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Abstract

Ductal carcinoma in situ (DCIS) of the breast is a group of heterogeneous epithelial proliferations 
confined to the milk ducts that nearly always present in asymptomatic women on breast cancer 
screening. A stage 0, preinvasive breast cancer, increased detection of DCIS was initially hailed as 
a means to prevent invasive breast cancer through surgical treatment with adjuvant radiation and/
or endocrine therapies. However, controversy in the medical community has emerged in the past 
two decades that a fraction of DCIS represents overdiagnosis, leading to unnecessary treatments 
and resulting morbidity. The imaging hallmarks of DCIS include linearly or segmentally distributed 
calcifications on mammography or nonmass enhancement on breast MRI. Imaging features have 
been shown to reflect the biological heterogeneity of DCIS lesions, with recent studies indicating 
MRI may identify a greater fraction of higher-grade lesions than mammography does. There is 
strong interest in the surgical, imaging, and oncology communities to better align DCIS manage-
ment with biology, which has resulted in trials of active surveillance and therapy that is less aggres-
sive. However, risk stratification of DCIS remains imperfect, which has limited the development of 
precision therapy approaches matched to DCIS aggressiveness. Accordingly, there are opportun-
ities for breast imaging radiologists to assist the oncology community by leveraging advanced 
imaging techniques to identify appropriate patients for the less aggressive DCIS treatments.
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Introduction

Ductal carcinoma in situ (DCIS) is a controversial in situ (intraepithelial) 
neoplasm of the breast with variable and nonobligate potential to pro-
gress to invasive breast cancer. Before the widespread implementation of 
mammography screening programs, DCIS was rarely diagnosed, and it 
most commonly presented as suspicious bloody nipple discharge, Paget 
disease of the nipple, or a palpable mass. The large-scale enactment of 
mammography screening programs in the United States led to a dra-
matic rise in the rate of DCIS diagnoses since the 1980s, and it now 
accounts for approximately 25% of screen-detected breast cancers (1).

Opinions regarding the value of detecting DCIS have continu-
ously evolved. Initially, many considered DCIS detection key to the 
prevention of invasive breast cancer because it was viewed as its 
direct precursor (2). However, this viewpoint has altered in recent 
years because only approximately 40% of DCIS lesions progress to 
invasive breast cancer (3). Accordingly, since some DCIS lesions will 
never lead to metastatic disease, they will not affect a woman’s life-
span. However, because of a limited ability to identify which DCIS 
lesions will behave indolently, the vast majority are treated with 
surgery, often with adjuvant radiation and/or endocrine therapies. 
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Thus, the detection of DCIS has become embroiled in controversies 
involving breast cancer overdiagnosis and overtreatment.

Given the evolving views and controversies surrounding DCIS, 
it is essential that breast imaging radiologists are aware of the diag-
nostic and clinical challenges related to DCIS. As such, this article re-
views DCIS biology and pathologic features, typical and uncommon 
DCIS clinical and imaging presentations, and the clinical impact 
of diagnosing DCIS. Finally, we discuss current DCIS management 
trials and opportunities for advanced imaging to help match DCIS 
management to its variable biology.

Ductal carcinoma in situ (DCIS) biology and 
pathologic features

DCIS represents a collection of cells that are morphologically similar 
to invasive ductal cancer cells (“ductal carcinoma”) but are confined 
to the milk duct (“in situ”) (4) with an intact basement membrane 
(5). It represents the most aggressive lesion within a spectrum of 
intraductal proliferations with an innate, but not obligate, ability 
to progress to invasive cancer (Figure 1) (6). The time from diag-
nosis of DCIS to progression of invasive breast cancer cannot be 
accurately forecasted, and it is likely that some lower-grade lesions 
diagnosed in older women will never progress to invasive breast 
cancer in their lifetimes. Furthermore, DCIS does not exist along 
a predictable, stepwise, linear fashion from atypical ductal hyper-
plasia (ADH) to low-grade DCIS to high-grade DCIS to invasive 
carcinoma (7). Current molecular evidence of DCIS progression to 

invasive carcinoma supports a model where a single founder epithe-
lial cell gives rise to both DCIS and invasive cancer subpopulations 
within the milk duct, which may occur because of an evolutionary 
bottleneck or in a multiclonal fashion (8). Recent evidence also indi-
cates that DCIS progression to invasive cancer requires a permissive 
periductal stromal microenvironment to assist malignant epithelial 
cells’ invasion through the milk ducts (9).

Traditionally, DCIS was classified based on different architec-
tural patterns, including comedo, solid, cribriform, papillary, flat 
(“clinging”), and micropapillary forms (Figure 2). The comedo pattern 
is characterized by prominent central necrosis, often with increased 
mitotic activity and high nuclear grade. In the solid pattern, the cancer 
cells completely fill the ducts without fenestrations or papillae. The 
cribriform pattern is represented by fenestrations between the DCIS 
cells within a breast duct forming lumina and spaces, with the ab-
normal cells exhibiting relatively small sizes and uniform shapes in 
low-grade variants. The papillary form refers to the “fern-like” pattern 
of organization of DCIS cells within the ducts in which the cells are 
arranged around a fibrovascular core in a radiant or “star burst”–type 
pattern. Finally, the micropapillary pattern refers to small tufts of cells 
within the duct, but the tufts lack the fibrovascular core of the papil-
lary type. This morphology is reminiscent of invasive micropapillary 
carcinoma of the breast. Classification of DCIS lesions based on archi-
tectural patterns alone has yielded limited prognostic value, perhaps 
partially because multiple patterns can be observed in the same lesion 
(10), and it has generally fallen out of favor.

More recently, the pathology community subdivides the various 
intraductal proliferative lesions into “noncancerous” (ie, usual ductal 
hyperplasia (UDH) and ADH) and “cancerous” (ie, DCIS). One chal-
lenge with this system is interobserver variability and lack of repro-
ducibility, with one study demonstrating that even when morphologic 
and histopathologic criteria were standardized, pathologists assigned 
many of the same lesions to different categories (11). This phenomenon 
primarily occurs when distinguishing between ADH and low-grade 
DCIS, as major factors in distinguishing between the two entities are 
lesion size and quantity of cells (number of foci) rather than distinct 
morphological features (12, 13). Furthermore, many expert breast 
pathologists reserve a DCIS designation on core specimens for lesions 
in which they are certain there is a neoplastic proliferation, whereas 
lesions that fall short of this interpretation are considered ADH. On 
a molecular level, some recurrent genetic alterations (eg, losses at 16q 
and 17p and gains at 1q) occur in both ADH and low-grade DCIS 
(14, 15), suggesting the distinction between ADH and low-grade 

Key Messages
 • Ductal carcinoma in situ (DCIS) of the breast is a heteroge-

neous group of intraductal proliferations that are classified as 
stage 0 breast cancer with a nonobligate potential to progress 
to invasive disease.

 • Most cases of DCIS present in asymptomatic women as 
mammographic calcifications on screening mammography, 
and most are treated aggressively with surgery, often with ad-
juvant radiation and/or endocrine therapy.

 • Because of concerns of overdiagnosis and overtreatment, 
there is increasing interest in novel approaches in DCIS treat-
ment, and breast imaging radiologists have a unique opportun-
ity to lead active surveillance and precision therapy trials.

Figure 1. Cartoon drawing depicting the spectrum of intraductal proliferations of the breast. The normal milk duct demonstrates a single layer of normal 
luminal epithelial cells, bound by an intact myoepithelial cell and basement membrane layer. In the case of (usual) ductal hyperplasia, there is epithelial cell 
proliferation, but these cells retain normal morphology. Atypical (ductal) hyperplasia (ADH) demonstrates both epithelial cell proliferation and low-grade, 
monomorphic cytological atypia, but the involvement of the duct is generally limited. DCIS may include either more extensive low-grade atypical cells (similar 
in morphology to ADH) or an intraductal proliferation with greater cytological atypia but an intact basement membrane. Finally, invasive ductal carcinoma 
includes cytologically atypical cells with a disrupted myoepithelial cellular layer and basement membrane, which allows invasion of the carcinoma cells into 
the surrounding stroma.
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DCIS by morphology alone is somewhat arbitrary because these le-
sions likely do not represent biologically distinct entities. These mu-
tations are unique from those identified in intermediate to high-grade 
DCIS, and they could create more concrete distinctions among these 
proliferations moving forward (14–17).

Diagnostic assessment for estrogen receptor (ER) and proges-
terone receptor (PR) positivity is routinely performed for newly 
diagnosed DCIS. The majority (75%–80%) of DCIS lesions exhibit 
ER positivity, which is inversely correlated with DCIS grade (18). 
ER positivity also correlates with lower recurrence rates and posi-
tive response to hormonal therapy. Several other markers commonly 
obtained for invasive breast cancers, including her2/neu and Ki-67, 
are not routinely obtained for DCIS, although a few small studies 
have demonstrated prognostic value (18, 19). Finally, both high 
p16, another assay infrequently obtained clinically, and high nuclear 
grade have been found to be associated with future risk of ipsilateral 
invasive breast cancer diagnosis (20).

Comparison of pathologic assessment of specimens at core 
needle biopsy (CNB) versus final surgical excision frequently dem-
onstrate discrepancies in nuclear grade and upstaging to invasive 
cancer, which is likely due to undersampling at CNB. Concordance 
of nuclear grade between CNB and excision is approximately 75%, 
but it can range from 59% to 91% (21), with most discrepancies 
leading to a higher nuclear grade assessment on excision. This is 
due to the inability to count 10 high power fields for mitosis on 
CNB specimens, the preference to count mitotic figures on the ac-
tively growing tumor at the periphery of surgical excision speci-
mens, and interobserver variability (22, 23). Upstaging to invasive 
cancer on surgical specimens occurs in approximately 25% of cases 
(interquartile range: 18.6%–37.2%) (24). Factors associated with a 
greater likelihood of upstaging can be categorized into the clinical 
presentation (eg, palpable or symptomatic), imaging appearance (eg, 
mammographic mass, sonographically visible, or larger size), histo-
pathology results (eg, greater nuclear grade), and biopsy technique 
(eg, nonstereotactic or smaller gauge biopsy device). These discrep-
ancies can result in subsequent changes in clinical management, par-
ticularly in cases of upgrade to invasive disease.

What’s in a name—is DCIS cancer?

The term carcinoma in situ of the breast was coined by Broders in 
1932 (25), and these intraductal lesions were further divided into 
subtypes by Foote and Stewart in 1941 (26). While classic forms of 
lobular carcinoma in situ (LCIS) subsequently were reclassified as 
high-risk, “noncancerous” lesions (LCIS itself is controversial and 
beyond this article’s scope), DCIS is typically grouped with its inva-
sive counterparts as breast cancer (“stage 0” by the National Cancer 
Comprehensive Network [NCCN]). However, this distinction is not 
as clear biologically since DCIS lack an essential trait of malignan-
cies: the ability to invade and metastasize (27), and this has led many 
to question its classification as a cancer.

In response, there is debate about removing the term carcinoma, 
(4) with the terms ductal intraepithelial neoplasia (DIN) and indo-
lent lesions of epithelial origin (IDLE) proposed. The DIN classi-
fication system is currently used for cervical neoplasias. It avoids 
the term carcinoma and does not distinguish between cancerous and 
noncancerous lesions. Proponents of the IDLE classification system 
argue that removal of the term carcinoma from DCIS would pro-
mote patient and surgeon willingness to adopt treatments that are 
less aggressive (28). Other authors have found that women may 
prefer terms that do not include carcinoma (29), and changing the 
name could facilitate an increased willingness for patients to ac-
cept treatment that is less aggressive (29–31). Nonetheless, chan-
ging DCIS’s name has proven challenging, and DCIS remains the 
prevailing term in the medical community.

Clinical presentations and management

DCIS was rarely diagnosed before the implementation of screening 
mammography, and it most commonly presented as a palpable lump 
(Figure 3), nipple discharge, or Paget disease of the nipple. Before the 
1980s, DCIS accounted for approximately 2% of all breast cancer 
diagnoses in the United States (32), with similar rates currently ob-
served in countries where screening mammography has not yet 
been instituted (33). Screening mammography has increased DCIS 
incidence from 1.87 (1975) to 32.5(2005) per 100,000, though its 

Figure 2. Examples of traditional architectural (top row) and nuclear grade (bottom row) pathological features of DCIS lesions. Traditional pathological 
descriptors including cribriform (A), micropapillary (B), and comedo (C) are now less commonly utilized. Instead, most pathologists classify the nuclear grade 
of DCIS as low (D), intermediate (E), or high (F), and they comment on the presence of comedonecrosis (short arrow), microcalcifications (long arrows), and ER 
immunoreactivity. Low-grade DCIS (D) has small and monotonous cells with well-defined cell membranes, inconspicuous nucleoli, and sparse mitotic activity. 
Intermediate-grade DCIS (E) has cells with cytomorphologic features that are in between the low- and high-grade categories. High-grade DCIS (F) has large and 
pleomorphic cells with prominent nucleoli and numerous mitotic figures.
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diagnosis frequency remains much lower than that of invasive cancers 
(453.1 per 100,000) (34). Although the absolute number of clinical 
presentations of DCIS has not declined with screening, the fraction of 
DCIS cases presenting clinically has decreased by over 75% (35). Like 
invasive breast cancer, DCIS diagnosis rates are strongly linked to 
age, although incidence peaks one decade earlier (from 65–69 years 
to 75–79 years, respectively). The clinical risk factors for developing 
DCIS are generally similar to those for invasive cancer (eg, BRCA 
mutation, family history, and mammographic density), although 
hormone replacement therapy is not linked to DCIS (34).

DCIS management is generally uniform and independent of clin-
ical and pathology factors. Outside of a few trials studying the ef-
fectiveness of DCIS observation (discussed below), almost all women 
with DCIS undergo surgery, usually wide local excision (WLE). 
Approximately one in three women undergo mastectomy, and this 
decision is multifactorial and in part dependent on disease extent, 
patient education and socioeconomic status, and surgeon recom-
mendation (36). In general, radiation therapy is offered as standard 
treatment after WLE because multiple randomized controlled trials 
have demonstrated it reduces local recurrence risk by 43% (37). 
To date, prospective trials to identify candidates for whom adju-
vant radiation therapy is unnecessary have not been successful. 
For example, the Radiation Therapy Oncology Group (RTOG) 
9804 trial randomly assigned women considered to be at low risk 
(mammographically detected DCIS, low-to-intermediate grade, less 
than 25 mm, and surgical margins greater than 3mm) to WLE with 
or without adjuvant radiotherapy, but found local failure rates to 
be higher in those who did not receive radiation (6.7% vs. 0.9%) 
at approximately seven years of median follow-up (38). Endocrine 
therapy in ER-positive tumors also has been shown to decrease the 
risk of recurrence (39); however, its effect is diminished when radi-
ation therapy is also administered. Accordingly, the NCCN generally 
recommends adjuvant radiation therapy and/or hormone therapy 
for women undergoing WLE (40).

Several models incorporating pathologic and clinical fea-
tures to guide DCIS treatment have been published, but they are 

used sparingly across institutions. The best-known models are the 
Memorial Sloan Kettering Nomogram (41) and the USC/Van Nuys 
Prognostic Index (42), which combine pathologic span, nuclear 
grade, and comedonecrosis with patient age, family history, and 
margin status to determine the risk of recurrence. A major barrier to 
their widespread use has been limited validation of efficacy of these 
clinical models across different sites. A  12-gene molecular assay 
(Oncotype DX DCIS score) recently has been introduced to provide 
a 10-year risk of local recurrence after treatment with the intent to 
guide radiation therapy decisions (43). However, its high cost, reli-
ance on common proliferation genes, and lack of validation across 
a broad range of DCIS grades and sizes have limited use to date. 
Further validation of this assay may come from a recently completed 
prospective trial studying the use of MRI in conjunction with the 
Oncotype DX DCIS score (ECOG-ACRIN 4112 trial) (44).

Although pure DCIS itself is generally considered to be nonlethal, 
the risk of developing an invasive breast cancer after DCIS diag-
nosis is four times higher than in the general population (45), and 
a portion of such women eventually die of breast cancer. Several 
clinical features have been identified to be associated with future 
invasive breast cancer diagnosis, including younger age, premeno-
pausal status, black race, elevated body mass index, and detection 
by palpation (20, 46). Furthermore, Surveillance, Epidemiology, and 
End Results (SEER) data indicate breast cancer–specific mortality 
following a DCIS diagnosis is 3.3%, and that young age (younger 
than 35 years at diagnosis) and black race were independent mor-
tality risk factors (47). Interestingly, these rates were independent 
from rates of ipsilateral invasive breast cancer after treatment, sug-
gesting mortality is a relevant clinical endpoint for DCIS lesions.

DCIS features on mammography

Since the advent of screening mammography, DCIS most commonly 
presents as suspicious microcalcifications without associated mass, 
asymmetry, or distortion, accounting for up to 75% of cases pre-
senting on mammography (48). The primary forms of calcifications 

Figure 3. Multimodality appearance of pure DCIS presenting as a clinically palpable mass in a 39-year-old woman. Craniocaudal (CC) spot-magnification 
mammographic view of the area of palpable concern in the right breast at 5 o’clock (A) demonstrates an oval-shaped mass with circumscribed margins and 
fine pleomorphic calcifications within the mass (arrow). A transversely oriented ultrasound image (B) demonstrates an oval-shaped complex solid and cystic 
mass with circumscribed margins and echogenic foci within consistent with calcifications (arrows). A biopsy was performed under sonographic guidance, and 
it revealed pure high nuclear grade DCIS. T1-weighted fat-suppressed initial-phase postcontrast MR image from a bilateral breast MRI (C) performed for extent 
of disease demonstrated the oval-shaped mass at posterior depth at 5 o’clock, with cystic spaces evident on T2-weighted images (D, long arrow) and ductal 
extension that was sonographically and mammographically occult (short arrow). Pathology remained pure high nuclear grade DCIS on surgical excision.
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identified on mammography are calcium oxalate, which are often not 
visible on pathology without polarized light and nearly always re-
flect benign, non-DCIS pathology, and calcium phosphate, which can 
represent either malignant (especially calcium hydroxyapatite forms) 
or benign pathologies (49). Unfortunately, these calcification sub-
types cannot readily be distinguished on the basis of mammographic 
appearance alone. Furthermore, the exact reason DCIS and other 
breast cancers produce calcifications is unclear, though it is likely a 
combination of passive (ie, degenerative/dystrophic) and active (ie, 
secretory and activation of bone matrix proteins) processes (50).

The most specific calcification morphologies are fine linear 
branching (positive predictive value [PPV]  =  70%) and fine pleo-
morphic (PPV  =  29%), although the less suspicious morpholo-
gies, including amorphous (PPV = 29%) and coarse heterogeneous 
(PPV = 15%), can also represent DCIS (Figure 4) (51). Fine pleo-
morphic, fine linear branching, “casting,” and “crushed stone” (the 
latter two being non–Breast Imaging-Reporting and Data System 
terms) (52, 53) have been reported to be associated with higher-grade 
DCIS or comedonecrosis (54–56) (Table 1), although these correl-
ations are not particularly reliable (57). Calcification morphology 
accounts for only a part of a lesion’s malignant predictive value, and 
even typically benign calcification morphologies (eg, round/punc-
tate) can reflect DCIS if distributed in a suspicious manner (eg, lin-
early/segmental distribution). Furthermore, some distributions, such 
as linear (58), have independently correlated with histopathologic 
features (55). Finally, approximately 10% of pure DCIS lesions can 
present as a dominant mass or asymmetry (Figure 5), which more 
often reflects low-grade DCIS, whereas architectural distortion can 
be present in 7%–13% of pure DCIS cases, often in association with 
sclerosing adenosis or radial scars (55).

Ultrasound features of DCIS

While the visibility of DCIS on ultrasound has a wide range in the 
literature (8%–50%) (59), it is generally regarded as the least valu-
able imaging modality for DCIS detection and depiction. However, 
ultrasound can be useful to further evaluate mammographic findings 
that are not pure calcifications (eg, mass, asymmetry, or distortion) 

and to facilitate ultrasound-guided biopsy. The appearance of 
DCIS on ultrasound is variable (Figure 6), and it include benign-
appearing masses, complex solid and cystic masses, masses with a 
“pseudomicrocystic” appearance (60), hypoechoic irregular masses, 
and “nonmass” presentations such as echogenic foci and dilated 
ducts (60). In general, DCIS lesions visible only on ultrasound are 
lower grade (59, 61), with a lower likelihood of comedonecrosis 
or her2/neu amplification than that of mammographically detected 
lesions (59), possibly because they reflect a more indolent growth 
pattern or are associated with coexisting benign pathologies (eg, 
intraductal papillomas).

“Nonmass” presentations of DCIS on ultrasound are likely 
under recognized because of their overlap in appearance with benign 
duct ectasia (62). In a series of over 700 DCIS lesions, Watanabe et al 
found over 60% manifested as nonmass abnormalities, most com-
monly hypoechoic areas, followed by abnormalities of the ducts (62). 
Echogenic foci–representing calcifications also were an uncommon 
sonographic manifestation of DCIS in this series. However, it is im-
portant to note that malignant calcifications are often more readily 
detected by ultrasound as compared with benign calcifications, and 
calcifications are more common in higher-grade DCIS (60).

MRI features of DCIS

Early studies demonstrated that MRI had a high false-negative rate 
for DCIS detection attributable to an inability to identify calcifica-
tions. However, improved spatial resolution of breast MRI in subse-
quent years has led to recognition of nonmass enhancement (NME), 
which is DCIS’s commonest MRI presentation. Subsequently, mul-
tiple studies have demonstrated that MRI is superior to mammog-
raphy for DCIS detection, especially for high nuclear grade subtypes 
(63, 64). Jansen and colleagues helped determine that DCIS’s unique 
enhancement pattern is partly due to gadolinium penetrating the 
basement membrane and collecting into milk ducts (65), providing 
clues as to why higher-grade DCIS lesions are preferentially visible 
on MRI (66).

The hallmark of DCIS on MRI is segmentally distributed NME 
with clumped internal enhancement and variable kinetic features 

Figure 4. Examples of various mammographic presentations of high nuclear grade DCIS, including asymptomatic linearly distributed amorphous calcifications on 
mediolateral 90-degree spot-magnification view (A), asymptomatic segmentally distributed fine pleomorphic calcifications on craniocaudal spot-magnification 
view (B), and diffusely distributed fine linear branching calcifications on craniocaudal spot-magnification view involving a clinically palpable, imaging occult 
mass (C). Microinvasion was present in both (A) and (C) on final surgical excision. Core needle biopsy (CNB)–diagnosed DCIS upgrades to invasive disease on 
surgical excision in approximately one quarter of cases. Risk factors for upgrade include clinical symptoms, mass on ultrasound or mammography, larger span, 
high nuclear grade, and CNB performed with a smaller gauge biopsy device.
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(Figure 7). NMEs account for the majority of DCIS lesions identified 
on MRI (60%–81%) (67–69), and they generally reflect a pathology 
growth pattern that extends along the milk ducts. As such, “seg-
mental” (triangular/wedge shape, with the apex toward the nipple), 
“focal area” (a small portion of a breast quadrant), and “linear” (in-
cludes “ductal” or “branching”) represent a larger fraction of DCIS 
lesions than they do “regional” or “diffuse” descriptors, which re-
flect pathology spanning multiple ductal systems. Among internal 
enhancement patterns, “clumped” is most specific for DCIS, and it 
accounts for approximately half of DCIS lesions. “Clustered ring” 
internal enhancement, a newer BI-RADS term, is believed to be spe-
cific for DCIS because it likely represents gadolinium accumulation 
in periductal and intraductal spaces (70).

DCIS lesions can also present as masses or foci. Such rarer pres-
entations may represent a DCIS growth pattern that primarily ex-
pands rather than spreads along the milk ducts. Interestingly, several 
studies have found that foci (71) and masses (72, 73) presenting as 
DCIS were more often low grade than NMEs, supporting a more 
indolent growth pattern. Regardless of morphology, DCIS exhibits 
variable semiquantitative kinetic features, generally peaking later 
than invasive cancers do and often resulting in a medium initial 
phase and/or a delayed phase persistent or plateau (74).

In addition to being the most sensitive modality for DCIS detec-
tion, MRI also has been shown to be more accurate than mammog-
raphy is at determining its full extent. In one study, MRI was able to 
estimate accurately the pathologic extent of DCIS within 5  mm in 
60% of cases, compared with 38% with mammography (75). The 
overall sensitivity of MRI to determine disease extent accurately is 
reported to reach almost 89%, compared with 55% with mammog-
raphy alone (69, 76). Furthermore, recent studies have shown that 
higher spatial resolution techniques using three tesla magnets can 
provide incremental benefit in disease-extent determination (77, 78). 
Despite these promising results, the practical surgical benefit of this 
improved depiction of DCIS is less clear, with a recent meta-analysis 
demonstrating no reduction in reoperation rate with preoperative 
MRI, though it was noted that variable approaches across sites limited 
the analysis (79). In contrast, a recent multicenter study demonstrated 
that when MRI approach and management are standardized, the suc-
cessful WLE rate is very high (96.1%), with 78.5% of such women 
undergoing a single WLE (without reexcision needed) (44).

Overdiagnosis and overtreatment

Despite the dramatic rise in DCIS diagnosis rates with imaging, the 
corresponding influence on reducing invasive cancer rates has not 
been linear. A  population-based study from the National Health 
Service demonstrated that for every three cases of screen-detected 
DCIS that were treated, there was one fewer invasive cancer in the 
next three years (80). These findings have led to increasing concerns 
regarding overdiagnosis of DCIS, defined as diagnosis of disease that 
will never become symptomatic or life threatening. Overdiagnosis in 
turn leads to overtreatment, increased health care expenditures, and 
increased patient anxiety (81).

Although concerns regarding overdiagnosis and breast cancer 
screening overall are frequently overstated, the case for overdiagnosis 
of screen-detected (particularly lower-risk) DCIS is more compelling 
based on several modeling studies of patient survival (82). Sagara 
et al demonstrated that among women with low-grade DCIS, there 
was no significant difference in breast cancer survival between 
women who underwent surgical excision (98.8%) and those who 
did not (98.6%) after 10 years of follow-up (83). Similarly, Ryser 
et  al evaluated outcomes in a low-risk cohort (older than age 
40 years, non-high grade, and ER/PR positive) of DCIS patients who 
did not undergo locoregional care (84). The risk of ipsilateral breast 
cancer was 5.9% at 7.5 years, but the all-cause risk of death was 
28.2%. Since it is the standard of care for all women with DCIS to 
undergo excision, the true natural history of the disease is unknown, 

Figure 5. Examples of low-grade DCIS presenting mammographically. In the 
first example (A and B), a round mass with obscured margins (circles) was 
identified in the upper outer quadrant of the right breast at anterior depth 
on 2D screening mammogram views (BB marker denotes the nipple on the 
craniocaudal view). Pathological evaluation of this mass yielded low-grade 
DCIS without comedonecrosis arising in association with an intraductal 
papilloma. In the second example (C and D), a developing focal asymmetry 
in the right breast was identified on synthetic 2D screening mammogram 
views in the right breast at 12 o’clock, posterior depth (circles). Pathology at 
this site revealed low-grade DCIS without comedonecrosis.

Table 1. Mammographic and Sonographic Features Reported to 
Correlate with Basic DCIS Histopathologic Features

DCIS Pathology 
Feature

Reported Associated 
Mammographic Feature

Reported 
Associated 
Sonographic 
Feature

High Nuclear 
Grade

1. Fine linear branching or fine 
pleomorphic morphology (48) 
2. “Casting-type”  
morphology (52)

Detected on 
mammogram ±  
ultrasound (59, 
61)

Non–High 
Nuclear Grade

1. Mammographic mass or 
asymmetry without calcifications 
(48, 56, 58) 
2. Round/punctate calcifications 
(58)

Detected at 
ultrasound  
alone (59, 61)

Comedonecrosis 1. Branching, “rod-shaped,”  
ductal distribution (58) 
2. “Casting-type” morphology (52) 
3. Fine linear branching or fine 
pleomorphic morphology (48)

Not  
detected on  
ultrasound (59)
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and further prospective work is needed to develop estimates of 
overdiagnosis that are more definitive.

Active surveillance

Active surveillance is an alternative management strategy for DCIS 
that avoids surgical excision in favor of imaging follow-up and pos-
sible chemoprevention (85). Similar to the evolution of treatment 
of early stage prostate cancer, active surveillance seeks to deescalate 
treatment in order to provide therapies that are more personalized 
for patients, while addressing overtreatment concerns (86, 87). The 
success of active surveillance as an alternative management strategy 
is dependent on two primary factors: excluding women with CNB-
occult invasive disease and identifying women at low risk for future 
progression to invasive disease. Although overall upstaging rates to 
invasive disease are approximately 25%, the application of demo-
graphic and pathologic factors, most notably high nuclear grade 
DCIS and DCIS with associated masses, can reduce upstaging rates 
to 10% or less (24, 88, 89). Furthermore, both human and computer-
derived imaging features have shown moderate success at predicting 
upstaging (90–92).

Predicting which patients will progress to invasive disease in the 
future is more challenging. Data from actual active surveillance pa-
tients are limited by small samples sizes, short follow-up intervals, 
and heterogeneous pathology profiles (93, 94). Small longitudinal 
follow-up studies of untreated women for whom DCIS was missed 
on initial pathology show that 39% to 46% will progress to invasive 
disease over very long follow- up periods of up to 42 years (95, 96). 

Finally, recurrence-free survival among women with untreated posi-
tive margins following DCIS excision demonstrates survival rates 
of 13%–35%, depending on nuclear grade (97). Although these 
noncontrolled, retrospective series demonstrate that some women 
with DCIS will progress to invasive disease, they also imply that a 
subgroup of women may be safe to avoid surgical excision.

To more definitively answer whether it is safe to undergo active 
surveillance for DCIS, there are three prospective trials in progress: 
The Comparison of Operative versus Medical Endocrine Therapy 
for Low Risk DCIS trial (COMET) in the United States (98), the 
Low Risk DCIS trial (LORIS) in the United Kingdom (99), and the 
Management of Low-Risk DCIS trial (LORD) in the Netherlands 
(100) (Table 2). For all three studies, enrolled participants are ran-
domly assigned to either surgery with standard of care radiation and/
or hormonal therapy or nonsurgical active monitoring. There are 
notable differences in the primary endpoints, inclusion criteria, and 
exclusion criteria between the trials. In brief, both the COMET and 
LORD trials have a primary outcome of ipsilateral IDC incidence, 
whereas the LORIS trial’s endpoint is IDC-specific survival. For the 
LORD and LORIS trials, patients are followed with yearly mam-
mograms, whereas the COMET trial patients undergo semiannual 
mammograms. MRI and ultrasound are not components of the sur-
veillance strategy. The LORD trial is the most conservative of the 
three trials because it includes only low-grade DCIS and excludes 
high-risk women, whereas the COMET trial is the most inclusive 
because it allows all non–high-grade DCIS, high-risk patients, and 
patients with bilateral DCIS. These trials are still in recruitment and 
will be collecting information until at least 2024.

Figure 6. Examples of DCIS presenting on ultrasound in three patients. In the first example (A), a round-shaped mass with circumscribed margins and 
heterogeneous echogenicity (calipers) revealed low-grade DCIS on pathology. In the second example (B), an irregular-shaped mass with angular and indistinct 
margins with associated microcalcifications (white arrow) and “pseudomicrocysts” (gray arrow) is present at the site of a clinically palpable mass. Biopsy 
revealed high-grade DCIS, and mammography confirmed the presence of fine pleomorphic calcifications within the mass. In the third example (C), there is duct 
ectasia (arrows) with low-level echoes within the ducts, which corresponded to a new mammographic focal asymmetry. Biopsy of this finding revealed papillary 
DCIS with a focus of microinvasion.

Figure 7. Three examples of high nuclear grade DCIS presenting on breast MRI on images from the axially acquired T1-weighted fat-suppressed first postcontrast 
portion of a dynamic contrast-enhanced series, including a focal area of clumped nonmass enhancement (NME) in the right breast (circle) (A), segmentally 
distributed clustered ring NME in the left breast (circle) (B), and linearly distributed clumped NME (circle) on a sagittal reconstruction of the left breast (C).
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The role of imaging to support evolving DCIS 
management

As prognostic differences among breast cancer subtypes are increas-
ingly recognized, there is an exciting opportunity for breast imaging 
radiologists to support novel therapy approaches matched to per-
sonal risk. Advances in imaging biomarker identification, artificial 
intelligence, and radiomics all hold promise to assist with DCIS man-
agement and to address overdiagnosis (101). Perhaps most prom-
ising, multiparametric MRI combining dynamic contrast-enhanced 
and diffusion-weighted imaging approaches can probe vascularity 
and cellularity to provide unique imaging-based assays with poten-
tial to reduce overdiagnosis and overtreatment of low-risk DCIS.

Preliminary data support the potential of MRI to decrease the 
number of less aggressive DCIS diagnoses. Because the PPV of 
mammographically detected calcifications is less than 30% (102) 
and it identifies a greater proportion of low-grade DCIS, as com-
pared with MRI, there is interest in using MRI to triage biopsies of 
calcifications (103). A study by Strobel et al examined 78 BI-RADS 
category 4 “pure clustered calcifications” and found that MRI had 
a 100% negative predictive value (NPV) for excluding invasive or 
microinvasive disease (104). Furthermore, the three false negatives 
on MRI (out of 21 total malignancies) were low-grade DCIS less 
than 12 mm in size. Baltzer et al similarly found that MRI had a 94% 
NPV for excluding malignancy in 152 mammographically detected 
suspicious calcifications (both false negatives were non–high-grade 
DCIS) and a 100% NPV for excluding invasive breast cancer (105). 
If validated in future prospective trials, MRI’s high NPV to exclude 
high-grade DCIS and invasive disease could assist with reducing 
overdiagnosis of the less important forms of DCIS.

Compared with other modalities such as mammography or 
ultrasound, multiparametric breast MRI is better able to capture the 
biological nature of DCIS (71). Prior studies have suggested MRI 
features can correlate with basic pathologic features, such as nuclear 
grade, comedonecrosis, and ER positivity. Specifically, lower-grade 
DCIS lesions are less likely to exhibit suspicious enhancement (63), 
and, when visible, they tend to be smaller with high contrast-to-noise 
ratios on DWI (106, 107). Furthermore, a pilot study suggested that 
low-grade DCIS lesions generally exhibited higher ADC values than 
high-grade lesions did (108), whereas a radiomics study demon-
strated that quantitative heterogeneity parameters could predict nu-
clear grade and her2/neu amplification (77).

Finally, MRI features also may directly predict recurrence risk 
after treatment. Kim et  al recently found that higher amounts of 
background parenchymal enhancement (BPE) surrounding DCIS le-
sions correlated with recurrence (109), whereas Luo et al found that 
higher DCIS signal enhancement ratio, larger DCIS functional tumor 
volume, and greater ipsilateral breast BPE also were associated with 
recurrence (110). Given these promising findings, it is probable that 
radiomics-based assays derived from even larger databases of breast 
MRIs could lead to a readily available DCIS imaging test to assist 
with precision therapy.

Conclusion

Despite its recognition over one century ago, DCIS remains a con-
troversial breast pathology with a relatively homogeneous treatment 
approach. Most DCIS lesions are identified on imaging in asymp-
tomatic women, and DCIS is the primary source of rising concerns 
regarding breast cancer overdiagnosis. Over the past two decades, a 

Table 2. Summary of Current DCIS Active Surveillance Trials

 COMET LORIS LORD

Primary Outcome Ipsilateral IDC incidence Ipsilateral IDC survival Ipsilateral IDC incidence
Target enrollment 1,200 932 1,240
Randomization 1:1 1:1 1:1
Year initiated 2017 2014 2017
Recruitment duration 4 years 6 years 4 years
Follow-up interval 5–7 years 10 years 10 years
Imaging surveillance Biannual mammogram Annual mammogram Annual mammogram
Treatment May get endocrine therapy May get endocrine therapy None
Inclusion criteria    
 Age (years) ≥40 ≥46 ≥45
 Nuclear grade Low and intermediate Low risk* Low
 Appearance Calcifications only Calcifications only Calcifications only
 Receptor status ER/PR+ and HER2- N/A N/A
 Biopsy technique VACB or surgical biopsy VACB and/or surgical biopsy VACB: 6 cores with 8/9 gauge or  

12 cores with 10/11 gauge 
Exclusion criteria    
 History of cancer Exclude if IDC or DCIS Exclude if IDC or ipsilateral DCIS Exclude all prior cancers except  

cervical in situ or basal carcinoma
 Symptomatic Exclude Exclude Exclude
 Comedonecrosis Exclude Exclude N/A
 Synchronous IDC Exclude Exclude Exclude
 Bilateral DCIS Include Include Exclude
 High risk Include Exclude if high risk per NICE guidelines Exclude if family with BRCA  

1/2 mutation

Abbreviations: IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; VACB, vacuum-assisted core biopsy; NICE, National Institute for Health Care 
and Excellent (United Kingdom)
* The LORIS trial uses a central pathology review and stratifies DCIS into low and high risk. Low-risk DCIS includes low nuclear grade and the bottom half of 
intermediate nuclear grade.
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demand has developed for trials that aim to decrease overtreatment 
through the selection of patients who can avoid radiation therapy or 
even undergo active surveillance in lieu of any treatment. Promising 
data have emerged suggesting imaging features may be captured as 
independent biological assays that can complement molecular, clin-
ical, and pathologic features to create improved DCIS risk profiles. 
As the medical community is at the cusp of an artificial intelligence 
revolution, breast imaging radiologists are uniquely positioned to be 
leaders in the next era of DCIS management.
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