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Abstract

Purpose of Review Standard treatment for ductal carcinoma in situ (DCIS) is similar to that of invasive carcinoma. However,
there is significant controversy regarding the true clinical implications of DCIS, and thus, the best management strategy. The aim
of this review is to highlight relevant biology, diagnostic considerations, treatment options, and recent clinical trials.

Recent Findings Outcomes are generally excellent with low recurrence rates and exceptional disease-specific survival. Outcomes
can be predicted using various prognostic indicators and/or nomograms to guide treatment decisions. Ongoing clinical trials of
active surveillance are based upon the argument that ipsilateral invasive recurrence is the most clinically meaningful endpoint.
These trials seek to compare ipsilateral invasive cancer diagnoses between standard of care and close monitoring.

Summary Recent trials have revealed the marked heterogeneity in the biology of DCIS, offering an opportunity to de-escalate
therapy for women at lowest risk for progression. DCIS also presents an ideal setting in which to test novel prevention agents.
Future care of patients with DCIS will include biomarker-based risk assessment in order to better individualize treatment to
biologic risk of invasive progression.
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Introduction regarding the true clinical implications of a DCIS diagnosis,
and thus, the best management strategy.
Carcinoma in situ is diagnosed in more than 60,000 women in
the US each year, and over 80% of these cases consist of ductal
carcinoma in situ (DCIS) [1]. The incidence of DCIS has been
steadily rising over the past few decades [2] as women are
living longer and more women are undergoing screening mam-
mography [3, 4]. Risk factors for developing DCIS are similar
to those for invasive breast cancer and include older age and a
family history [4]. When DCIS is diagnosed on core needle
biopsy, the risk of revealing invasive disease after excision is
typically 10-20%, depending on the indication for biopsy and
technique used [4-7]. However, there is significant controversy

DCIS Biology

DCIS can be defined as a neoplastic proliferation of ductal
(epithelial) cells that are limited to the ducts of the breast and
do not invade the stroma [8, 9]. Histological criteria from the
College of American Pathologists are used to differentiate be-
tween three nuclear grades of DCIS using six morphological
features, including pleomorphism, size, chromatin, nucleoli, mi-
toses, and orientation [10]. In general, low-grade DCIS is char-
acterized by monotonous nuclei that may be up to 1.5-2 times
the size of a red blood cell (RBC), while high-grade DCIS is
This article is part of the Topical Collection on Local-Regional often characterized by pleomorphic nuclei that are more than
Evaluation and Therapy two times the size of an RBC with frequent mitoses and irregular
chromatin (Fig. 1) [10]. This classification system for DCIS
grading (G1: low nuclear grade; G2: intermediate nuclear grade;
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Fig. 1 Examples of ductal carcinoma in situ based on nuclear grade. Permission: Illustrated by Megan Llewellyn, MSMI, CMI; copyright Duke

University; with permission under a CC BY-ND 4.0 license

multiple markers (e.g., calponin and p63) [12]. However, diag-
nosing DCIS remains a difficult challenge for many patholo-
gists, and significant interobserver variability has been noted.
Review of 73 DCIS specimens by > 100 pathologists demon-
strated only 84% concordance [13]. Follow-up studies indicate
that interpretive agreement by the same pathologists at two time
points likely yields similar concordance rates [14].

Given that it is confined to the ductal system, DCIS is
considered a “noninvasive” cancer and/or a nonobligate pre-
cursor to breast cancer. However, some studies have demon-
strated genetic similarities between DCIS and invasive breast
cancer [15-19]. In addition, the risk factors for DCIS have
been shown to be similar to those for invasive carcinoma,
including similar rates of germline BRCA 1/2 mutations [20],
further confirming the precursor nature of DCIS [21].

While the association between DCIS and invasive car-
cinoma appears strong, the exact progression from DCIS
to invasive carcinoma is less understood, and only a few
small studies describe the natural history of untreated
DCIS. An early study of 28 women with low-grade
DCIS that were inadvertently treated by biopsy alone
were followed for > 30 years, and 16 women (36%) de-
veloped ipsilateral invasive breast cancers (same breast,
same quadrant) resulting in 7 deaths from breast cancer
[22]. In a review of publications related to the natural
history of DCIS, the rate of progression ranged from 14
to 53% over 10+ years [23]. Undiagnosed DCIS in au-
topsy studies was also noted to be approximately 9%
[23], suggesting a greater prevalence of DCIS than cur-
rently appreciated, although the clinical significance is
likely negligible. A recent study of 720 patients with
pure DCIS who underwent excision alone without radia-
tion included 124 patients with <1 mm margins (surveil-
lance group) and 596 patients with > 1 mm margins (ex-
cision group) [24]. The 10-year local recurrence (LR)
probabilities (in situ or invasive) stratified by grade

for the excision group ranged from 13 to 35%, while
the rates for the surveillance group ranged from 51 to
70%. The 10-year LR rates for only invasive disease
ranged from 8 to 17% for the excision group and 26—
31% for the surveillance group [24]. Taken together,
these findings confirm that there is a strong correlation
between DCIS and progression to invasive carcinoma,
and additional studies are needed to further define the
potential timeline of this progression, including associat-
ed risk factors.

Imaging of DCIS

When considering management options for DCIS, it is important
to not only categorize the disease (by grade and receptor status),
butalso to establish the extent of disease. On mammogram, DCIS
often presents as calcifications (> 90% of cases [25]), which may
have a distinct appearance compared to benign findings (Table 1)
[34]. Given that the sensitivity of mammography decreases with
increasing breast density, breast ultrasound is commonly used for
women with dense breast tissue; however, it appears to have the
lowest positive predictive value (PPV) for detecting DCIS [26)].
Alternatively, breast MRI (magnetic resonance imaging) can be
used as a screening or diagnostic tool with DCIS presenting as
non-mass enhancement or an irregular mass [27].

Some studies suggest that MRI is the most sensitive im-
aging modality for diagnosing DCIS (high and intermediate
grade, in particular [28, 35, 36]), and it may be more accu-
rate in estimating size than mammography alone [27]. In a
study of 99 patients found to have suspicious calcifications
on screening mammogram (BI-RADS 4 or 5) who then
underwent breast MRI, the PPV in detecting DCIS increased
from 25% by mammography to 57% on MRI [29].
Similarly, Berg et al. demonstrated that MRI was more sen-
sitive than mammography, but also noted a higher risk of
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Table 1 Comparison of breast imaging modalities [26-29, 30e, 31, 32, 33¢]
Mammography MRI Ultrasound
Appearance of DCIS Microcalcifications: amorphous, coarse, Non-mass enhancement: Microlobulated, cystic, or solid mass;
on imaging heterogeneous, fine pleomorphic; linear or clumped; mass mildly hypoechogenic; ductal
clustered, linear or segmental extension/dilation
distribution
Sensitivity 27-80% 35-100% 49%
Specificity 79% 75% Unknown
PPV 25-55% 57% 12.9%
NPV 97% 98% Unknown

Size estimation
(under or over)

Usually underestimates

May overestimate (low grade)

May overestimate
or underestimate (high grade)

DCIS ductal carcinoma in situ, PPV positive predictive value, NPV negative predictive value

overestimation [26]. However, other studies have demon-
strated an overall sensitivity of 27-80% for mammography
and 35-100% for MRI [28, 30+, 31] (Table 1). For mammo-
graphic BI-RADS 4 lesions, MRI may be a useful noninva-
sive adjunct, although it may also lead to false-positive find-
ings that require additional biopsies [32].

For patients diagnosed with DCIS, some have suggested
routine preoperative MRI to identify additional disease.
Petrillo et al. demonstrated 21.6% of patients in an institution-
al database of 245 DCIS patients who underwent preoperative
MRI were found to have additional disease [36]. However,
preoperative MRI has also been shown to be less accurate in
predicting extent of disease in patients with extensive DCIS,
and it may not alter mastectomy rates [37]. Additionally,
Davis et al. demonstrated similar mastectomy and re-
excision rates for women who did and did not undergo preop-
erative MRI [38].

Given the often multifocal and discontinuous growth pat-
tern of DCIS, preoperative size estimation, and thus surgical
planning, can be particularly challenging. When comparing
imaging modalities, mammography appeared to be most ac-
curate for low-grade DCIS but tended to underestimate inter-
mediate and high-grade DCIS. In contrast, MRI overestimated
low-grade DCIS, although it also underestimated high-grade
DCIS (albeit to a lesser degree than mammography) [30¢].
Currently, the NCCN (National Comprehensive Cancer
Network) guidelines recommend only performing breast
MRI when additional information is needed prior to initiating
treatment, while recognizing that it is unlikely to improve
outcomes [39+¢]. Furthermore, breast MRI has not been
shown to reduce rates of local-regional recurrence (LRR) or
contralateral breast cancer (CBC) [40].

Following surgery, post-excision mammography should al-
so be considered when margin status and/or the presence of
residual calcifications are uncertain [39¢e, 41]. Post-treatment
surveillance is similar to that of women with invasive disease,
including annual mammography, starting 6—12 months after
completion of radiation therapy [39+, 42].
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Surgical Management of DCIS

Current guidelines for the surgical management of biopsy-
proven DCIS parallel those of invasive cancer, namely com-
plete surgical excision to negative margins [39¢¢]. This both
removes known disease and may identify adjacent invasive
disease, which may occur in up to 25% of patients [43].
While some have found a 20% risk of synchronous invasive
carcinoma at surgical excision for low-risk DCIS [44¢], others
have demonstrated that it could be only 6-10% [45¢°, 46].
Given these variable findings, studies to identify a low-risk
subgroup of patients to forgo primary surgical excision of
DCIS are underway [47, 48e, 49¢].

Complete surgical excision may be performed by breast-
conserving surgery (BCS), classically with whole breast radi-
ation therapy (WBRT), or by total mastectomy with generally
similar recurrence risks and survival [4]. As there are no
disease-specific survival advantages to mastectomy, individu-
al surgical decision-making is often based on patient perspec-
tives and motivations [50]. However, extensive DCIS based
on imaging may require up-front mastectomy. When BCS is
elected, the intent is to excise all known disease and associated
calcifications, which often requires a localizing procedure
such as a wire or radioactive seed. Intraoperative specimen
radiograph is mandatory for real-time confirmation of retrieval
of the intended target, as well as radiologic evaluation of mar-
gins. Re-excision of positive/close margins may be performed
in those attempting BCS, with mastectomy reserved for those
unable to obtain negative margins after multiple attempts.
Prior to margin re-excision, post-lumpectomy mammography
may be valuable in identifying residual calcifications associ-
ated with retained DCIS [41].

Surgical Margin Status
Three [48, 51, 52] of the four [53] early randomized DCIS

trials defined an adequate margin width as microscopically
clear margins (“no ink on tumor”). However, one notable
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single-institution study found WBRT did not reduce ipsilateral
breast tumor recurrence (IBTR) rates when the excised DCIS
had a margin width of >1 cm, which many interpreted as
wider margins being optimal for all DCIS [54].
Subsequently, significant practice variability existed with
roughly one third of women undergoing a second surgical
procedure to obtain “clear” and/or wider margins [55, 56].
As such, surgical margin guidelines were established in
2016, and the currently accepted pathological surgical margin
for pure DCIS treated with BCS is 2 mm, regardless of
planned adjuvant therapy [39¢, 57¢]. This margin definition
notably differs from the consensus guidelines for invasive
cancer (including any DCIS associated with invasive cancer),
in which “no ink on tumor” is considered a permissible neg-
ative margin width [58].

Surgical Nodal Evaluation

As pure DCIS is a non-invasive process, theoretically, there is
no potential for lymph node involvement. However, a study of
349 patients with pure DCIS who underwent lumpectomy and
sentinel lymph node biopsy (SLNB), 94.6% were pNO, 3.4%
were pNOi+ (ITCs), 1.7% were pNmi, and only a single pa-
tient had pN1 disease (0.3%) [59¢]. As such, surgical lymph
node evaluation is not routinely recommended for women
with DCIS undergoing BCS, regardless of grade, size, or re-
ceptor status. However, when mastectomy is planned, SLNB
should be strongly considered at the time of the index opera-
tion. Since patients who undergo mastectomy for DCIS gen-
erally have more extensive disease, they are more likely to
harbor occult invasive disease. Moreover, since SLNB in the
setting of mastectomy adds little morbidity, this approach is
recommended.

Radiation Therapy for DCIS

The purpose of radiation therapy following surgical excision
of DCIS is to eradicate residual, but undetectable disease in
the conserved breast. Four notable trials, each enrolling ap-
proximately 1000 women with 10-20 years of follow-up,
found a marked reduction in recurrence risk ranging from 38
to 59% with the addition of WBRT following lumpectomy
[60—63]. A meta-analysis of these major multi-center trials
found a pooled hazard ratio of 0.49 (HR 0.49, 95% CI 0.41—
0.58), suggesting a clinically meaningful reduction in recur-
rence rates of 50% [51]. Furthermore, adjuvant radiation was
found to reduce recurrence rates in all subgroups (regardless
of age, grade, or margin status). However, none of these pro-
spective, randomized trials identified a survival benefit with
the addition of radiotherapy. In contrast, one population-based
longitudinal cohort study found a statistically significant sur-
vival benefit in those receiving radiation, as compared to wide

excision alone (1.8% vs. 2.1%, HR 0.73, 95% CI 0.62-0.88)
in patients with higher nuclear grade, younger age, and larger
tumor size [52].

In addition to WBRT, more recent studies have investigated
various technical aspects of radiotherapy administered after
BCS, while others have explored options for post-
mastectomy radiation therapy (PMRT). In a retrospective
analysis of > 4000 patients with DCIS from 10 academic in-
stitutions who underwent BCS with WBRT =+ boost, the addi-
tional boost was shown to significantly decrease IBTR rates
across all DCIS age groups, similar to the benefit observed in
patients with invasive breast cancer [53]. Regarding
hypofractionation, LR rates were similar among > 1600 wom-
en with DCIS treated with BCS and radiation using
hypofractionated and conventional regimens [64]. The safety
of these approaches has been further evaluated and validated
in a recent meta-analysis, which confirmed that
hypofractionated radiotherapy is safe, and the addition of a
boost may further reduce the risk of LR [65].

Local control following mastectomy for DCIS is excellent
with recurrence rates of 1-2% [4]. However, patients with
close/positive margins following mastectomy for DCIS may
be at a higher risk for LR. In a review of 8§10 mastectomy
patients with DCIS, 11.7% had close/positive margins, 7.5%
underwent PMRT, and none of the patients receiving PMRT
had a LR [66]. On multivariate analysis, close margins were
the only independent predictor of LR. The authors concluded
that PMRT is not warranted, except for patients with multiple
close/positive margins that cannot be surgically excised [66].
In contrast, another study evaluating close/positive margins
post-mastectomy found the risk of chest wall recurrence was
1.7% at 8 years for the entire cohort, and 3.3% for those with
high-grade disease. These authors concluded chest wall recur-
rence risk is sufficiently low not to warrant PMRT for close
margins [67]. Taken together, national guidelines do not cur-
rently support routine use of PMRT for DCIS [39ee].

Endocrine Therapy for DCIS

The estrogen and progesterone receptors (ER, PR) are the two
most important biomarkers for DCIS and should be assessed to
guide decision making for adjuvant endocrine therapy.
Numerous large, randomized trials have shown a clear benefit
to adjuvant endocrine therapy to reduce ipsilateral in breast
events, as well as contralateral risk reduction. For example,
NSABP B-24 enrolled > 1804 women with DCIS undergoing
BCT and randomized them to placebo or tamoxifen [68]. At
greater than 10 years of follow-up, the tamoxifen group had a
significant reduction in invasive and non-invasive IBTR for an
overall 3.4% absolute reduction in any IBTR (p <0.001). The
tamoxifen group similarly had a 3.2% (p = 0.023) absolute risk
reduction in CBC [68]. Similar results were seen in a study of >
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1701 women undergoing complete local excision, who were
randomized to WBRT, tamoxifen, or both [63]. With greater
than 10 years of follow-up, tamoxifen reduced the incidence of
all new breast events (HR 0.71, p = 0.002), ipsilateral in-breast
DCIS (HR 0.7, p=0.03), and contralateral breast events (HR
0.44, p =0.005). In contrast to the NSABP trial, they found no
reduction in ipsilateral invasive breast events (HR 0.95, p =
0.8).

For post-menopausal women, aromatase inhibitors have
been shown to be more effective in reducing invasive
breast cancer recurrences when compared to tamoxifen;
therefore, studies were designed to compare the efficacy
of anastrozole to tamoxifen in hormone-receptor positive
DCIS. In IBIS-II, nearly 3864 post-menopausal women
were randomized to anastrozole or tamoxifen, and
anastrozole was found to be non-inferior to tamoxifen with
no difference in overall recurrence [69]. Similarly, the
NSABP B-35 included 3104 post-menopausal women ran-
domized to receive anastrozole or tamoxifen for 5 years
[70¢]. The anastrozole group had a significantly higher
10-year breast cancer-free interval (89.1% tamoxifen vs.
93.1% anastrozole).

In light of these trials, the NCCN recommends 5 years of
adjuvant endocrine therapy for patients with hormone-
receptor-positive DCIS treated with BCT or excision alone.
Tamoxifen is the agent of choice for pre-menopausal women,
while either tamoxifen or an aromatase inhibitor is acceptable
for post-menopausal women based on age and other medical
risk factors [39ee].

DCIS Outcomes

LR rates for DCIS are estimated to range from 5 to 25%,
depending on the tumor biology, treatment options, and
follow-up period [71, 72]. In a study of 401 low-risk
DCIS patients from a single institution who underwent
surgical excision, the 10-year invasive IBTR rate was
5.3% overall (all BCS patients) and 6% for those omitting
radiation [44¢]. Similarly, in a population-based cohort of
1036 women with DCIS treated with BCS, the 5-year over-
all risk of recurrence was 8.2% for invasive cancer and
11.7% for DCIS [71]. In general, consistent risk factors
for recurrence include younger age at diagnosis, positive
surgical margins, tumor size and grade, and comedo necro-
sis [4]. Furthermore, the pathological characteristics of sec-
ond breast cancers, including grade and ER status, tend to
be similar to that of the index DCIS [73]. Regarding out-
comes stratified by local-regional treatments, similar ad-
justed disease-specific survivals have been observed for
patients undergoing mastectomy, lumpectomy with radia-
tion, and lumpectomy alone [74].
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Given these exploratory findings, multiple groups have
attempted to identify prognostic risk factors and algorithms
for predicting outcomes. One of the earliest schemas devel-
oped is the Van Nuys classification system, which combined
nuclear grade and comedo-type necrosis to predict recurrence
[75]. The groups included (1) non-high-grade DCIS without
comedo necrosis, (2) non-high-grade DCIS with comedo ne-
crosis, and (3) high-grade DCIS with or without comedo ne-
crosis. Using these subgroups, LR rates were 3.8% in group 1,
11.1% in group 2, and 26.5% in group 3, with 8-year actuarial
disease-free survival rates of 93%, 84%, and 61%, respective-
ly [75]. The Van Nuys Prognostic Index was later refined and
now uses a scoring system that quantifies five prognostic fac-
tors: tumor size, margin width, nuclear grade, age, and come-
do necrosis [76].

Expanding on this concept, Van Zee and colleagues devel-
oped a nomogram to predict LR after BCS for DCIS based on
10 variables: age at diagnosis, family history of breast cancer,
presentation (clinical and/or radiological findings), adjuvant
radiation, adjuvant endocrine therapy, nuclear grade, necrosis,
surgical margins, number of surgical excisions, and year of
surgery [77, 78]. The DCIS nomogram demonstrated good
calibration and discrimination for predicting 5- and 10-year
LR probabilities (bootstrap corrected c-index 0.688) [77], and
it was subsequently externally validated in multiple popula-
tions (c-indices 0.66-0.68) [79-81].

Beyond ipsilateral events, patients with DCIS may also
experience CBC and/or distant recurrences. Based on data
from 23,547 women with DCIS in the California Cancer
Registry, the risk of CBC (in situ and invasive disease) was
significantly higher for women with DCIS compared to the
general population [82]. In a recent study of DCIS patients in
the SEER (Surveillance, Epidemiology, and End Results) da-
tabase, ER-positive DCIS was shown to be associated with
CBC risk [83], suggesting that it may actually represent a field
defect similar to that of other types of breast atypia. In a sep-
arate population-based cohort of 1492 women with an initial
diagnosis of DCIS treated with BCS alone, the overall 10-year
risk of regional/metastatic invasive cancer was 3.8%, although
it ranged from 1.2 to 22.5% in various subgroups [84].

Regarding survival, review of 108,196 women with DCIS in
the SEER database (mean follow-up 7.5 years) demonstrated
that the 20-year breast cancer-specific mortality was 3.3% over-
all [85+¢]. However, it was higher for women diagnosed before
age 35 years (compared to older women) and for blacks (com-
pared with non-Hispanic whites). The risk of death was signif-
icantly higher following an ipsilateral invasive breast cancer
recurrence. Interactive decision aids are being developed to
help patients assess the risks and benefits of treatment, with
tools designed to present clinical trial data in a patient-facing
manner (https://dcisoptions.org/dst). Additional research is
necessary to effectively communicate risk in order to promote
informed decision making around treatment options.
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DCIS Molecular Risk Predictors

Researchers have long sought to identify either imaging or
tissue-based markers to stratify risk in DCIS. Currently, there
are two multiplex molecular classifiers in clinical use. The
DCIS Score is a 12-gene expression RT-PCR (reverse tran-
scription polymerase chain reaction) assay for DCIS that esti-
mates the 10-year risk of any LR (DCIS or invasive) following
BCS without radiation [86]. Among 327 patients in the ECOG
5194 registry study of excision alone for low-risk DCIS, the
DCIS Score was shown to correlate with LR risk. For DCIS
risk groups (low, intermediate, and high), the 10-year risk of
an ipsilateral breast event was 10.6%, 26.7%, and 25.9%,
respectively. For invasive cancer events, it was 3.7%,
12.3%, and 19.2%, respectively [86]. The prognostic value
of the DCIS Score was confirmed in a large population-
based cohort of 3320 patients, which correlated the DCIS
Score with LR (low: 12.7%, intermediate: 33%, high:
27.8%), albeit with less discrimination compared to the
ECOG 5194 dataset [86, 87]. As follow-up to this study, the
investigators combined the ECOG 5194 and Ontario cohorts
and found that the DCIS Score, age at diagnosis, tumor size,
and year of diagnosis were all independently associated with
10-year LR risk [88]. Combining clinical factors with the
DCIS Score was able to provide improved risk stratification
over the DCIS Score alone.

A new molecular tool, the DCISionRT Test, is based on 7
IHC (immunohistochemical) markers (COX-2, FOXALI,
HER?2, Ki-67, pl6/INK4A, PR, and SIAH2), as well as four
clinicopathologic features (age, size, margin status, and palpa-
bility). This biological signature has been validated in two
separate datasets, and interestingly, appears to be correlated
with the risk of invasive recurrence [89¢]. For patients treated
without RT, the DCISionRT Test identified a low-risk group
with a 10-year invasive cancer risk of 4% and a high-risk
group with an invasive cancer risk of 15%. This tool is starting
to be used clinically, although it remains to be seen how it
compares to the DCIS Score with respect to patient and pro-
vider uptake.

Clinical Trials for DCIS

Recent clinical trials have discovered the marked biologic
heterogeneity among patients with DCIS, offering an oppor-
tunity to de-escalate therapy for those at lowest risk for pro-
gression. RTOG 9804 was a study of “good risk” DCIS, de-
fined as low- or intermediate-grade DCIS, measuring up to
2.5 cm. Patients were randomized to either surveillance or
radiation; both arms allowed adjuvant tamoxifen. At a median
follow-up of 7 years, the ipsilateral LR rate was 0.9% among
women with radiation, compared to 6.7% among those without
radiation (HR 0.11; 95% CI, 0.03—0.47) [90]. Unpublished data at

a longer median follow-up of 12.4 years showed that the cumula-
tive incidence of any LR was 2.8% for those in the WBRT arm and
11.4% for those in the observation arm (HR 0.26, 95% CI 0.13—
0.54).

The most recent trials for DCIS are based upon the argu-
ment that only ipsilateral invasive recurrence, rather than any
recurrence, is the most clinically meaningful endpoint and the
only one that justifies aggressive local-regional treatment.
These trials seek to compare ipsilateral invasive cancer diag-
noses between two treatment strategies—standard of care
where all DCIS is excised, compared to close monitoring
where only those with DCIS that progress are treated aggres-
sively. The strategy is based upon similar trials for early stage
prostate malignancies, which changed the treatment paradigm
for patients diagnosed with screen detected prostate cancer
[91]. There are three trials currently recruiting, all of which
randomize patients with low-risk DCIS to guideline concor-
dant care or active monitoring. The LORIS trial is recruiting in
the UK [92], the LORD trial in Europe [48], and the COMET
trial in the US [93] (Table 2). Although the trials differ slightly
with respect to eligibility criteria and follow-up schedules,
they are sufficiently similar to allow for a meta-analysis of
results when all three trials have met their primary endpoints.
Furthermore, comprehensive biospecimen collection in all
three trials will allow for discovery of new biomarkers specific
for invasive progression, rather than any recurrence.

Finally, DCIS and other preinvasive lesions present an ide-
al opportunity in which to test novel prevention agents using a
window of opportunity trial design with biomarker endpoints.
Ongoing trials are evaluating the possible role of immune-
modulating agents (e.g., pembrolizumab, dendritic cell vac-
cine, Neu/Vax), novel targets (e.g., JAK/STAT inhibition,
others), as well as novel endocrine therapies (e.g., topical ta-
moxifen, bazedoxifene) to establish proof of concept in sup-
port of larger-scale prevention studies (Table 2).

Conclusions

DCIS is a biologically heterogeneous group of lesions which
are associated with variably increased risks for invasive can-
cer. Currently, DCIS continues to be treated with local-
regional therapies that are similar to those recommended
for invasive cancer. Guidelines for both loco-regional and
systemic treatment for DCIS are well described, based upon
randomized trials. However, given the heterogeneity of
DCIS, there may be a group that could be safely managed
with close monitoring, such as that recommended for atyp-
ical ductal hyperplasia, and others that may require addition-
al targeted therapies such as immune modulation.
International efforts aimed towards more precise risk assess-
ment of DCIS will allow for greater individualization of
treatment options for future patients.
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