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Ductal carcinoma in situ (DCIS) refers to breast epithelial cells that have become “cancerous” but still reside in their normal
place in the ducts and lobules. In this setting, cancerous means that there is an abnormal increase in the growth of the epithelial
cells, which accumulate within and greatly expand the ducts and lobules. DCIS is a nonlethal type of cancer because it stays in
its normal place. However, DCIS is very important because it is the immediate precursor of invasive breast cancers, which are
potentially lethal. This article provides a general overview of DCIS, including historical perspective, methods of classification,

current perspective, and future goals.
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The normal female human breast contains tens of thousands of
lobules, which are small grape-like clusters of glands lined by epi-
thelial cells specialized to produce milk (1). The lobules are inter-
connected by small ducts, which join to form larger ducts that
eventually exit through the nipple, transmitting milk to nourish our
young (Figure 1). Ductal carcinoma in situ (DCIS) refers to breast
epithelial cells that have become “cancerous” but still reside in their
normal place in the ducts and lobules. In this setting, cancerous
means that there is an abnormal increase in the growth of the epi-
thelial cells, which accumulate within and greatly expand the ducts
and lobules (Figure 1). DCIS is a nonlethal type of cancer because
it stays in its normal place. However, DCIS is very important
because it is the immediate precursor of invasive breast cancers
(IBCs), which are potentially lethal (2—4).

The recognition of DCIS as a specific disease distinct from IBC
occurred gradually, primarily during the first half of the 20th cen-
tury (3,5-10). It was rare during that time, accounting for only
1%-2% of newly diagnosed breast cancers, and was usually
detected when it formed a large palpable mass (11). Mastectomy
became the standard therapy, and it essentially cured patients (11).

Three developments occurred during the latter half of the 20th
century, which dramatically changed our perception, awareness, and
treatment of DCIS. First was the general acceptance by the scien-
tific and medical communities that DCIS was indeed the immediate
precursor of IBC (4,12-17) and, therefore, required effective ther-
apy—ideally something less disfiguring than mastectomy because it
is nonlethal. Second was screening mammography, which enabled
DCIS to be detected early, when it was small and before it had
progressed to IBC. Mammography primarily identifies microscopic
calcifications, which are commonly associated with DCIS, and is
highly sensitive. Screening greatly increased the frequency of detec-
tion, and now DCIS accounts for 20%-30% of all newly diagnosed
breast cancers in populations with easy access to this technology
(11,18). Third was the adoption of effective therapies for DCIS that
allowed patients to keep their breasts, including lumpectomy, post-
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operative radiation, and adjuvant endocrine therapy (11,19,20).
These therapies were originally developed to treat IBC.

Since it was first recognized, clinical and scientific research on
DCIS has increased at an accelerating pace, and there is a large
body of literature on the subject today. Early achievements
included the development of methods of classifying DCIS based
on gross and histological features viewed under the microscope.
These features included the architectural arrangement or growth
pattern of cells, the size and shape of cells and their nuclei, esti-
mates of growth rate based on counting dividing cells referred to
as mitotic figures, and the amount of cell necrosis.

In the pre-mammography era, the most commonly encountered
DCIS were composed of large, irregularly shaped, rapidly dividing
cells growing as a solid mass within ducts, with abundant necrosis
in the center. They usually formed a large palpable mass and were
referred to as “comedo” DCIS because the necrotic cell debris
grossly oozed from the ducts when the excised tumor was squeezed,
resembling comedones (as in acne) (7). The other types of DCIS,
which were encountered more rarely before mammography, were
usually not palpable or visible grossly and were classified primarily
on their predominant microscopic growth pattern, which included
cribriform, solid, papillary, and micropapillary (Figure 2, B-E). In
general, the cells in these tumors were also smaller, more normal
appearing, and less necrotic than in comedo DCIS, so they were
often referred to collectively as “non-comedo” DCIS (7). However,
a large proportion of DCIS shows complex combinations of growth
patterns and cellular features (Figure 2, F), and a shortcoming of
this method of classification is its inability to convey intratumor
diversity, which is almost certainly important clinically, although
we are just beginning to understand how and why (15,16,21).

More recent methods of taxonomy and terminology attempt to
convey the relative degree that tumor cells in DCIS resemble nor-
mal cells, referred to as differentiation, and how rapidly they are
dividing. Numerical scoring and grading systems were developed
to reflect differentiation and growth. There are several and the
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Figure 1. The female human breast is composed
of thousands of grape-like clusters of small
glands lined by epithelial cells that produce
milk, referred to as terminal duct lobular units
(TDLUs). The milk is propagated outward
through a series of interconnecting and increas-
ingly large ducts that exit the nipple. Ductal
carcinoma in situ (DCIS) refers to breast epithe-
lial cells that have become “cancerous” but still
reside in their normal place. In this setting, can-
cerous means that there is an abnormal increase
in the growth of the epithelial cells, which accu-
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details vary somewhat, but most ultimately recognize three grades,
corresponding to well (grade 1), moderately (grade 2), and poorly
(grade 3) differentiated DCIS (Figure 3) (22,23). When applied to
previous terminology, comedo DCIS are poorly differentiated,
whereas the non-comedo types are variable, although the majority
are well to moderately differentiated. Current methods of histolog-
ical grading are also unable to convey information about diversity
within individual cases of DCIS (Figure 2, F). Grading DCIS was
patterned after preexisting methods developed for grading IBCs,
where a direct relationship between differentiation and clinical

Figure 2. A historical method of classifying duc-
tal carcinoma in situ (DCIS) is based on their
predominant microscopic growth pattern and
includes comedo (A), cribriform (B), solid (C),
micropapillary (D), and papillary (E) subtypes.
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aggressiveness had been appreciated for a long time (24,25). All of
these methods of classifying DCIS are still in use today, often inter-
changeably, which can be confusing and which could be improved.

Current thinking is that most IBCs evolve through a nonoblig-
atory series of increasingly abnormal “stages” over long periods
of time, probably decades in most cases (Figure 4). In order, the
stages are generally referred to as hyperplasia, atypical hyperplasia,
and in situ carcinoma. DCIS is the most common (80%-90%)
type of in situ carcinoma in the breast, it represents an advanced
or late stage of premalignant tumor progression, and it is the
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Figure 3. A relatively recent approach to
classifying ductal carcinoma in situ is based
on the degree that the tumor cells resemble

Example of
histological scoring and grading of DCIS

normal cells (referred to as differentiation),
and the rate the cells are proliferating.
Histological grading systems have been
developed, which assign scores or points to
convey the magnitude of certain cellular
features in the tumor, such as the degree of
gland or papillae formation, nuclear size and
shape, mitotic rate, and the amount of cen-

Microscopic feature
A. Glands/papillae
B. Nuclear grade

C. Mitotic rate

D. Central necrosis

Score
1 2 3
>T75% 10 - 75% <10%
Low Intermediate High
<1 1-2 >2
<10% 10 - 50% =>50%

tral necrosis. There are several methods and
their details vary, but most recognize three
grades corresponding to well (grade 1),
moderately (grade 2), and poorly (grade 3)
differentiated. However, there is no accepted

Z= total score (range 4-12)
Grade 1 =4 -7 points (well differentiated)
Grade 2 = 8-9 points (intermediate differentiated)
Grade 3 = 10-12 points (poorly differentiated)

standard method of grading. DCIS = ductal
carcinoma in situ.

direct precursor of most IBCs, which is supported by a great deal
of indirect but compelling evidence (4). For example, nearly all
IBCs are accompanied by DCIS, and foci of histological conti-
nuity can be found between them (Figure 4) (21). The major
risk factors for developing IBC are the same for DCIS (11,26).
Furthermore, DCIS diagnosed in the past, especially if not
completely excised, is a strong risk factor for developing IBC in
the future (7,27-29). DCIS and IBC share many identical genetic
abnormalities, especially when they are in the same breast (4,30).
Genetically engineered animal models of breast cancer progress
from in situ to invasive disease (31,32). Progression of noninvasive
to invasive cancer occurs in other organs where it is easier to
observe, such as skin and cervix, so there is ample biological
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Figure 4. Invasive breast cancers (IBCs) are thought to evolve through
a nonobligatory series of increasingly abnormal “stages,” referred to as
hyperplasia, atypical hyperplasia, and carcinoma in situ over long peri-
ods of time, probably decades in most cases. Ductal carcinoma in situ
(DCIS) is the main type of carcinoma in situ in the breast (80%-90%) and
a late stage of breast cancer evolution. Many types of evidence support
the hypothesis that DCIS are the immediate precursor of IBCs, including
points of histological continuity (right photomicrograph).
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Clin Cancer Res 14:339, 2008 (based on modified SER method of grading 1BC)

There have been many studies of the biological and molecular
features of DCIS, especially during the past 30-40 years. For the
most part, nearly everything known about DCIS was studied first
in IBC (4,33-36). Surprisingly, we learned that the tumor cells of
DCIS and IBC are highly similar at the cellular and molecular
levels, even though one is invasive and the other is not (12,15,34,
37-40). The similarities extend even to global gene expression
profiles where DCIS has recently been classified into luminal, basal,
and erbB2 intrinsic molecular subtypes that were originally defined
in microarray studies of IBC (21). Obviously, however, there must
be biological differences between the tumor cells of DCIS and IBC
that are responsible for invasion, but they have been surprisingly
difficult to identify so far. Relatively recently, we learned that
adjacent stromal cells must cooperate with tumor cells for invasion
to occur, and that invasive tumors have many similarities with
healing wounds (15,41-44). Investigators are currently working
hard to determine the cellular and molecular mechanisms of these
epithelial-stromal interactions.

It would be very useful to know the natural history of DCIS,
including how it develops, whether it will progress to IBC, and
when (14-16). We know that some DCIS progress in an average
lifespan because nearly all IBCs are found intermingled with
genetically similar DCIS, which they evolved from (21). We do
not know the proportion of DCIS overall that progress to IBC
because they are either detected and excised or, unfortunately, not
detected at all. However, there are a few small clinical follow-up
studies of patients with DCIS that were originally misdiagnosed as
benign, so they were not completely excised surgically, suggesting
that at least a third, and possibly more, eventually progress to IBC
if undetected (29,45-48).

If detected, current therapy for DCIS is actually quite effective,
although there is still much room for improvement (11,19,20,49).
Better methods of detection, and improved access to them, would
be highly beneficial. New methods that precisely identify the
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boundaries of DCIS would enable surgeons to completely excise

them, eliminating local recurrences (19). A deeper understanding

of the molecular mechanisms of invasion could lead to new thera-
peutic strategies to treat DCIS, or prevent it from developing, as
well as new methods to determine the likelihood of progression, so
therapy could be individualized. This symposium will review the
state-of-the-science regarding the detection, treatment, and scien-
tific knowledge of DCIS.
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