Chapter 6
Molecular Pathology of Pre-Invasive
Ductal Carcinoma

Yuna Gong, Dina Kandil and Ashraf Khan

Introduction

Ductal carcinoma in situ (DCIS) of the breast consists of a group of heterogene-
ous and pre-invasive proliferation of neoplastic epithelial cells with the ductal
phenotype. DCIS is one of the most frequently diagnosed pathologic entities of
the breast, comprising approximately 25 % of all newly discovered breast carci-
noma cases [1]. The incidence of DCIS in United States has increased from 1.87
per 100,000 in 1973-1975 to 32.5 in 2004 [2], reflecting in part the success of the
widely adopted mammographic screening programs. With increased detection of
DCIS, however, questions regarding appropriate risk assessment and therapeutic
interventions have been raised, as only limited information on the natural biologic
progression of untreated tumors exists.

Few long-term follow-up studies available on untreated low-grade (LG) DCIS
show the risk of developing invasive breast carcinoma ranges from 14 to 60 % [3—
5] after 10 years. Similar studies on high-grade (HG) DCIS are virtually nonexist-
ent as most were excised at time of diagnosis, but it is reasonable to extrapolate
that untreated HG-DCIS will be associated with even higher risks of invasive dis-
ease. Considering DCIS generally has an excellent prognosis after lumpectomy or
mastectomy with 10-year breast cancer mortality rate at <2 % [6], the rationale for
continuing the current standard of treatment certainly holds water. However, these
statistics also demonstrate that not all DCIS invariably progress to invasive disease
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and as of yet, our current systems of risk stratification are inadequate in identify-
ing those that may benefit from less or more aggressive forms of intervention.
Concerns about unnecessary anxiety experienced by the patients and possible
over-treatment of DCIS have precipitated a search for improved diagnostic and
prognostic parameters, and has even led to proposals for reclassification of these
tumors with less ominous terminology such as “intraepithelial neoplasia” [7-10].
Recent developments in our understanding of the pathogenesis of invasive breast
carcinoma has led to newly defined molecular subtypes with varying prognoses
and has opened the door to more targeted therapies [11]. Although the literature on
DCIS is not as extensive, emerging data suggests a similar molecular classification
system may be applicable to the in situ lesions as well. In this chapter, we review
the current understanding of DCIS with emphasis on its molecular pathogenesis.

Diagnosis, Classification, and Prognosis of DCIS

Diagnosis

Diagnosis of DCIS relies on several clinical and pathologic findings. Historically,
DCIS was usually discovered when a tissue biopsy was performed for findings
such as a palpable mass, skin retraction, or nipple discharge. Now, with the advent
of the screening programs, the vast majority of DCIS are diagnosed with the mam-
mographic discovery of clinically occult microcalcifications (76 %), soft-tissue
densities (11 %), or both (13 %) [12]. Once diagnosed, the radiologically identi-
fied regions are excised with breast conserving surgery and the specimen is evalu-
ated for extent of disease, concurrent invasive carcinoma, margins and hormone
receptor status.

Microscopically, the diagnosis of DCIS is predicated on identification of clonal
population of ductal epithelial cells confined within the boundary delineated by
the myoepithelial cells and the basement membrane. Important diagnostic consid-
erations for the pathologist include ruling out invasive breast carcinoma and dif-
ferentiating DCIS from benign epithelial proliferations and other pre-malignant
entities such as lobular carcinoma in situ (LCIS).

Compared to more benign lesions such as usual ductal hyperplasia (UDH),
DCIS is comprised of a single, uniform epithelial population without the inter-
mingling of spindled myoepithelial cells. Breast lesions with morphologic features
suggestive of, but not diagnostic of DCIS are classified as atypical ductal hyper-
plasia (ADH). ADH essentially shares the cytologic features of DCIS, but impor-
tantly, lacks HG nuclear features and should not exceed 2 duct spaces or 2 mm.
It is generally recognized that ADH and DCIS are both neoplastic proliferations
with shared evolutionary pathway and the distinction between them can be quite
subjective.
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Classification

Several classification schemes to accurately stratify DCIS have been proposed
over the years. Historically, DCIS was divided into architectural subtypes such as
solid, cribriform, papillary, micropapillary, and clinging. These architectural fea-
tures are still recognized and noted in pathologic reports; however, evidence has
shown architectural subtyping to be of little clinical import and subject to con-
siderable interobservor variability. Because of the insufficiencies of the architec-
tural system, revised schemes (e.g., Holland classification [13]) focusing primarily
on the cytonuclear features of the tumor cells were introduced, and found to be
superior in reproducibility [14]. Van Nuys classification on the other hand, is
a simplified system that categorizes DCIS based on the presence or absence of
comedonecrosis and low- or HG nuclear features. Van Nuys, like the Holland clas-
sification, has demonstrated reproducibility [14] and has also been shown to be
predictive of local recurrence rates and disease-free survival [15, 16]. The newly
introduced concept of “ductal intraepithelial neoplasia,” proposed to alleviate
patient anxiety and possibly reduce over zealous treatments, has yet to gain trac-
tion in general practice. Currently, most pathologists rely on a combination of
features including nuclear grade, presence of comedonecrosis, and architectural
pattern to evaluate and classify DCIS. Features characteristic of each histologic
grade is summarized in Fig. 6.1.

ARV S ) i s ey
Histologic Grade 1 Grade 2 Grade 3
Features
Nuclear Monotonous and Intermediate Variability in size,
pleomorphism evenly spaced shape with crowding
Chromatin Fine Intermediate Coarse and clumped
Nucleoli Insignificant Intermediate Prominent
Polarization Nuclei polarized Intermediate No recognizable

towards lumens polarization

Comedonecrosis Absent Intermediate Frequent

Fig. 6.1 Histologic grading of ductal carcinoma in situ (DCIS)
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It should be noted that while interobservor variability in the classification of
DCIS has improved significantly since the adoption of the newer systems, it is far
from being completely eradicated. Nuclear grading is still a subjective interpreta-
tion and even the exact definition of comedonecrosis is under debate.

Prognosis

Despite the lack of extensive data on the natural progression of untreated DCIS,
several large randomized clinical trials and cohort studies have identified few
independent clinical and pathologic features associated with risk of disease recur-
rence or progression. Some of the factors associated with higher rates of local
recurrence were younger age (<40 years old), older age group (>50 years old),
symptomatic detection of DCIS, higher nuclear grade, solid or cribriform growth
pattern, comedonecrosis, uncertain or involved margins or treatment with local
excision alone [17-19].

Treatment modality has been shown to have significant influence on the recur-
rence rate, if not the overall survival. Until recently, mastectomy was the conven-
tional treatment of DCIS [20]; however, with the success of breast conserving
surgery/lumpectomy in invasive cancer, this conservative approach has been
extended to DCIS as well. No randomized clinical studies comparing the efficacy
of these two surgical options are currently available. On the other hand, radiother-
apy (RT) has been shown to significantly decrease the rate of disease recurrence
in clinical trials [17, 18, 21-26]. After lumpectomy alone, the risk of contralat-
eral or ipsilateral disease recurrence ranges from 14 to 32 %, which is reduced by
40-50 % when paired with RT [17, 18, 21-26]. However, because RT does not
seem to influence the overall survival rate, there is still a lack of consensus on the
appropriate use of adjunct RT.

The use of improved DCIS classification, along with the identification of these
risk factors has led to the development of prognostic systems such as the Van Nuys
prognostic index (VNPI). The updated USC/VNPI stratifies DCIS patients accord-
ing to age, size of the lesion, nuclear grade, and margin status and suggests dif-
ferential treatment options according to the VPNI score [27, 28]. Although VPNI
has been shown to be useful in a number of retrospective studies, it is yet to be
validated in a prospective trial.

The current treatment protocol according to NCCN guidelines suggests
lumpectomy = radiation or mastectomy = sentinel node biopsy. It was revised in
2008 to include lumpectomy alone as an option for those individuals with “low”
risk, but does not specifically define that subset of patients. The guideline also rec-
ommends post-surgical treatment with tamoxifen in ER-positive DCIS, but does
recognize that tamoxifen, like RT, reduces the risk of recurrence without improve-
ment in overall survival rate [21, 25, 29]. The current guidelines demonstrate that
despite the identification of several risk factors that are associated with higher
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disease recurrence, no systematically applied differential treatment protocols are
currently in place for DCIS subtypes.

Tumorigenesis of DCIS

Several tumorigenesis pathways for DCIS have been proposed over the years. One
model, first described by Wellings and colleagues in the 1970s, suggested flat epi-
thelial atypia (FEA), ADH and DCIS as non-obligate precursor lesions to inva-
sive ductal tumors [30-32]. Wellings further proposed that these ductal lesions,
as well as lobular pre-malignant lesions, share a common progenitor in the ter-
minal duct-lobular units (TDLUs) of the breast. Epidemiological, morphological,
immunohistochemical and now molecular studies support this theory of evolution-
ary continuum between FEA, ADH, DCIS, and invasive ductal carcinoma (IDC)s,
which is further detailed in the following section.

An alternative theory integrated benign epithelial proliferations such as UDH
into this scheme, proposing progressive de-differentiation of UDH into malig-
nancy [33]. Recent immunohistochemical and molecular studies however, have
failed to demonstrate a clear relationship between UDH and other premalignant
lesions. Rather, UDH appears to be more closely related to normal, non-prolifer-
ative breast epithelium and likely represents a distinct clinical entity unrelated to
the pre-malignant lesions of the breast [34, 35].

The prevailing model of breast cancer progression has further refined Wellings’
original theory and now recognizes divergent pathways for low-and HG DCIS.
First discovered in IDCs, it is now recognized that the same recurrent but differ-
ential molecular changes are largely recapitulated in the in situ lesions as well.
For example, loss of 16q, the hallmark chromosomal abnormality of low-grade
invasive carcinoma, is also observed in greater than 70 % of LG DCIS. In contrast,
16q loss is observed in only 30 % of HG DCIS. In addition, it has been recognized
that low-grade DCIS are largely ER positive, whereas only a subset of the HG
lesions express the hormone receptor. Furthermore, those HG DCIS that are ER
positive tend to harbor the same chromosomal abnormalities typically associ-
ated with low-grade lesions. These findings, among others, suggest that while at
least two distinct carcinogenetic pathways may exist, a subset of HG DCIS may
indeed represent low-grade lesions that have progressively de-differentiated and
possible points of intersection can be observed among the several breast cancer
pathways (Fig. 6.2).

ER Estrogen receptor; PR progesterone receptor; LG low-grade; /G intermedi-
ate grade; HG high-grade; FEA flat epithelial atypia; ADH atypical ductal hyper-
plasia; TN triple negative; MGA microglandular adenosis; DCIS ductal carcinoma
in situ; /DC invasive ductal carcinoma

FEA and ADH, in keeping with the theory of a common evolutionary pathway,
share many of the immunohistochemical and molecular signatures of low-grade
DCIS. Like the low-grade DCIS, FEA and ADH are generally positive for ER and
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BIOMARKERS: CHROMOSOMAL ABNORMALITIES:
ER/PR+ Diploid or near-diploid

BCL-2+ Losses: 16q

Ki-67 low Gains: 1g, 16p

Luminal A

Her 2 +/-

P E—
—

m—' m Luminal A/8, TN/Basal
1 .
i i

TN/Basal

Normal
Epithelium

BIOMARKERS: CHROMOSOMAL ABNORMALITIES:
ER/PR- Aneuploid and/or complex karyotype
P53+ Losses: 1p, 8p, 17p, 13g

Ki-67 high Gains: 1g, 8g

Fig. 6.2 Divergent pathways of low and high-grade breast cancer. LG pathway is character-
ized by positivity for ER/PR, Bcl-2 and low Ki-67 index. Chromosomes tend to be diploid or
near-diploid with recurrent changes such as loss of 16q or gains of 1q or 16p. FEA and ADH
are thought to be precursor lesions of the low-grade pathway and share similar expression of
biomarkers and chromosomal abnormalities. Luminal A DCIS is the predominant molecular
subtype seen in the low-grade pathway. HG pathway is characterized by negativity for ER/PR,
positivity for p53 and high Ki-67 index, producing tumors with TN/basal-like or HER 2+ phe-
notype. These tumors also are frequently aneuploid and/or exhibit complex karyotype. MGA
has been proposed as a possible precursor lesion for high-grade lesions with TN/basal-like phe-
notype. Overlap also exists between the LG and HG pathways. Some IG and HG DCIS show
molecular features of both low and high-grade lesions, and may represent de-differentiated
lesions of the LG pathway. (Figure adapted with permission from [36])

PR but negative for HER 2 and basal cell markers. They have also been shown to
share many of the recurrent genetic imbalances (e.g., loss of 16q) and are often
found in coexistence with low-grade DCIS and invasive carcinomas. These immu-
nophenotypic, molecular, and epidemiologic evidence demonstrates the close
developmental relationship among these low-grade lesions and provide strong evi-
dence that FEA and ADH are non-obligate, neoplastic precursors of the low-grade
cancerous lesions of the breast.

It is yet unclear, however, what the precursor lesion of HG DCIS may be. The
complex karyotype of HG DCIS intimates both the inherent genetic volatility of
these lesions and the heterogeneity of its origin. A minority of the HG DCIS that
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harbor a similar genomic profile to the low-grade DCIS may represent de-differen-
tiated lesions, while others may have arisen de novo. There exists, however, recent
but limited evidence showing that a subset of microglandular adenosis (MGA)
may be a precursor to triple negative (ER, PR, and HER2 negative) HG DCIS [36,
37]. MGA is a rare breast lesion composed of cytologically bland glands with an
infiltrative growth pattern, largely considered to be a benign process. Its rarity
however, in comparison to the incidence of HG DCIS, makes it an unlikely candi-
date as a common progenitor for HG lesions of the breast.

Chromosomal Aberrations of Low-and High-Grade DCIS

Low and HG DCIS, like their invasive counterparts, are characterized by distinct
set of chromosomal aberrations. One of the hallmark chromosomal abnormalities
seen in low-grade DCIS, as mentioned before, is the loss of 16q (70 %), as evi-
denced by multiple comparative genomic hybridization (CGH) and loss of hete-
rozygosity (LOH) studies [38—40]. Other recurrent abnormalities associated with
low-grade DCIS include loss of 17p and gain of 1q (>70 %) and 16p (>40 %). In
addition, low-grade DCIS is characterized by diploid or near-diploid chromosome
number and on average, have fewer total chromosomal abnormalities.

In contrast, HG lesions exhibit greater tendencies for aneuploidy, more com-
plex karyotype and generally harbor multiple amplifications. Some of the specific
and more frequently observed chromosomal abnormalities of HG DCIS include
gains of 1q, 5p, 8q and losses of 8p, 11q, 13q, and 14q. The genomic profile of
intermediate-grade DCIS, much like the nuclear and cytologic features that cur-
rently define the DCIS grading system, straddle the boundaries of the low-and HG
lesions. Although intermediate-grade DCIS shared some of the distinct genetic
signatures with the low-grade lesions, one study also found they had on average,
higher number of genetic imbalances (5.5 vs. 2.5) compared to low-grade DCIS
[38]. Table 6.1 is a detailed list of the recurrent genomic changes seen in low- and
HG DCIS, as well as other proliferative breast lesions.

Immunophenotype of Low-and High-Grade DCIS

Immunohistochemical (IHC) studies of the transcriptomic profiles of DCIS also
support the theory of divergent tumorigenesis. DCIS, like their invasive counter-
part, can be divided into broad categories based on estrogen receptor (ER) posi-
tivity. ER is one of the most valuable and extensively studied biomarkers in the
breast and is expressed in approximately 70 % of DCIS overall [41]. ER expres-
sion is strongly associated with low-grade in situ and invasive ductal lesions,
with nearly 100 % of the low-grade DCIS expressing the hormone receptor.
Molecular studies of IDC have also shown ER-positive and ER-negative tumors
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Table 6.1 Chromosomal aberrations of proliferative breast lesions
Lesion Method | Losses Gains References
UDH LOH 3p, 9p, 11p, 13q, 16q, 17q - [56]
LOH 13q, 14p, 16q, 17p, 17q - [57]
LOH | 9p.llq, 11p, 13q, 14q, 17p, | — [39]
17q
CGH 13q, 16q 12q, 16p, 20q [58]
CGH None None [59]
CGH 1q 16q, 17p, 21p [60]
CGH 13q - [61]
FEA LOH 3p, 11q, 16q, 17q - [62]
LOH 1p, 3p, 59, 9p, 9q, 10q, 17p, - [63]
17q, 22q
CGH 11q, 12q, 16q, 17p, 18p, 7q, 11q, 15q, 16p, 17q, 19q | [64]
21,22
ADH LOH 16q, 17p - [65]
LOH 11p, 13q, 16q, 17p, 17q - [39]
LOH 8p, 16q, 17q - [66]
LOH 1q, 3p, 11p, 11q, 16q, 17p - [67]
CGH 16q, 17p, 20p 1q, 16q, 11q [60]
CGH 13q, 16q 3p, 8q, 15q, 16p, 20q, 22q [58]
CGH 8p, 9p, 11q, 13q, 14q, 16q, 1p, 1q, 2q, 8q, 10p, 17q, [40]
21q, Xp 20q, 20q, 22q, Xp
LG-DCIS |LOH 2p, 6q, 8p, 9p, 11p, 11q, 13q, |- [39]
14q, 16q, 17p, 17q
CGH 11p, 14q, 16q, 17p NA [40]
CGH |4q, 13q 16p, 20q, 22q [58]
CGH | 9p, 13q, 14q, 16q 1q, 17q [38]
IG-DCIS |CGH | 2q,5q, 8p,9q, 11q, 16q, 17p | 1q, 8q, 17q [38]
HG-DCIS | LOH 2q, 6q, 8p, 9p, 11p, 11q, 13q, |- [39]
14q, 16q, 17p, 17q
CGH 8p, 13q, 14q 1q, 8p, 9q, 16q, 17q, 19q [40]
CGH | 4q,5q,9p, 11q, 13q 1q, 6p, 69, 7q, 8q, 10q, 12q, |[58]
14q, 15q, 16p, 17q, 19q,
20q, 21q, 22q
CGH 1p, 12q, 16q, 17q, 22q 1p, 1q, 2q [61]
CGH | 2q, 5q, 6q, 8p, 9p, 11q, 13q, 1q, 5p, 8q, 17q [38]
14q, 16q, 17p

Adapted with permission from [77]
LGDCIS low grade ductal carcinoma in situ; HGDCIS high grade ductal carcinoma in situ;
UDH usual ductal hyperplasia; FEA flat epithelial atypia; ADH atypical ductal hyperplasia;
LOH loss of heterozygosity; CGH comparative genomic hybridization

are intrinsically distinct entities with divergent pathologic and clinical features. ER
expression, along with the presence of HER2 upregulation, is the major determi-
nant in molecular classification of IDC.
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Table 6.2 Expression of biomarkers in ductal carcinoma in situ (DCIS)

87

Biomarkers | Histologic grade of DCIS
Low Intermediate High Overall
ER 94-100 % 81-100 % 3048 % 55-77 % [44, 69]
[44, 68-70] [44, 68-70] [44, 68-70]
PR 69-100 % 65-91 % [68, 69] | 23-32 % [68, 69] | 43-62 % [68, 69]
[68, 69]
AR 36 % [44] 51 % [44] 26 % [44] 37 % [44]
Her2 0-8 % 0-26 % 55-72 % 28-47 %
[44, 68-70] [44, 68-70] [44, 68-70] [44, 68-70]
Bcl-2 92 % [44] 84 % [44] 36 % [44] 64 % [44]
p53 0-8 % 13-14 % 28-49 % 25-40 %
[44, 68, 69] [44, 68, 69] [44, 68, 69] [44, 69, 71]
EGFR 0 % [44, 69] 0-7 % [44, 69] 0-52 % [44, 69] 0-36 % [44, 69]
CK5/6 0 % [44] 0 % [44] 4 % [44] 2 % [44]

DCIS Ductal carcinoma in situ

Other biomarkers preferentially expressed in low-grade DCIS also include
progesterone receptor (PR) and Bcl-2. PR, like ER, is a hormone receptor that is
prognostic as well as predictive of response to hormone therapy [41]. Bcl-2 is an
anti-apoptotic protein whose de-regulation has been associated with pathogen-
esis of breast cancer. The expressions of both proteins are positively associated
with ER, and help define the immunoprofile of the low-grade ductal lesions of the
breast.

Conversely, higher-grade lesions are negatively associated with ER, positively
associated with [42-44] HER2 expression, p53 expression, and basal mark-
ers (CK5/6, EGFR) and display higher Ki-67 index. Somewhat paradoxically,
HER?2 amplification, which is typically associated with worse clinical outcome in
invasive tumors, is seen with higher frequency in the in situ lesions (15-25 vs.
55-70 %). The reason for this disparity remains unclear, however. Some of the
proposed mechanisms include: loss of HER2 expression as HER2-positive DCIS
progresses to IDC; higher rates of disease progression in HER2-negative DCIS;
and mammographic detection bias for HER2-positive DCIS due to their associa-
tion with comedo necrosis and calcification, which may be more easily identified
by imaging. Table 6.2 summarizes the expression rate of various biomarkers strati-
fied by DCIS histologic grades.

Molecular Subtyping of DCIS

Microarray profiling of invasive breast carcinomas in the early 2000s introduced
a novel classification method into at least four major intrinsic molecular subtypes
with variable clinical outcomes: luminal A, luminal B, human epidermal growth
factor receptor-2 (HER2) overexpressing and TN/basal-like (Table 6.3) [45].
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Table 6.3 Molecular subtypes defined as: Luminal A (ER+, HER2—), Luminal B (ER+,
HER2+), HER2 (ER—, HER2+), TN/Basal-like (ER—, HER2—, EGFR, and/or cytokeratin 5/6 +)

Molecular subtypes of DCIS
Lesion Luminal A (%) | Luminal B (%) |HER2 (%) | TN/Basal-like (%) | References
DCIS 62.5 13.2 13.6 NA/7.7 47712

61 9 16 6/8 [48]2

48.8 8.7 17.4 7.1 [50]

38.3 6.9 14.9 7.5 [72]2
IDC 58-75 5-16 3-6 11-20 [47, 73-76]

DCIS Ductal carcinoma in situ; /DC invasive ductal carcinoma
43,6, and 35 % of tumors were unclassified, respectively (negative for all four defining markers
or missing information)

Studies have shown the intrinsic molecular subtypes can be approximated with
a panel of immunohistochemical markers, most commonly including ER, PR,
HER2, CK5/6, and EGFR [46]. Similar categorization of DCIS has been explored
in several studies [47-50], which were largely successful in recapitulating the
molecular subtypes found in invasive tumors.

Several differences in the prevalence of the distinct molecular phenotypes
between the in situ and invasive ductal lesions were noted in these studies. HER2
subtype was consistently shown to be more prevalent in DCIS (14-17 %) com-
pared to IDC (3-6 %), as previously discussed. On the other hand, luminal type
A was generally less common in DCIS (38-63 %) compared to IDC (58-75 %).
Overall, no statistically significant difference was noted between the prevalence of
luminal type B and TN/basal phenotypes, although the TN/basal phenotype was
generally less common in DCIS.

Although the limited number of studies should preclude premature generaliza-
tions of the DCIS molecular subtypes, one study showed TN/basal-like phenotype
to be associated with elevated risk of disease recurrence at 10 years [50], as well
as being associated with other unfavorable prognostic variables such as high-grade
nuclei, p53 expression, and elevated Ki-67 index [47, 48].

Molecular Features of DCIS Versus IDC

DCIS is generally recognized as a non-obligate precursor lesion to IDC due to a
multitude of indirect but convincing evidence. Tissue resections of IDC nearly
invariably show concurrent DCIS, usually of similar nuclear grade, helping dem-
onstrate a close relationship between the two lesions and suggestive of a shared
evolutionary pathway. However, contrary to expectations, global gene expres-
sion studies have shown no significant differences in molecular changes between
invasive and in situ carcinomas [38], suggesting that the potential for invasive-
ness already resides in the mutations that first gave rise to the in situ neoplastic
proliferations.
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In light of this failure to find the specific genetic signatures that define invasive-
ness, several other mechanisms have been proposed. One theory suggests that epi-
genetic alterations regulating the expression of various genes may be contributory.
Few studies have demonstrated stage-specific methylation of tumor suppressor
genes in the tumor cells [51, 52], suggesting a possible role in the disease progres-
sion. On the other hand, others have shown that the changes in the microenviron-
ment of the tumor may also be instrumental. Studies have shown that similar to
the epithelial tumor cells that exhibit differential epigenetic gene regulation, the
surrounding stromal cells and myoepithelial cells also show significant changes in
gene expression during the transition from in situ to invasive carcinoma [53]. It
has been suggested that these phenotypically aberrant stromal and myoepithelial
cells, having lost their normal function, may facilitate invasion by creating a more
permissive environment for the tumor cells.

It is likely that the progression of the in situ to IDC involves a complex set of
changes including the intrinsic genetic abnormalities of the tumor, epigenetic de-
regulation of the tumor/stromal/myoepithelial cells’ gene expression and other as-
of-yet undefined deviations from the norm.

Future of Molecular Testing in DCIS

Recent advancements in molecular methodologies have allowed the emergence
of multiple RNA-and DNA-based commercial tests to categorize breast carcino-
mas into prognostically significant subgroups. Tests such as Oncotype Dx® and
Mammaprint® are RNA-or DNA-based assays used to evaluate the expression
of key genes involved in cell proliferation, invasion, hormone receptors, HER-2,
and other house keeping genes. Oncotype DX for example, is an assay performed
using quantitative RT-PCR on formalin-fixed, paraffin-embedded samples to
generate Recurrence Score® (RS) to categorize the tumors into three prognostic
categories. For early stage invasive tumors, these molecular assays have become
widely accepted as ancillary tests to help identify those patients that may benefit
from adjuvant chemotherapy.

More recently in 2011, a validation study using ECOG E5194 dataset showed
these assays might also be applicable to in situ tumors as well [54, 55]. Oncotype
DX assays on DCIS showed that similar to invasive tumors, the risk of ipslateral
breast event (IBE) was significantly increased in those with higher RS. Low, inter-
mediate, and high-risk groups within this study had 10-year risk of IBE of 10.6,
26.7, and 25.9 % respectively, and 3.7, 12.3, and 19.2 % risk of invasive IBE (both
log rank P < 0.006) [55]. These results indicate that DCIS can be stratified into
meaningful prognostic subgroups using this tool and we may be one step closer to
identifying those patients in the “low-risk” category mentioned, but not specified,
in the NCCN guidelines. Oncotype Dx® in DCIS has, however, not been univer-
sally accepted as is the case in invasive carcinoma and additional larger studies
with long term follow-up may be needed to clearly define its role in planning



90 Y. Gong et al.

adjuvant RT in DCIS. With accurate identification of risk groups, we can better
individualize treatment for women with DCIS and reduce the incidence of morbid-
ity that can often accompany aggressive therapy.

Key Points

e DCIS is a heterogeneous group of breast lesions hitherto categorized into three
grades based primarily on nuclear and cytologic features.

e The prevailing model of breast cancer progression now recognizes divergent
pathways for low-and high-grade DCIS.

e FEA, ADH, and low-grade DCIS are now considered to be non-obligate precur-
sors of low-grade invasive ductal breast carcinoma; the precursor lesions of HG
DCIS and invasive carcinoma are yet unknown.

e Low-grade DCIS, like its invasive counterpart, is characterized by loss of 16q
and ER/PR positivity. HG DCIS is characterized by aneuploidy, p53 positivity,
and HER2 amplification.

e Molecular studies of DCIS have shown categorization of the in situ lesions into
at least four intrinsic molecular subtypes is possible, albeit with some differ-
ences from their invasive counterpart (e.g., higher incidence of HER2 type).

e Progression from in situ to invasive ductal lesions may be facilitated by epi-
genetic changes in the tumors’ gene expression, as well as changes in their
microenvironment.

e Commercial molecular testing for DCIS is now available and may play a role in
directing adjuvant therapy for some patients. Caution should still be exercised in
interpreting the results of these tests however, as the data supporting the validity
of molecular testing for DCIS is not yet extensive.
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