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Introduc on
Ductal carcinoma in situ (DCIS) is a common pre‐
invasive malignancy of the breast, represen ng
approximately 20% of all breast cancer diagnoses.1,2 It
is widely believed that DCIS is a precursor lesion to
invasive ductal carcinoma, but the exact biologic
nature is not completely understood and debated by
some.3‐5 DCIS is unarguably a heterogeneous disease
with variable malignant poten al. Evidence shows that
high‐grade DCIS is an aggressive subtype with an
overall poorer prognosis than non‐high‐grade disease.
There have been many studies evalua ng the role of
the radiologist in the diagnosis of high‐grade DCIS with
emphasis on radiologic‐pathologic correla on using
standard mammography and magne c resonance
imaging. Our current understanding of the clinical
importance of high‐grade DCIS from the perspec ve of
a radiologist and characteris c imaging features are
discussed in detail.

Clinical Implica on of DCIS
The diagnosis of DCIS has increased drama cally
over the last several decades from an incidence of less
than 2 per 100,000 in the early 1970’s to 32.5 in 2004.1
Much of this increase has been a ributed to the
advent of screening mammography. Some advocates
of screening see this as a victory, achieving one of the
goals of a screening program: the preven on of life
threatening invasive cancer by detec on and
treatment at the in situ stage.6 Detractors, however,
believe the detec on of DCIS leads to a substan al
number of pa ents being over‐diagnosed and over‐
treated for a non‐life threatening condi on.7 While
large scale trials have shown survival benefit of
screening mammography in the range of 30 percent,
the screening debate goes on and is beyond the scope
of this discussion.8‐11
Much of the controversy regarding the increase in
diagnosis of DCIS over the years lies in our limited
knowledge of the natural history of the disease. There
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is li le argument that DCIS is likely a precursor to
invasive ductal carcinoma. However, it is very clear
that some ‐ but not all ‐ of DCIS will progress over the
life me of a pa ent. The evidence well summarized
by Erbas et al. showed that 14‐53% of DCIS mis‐
diagnosed as benign will progress to invasive
carcinoma over a 10‐15 year interval.4 In a study by
Sanders et al., low‐grade DCIS progressed in 11 of 28
pa ents with most occurring within 10 years; 3 were
diagnosed between 23 and 42 years a er the ini al
biopsy; and 5 of 11 died of breast cancer.3
Autopsy studies suggest that a substan al number
of DCIS cases may remain subclinical, although the
interpreta on and significance of these findings is
debated.12,13 Papers such as these underscore the
concept that some DCIS is eﬀec vely benign, but it
remains evident that there is no way to prospec vely
determine if and when DCIS will progress to invasive
disease.
Moreover, the available data are not
representa ve of the full spectrum of DCIS and largely
exclude high‐grade lesions. High‐grade DCIS is rarely
misdiagnosed pathologically and is rou nely surgically
excised, owing to the perceived malignant poten al.
This has allowed for very limited long‐term
observa ons.
In spite of the unknown, the overall prognosis for
DCIS is excellent with appropriate surgical and
oncologic management (approximately 98% long‐term
survival).14 DCIS is typically treated with wide surgical
resec on with or without radia on therapy; there is an
evolving role for hormonal therapy.15,16 With a breast
cancer specific mortality of less than 2%, it has proven
diﬃcult to demonstrate significant survival benefit
with more advanced treatment op ons, such as
radia on or hormonal therapy. This has led to
considerable eﬀort to stra fy pa ents with a diagnosis
of DCIS, based on the risk of local recurrences, as
invasive recurrence (either local or systemic) appears
to be the primary source of breast cancer specific
mortality in these pa ents. Approximately half of
pa ents with recurrence a er breast conserva on
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Figure 1. Examples of linear and branching calcifica ons in
three cases of high‐grade ductal carcinoma in situ. (A)
shows classic cas ng type calcifica ons within a long ductal
segment that has one major branch. (B) reveals a cluster of
fine pleomorphic calcifica ons with several linear forms. (C)
demonstrates cas ng calcifica ons forming branching
shapes with addi onal adjacent pleomorphic calcifica ons.

C
surgery are diagnosed with invasive disease, and 12‐
15% of these pa ents ul mately die of breast
cancer.17,18
While the overall prognosis for
conserva on therapy is good, the risk of recurrence or
death is rela vely negligible when DCIS is treated with
mastectomy.18,19
The pathologic evalua on of DCIS is one of the
primary considera ons in stra fying pa ents and has
shi ed from a purely architectural classifica on, which
oﬀered li le prognos c informa on, to a focus on the
nuclear grade and degree of cellular necrosis. This is
reflected in the Van Nuys system which simply divides
DCIS lesions into high‐grade and non‐high‐grade; the
la er group is further divided into those with or
Moreover, the Consensus
without necrosis.20
Conference on Classifica on of Ductal Carcinoma In
Situ (1997) recommends stra fying DCIS first by
nuclear grade (high, intermediate, and low) and then
determining the presence or absence of necrosis due
The
to the poten al treatment implica ons.16
consensus reflects the current understanding of high‐

J Am Osteopath Coll Radiol 2013; Vol. 2, Issue 1

grade DCIS as an aggressive subtype of DCIS with an
overall poorer prognosis than non‐high‐grade disease.
Analysis of the data has shown that a high nuclear
grade may increase the risk of local recurrence a er
breast conserva on therapy, shorten the me to
recurrence, increase the rate of distant metastases,
increase the rate of recurrence with invasion, and
increase mortality with recurrent invasion.17,19‐25 High‐
grade DCIS at core needle biopsy also appears to be a
significant risk factor for underes ma on of invasive
breast cancer, a phenomena which occurs in
approximately 25% of all DCIS diagnoses.26
High‐grade DCIS represents the majority of
screening detected in situ lesions in mul ple series,
further emphasizing the importance of this diagnosis.27
‐29
Diagnosing high‐grade DCIS represents a rela vely
frequent opportunity for radiologists to impact pa ent
care. Thorough knowledge of the characteris c
imaging features of high‐grade DCIS, as well as the
limita ons of imaging, is impera ve.
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Mammography of High‐Grade DCIS
Microcalcifica ons are found in an es mated 50‐
75% of all DCIS diagnosed on mammography and in
approximately 90% of clinically occult DCIS.30‐34
Radiologic‐pathologic correla on has shown that these
calcifica ons develop as a consequence of calcified
intraluminal cellular debris secondary to a high
concentra on of calcium in adjacent necro c cells and
from ductal secre ons, such as mucin or other calcific
products.31,35

While
linear
branching
calcifica ons
are
characteris c of high‐grade DCIS, the significance of
this finding as a histologic predictor of disease is
debated. High‐grade DCIS appears to present with this
finding in a majority of cases. In one study by Lee et
al., 15 of 16 high‐grade DCIS lesions presented with
and
showed
excellent
linear
calcifica ons
36
correla on.
In another study by Dinkel et al., 14 of
18 high‐grade DCIS lesions showed linear
calcifica ons. This pa ern represented high‐grade
DCIS 56% of the me. Though this is the majority,
compared with intermediate and low‐grade DCIS, this
was not a sta s cally significant result. The remaining
32% and 12% of linear calcifica ons represented
intermediate and low‐grade DCIS, respec vely.39 First
evaluated by Tabar et al., mul ple studies have
provided evidence that cas ng calcifica ons import a
poor prognosis when associated with small invasive
cancers.38,40,41 Analysis shows that these cas ng
calcifica ons consistently represent the presence of
extensive high‐grade DCIS (Figure 2).

Many studies have demonstrated a correla on
between the type of mammographic calcifica on and
the pathologic diagnosis, sugges ng that certain
calcifica on types are more likely to be associated with
high‐grade lesions at histopathology. Specifically,
linear branching calcifica ons are generally predic ve
of high‐grade DCIS (Figure 1).21, 36‐38 These result from
extensive intraluminal necrosis and calcifica ons which
form “casts” of the ducts, yielding the characteris c
linear branching pa ern. A variety of mammographic
descriptors have been used that with nuanced
diﬀerences appear to be synonymous to linear
branching calcifica ons, including “fine linear
branching,” “cas ng,” and “comedo” calcifica on. The
range
of
non‐standardized
microcalcifica on
descriptors in the literature may indicate a measure of
subjec vity in the analysis, although generally the
diﬀerences can be reconciled.

Unfortunately, as the Dinkel study illustrates, there
remains considerable overlap in the imaging
appearance of not only diﬀerent grades of DCIS but
also between DCIS and benign processes, as high‐
grade DCIS is not confined to the linear branching
pa ern of calcifica ons. While this morphology has
shown good posi ve predic ve value for high‐grade
DCIS, other calcifica on pa erns have not produced

A

B

Figure 2. Ectopic Cas ng type calcifica ons. (A) shows cas ng calcifica ons in a segmental distribu on, correspond to extensive high‐grade
DCIS. (B) MRI reveals corresponding clumped segmental non‐mass‐like enhancement (white arrows) in the right breast in associa on with
a circumscribed 2 cm invasive malignancy posteriorly (black arrowheads), which was mammographically occult. This pa ent presented
with bloody nipple discharge, corresponding to the linear ductal fluid signal (white arrowhead). A benign fibroadenoma was visualized in
the medial right breast (open black arrow).
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significant nega ve predic ve values or correla on
with low‐grade disease that might be used to
confidently reduce biopsy rates. Indeed, high‐grade
DCIS is seen with varying degree in all of the ACR BI‐
RADS suspicious calcifica on types, including
amorphous or indis nct, coarse heterogeneous, and
fine pleomorphic forms, though less frequently (Figure
3).30,36,37 The challenge for radiologists is most evident
in early stages when high‐grade DCIS lesions are small
and more confined; the appearance of associated
calcifica ons is o en non‐specific. Appropriate biopsy
technique and sampling provide an opportunity to
limit under‐diagnosis in these situa ons .26
When not calcified, DCIS presents in numerous ways
on mammograms, including masses, asymmetries,
architectural distor on, and even as a nega ve
exam.32 DCIS may present as a mass, either palpable
or screen detected in up to 10% of cases of DCIS; this
presenta on is seen more commonly in low‐grade
lesions, rather than high‐grade DCIS.42,43 Presenta on

as a focal asymmetry may be especially challenging to
radiologists when the finding is ques onable, not seen
with ultrasound, or diﬃcult to localize stereotac cally.
Moreover, a nega ve mammogram may harbor DCIS,
as demonstrated by occult cases iden fied only with
the use of MRI. While such presenta ons are less
common, it remains important to be aware that high‐
grade DCIS may present as a non‐calcified
mammographic abnormality.

Magne c Resonance Imaging of High‐Grade DCIS
The overall sensi vity of breast MRI for the
detec on of all grades of DCIS was previously
considered to be rela vely low with authors repor ng
various sensi vity data for DCIS as low as 77%.44
However, with improved MRI techniques and high
spa al resolu on, as many as 98% of DCIS cases are
now detectable by MRI with an addi onal 6‐23% of
mammographically occult DCIS lesions detectable only

Figure 3. Examples of high‐grade ductal carcinoma of varying
morphologies and distribu ons.
(A) shows extensive
amorphous calcifica ons in a regional distribu on. (B)
reveals a rela vely innocuous looking cluster of pleomorphic
calcifica ons with some round and punctuate forms. (C)
demonstrates an example of fine pleomorphic and
amorphous calcifica ons without clear linear forms.
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by MRI.44,45
This is largely a ributed to the
enhancement of non‐calcified DCIS which cannot be
iden fied with a mammogram.45
The most common MR imaging finding in DCIS falls
under
the
category
of
“nonmasslike
enhancement” (NMLE) and is demonstrated in 60‐80%
of cases.47,48 Though there is some variability in the
literature regarding the exact descriptors, the NMLE
seen with DCIS is typically in a segmental or linear
distribu on. Morakkaba ‐Spitz et al. demonstrated a
posi ve predic ve value of 34% and specificity of 96%
for segmental and linear enhancement pa erns.49 The
most commonly seen internal enhancement pa ern
among NMLE lesions associated with DCIS is clumped
or heterogeneous enhancement (Figure 4).48 Less
commonly, purely DCIS lesions manifest as a mass (14‐
34%) or focal enhancement (1‐12%).44
The kine c characteris cs of pure DCIS lesions are
more heterogenous and less predic ve than those of
invasive cancers, which are more likely to demonstrate
early enhancement followed by rapid washout
kine cs. The majority of pure DCIS lesions have rapid
ini al phase of enhancement in up to 77% of
cases.46,48,50 The type of delayed enhancement is
variably reported, but most commonly described as
plateau or washout. Less o en, DCIS lesions may
demonstrate slow, progressive delayed enhancement
(Figure 5). As with enhancing masses, a suspicious
morphology, such as unilateral segmental or linear
enhancement, will trump an associated benign
appearing dynamic enhancement curve.
While one might expect that enhancement
morphology and kine cs would reflect biologic
behavior and by extension nuclear grade, there is no
defini ve evidence to suggest that either can be used
to predict the presence of high‐grade DCIS.46,48 When
morphologic features of high‐grade versus non‐high‐
grade DCIS are compared, there is simply no sta s cal
diﬀerence that would separate these categories.51,52
However, some poten ally significant observa ons
have been made regarding features of high‐grade DCIS
on MRI. High‐grade DCIS appears to be more easily
detected than low‐grade, sugges ng MRI may have a
significant benefit in excluding high‐grade disease with
a nega ve exam.49 Addi onally, high‐grade DCIS is
significantly more likely to be detected with MRI than
conven onal mammography, with as many as 48% of
high‐grade cases detected with MRI alone.45
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Figure 4. Clumped non‐mass‐like enhancement (NMLE) of
high‐grade DCIS. (A) Sagi al MR post‐contrast subtrac on
image shows clumped, segmentally distributed NMLE in the
mid to lower breast. (B) Craniocaudal and (C) axial post‐
contrast MIP images in a diﬀerent pa ent with
mammographically occult high‐grade DCIS reveal
asymmetric, clumped segmental enhancement (white
arrows) in the upper inner breast. The orienta on of the
aﬀected breast was posi onal, as it did not persist on the
subsequent MRI guided biopsy.
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Enhancement features of pure high‐grade DCIS,
including a focal branching pa ern or irregular
contour, may also be helpful in prospec vely
diﬀeren a ng from pure invasive disease.52

Summary
Overall, pure DCIS has an excellent prognosis;
however, high‐grade DCIS is an aggressive subtype
with significantly greater morbidity and risk of
mortality with recurrent invasive disease. Appropriate
use of mammography and MRI aﬀords radiologists an
opportunity to iden fy this popula on and guide the
most appropriate surgical and oncologic management
based upon our current understanding of the disease.
Research has extensively evaluated mammographic
and MRI features of high‐grade DCIS, and its
appearances are well documented. Unfortunately,
imaging currently shows li le prospec ve value in
cases of pure high‐grade DCIS beyond the ability to
Future research is
make the ini al diagnosis.
necessary to determine the full impact of imaging
pa ents with high‐grade disease and to further define
the best clinical treatment strategies.

A
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The views expressed in this material are those
of the author, and do not reflect the oﬃcial
policy or posi on of the U.S. Government, the
Department of Defense, or the Department of
the Air Force.

C
Figure 5. Variable MRI enhancement kine cs of DCIS. (A)
axial MIP and (B) sagi al subtrac on post‐contrast images
reveal clumped, segmental non‐mass‐like enhancement
(white arrows) in the right upper inner breast. (C) Sagi al
CAD overlay demonstrates mixed plateau and persistent
delayed enhancement curves represented by the green and
blue color coding, respec vely.
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