, anat-
omy, size, and margin status is essential for optimal patient
care. Careful grossing and correlation with radiological stud-
ies is critical in determining the anatomy and margin status of
DCIS. Since DCIS has both complex anatomy and biology a
multidisciplinary approach for patient care helps to personal-
ize therapeutic strategies. Predictive tools rely on a mix of
clinical and pathologic criteria and help to personalize thera-
peutic options for patients with DCIS. Pathologists should be
integral to multidisciplinary care of patients with DCIS and
are encouraged to be conservative in diagnosis of DCIS, es-
pecially on core biopsies.

Acknowledgments I am grateful to Dr. Caren Greenstein MD, White
Plains Hospital, NY; Minetta C. Liu, MD, Mayo Clinic, Rochester,
MN; and Charis Warchal, New York for reviewing the manuscript.

Compliance with Ethical Standards

Conflict of Interest Baljit Singh reports past work as a consultant for
Genomic Health Inc.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Schnitt SJ, Allred C, Britton P, Ellis IO, Lakhani SR, Morrow M,
et al. WHO classification of tumors of the breast. In: Lakhani SR,
Ellis IO, Schnitt SJ, Tan PH, van de Vijr MJ, editors. . 4th ed. Lyon:
International Agency for Research on Cancer; 2012.

2. Ernster VL, Barclay J, Kerlikowske K, Wilkie H, Ballard-Barbash
R. Mortality among women with ductal carcinoma in situ of the
breast in the population-based surveillance, epidemiology and end
results program. Arch Intern Med. 2000;160(7):953–8.

3. Jemal ASR, Ward E, Hao Y, Xu J, Thun MJ. Cancer statistics.
Cancer J Clin. 2009;59:277–300.

4. [Available from: https://documents.cap.org/protocols/cp-breast-
dcis-resection-19-4200.pdf. Accessed Feb 2019.

5. Sanders ME, Schuyler PA, Dupont WD, Page DL. The natural
history of low-grade ductal carcinoma in situ of the breast inwomen
treated by biopsy only revealed over 30 years of long-term follow-
up. Cancer. 2005;103(12):2481–4.

6. Collins LC, Tamimi RM, Baer HJ, Connolly JL, Colditz GA,
Schnitt SJ. Outcome of patients with ductal carcinoma in situ un-
treated after diagnostic biopsy: results from the nurses' health study.
Cancer. 2005;103(9):1778–84.

7. Groen EJ, Elshof LE, Visser LL, Rutgers EJT, Winter-Warnars
HAO, Lips EH, et al. Finding the balance between over- and
under-treatment of ductal carcinoma in situ (DCIS). Breast.
2017;31:274–83.

8. Wiechmann L, Kuerer HM. The molecular journey from ductal carci-
noma in situ to invasive breast cancer. Cancer. 2008;112(10):2130–42.

9. Wapnir IL, Dignam JJ, Fisher B, Mamounas EP, Anderson SJ,
Julian TB, et al. Long-term outcomes of invasive ipsilateral breast
tumor recurrences after lumpectomy in NSABP B-17 and B-24
randomized clinical trials for DCIS. J Natl Cancer Inst.
2011;103(6):478–88.

10. Houghton J, GeorgeWD, Cuzick J, Duggan C, Fentiman IS, Spittle
M, et al. Radiotherapy and tamoxifen in women with completely
excised ductal carcinoma in situ of the breast in the UK, Australia,
and New Zealand: randomised controlled trial. Lancet.
2003;362(9378):95–102.

11. Group EBCC, Group ER, Bijker N,Meijnen P, Peterse JL, Bogaerts
J, et al. Breast-conserving treatment with or without radiotherapy in
ductal carcinoma-in-situ: ten-year results of European Organisation
for Research and Treatment of Cancer randomized phase III trial
10853–a study by the EORTC breast cancer cooperative group and
EORTC radiotherapy group. J Clin Oncol. 2006;24(21):3381–7.

12. Fisher ER, Costantino J, Fisher B, Palekar AS, Redmond C,
Mamounas E. Pathologic findings from the National Surgical
Adjuvant Breast Project (NSABP) protocol B-17. Intraductal car-
cinoma (ductal carcinoma in situ). The National Surgical Adjuvant
Breast and bowel project collaborating investigators. Cancer.
1995;75(6):1310–9.

13. Forbes JF, Sestak I, Howell A, Bonanni B, Bundred N, Levy C,
et al. Anastrozole versus tamoxifen for the prevention of
locoregional and contralateral breast cancer in postmenopausal
women with locally excised ductal carcinoma in situ (IBIS-II
DCIS): a double-blind, randomised controlled trial. Lancet.
2016;387(10021):866–73.

14. Margolese RG, Cecchini RS, Julian TB, Ganz PA, Costantino JP,
Vallow LA, et al. Anastrozole versus tamoxifen in postmenopausal
women with ductal carcinoma in situ undergoing lumpectomy plus

114 Curr Breast Cancer Rep (2020) 12:107–117

https://documents.cap.org/protocols/cp-breast-dcis-resection-19-4200.pdf
https://documents.cap.org/protocols/cp-breast-dcis-resection-19-4200.pdf


radiotherapy (NSABP B-35): a randomised, double-blind, phase 3
clinical trial. Lancet. 2016;387(10021):849–56.

15. GradisharWJ, Anderson BO, Balassanian R, Blair SL, Burstein HJ,
Cyr A, et al. Breast cancer, version 4.2017, NCCN clinical practice
guidelines in oncology. J Natl Compr Cancer Netw. 2018;16(3):
310–20.

16. Lyman GH, Somerfield MR, Bosserman LD, Perkins CL, Weaver
DL, Giuliano AE. Sentinel lymph node biopsy for patients with
early-stage breast cancer: American Society of Clinical Oncology
clinical practice guideline update. J Clin Oncol. 2017;35(5):561–4.

17. Ansari B, Ogston SA, Purdie CA, Adamson DJ, Brown DC,
Thompson AM. Meta-analysis of sentinel node biopsy in ductal
carcinoma in situ of the breast. Br J Surg. 2008;95(5):547–54.

18. Bleiweiss IJ, Nagi CS, Jaffer S. Axillary sentinel lymph nodes can
be falsely positive due to iatrogenic displacement and transport of
benign epithelial cells in patients with breast carcinoma. J Clin
Oncol. 2006;24(13):2013–8.

19. Holland R, Hendriks JHCL, VerbeekALM. Extent, distribution and
mammographic /histological correlations of breast ductal carcino-
ma in situ. Lancet. 1990;335:519–22.

20. Hoda S, Brodi E, Koerner FC, Rosen PP. Rosen’s Breast Pathology.
4th Ed ed. Hoda S BE, Koerner FC, Rosen PP, editor: Walters
Kluwer; 2014.

21. Jackman RJ, Burbank F, Parker SH, et al. Stereotactic breast biopsy
of nonpalpable lesions: determinants of ductal carcinoma in situ
underestimation rates. Radiology. 2001;218:497–502.

22. Wang HH, Ducatman BS, Eick D. Comparative features of ductal
carcinoma in situ and infiltrating ductal carcinoma of the breast on
fine-needle aspiration biopsy. Am J Clin Pathol. 1989;92(6):736–40.

23. Willems SM, van Deurzen CH, van Diest PJ. Diagnosis of breast
lesions: fine-needle aspiration cytology or core needle biopsy? A
review. J Clin Pathol. 2012;65(4):287–92.

24. Castellano I, Metovic J, Balmativola D, Annaratone L, Rangel N,
Vissio E, et al. The impact of malignant nipple discharge cytology
(NDc) in surgical management of breast cancer patients. PLoSOne.
2017;12(8):e0182073.

25. Hammond ME, Hayes DF, Wolff AC, Mangu PB, Temin S.
American society of clinical oncology/college of american pathol-
ogists guideline recommendations for immunohistochemical test-
ing of estrogen and progesterone receptors in breast cancer. J Oncol
Pract. 2010;6(4):195–7.

26. Bloodgood JC. Comedo carcinoma or comedo-adenoma of the fe-
male breast. Am J Cancer. 1934;22:842–53.

27. Yamada T, Mori N, Watanabe M, Kimijima I, Okumoto T, Seiji K,
et al. Radiologic-pathologic correlation of ductal carcinoma in situ.
Radiographics. 2010;30(5):1183–98.

28. Hardman PD, Worth A, Lee U, Baird RM. The risk of occult inva-
sive breast cancer after excisional biopsy showing in-situ ductal
carcinoma of comedo pattern. Can J Surg. 1989;32(1):56–60.

29. Houssami N, Ciatto S, Macaskill P, Lord SJ, Warren RM, Dixon
JM, et al. Accuracy and surgical impact of magnetic resonance
imaging in breast cancer staging: systematic review and meta-
analysis in detection of multifocal and multicentric cancer. J Clin
Oncol. 2008;26(19):3248–58.

30.• Rauch GM, Hobbs BP, Kuerer HM, Scoggins ME, Benveniste AP,
Park YM, et al. Microcalcifications in 1657. Patients with pure
ductal carcinoma in situ of the breast: correlation with clinical,
Histopathologic, biologic features, and local recurrence. Ann Surg
Oncol. 2016;23(2):482–9. This retrospective study defines
multicentricity and shows in multivariate analysis that dense
breast tissue was a risk factor for multicentricity and positive
margins in DCIS

31.• Kuerer HM, Smith BD, Chavez-MacGregor M, Albarracin C,
Barcenas CH, Santiago L, et al. DCIS margins and breast conser-
vation: MD Anderson Cancer Center multidisciplinary practice
guidelines and outcomes. J Cancer. 2017;8(14):2653–62. At

MDACC a multi-disciplinary approach for intra-operative as-
sessment of specimens has been used to personalize local and
systemic therapeutic strategies.

32. Molina MA, Snell S, Franceschi D, Jorda M, Gomez C, Moffat
FL, et al. Breast specimen orientation. Ann Surg Oncol.
2009;16(2):285–8.

33.• Chagpar AB, Killelea BK, Tsangaris TN, Butler M, Stavris K, Li F,
et al. A randomized, controlled trial of cavity shave margins in
breast cancer. N Engl J Med. 2015;373(6):503–10. This random-
ized trial showed that surgical technique with cavity shaved
margins halved the rate of reexcision among patients with par-
tial mastectomy.

34. Leonard GD, Swain SM. Ductal carcinoma in situ, complexities
and challenges. J Natl Cancer Inst. 2004;96(12):906–20.

35.• Harrison BT, Hwang ES, Partridge AH, ThompsonAM, Schnitt SJ.
Variability in diagnostic threshold for comedo necrosis among
breast pathologists: implications for patient eligibility for active
surveillance trials of ductal carcinoma in situ. Mod Pathol.
2019;32(9):1257–62. This inter-observer study shows that pa-
thologists use varying criteria to diagnose comedo necrosis.

36. Simpson JF, Schnitt SJ, Visscher D, van deVijr MJ, Ellis IO.WHO/
IARC classification of tumors of the breast. In: Lakhani SR, Ellis
IO, Schnitt SJ, Tan PH, van de Vijr MJ, editors. . 4th ed. Lyon:
International Agency for Research on Cancer; 2012.

37. Hartmann LC, Sellers TA, Frost MH, Lingle WL, Degnim AC,
Ghosh K, et al. Benign breast disease and the risk of breast cancer.
N Engl J Med. 2005;353(3):229–37.

38. Page DL, Rogers LW. Combined histologic and cytologic criteria
for the diagnosis of mammary atypical ductal hyperplasia. Hum
Pathol. 1992;23(10):1095–7.

39.•• Onega T, Weaver DL, Frederick PD, Allison KH, Tosteson ANA,
Carney PA, et al. The diagnostic challenge of low-grade ductal
carcinoma in situ. Eur J Cancer. 2017;80:39–47. This study shows
low inter-observer agreement between pathologists for low
grade DCIS. These data support the observation that low grade
DCIS is an interpretive challenge for the practicing pathologist.

40.• Elmore JG, Longton GM, Carney PA, Geller BM, Onega T,
Tosteson AN, et al. Diagnostic concordance among pathologists
interpreting breast biopsy specimens. JAMA. 2015;313(11):
1122–32. Inter-observer agreement amongst pathologists while
interpreting breast biopsies is highfor diagnosis of invasive car-
cinoma and low for DCIS.

41. Canas-Marques R, Schnitt SJ. E-cadherin immunohistochem-
istry in breast pathology: uses and pitfalls. Histopathology.
2016;68(1):57–69.

42.•• Tozbikian G, Brogi E, Vallejo CE, Giri D, Murray M, Catalano J,
et al. Atypical ductal hyperplasia bordering on ductal carcinoma in
situ. Int J Surg Pathol. 2017;25(2):100–7. This study reports that
some intraductal proliferations are at the borderline between
ADH and DCIS. Interobserver variability is high for these le-
sions they can not be reproducibly be categorized as either
ADH or DCIS.

43. Rosai J. Borderline epithelial lesions of the breast. Am J Surg
Pathol. 1991;15(3):209–21.

44. Curigliano G, Burstein HJ, Winer EP, Gnant M, Dubsky P, Loibl S,
et al. De-escalating and escalating treatments for early-stage breast
cancer: the St. Gallen international expert consensus conference on
the primary therapy of early breast cancer 2017. Ann Oncol.
2017;28(8):1700–12.

45.•• Morrow M, Van Zee KJ, Solin LJ, Houssami N, Chavez-
MacGregor M, Harris JR, et al. Society of Surgical Oncology-
American Society for Radiation Oncology-American Society of
Clinical Oncology consensus guideline on margins for breast-
conserving surgery with whole-breast irradiation in ductal carcino-
ma in situ. Pract Radiat Oncol. 2016;6(5):287–95. SSO/ASTRO
guidelines have reviewed the published literature and defined

115Curr Breast Cancer Rep (2020) 12:107–117



2mm as adequate margin in DCIS treated with WBRT with
low rate of recurrence.

46.• Marinovich ML, Azizi L, Macaskill P, Irwig L, Morrow M, Solin
LJ, et al. The Association of Surgical Margins and Local
Recurrence in women with ductal carcinoma in situ treated with
breast-conserving therapy: a meta-analysis. Ann Surg Oncol.
2016;23(12):3811–21. This meta-analysis forms an important
evidentiary basis for SSO/ASTRO guidelines. This analysis
shows that 2mm margin for DCIS is adequate.

47. Havel L, Naik H, Ramirez L,MorrowM, Landercasper J. Impact of
the SSO-ASTRO margin guideline on rates of re-excision after
lumpectomy for breast cancer: a meta-analysis. Ann Surg Oncol.
2019;26(5):1238–44.

48. Paget J. On disease of the mammary areola preceding cancer
of the mammary gland. St Bartholowmew Hospital Reports.
1874;10:87–9.

49. Shouba S, Eusebi V, Lester S. Paget disease of the nipple.
Lakhani S, Ellis I, Schnitt S, tan PH, van de Vijr MJ, editors.
Lyon: IARC; 2012.

50. Caliskan M, Gatti G, Sosnovskikh I, Rotmensz N, Botteri E,
Musmeci S, et al. Paget's disease of the breast: the experience of
the European Institute of Oncology and review of the literature.
Breast Cancer Res Treat. 2008;112(3):513–21.

51. Chen CY, Sun LM, Anderson BO. Paget disease of the breast:
changing patterns of incidence, clinical presentation, and treatment
in the U.S. Cancer. 2006;107(7):1448–58.

52. Sek P, Zawrocki A, Biernat W, Piekarski JH. HER2 molecular
subtype is a dominant subtype of mammary Paget's cells. An im-
munohistochemical study. Histopathology. 2010;57(4):564–71.

53. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE,
Brookland RK, et al. The eighth edition AJCC cancer staging man-
ual: continuing to build a bridge from a population-based to a more
"personalized" approach to cancer staging. CA Cancer J Clin.
2017;67(2):93–9.

54.• Champion CD, Ren Y, Thomas SM, Fayanju OM, Rosenberger
LH, Greenup RA, et al. DCIS with microinvasion: is it in situ or
invasive disease? Ann Surg Oncol. 2019;26(10):3124–32. This
study shows that patients with micro-invasion have outcomes
similar to T1a invasivecarcinoma.

55. Sopik V, Sun P, Narod SA. Impact of microinvasion on breast
cancer mortality in women with ductal carcinoma in situ. Breast
Cancer Res Treat. 2018;167(3):787–95.

56. MoranMS, Schnitt SJ, Giuliano AE, Harris JR, Khan SA, Horton J,
et al. Society of Surgical Oncology-American Society for Radiation
Oncology consensus guideline on margins for breast-conserving
surgery with whole-breast irradiation in stages I and II invasive
breast cancer. Int J Radiat Oncol Biol Phys. 2014;88(3):553–64.

57. Shamliyan T, Wang SY, Virnig BA, Tuttle TM, Kane RL.
Association between patient and tumor characteristics with clinical
outcomes in women with ductal carcinoma in situ. J Natl Cancer
Inst Monogr. 2010;2010(41):121–9.

58. Wang SY, Shamliyan T, Virnig BA, Kane R. Tumor characteristics as
predictors of local recurrence after treatment of ductal carcinoma in
situ: a meta-analysis. Breast Cancer Res Treat. 2011;127(1):1–14.

59. Silverstein MJ, Lagios MD. Choosing treatment for patients with
ductal carcinoma in situ: fine tuning the University of Southern
California/Van Nuys prognostic index. J Natl Cancer Inst Monogr.
2010;2010(41):193–6.

60. Kelley L, Silverstein M, Guerra L. Analyzing the risk of recurrence
after mastectomy for DCIS: a new use for the USC/Van Nuys prog-
nostic index. Ann Surg Oncol. 2011;18(2):459–62.

61. Di Saverio S, Catena F, Santini D, Ansaloni L, Fogacci T, Mignani
S, et al. 259 patients with DCIS of the breast applying USC/Van
Nuys prognostic index: a retrospective review with long term fol-
low up. Breast Cancer Res Treat. 2008;109(3):405–16.

62. Rudloff U, Jacks LM, Goldberg JI, Wynveen CA, Brogi E, Patil S,
et al. Nomogram for predicting the risk of local recurrence after
breast-conserving surgery for ductal carcinoma in situ. J Clin
Oncol. 2010;28(23):3762–9.

63. Sweldens C, Peeters S, van Limbergen E, Janssen H, Laenen A,
Patil S, et al. Local relapse after breast-conserving therapy for ductal
carcinoma in situ: a European single-center experience and external
validation of the Memorial Sloan-Kettering Cancer Center DCIS
nomogram. Cancer J. 2014;20(1):1–7.

64. Fisher B, Dignam J, Wolmark N, Wickerham DL, Fisher ER,
Mamounas E, et al. Tamoxifen in treatment of intraductal breast
cancer: National Surgical Adjuvant Breast and bowel project B-24
randomised controlled trial. Lancet. 1999;353(9169):1993–2000.

65. Allred DC, Wu Y, Mao S, Nagtegaal ID, Lee S, Perou CM, et al.
Ductal carcinoma in situ and the emergence of diversity during
breast cancer evolution. Clin Cancer Res. 2008;14(2):370–8.

66. Lari SA, Kuerer HM. Biological markers in DCIS and risk of breast
recurrence: a systematic review. J Cancer. 2011;2:232–61.

67. Hanna WM, Parra-Herran C, Lu FI, Slodkowska E, Rakovitch E,
Nofech-Mozes S. Ductal carcinoma in situ of the breast: an update
for the pathologist in the era of individualized risk assessment and
tailored therapies. Mod Pathol. 2019;32(7):896–915.

68. Punglia RS, Jiang W, Lipsitz SR, Hughes ME, Schnitt SJ, Hassett
MJ, et al. Clinical risk score to predict likelihood of recurrence after
ductal carcinoma in situ treated with breast-conserving surgery.
Breast Cancer Res Treat. 2018;167(3):751–9.

69. Tumedei MM, Silvestrini R, Ravaioli S, Massa I, Maltoni R, Rocca
A, et al. Role of androgen and estrogen receptors as prognostic and
potential predictive markers of ductal carcinoma in situ of the
breast. Int J Biol Markers. 2015;30(4):e425–8.

70.• Rakovitch E, Nofech-Mozes S, Hanna W, Baehner FL, Saskin R,
Butler SM, et al. A population-based validation study of the DCIS
score predicting recurrence risk in individuals treated by breast-
conserving surgery alone. Breast Cancer Res Treat. 2015;152(2):
389–98. This population based study Oncotype DXDCIS Score
provided information on local recurrence independent of tradi-
tional clinico-pathological features.

71. Han K, Nofech-Mozes S, Narod S, Hanna W, Vesprini D,
Saskin R, et al. Expression of HER2neu in ductal carcinoma
in situ is associated with local recurrence. Clin Oncol (R Coll
Radiol). 2012;24(3):183–9.

72. Generali D, Buffa FM, Deb S, Cummings M, Reid LE, Taylor M,
et al. COX-2 expression is predictive for early relapse and aroma-
tase inhibitor resistance in patients with ductal carcinoma in situ of
the breast, and is a target for treatment. Br J Cancer. 2014;111(1):
46–54.

73. Lopez-Garcia MA, Geyer FC, Lacroix-Triki M, Marchio C, Reis-
Filho JS. Breast cancer precursors revisited: molecular features and
progression pathways. Histopathology. 2010;57(2):171–92.

74. Polyak K. Molecular markers for the diagnosis and management of
ductal carcinoma in situ. J Natl Cancer Inst Monogr.
2010;2010(41):210–3.

75. Solin LJ, Gray R, Baehner FL, Butler SM, Hughes LL, Yoshizawa
C, et al. A multigene expression assay to predict local recurrence
risk for ductal carcinoma in situ of the breast. J Natl Cancer Inst.
2013;105(10):701–10.

76.• Bremer T, Whitworth PW, Patel R, Savala J, Barry T, Lyle S, et al.
A biological signature for breast ductal carcinoma in situ to predict
radiotherapy benefit and assess recurrence risk. Clin Cancer Res.
2018;24(23):5895–901. This study reports a new DCIS signa-
ture based on immunohistochemical markers and clinico-path-
ological factors which can stratify DCIS patients into low risk
and elevated risk groups.

77. Hendry S, Salgado R, Gevaert T, Russell PA, John T, Thapa B,
et al. Assessing Tumor-Infiltrating Lymphocytes in Solid
Tumors: A Practical Review for Pathologists and Proposal

116 Curr Breast Cancer Rep (2020) 12:107–117



for a Standardized Method from the International Immuno-
Oncology Biomarkers Working Group: Part 2: TILs in
Melanoma, Gastrointestinal Tract Carcinomas, Non-Small
Cell Lung Carcinoma and Mesothelioma, Endometrial and
Ovarian Carcinomas, Squamous Cell Carcinoma of the Head
and Neck, Genitourinary Carcinomas, and Primary Brain
Tumors. Adv Anat Pathol. 2017;24(6):311–35.

78. Pruneri G, Lazzeroni M, Bagnardi V, Tiburzio GB, Rotmensz N,
DeCensi A, et al. The prevalence and clinical relevance of tumor-

infiltrating lymphocytes (TILs) in ductal carcinoma in situ of the
breast. Ann Oncol. 2017;28(2):321–8.

79. Campbell MJ, Baehner F, O'Meara T, Ojukwu E, Han B, Mukhtar
R, et al. Characterizing the immune microenvironment in high-risk
ductal carcinoma in situ of the breast. Breast Cancer Res Treat.
2017;161(1):17–28.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

117Curr Breast Cancer Rep (2020) 12:107–117


	Ductal Carcinoma In Situ—Pathological Considerations
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Clinical Presentation
	Tissue Diagnosis
	Gross Pathology
	Anatomy of DCIS
	Protocols for Gross Pathology Evaluation
	Microscopic Pathology
	Diagnostic Criteria for DCIS
	Low Grade DCIS
	Intermediate Grade DCIS
	High Grade DCIS
	Borderline Lesions Between Atypical Ductal Hyperplasia and Ductal Carcinoma In Situ
	Margin Assessment
	Paget Disease of the Nipple
	Microinvasion
	Prognostic and Predictive Clinicopathological Features and Biomarkers
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



