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Rezumat

Carcinomul mamar ductal in situ (CDIS) reprezintd o patologie
heterogena a carei evolutie este dificil de documentat avand in
vedere ca excizia chirurgicala se face de rutina. Studii ce descriu
leziuni incomplet excizate considerate benigne dupa biopsie, dar
care la o reevaluare ulterioara au fost diagnosticate CDIS, ofera
anumite informatii legate de evolutia bolii. Rezuméand aceste date
retrospective, 14-53% din cazurile ulterior diagnosticate CDIS au
progresat catre carcinom mamar invaziv. in timp ce observatiile
date de reevaluarea retrospectiva a biopsiilor s1 autopsiilor aduc
informatii epidemiologice suplimentare pentru a intelege evolutia
bolii, cele mai importante rezultate sunt inca asteptate din studii
prospective, cu urmarire activa a pacientilor cu CDIS. Aceste studii
vor aduna date despre caracteristicile pacientilor, precum stilul de
viata si factorii de mediu, dar si date genomice si metabolomice
tumorale si stromale, ce vor putea eventual sa elucideze istoria
naturala a bolii si cum va putea fi tratata in viitor.

Cuvinte cheie: istorie naturala, cancer de san, progresie, carcinom
ductal in situ

Abstract

Ductal carcinoma in situ (DCIS) of the breast is a heterogenous
disease and its natural history cannot be directly observed as
surgical removal is part of the current standard of care. Studies of
incompletely excised breast lesions that were considered benign
after biopsy, but at review years later were recognized as DCIS,
offers some insight to the natural history of DCIS. Summarizing
these retrospective data; 14-53 % of the cases retrospectively
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diagnosed as DCIS progressed to invasive breast cancer (IBC) during follow-up. While observations
from retrospective re-evaluation of biopsies and autopsies adds epidemiological input for under-
standing the natural history of DCIS, the most important results are still awaited from the ongoing
prospective studies on active surveillance of DCIS. These studies with collected data on patient
characteristics, life-style and environmental factors, as well as tumor and stromal metabolomics
and genomics, will probably further elucidate the natural history of DCIS and how the disease

should be treated in the future.

Key words: natural history, breast cancer, progression, ductal carcinoma in situ

Introduction

Ductal carcinoma in situ (DCIS) constitutes a
spectrum of preinvasive lesions with a broad
spectrum of malignant potential and can
rapidly progress to invasive breast cancer
(IBC), may change very slowly or never
end-up in an IBC. The transition is poorly
understood and it is unclear if genetic
changes and clonal selection give rise to a
subpopulation of neoplastic cells with the
ability to penetrate the basement membrane
and cause spread to the surrounding tissue,
or if changes in the myoepithelial, myofibro-
blastic and fibroblastic cells in the DCIS
microenvironment give them this ability.
Existent evidence supports a combination of
the two models (1).

Despite DCIS being a preinvasive lesion,
and though a considerable proportion of DCIS
probably never would progress to IBC, women
diagnosed with DCIS will get a breast cancer
treatment not differing much from that
given at diagnosis of an IBC; including breast
conserving surgery and adjuvant radiotherapy
or mastectomy, and in some countries also
adjuvant endocrine therapy. Studies on
health-related quality of life in women with
DCIS show that despite an excellent progno-
sis, women diagnosed with DCIS overestimate
their risk of invasive recurrence (2) and
distant metastatic disease (3) and have a
decline in mental health and social functioning
the first 6 months after diagnosis (4). An
ability to identify which DCIS lesions that

most likely will progress to IBC, and over
what time frame, would have a great impact
on treatment selection and might offer a
possibility to de-escalate treatment in selected
patients.

Incidence rates of DCIS have been rising
from the pre-mammographic era of the 1970s
when it accounted for less than 5 % of all
breast cancers (5,6) until today, when it
accounts for about one fifth to one fourth of all
newly diagnosed breast cancers, with a varia-
tion in incidence between countries, with the
lowest proportion noted in Finland (9 %) and
the highest in the US (24 %) (7). DCIS is a
heterogenous disease and its natural history
cannot be directly observed as surgical
removal is part of the current standard of care.
However, there are studies of incompletely
excised breast lesions, lesions that were
considered benign after biopsy but at review
years later were recognized as DCIS, which
offers some insight in the natural history of
DCIS (8-12). The aim of this article is to give
an overview of current knowledge and
common hypotheses regarding the natural
history of DCIS.

Methods

We conducted a survey in the PubMed
database (citations for biomedical literature
from MEDLINE, life science journals and
online books) identifying relevant publications
including follow-up studies of DCIS initially
misdiagnosed as benign, biopsy-only studies
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where cases with DCIS were left un-treated,
autopsy studies, and studies using models to
study growth of DCIS and progression to IBC.

Aspects on the Natural History of DCIS

Basic Histopathology

DCIS is characterized by the proliferation of
malignant ductal epithelial cells that lack the
ability to penetrate the basement membrane
and thereby lack the capacity to metastasize
(13-15). Whether all IBC go through a poten-
tially detectable phase of DCIS or whether some
cell populations have the ability to invade the
surrounding stroma directly, is unknown.

The American surgical pathologist Broders
was the first to define the term and the general
concept of carcinoma in situ in 1932 and
thereby changed the very definition of cancer
(16). One of the earliest and most well-known
studies on the progression of DCIS to IBC was
published in 1973 by Wellings et al analyzing
60 human breasts. They observed the smallest
solitary, independent foci of DCIS in the
terminal duct lobular units (TDLUs) (17), and
hypothesized that DCIS usually arises in the
TDLUs rather than in larger ducts, and that
there is a continuous, but not obligatory,
progression to IBC over a long period of time
and through a series of gradually more malig-
nification: ductal hyperplasia, atypical ductal
hyperplasia (ADH) and DCIS.

Indirect evidence that DCIS is a precursor
of IBC 1is represented by the fact that DCIS
and IBC commonly co-exists within one breast
cancer lesion (18), and that approximately 50
% of all DCIS recurrences following breast
conserving surgery, as well as the vast majority
after a mastectomy, will be an invasive cancer
(19-24). IBC and DCIS co-existing in the same
lesion do often, but not always, share similar
genetic profiles and histopathological and
immunohistochemical appearance, supporting
the theory of a common origin (25-29). The
same is true for an invasive recurrence after a
primary DCIS.

DCIS develops along a chain of changes
starting within the normal breast cell, going

through multiple histological and biological
changes including multiple chromosomal losses
or gains, as hyperplastic lesions progress
through ADH and DCIS to IBC (30-32). Loss of
heterozygosity for example, is noted in more
than 70 % of high-grade DCIS, in ADH in
approximately 35 % but not at all in normal
breast tissue (31,33). Most changes in gene
expression seems to happen early in the chain
of progression and a majority during the
transitional phase from normal tissue to DCIS
(27,34-37).

An alternative theory to the above model
that normal epithelial breast cells, trough
genetic changes and clonal selection give rise to
a subpopulation of malignant cells with the
capacity to penetrate the basement membrane,
1s the so-called release model hypothesizes.
This theory hypothesizes that changes in the
DCIS microenvironment such as phenotypic
changes of myofibroblastic, myoepithelial, and
fibroblastic cells and the infiltration of inflam-
matory cells lead to the disruption of the base-
ment membrane and the ability to metastasize.
Most likely, a combination of these two models
contributes to the progression to IBC (38).

There 1s a good agreement, although not
perfect, between DCIS and IBC in the same
lesion with regard to tumor grade, estrogen
receptor (ER)-, HER2- and p53 status (30,39,
40). When comparing the genetic and immuno-
histochemical profiles of DCIS with those of
IBC there are concordant findings between
high-grade DCIS and high-grade IBC, and
between low-grade DCIS and low-grade 1IBC
(39,41), indicating that low-grade DCIS
progress to low-grade IBC and high-grade
DCIS to high-grade IBC, with intermediate-
grade DCIS representing an intermediate
behavior. ER expression in DCIS is inversely
related to nuclear grade and more than 90% of
low-grade DCIS are ER positive and less than
20 % exhibit overexpression of HER2 or p53
mutations. In contrast, only 25 % of high-grade
DCIS are ER positive while overexpression of
HER2 or p53 mutations are seen in over 60 %
(42-44). Several studies show that the most
clinically relevant features of IBC, such as ER-
and HER2- status as well as nuclear grade, are
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determined by the time the DCIS has evolved
suggesting that IBC tumor characteristics may
be determined by the characteristics of the
precursive DCIS (27,37,45). The importance
and clinical utility of ER in DCIS presented in
studies (46-48) has led to updated recommen-
dations in the ASCO/CAP Guidelines,
stipulating that all newly diagnosed pure
DCIS lesions should be tested for ER to
determine the potential benefit of endocrine
treatment in reducing the risk of a future IBC
(49).

Biopsy Studies

There are at least five studies on untreated
DCIS cases published the latest four decades,
which have added important information on
the natural history of DCIS and its propensity
to progress to IBC (8-12). These studies have
the same setting; large series of historical
breast biopsies, initially diagnosed as benign,
that later were re-evaluated with a finding of
DCIS. Any clinically detected breast cancer
event during follow-up was recorded. The
evaluated series included between 1877 and
26 539 biopsies and were performed between
1940 and 1991 with length of follow-up
between 15 and 26 years. The indication for
original diagnostic biopsies were in the pre-
mammography era (1940-1950) a palpable
mass (9). In the most recent study biopsies
were taken between 1973 and 1991, the indi-
cation for biopsy was quite evenly distributed
between a palpable mass and a mammo-
graphic finding (8). One study report the
initial benign diagnoses of the biopsies later
re-evaluated as DCIS; the most common diag-

noses were fibrocystic disease, intraductal
hyperplasia and atypical intraductal papillo-
matosis followed by ADH and atypical lobular
hyperplasia (8). The most common architec-
tural pattern of the misdiagnosed DCIS cases
was the cribriform (33 % and 54 %) followed by
the solid growth pattern (24 % and 23 %) (8,
11). All five studies together collected more
than 57 600 biopsies with findings of 196 cases
of DCIS at review with a summarized
incidence of a later IBC of 27.0 % (48 IBC in
the 178 DCIS cases with follow-up data) (8-12).
Later IBC were in four studies ipsilateral in all
cases (8,10-12) and in 75% in one study (9).
Summarizing these retrospective data; 14-53
% of the cases retrospectively diagnosed as
DCIS progressed to IBC during follow-up
(Table 1). However, these case studies are
difficult to draw conclusions from regarding
the propensity of DCIS to progress; one can
not rule out that the mis-diagnosed DCIS
more often may have been of low grade with
a supposed longer time to being clinically
detected than another case of high grade
DCIS, and that some of the cases in the
biopsy only studies, may have been cured by
the biopsy preformed.

Autopsy Studies

In theory, the prevalence of DCIS diagnosed
in autopsy studies and a comparison with
clinically diagnosed DCIS in the general
population provide further knowledge into the
proportion of DCIS that may not become
clinically significant. In one study from
Copenhagen, published in 1987, 110 medico-
legal autopsies were done on women aged 20-

Table 1.  Five studies published during the last four decades on DCIS found at re-evaluation of benign breast biopsies
First author Publication Period of Follow-up No. of No. of DCIS  No. of DCIS with Frequency of
year biopsy (years) hiopsies (with FU) later IBC event later IBC event
Rosen (10) 1980 1940-1950 18 (mean) >8000 30 (15) 8 53.3 %
Page (12) 1982 1950-1968 15 11,760 28 (25) 7 28.0 %
Eusebi (9) 1994 1964-1976 17.5 (mean) 9446 80 (80) 11 13.8 %
Collins (8) 2000 1973-1991 missing 1877 13 (13) 6 46.2 %
Sanders (11) 2015 1950-1989 26 (median) 26,539 45 (45) 16 35.6 %

DCIS (ductal carcinoma in situ), No. (number), FU (follow-up), IBC (invasive breast cancer).
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54 (of which one had an earlier treated IBC).
Breast cancer was found in 22 women (20 %),
of which two had IBC (2 %) and 15 a DCIS (14
%) (50). A lower incidence of DCIS was found
in an autopsy study from the US published
in 1985, where 185 breast specimens were
examined and 11 diagnosed with DCIS
(5.9 %). In a review article including seven
autopsy studies published between 1973 and
1987, data were compiled including altogether
852 women not earlier diagnosed with breast
cancer; here the median prevalence of DCIS
was 8.9 % (range 0-14.7 %) and of IBC 1.3 %
(0-1.8 %). Three of the included studies
reported a prevalences of DCIS in women of
screening age; 10 % in women aged 50-70
years, 13 % in women aged 40-70 years and 39
% in women aged 40-49 years (51). A more
recently published meta-analysis, including
13 studies from 1948 to 2010 and totally 2363
women, the estimated mean prevalence of
undiagnosed breast cancer or precursor lesion
was 19.5 % (0.85 % IBC, 8.9 % in situ cancer
and 9.8 % ADH) (52). In both these studies the
observed prevalence of undiagnosed lobular
and ductal in situ cancer were 8.9 %, whereas
undiagnosed IBC was less common. These
data suggest that a large undetected reservoir
of DCIS exist in the population, lesions that
might never become clinically significant.
However, these data should be interpreted
with caution as the prevalence estimates
originates from studies published prior to
current stringent criteria to distinguish
between ADH and DCIS (53-55).

Modeling the Natural History of DCIS

Another way to elucidate the natural history
of DCIS has been to design simulating
models to estimate the progression to IBC.
Mathematical models developed for estima-
tion of IBC growth rate (56) are nevertheless
not optimal for DCIS as they depend on tumor
volume and a concentric expansion of the
tumor, not applicable in DCIS due to the more
scattered growth pattern. Considering that
DCIS tumors more often are longer in the
axial direction than in the radial direction,

thereby assuming a linear growth (57); Franks
et al. developed a mathematical model to
describe when the intra-ductal cancer cells
starts to invade the duct cell membrane based
on the viscosity of the tumor, the concentra-
tion of live and dead tumor cells and nutrient-
limited growth (58). An example of a less
complex mathematical model is the one by
Kopans et al. (59) built on the assumption that
DCIS progress with a constant, pre-defined
growth rate for a clone; doubling it’s size in 60,
120 or 180 days. Using the assumptions, the
model showed that for every three breast
tumors that get clinically detectable (when
reaching a size of approximately 2 cm), there
would be another 57 tumors that still are
undetected (39 invasive and 18 DCIS).

Models based on population data focus
mainly on the risk of DCIS progressing into
IBC. In a study comparing two validated
Norwegian and a Dutch population models, 30
%, 50% or 80 % of DCIS cases were assumed
to proceed into IBC. Whether accounting for
DCIS regression or not, the majority of screen-
detectable, preclinical DCIS left without
surgical excision, progressed to IBC (64-100%
in submodels assuming no DCIS regression
and 36-100% in submodels allowing for DCIS
regression) (60). The mean sojourn time (time
from preclinical DCIS to IBC) was relatively
short; 0.2 to 2.5 years (60).

Prospective Studies on the Natural History
of DCIS

While there are valid data on the necessity of
radical surgery in high grade DCIS (61), three
trials has started the last decade including
women with low grade DCIS where active
surveillance 1s an option. The Dutch LORD
study are enrolling a total of 2500 partici-
pants, started in 2017 and are planned to be
complete in 2029 (62). The study is recruiting
women aged > 45 years with screen-detected
DCIS grade I-II to either active surveillance
with annual digital mammography at year
1-5, 7 and 10, or standard treatment (wide
local excision (WLE) only, WLE plus radio-
therapy or mastectomy + endocrine treatment).
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Primary outcome is invasive breast cancer free
survival.

The British LORIS study is a phase III,
randomised controlled trial comparing
surgery with active monitoring for low risk
DCIS recruiting 932 women > 46 years with a
primary diagnosis of a screen-detected, non-
high-grade DCIS in 2014 to 2020, without
nipple discharge or major family history (63).
All participants are followed with an annual
mammography for 10 years. Primary outcome
is 1ipsilateral invasive breast cancer free
survival.

The COMET trial is a randomised
controlled phase III trial conducted in the
United States comparing guideline concordant
care (surgery, radiotherapy, endocrine therapy)
with active surveillance =+ endocrine treatment
(64). The study started in 2018 and are planned
to recruit 1200 women > 40 years with low-risk
DCIS and without previous DCIS or invasive
breast cancer 5 years prior inclusion. Mammo-
graphy will be performed every 6 months in
the active monitoring arm and every 12
months in the surgical arm during 10 years
of follow-up. Primary outcome is ipsilateral
invasive breast cancer free survival.

PRECISION (PREvent ductal Carcinoma In
Situ Invasive Overtreatment Now) is an inter-
national initiative building on multiple studies
of DCIS by integrating clinical, pathological,
imaging and molecular data in large well-
annotated cohorts of DCIS samples aiming to
develop a risk prediction model to distinguish
indolent from aggressive DCIS (65).

Conclusion

From being a rare finding in mastectomy
specimens when first defined almost a century
ago; the incidence of DCIS has exploded since
the introduction of mammography screening
and accounts for a substantial part of all
breast cancer cases diagnosed today.
Treatment of DCIS has intensified over the
last decades, improving the local recurrence
rate but without any impact on overall or
disease-specific survival. While observations
from retrospective re-evaluation of biopsies

and autopsies adds epidemiological input for
understanding the natural history of DCIS,
the most important results are still awaited
from the ongoing prospective studies on active
surveillance of DCIS. These studies with
collected data on patient characteristics,
lifestyle, and environmental factors, as well as
tumor and stromal metabolomics and
genomics, will probably further elucidate the
natural history of DCIS and how DCIS should
be treated in the future.
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