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KEY POINTS

e Ductal carcinoma in situ (DCIS) is a precancerous lesion of the breast and is most often
detected after mammogram screening.

e Endocrine therapy has an established role in both primary and secondary prevention
among females identified with DCIS or high-risk lesions who have intact breast tissue.

e Preliminary DCIS vaccine studies appear safe and can elicit sustained response, though
further research is necessary to determine their clinical effectiveness.

BIOLOGY AND NATURAL CLINICAL HISTORY OF DUCTAL CARCINOMA IN SITU

In breast cancer (BC) pathogenesis models, normal cells acquire somatic mutations
and there is a stepwise progression from high-risk lesions (HRLs include atypical
ductal hyperplasia [ADH], atypical lobular hyperplasia [ALH], and lobular carcinoma
in situ [LCIS]) and ductal carcinoma in situ (DCIS) to invasive cancer. The precancer
biology of mammary tissue warrants better characterization to understand how
different BC subtypes emerge. Currently, research efforts are underway to improve
our understanding of premalignant biology and immunosurveillance in the precancer
microenvironment to guide prevention and interception trials. 2

DCIS is a precancerous lesion of the breast and is most often detected after
mammogram screening. Microscopically, DCIS appears morphologically similar to
invasive BCBC with uncontrolled proliferation of neoplastic cells that obliterate the
normal lobular and ductal structures; however, unlike invasive BCBC, DCIS does
not invade across the basement membrane.®
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At diagnosis, the estrogen receptor (ER) status of DCIS is determined as this influ-
ences recommendations for endocrine therapy (and radiation therapy [RT] among older
patients). Tamoxifen or an aromatase inhibitor (Al) can reduce the risk of recurrence and
a second BCBC diagnosis.*'° Increased expression of ER distinguishes precancer
lesions from normal breast tissue, and is an important regulator of BC pathogenesis. "
In contrast, ER-negative DCIS is perceived as a more aggressive phenotype and is seen
more frequently in palpable DCIS versus asymptomatic screen-detected DCIS'?;
however, this perception may be influenced by the fact that there are no established
preventative systemic therapies for ER-negative DCIS at this time.

High-grade DCIS with comedonecrosis is associated with an increased risk of inva-
sive disease, > ipsilateral disease recurrence,'® and tumor-infiltrating lymphocytes
(TILs).® A high number of TILs and the distribution of TILs in the DCIS microenviron-
ment are correlated with DCIS outcomes.'® TILs in DCIS are associated with somatic
TP53 mutations, which are more common with ER-negative HER2-positive DCIS, and
higher nuclear grade.® Prior work has also demonstrated that the immune microenvi-
ronment differs between DCIS alone, DCIS with microinvasion, and invasive BC, and
these differences can be further stratified by ER status.'” In sum, at least a subset of
DCIS is immunogenic and therefore, vaccination or immunomodulatory therapies may
have a role in BC prevention and risk-reduction for patients with DCIS or HRLs.

PRIMARY AND SECONDARY PREVENTION

Endocrine therapy has an established role in both primary and secondary prevention
among females identified with DCIS or an HRL who have intact breast tissue. Premen-
opausal females are eligible for tamoxifen 20 mg, and postmenopausal females are
eligible for tamoxifen 20 mg, tamoxifen 5 mg, raloxifene, exemestane, or anastrozole.
The approach to endocrine therapy in this patient population is evolving due new data
showing good efficacy of low-dose tamoxifen for prevention and risk-reduction.®1°

The impact of tamoxifen 20 mg/d for a duration of 5 years (compared to placebo)
was examined among patients with DCIS who had received a breast conservation sur-
gery (BCS) and radiation in the National Surgery Adjuvant Breast and Bowel Project
(NSABP) B-24 (A Clinical Trial to Evaluate the Worth of Tamoxifen in Conjunction
with Lumpectomy and Breast Irradiation for the Treatment of Noninvasive Intraductal
Carcinoma (DCIS) of the Breast) study.* ER testing was not required for study enroll-
ment, but was available for 41% of the cohort. On subset analyses, tamoxifen 20 mg/
d for 5 years was found to reduce the rates of any subsequent DCIS or invasive cancer
event among patients with ER-positive DCIS (hazard ratio [HR] 0.58; 95% confidence
interval [CI]: 0.415-0.81; P=.0015), but not in those with ER-negative DCIS (HR 0.88;
95% CI: 0.49-1.59; P=.68). For those with ER-positive DCIS, the benefit was primarily
due to a statistically significant reduction in contralateral BC (CBC) events (HR 0.50;
95% CI: 0.28-0.88; P<.02). Statistical significance was not reached for ipsilateral
breast events (HR 0.68; 95% CI: 0.44-1.03; P<.07) demonstrating that the primary
benefit of tamoxifen is to reduce the risk of future CBCs. For those with ER-
negative DCIS, tamoxifen 20 mg for 5 years did not have a statistically significant
benefit at reducing any future BC diagnosis, ipsilateral BC, or CBC; however, the event
rate was low for CBC with 7 CBCs in those that received placebo and 3 among those
who received tamoxifen.* Among those with invasive disease, ER status is not neces-
sarily predictive of the BC subtype that may emerge when a patient develops a second
BC: among females with ER-negative invasive BC who develop a second BC, ER
concordance occurs 53% of the time and among females with ER-positive invasive
BC who develop a second BC, ER concordance is 82%.'8
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Tamoxifen 20 mg for 5 years also has efficacy for primary prevention. In the NSABP
P-1 (A Clinical Trial to Determine the Worth of Tamoxifen for Preventing Breast Cancer)
trial,> premenopausal or postmenopausal females aged more than 60, or females
aged 35 to 60 at elevated risk for BC as defined by the presence of an HRL (ADH,
ALH, LCIS) or a Gail 5-year risk score of > 1.67, were randomized to tamoxifen
20 mg/day for 5 years (n = 6597) or placebo (n = 6610).° At 7 years of follow-up,
tamoxifen reduced the risk of invasive BC (rate ratio[RR] 0.57; 95% CI: 0.46-0.70)
and noninvasive disease (DCIS) compared to placebo (RR 0.63; 95% Cl: 0.45-
0.89).° Tamoxifen also had a benefit of reducing osteoporotic fractures by 32%, but
did increase the risk of endometrial cancer, primarily in females aged 50 and older
(RR 5.33; 95% CI: 2.47-13.17) compared to those aged 49 or younger (RR 1.42;
95% Cl: 0.55-3.81).° The cumulative risk of endometrial cancer at 7 years of follow-
up was 0.468% in the placebo group and 1.5% with tamoxifen (P<.001)°; importantly,
all were early-stage cancers and were treated with simple hysterectomy. Tamoxifen
20 mg also statistically increased the risk of pulmonary embolism (PE) (0.69 per
1000 for tam vs 0.32 per 1000 for placebo, RR 2.15; 95% CI: 1.08-4.51), and there
was a trend toward an increased risk of deep vein thrombosis (DVT) (1.21 per 1000
for tamoxifen vs 0.84 per 1000 for placebo, RR 1.44; 95% Cl: 0.91-2.3).°

Subsequent to the NSABP P-1 study, 3 additional trials demonstrated that tamoxifen
20 mg for 5 years reduces the risk of BC.58 Inthe IBIS-1 (Tamoxifen for the Prevention of
Breast Cancer in High-Risk Women) study, females were followed for a median of
16.0 years and it was demonstrated that 5 years of endocrine therapy with tamoxifen
has a long-lasting effect on risk reduction.® The risk reduction of developing BC with
tamoxifen 20 mg for 5 years was similar between years 0 to 10 (HR 0.72; 95% Cl:
0.59-0.88, P=.001) and after 10 years (HR 0.69; 95% CI: 0.53-0.91, P=.009).°

After 2 studies found that a subset of older patients with ER-positive DCIS could
avoid adjuvant radiation without an increased risk of ipsilateral recurrence if they
received adjuvant endocrine therapy, '°2° 2 randomized control trials were conducted
comparing tamoxifen to an Al: IBIS-lIl DCIS (An International Multi-Centre Trial of
Tamoxifen Versus Anastrozole in Postmenopausal Women who have had a Recent
Hormone Receptor Positive Ductal Carcinoma In Situ) and NSABP B-35 (Anastrozole
or Tamoxifen in Treating Postmenopausal Women With Ductal Carcinoma in Situ Who
Are Undergoing Lumpectomy and Radiation Therapy).?"?? In the IBIS-Il DCIS study,?’
there was no difference in recurrence rates at median follow-up of 7.2 years for pa-
tients who received anastrozole versus tamoxifen (HR 0.89; 95% CI: 0.64-1.23). In
IBIS-Il DCIS, 71% received radiation and this was balanced between the 2 arms.?"
NSABP B-35 was also a randomized controlled trial comparing tamoxifen 20 mg to
anastrozole; however, all participants received radiation.?? In contrast, NSABP B-35
showed that anastrozole reduced the risk of all breast events (HR 0.73; 95% CI:
0.56-0.96; P=.02) and contralateral breast events (HR 0.64; 95% CI: 0.43-0.96;
P=.03) compared to tamoxifen.??> The benefit was limited to postmenopausal females
aged less than 60 compared to those aged 60 and older, which is noteworthy as
women often have more musculoskeletal problems and bone loss as they age. In
IBIS-II DCIS, there were higher rates of musculoskeletal side effects (64% with anas-
trozole vs 54% with tamoxifen) and fractures (9% vs 7%) with Al therapy compared to
tamoxifen.?" At this time in clinical practice, Als are available for prevention among
those with DCIS or HRLs of the breast, and the recommended approach must
consider patient preferences and the risks of therapy.

Recent work has suggested that measurement of serum estradiol and testosterone
levels could guide care decisions among postmenopausal patients on an Al for pre-
vention. At a median follow-up of ~10 years, the IBIS-Il (Anastrozole in Preventing

833



834

Bychkovsky et al

Breast Cancer in Postmenopausal Women at Increased Risk of Breast Cancer) pre-
vention trial found a benefit to anastrozole among patients with estradiol/sex hormone
binding globulin ratios of > 0.167,% but less relative benefit when ratio was less than
0.167 (relative benefit 0.18; 95% CIl: —0.60-0.59). These findings suggest that
biomarker monitoring could inform clinical care.

Despite the known benefit of endocrine therapy in primary and secondary preven-
tion for women with a diagnosis of DCIS, many do not start or are unable to tolerate
Al or tamoxifen due to adverse effects.?*?® Approaches to maintain the benefits
but avoid toxicity may help with endocrine therapy uptake. More recently, there is
robust data supporting low-dose tamoxifen for primary and secondary prevention
among females who are high risk or have a personal diagnosis of DCIS. In TAM-01
(Trial of Low Dose Tamoxifen in Women With Breast Intraepithelial Neoplasia - Long
Term Follow-up) trial, low-dose tamoxifen 5 mg was compared to placebo, and
included 500 women with a diagnosis of DCIS, ADH, or LCIS who received breast con-
servation therapy.® Most patients in the study had a diagnosis of DCIS (69% in the
low-dose tamoxifen arm and 70% in the placebo arm; yet ER status was only known
in 80% of cases with DCIS and only 45% of patients received RT). At a median follow-
up of 9.7 years,'® there was a benefit to low-dose tamoxifen: 9.8% in the tamoxifen
5 mg arm were diagnosed with BC compared to 16.6% who were in the placebo group
(HR 0.58; 95% CI: 0.35-0.95, P=.03)."° Most recurrences were invasive (77%) and
ipsilateral (59%).'° Regarding the CBC rate, there were 6 BCs with tamoxifen 5 mg
and 16 with placebo (HR 0.36; 95% Cl: 0.14-0.92, P=.025)."° Within subgroup ana-
lyses, patients with DCIS had a 50% reduction in BC recurrence with low-dose tamox-
ifen for 3 years (HR 0.50; 95% CI: 0.28-0.91, P=.02). The reduction in BC events
occurred while patients were on tamoxifen 5 mg for 3 years and were durable for
7 years after therapy cessation demonstrating a role for low-dose tamoxifen for pri-
mary and secondary prevention.

Low-dose tamoxifen has an exceptional side effect profile.'® In TAM-01, there were
no differences in rates of DVT/PE, coronary heart disease, bone fracture, cataract,
endometrial polyps, and endometrial cancer rates between patients who received
low-dose tamoxifen for 3 years versus those who received placebo. There are more
hot flashes with tamoxifen 5 mg compared to placebo (P=.02); this effectively trans-
lated into 1 more hot flash per day.® There were no differences between hot flash in-
tensity (P=.16), vaginal dryness (P=.40), or musculoskeletal pain or arthralgias
(P=.41) between the 2 study arms.

Subset analyses of TAM-01 showed that postmenopausal females, with estradiol
less than 15.8 pg/mL, menopausal symptoms at baseline, and those who were never
smokers benefited most from low-dose tamoxifen.?” Among postmenopausal women,
low-dose tamoxifen had a favorable HR (HR = 0.30; 95% Cl: 0.11-0.82) compared to
premenopausal women (HR = 0.73; 95% CI: 0.30-1.76) and this was borderline sta-
tistically significant Pinteraction = 0.13. More work is needed to better understand if low
levels of active tamoxifen metabolites (with low-dose tamoxifen) are less effective in
premenopausal women compared to postmenopausal women due to the higher base-
line levels of estrogen in premenopausal women. Body mass index (BMI) did not influ-
ence tamoxifen 5 mg efficacy,?” which is consistent with prior work that efficacy of
tamoxifen 20 mg is not influence by BMI.?%2° This finding is similar to what has
been observed with Als where BMI is not a modulating factor of outcome in the pre-
vention setting.®°

Patients with baseline menopausal symptoms are unlikely to take either selective
estrogen receptor modulators (SERMs) or an Al, and ongoing work is investigating
bazedoxifene combined with conjugated estrogen (CE) (BZE + CE, Duavee) in the
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prevention setting. Preclinical data suggest that BZE + CE downregulates ERalpha
and Ki67 expression similar to BZE alone and distinct from CE, and therefore may
have a role for BC prevention.>" Ongoing work has demonstrated that BZE can
induce epigenetic changes in 17beta-estradiol (E2) and other estrogen compounds
that mediate ERalpha regulator changes to target gene proliferative pathways.*? Clin-
ical data are also promising showing favorable effects on BC risk biomarkers when
women were treated for 6 months with BZE + CE,*® and a phase Il trial is ongoing
(NCT04821141).

At this time, there is a need to better understand the immunomodulatory effects of
SERMs and Al in the prevention setting since our understanding of anticancer immu-
nity and the breast microenvironment has evolved since these agents were first stud-
ied.3+35 It is unclear if there are different immunologic effects between SERMs and Als
that could be combined synergically with novel therapies to enhance BC prevention
among those with HRLs and DCIS.

SURGICAL CONSIDERATIONS

Surgery is the mainstay of treatment for DCIS.®° The National Comprehensive Cancer
Network treatment guidelines indicate that appropriate candidates may be offered
either BCS or mastectomy.®” Traditionally, contraindications to BCS for DCIS included
extensive disease,®® multicentricity, and multifocality.>° It is estimated that for unilat-
eral DCIS, 70% of women receive BCS compared to 20% who undergo unilateral
mastectomy; bilateral mastectomy is pursued by 10% of women.*°

Local recurrence varies by surgical approach: compared to the 1% to 2% local
recurrence rate after mastectomy, recurrence after BCS depends on tumor character-
istics, margin status, receipt of endocrine (ER+) and radiation treatments in the adju-
vant setting.*" In patients > 40 years old who receive BCS for unifocal DCIS followed
by radiation, society guidelines advocate for a margin of at least 2 mm to minimize the
risk of local recurrence.“? Optimal margin width in younger patients with large or multi-
focal disease is unclear based on existing data. The Memorial Sloan Kettering Cancer
Center has a freely available prognostic nomogram to assist in understanding DCIS
recurrence rates after BCS allowing for individualized approach to adjuvant treatment
(ie, radiation and/or endocrine therapy).*® Other prediction tools that aid in under-
standing recurrence and may be used to guide shared decision-making with respect
to choice of surgical treatment include the Oncotype DX DCIS Score** and DCISionRT
Prelude DX.2° Discussion of how these tools can be leveraged for decisions to pursue
adjuvant radiation and endocrine therapy will be discussed elsewhere.

Axillary staging is not generally recommended for patients undergoing BCS. There
is variability in surgeon practice; however, with data from the National Cancer Data-
base indicating that 19% of patients undergoing BCS for DCIS receive sentinel lymph
node biopsy (SLNB).“® Features such as tumor size greater than 3 cm, high histologic
grade, and necrosis may motivate some to pursue SLNB*® despite the low probability
of pathologic node positivity. Studies advocating for the omission of SLNB include a
meta-analysis of 9803 patients from 48 studies that demonstrated safety in patients
with high-grade DCIS smaller than 2 cm and low to intermediate grade DCIS over
2 cm.*” A Surveillance, Epidemiology, and End Results population database analysis
corroborated these findings in patients 67 years of age or older in who there were no
differences in locoregional recurrence or survival based on receipt of SLNB.*® In the
case of mastectomy, SLNB is usually performed given concern that postoperative
assessment in the setting of upstage to invasive carcinoma would be compromised
after removal of the breast.
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Existing data indicate that only 20% to 30% of DCIS progresses to invasive ductal
carcinoma (IDC).*°-°° Unfortunately, factors that confer risk of progression are incom-
pletely understood.®’ As such, clinical trials are underway investigating whether sur-
veillance is a safe alternative to operative management.>?~°° Forthcoming data from
these trials will be helpful in deciphering a subpopulation of patients who may be sur-
veilled with or without endocrine therapy in lieu of surgical resection (Tables 1 and 2).

Radiation

Several studies dating back to the 1980s to 1990s examined the benefit of RT
following BCS for DCIS. A meta-analysis of 3729 patients from 4 trials—NSABP
B-17 (A Protocol to Evaluate Natural History and Treatment of Patients with Noninva-
sive Intraductal Adenocarcinoma), EORTC 10853, SweDCIS (Swedish Breast Cancer
Group Ductal Carcinoma in Situ), and UK ANZ DCIS (UK, Australia, and New Zealand
Ductal Carcinoma In Situ)—randomizing patients to RT or not following BCS showed
that RT approximately halved the rate of ipsilateral breast events (RR, 0.46; standard
error (SE) 0.05; P<.00001) with an absolute benefit of 15.2% at 10 years.°® RT was
beneficial regardless of other risk factors including age, grade, pathologic size, extent
of BCS, whether tamoxifen was planned, and whether or not comedonecrosis was
present. Investigators defined a lower risk subgroup as patients with negative margins
and low-grade DCIS measuring 1 to 20 mm, and RT still proved beneficial in lowering
the 10-year risk of an ipsilateral event from 30.1% to 12.1% (RR, 0.48; SE 0.17; P =
.002). Despite the substantial reduction in recurrence, there was no difference in BC
mortality or overall survival, likely due to the success of salvage therapy in the event
of a recurrence. These data provided strong support for the routine use of adjuvant
RT for patients with DCIS, irrespective of clinical or pathologic features, as a means
by which to decrease the risk of in-breast recurrence (IBR) following BCS.

However, patients treated for DCIS in the modern era have a lower absolute risk of
IBR, likely due to of a combination of increased mammographic screening, improved
imaging quality and pathologic evaluation, and increased utilization of adjuvant RT and
endocrine therapy. Recent efforts have focused on better identifying a low-risk sub-
group of patients who might safely avoid RT. The Eastern Cooperative Oncology
Group-American College of Radiology Imaging Network (ECOG-ACRIN) trial E5194
(Evaluation of Breast Cancer Recurrence Rates Following Surgery in Women With
Ductal Carcinoma In Situ) enrolled 2 cohorts of patients with DCIS to evaluate omis-
sion of RT: (1)ILow-grade or intermediate-grade DCIS measuring 2.5 cm or smaller
(n = 561) or (2) high-grade DCIS measuring 1 cm or smaller (n = 104).2° Surgical mar-
gins were 3 mm or greater. The 12-year rate of an ipsilateral local recurrence was
14.4% and 24.6% in cohorts 1 and 2, respectively, and continued to increase over
the follow-up period without plateau. For patients with high-grade DCIS, these data
are often referenced in support of a recommendation for adjuvant RT given the high
risk of local recurrence with the omission of RT.

The Radiation Therapy Oncology Group 9804 (Radiation Therapy With or Without
Optional Tamoxifen in Treating Women With Ductal Carcinoma in Situ) trial similarly
attempted to identify a group of patients at low risk of IBR who may be candidates
for omission of RT. This was a randomized, prospective trial of 636 patients with
good-risk DCIS, defined as mammographically detected, low-grade or intermediate-
grade DCIS, measuring 2.5 cm or less with margins 3 mm or greater. Patients meeting
these criteria were randomized to RT or observation after BCS. Of the enrolled patients,
76% were postmenopausal, 44% had grade 1 DCIS, the median pathologic size was
0.6 cm, and 65% had margins >1.0 cm. At a median follow-up time of 7.2 years, RT
decreased the 7-year risk of local failure from 6.7% (95% ClI, 3.2%-9.6%) to 0.9%




Table 1
Trials of active surveillance for ductal carcinoma in situ

LOw RISk DCIS (LORIS) Trial

Comparison of Operative versus
Monitoring and Endocrine Therapy
(COMET) Trial

The Low Risk DCIS (LORD) Trial

Study design RCT

RCT

RCT

Primary endpoint 5 y—ipsilateral invasive breast cancer—

free survival

2-5y ipsilateral invasive cancer diagnosis

10y ipsilateral invasive breast cancer and
cancer-free survival

Inclusion criteria > 46 y with a histologically confirmed

diagnosis of grade I/l DCIS

> 46 y with any extent of ER/PR + grade
I/ll DCIS who had confirmed diagnosis
based on biopsy or lumpectomy
(positive margins allowed) <120 d of
registration

> 45 y with any extent of grade I/l DCIS

Exclusion criteria e Previous ipsilateral DCIS or invasive
breast cancer

e Mass lesion not biopsy-proven benign

e High-risk group for developing breast
cancer

e Comedonecrosis

e Previous history of DCIS or invasive
breast cancer
e HER2 + disease

e Previous history of DCIS or invasive
breast cancer

e Family history of BRCA 1/2 mutation

e Symptomatic DCIS

Imaging schedule Annual bilateral mammography

Ipsilateral mammography every 6 m;
Contralateral mammography annually

Annual bilateral mammography

Endocrine therapy Optional

Optional

Not allowed

Abbreviations: DCIS, ductal carcinoma in situ; ER, estrogen receptor; HER2, human epidermal growth factor 2; PR, progesterone receptor; RCT, randomized

controlled trial.

Adapted from Hwang ES, Malek V. Estimating the magnitude of clinical benefit of local therapy in patients with DCIS. Breast. Nov 2019;48 Suppl 1:534-S38.

(https://doi.org/10.1016/5S0960-97761931120-8)
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Table 2

Overview of prediction models predicting subsequence breast events after ductal carcinoma in situ

Oncotype DCISionRT Van Nuys Prognostic MSKCC DCIS Patient Prognostic ~ CBC Risk Model
DCIS (Solin PreludeDX (Bremer Index (Silverstein Nomogram (Rudlof Score (Sagara (Choudhury et al,
et al,’' 2013) et al,** 2018) et al, 1995) et al,**> 2010) et al, 2016) 2017)

Country USA Sweden USA USA USA USA

Format On order* On order** On paper Web-based*** On paper On paper

Predicted outcome

Ipsilateral in situ
or invasive
breast event

Ipsilateral in situ or
invasive breast
event

Disease-free survival

Ipsilateral in situ or
invasive breast
event

Breast cancer—
specific death

Contralateral
invasive breast
cancer

Tool based on

Multigene assay

Clinicopathological
factors

Clinicopathological
factors

Clinicopathological
factors

Clinicopathological
factors

Clinicopathological
factors

Type of data Trial cohort Multicenter Single-center Trial cohort Population-based Population-based

Number of patients 327 526 238 1868 32,144 7,684

Number of events 46 Not reported 31 202 304 1,921

Intended to support  Adjuvant Adjuvant Type of surgery and  Adjuvant Adjuvant Screening or
decision making radiotherapy radiotherapy adjuvant radiotherapy radiotherapy prophylactic
about: radiotherapy mastectomy

Risk of bias based on Moderate Moderate Moderate/high Moderate Moderate Moderate
CHARMS

Number of 3 2 10 3 0 0

validation studies
retrieved

8¢€8
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Type of data Trial and Trial and single Single-center and Single-center N.A. N.A.
validation studies population- center Multicenter
based
Number of patients ~ 718-1102 455-504 159-949 467-734 N.A. N.A.
validation studies
(range)
Number of events 65-100 54-90 11-165 42-63 N.A. N.A.
validation studies
(range)
C-index/AUC 0.68 None reported None reported 0.61-0.68 None reported None reported
Clinical utility Unclear Unclear Unclear Unclear Unclear Unclear

Adapted from Dabbs D, Mittal K, Heineman S, Whitworth P, Shah C, Savala J, Shivers SC and Bremer T (2023) Analytical validation of the 7-gene biosignature for
prediction of recurrence risk and radiation therapy benefit for breast ductal carcinoma in situ. Front. Oncol. 13:1069059. https://doi.org/10.3389/fonc.2023.

1069059.
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(95% Cl, 0.0% to 2.2%); HR 0.11 (95% Cl, 0.03-0.47; P<.001).%” Long-term follow-up
demonstrated a persistent reduction in IBR with the utilization of RT; 15-year IBR
decreased from 15.1% (95% Cl, 10.8-20.2) to 7.1% (95% Cl, 4.0-11.5) with the addition
of RT (HR = 0.36; 95% ClI, 0.20-0.66; P = .0007).°® There was no significant difference
in subsequent mastectomy rates between treatment arms and no difference in overall
survival. These data demonstrate that the risk of IBR continues to increase over time,
particularly after 10 years of follow-up, and that adjuvant RT significantly decreases
this risk. Specifically, and importantly, these studies demonstrate a reduction in the
risk of both in situ and invasive recurrences with the utilization of RT.

In the hopes of better quantifying and personalizing estimates of the risk of IBR and
the benefits of adjuvant RT for patients with DCIS, multigene molecular profiling as-
says have been developed. The Oncotype DX DCIS Score (Genomic Health) is a 12-
gene prognostic test that was developed to estimate the 10-year risk of IBR following
BCS alone. Its prognostic value was initially validated in a cohort of over 3000 women
with DCIS®® and it was subsequently shown to be predictive of the benefit of RT.5° Al
patients benefited from RT but those with a higher score derived a greater absolute
benefit from RT compared to those with lower scores, approximately 13% versus
5% absolute risk reduction in the modern era, respectively. Oncotype DX DCIS score
was calculated for a subset of patients from the ECOG-ACRIN 5194 study (n = 327)
and was found to be significantly associated with local control at 10 years, indepen-
dent of other traditional clinical and pathologic features.®' Despite enroliment eligibility
based on perceived lower risk features, 30% of patients enrolled on ECOG-ACRIN
5194 were categorized into the intermediate-risk or high-risk groups based on their
DCIS score. The DUCHESS (Evaluation of the DCIS Score for Decisions on Radio-
therapy in Patients With Low/Intermediate Risk DCIS) trial attempted to assess the
impact of the DCIS score, in conjunction with traditional clinical-pathologic features,
on the recommendation for RT in a cohort of 217 patients. The score changed the
treatment recommendation in 35.2% (95% ClI, 29.1%-41.8%) of patients, improved
patient satisfaction, and reduced decisional conflict.®?

DCISionRT (Prelude Dx) is a genomic assay that risk stratifies patients into low and
elevated risk based on data from 7 genes and 4 clinical-pathologic factors. On multi-
variate analysis, DCISionRT was independently associated with 10-year IBR.** Pa-
tients defined as low risk by DCISionRT had similar IBR with or without RT; the
elevated risk group had significantly decreased rates of IBR with the receipt of RT
(HR, 0.3; P = .003). The PREDICT (The PREDICT Registry for DCIS Patients With DCI-
SionRT Testing) study is a prospective cohort study that is evaluating the effect of DCI-
SionRT on treatment recommendations for patients with DCIS following BCS.
DCISionRT testing resulted in a substantial change in RT recommendations with
42% of recommendations changing after receipt of the score and overall adjuvant
RT being recommended in 20% fewer patients.®® Although additional data are forth-
coming, there are to date no randomized data supporting routine incorporation of mo-
lecular profiling to guide recommendations for adjuvant RT and the cost-effectiveness
of this testing should also be considered before widespread adoption.®*

In conclusion, prospective trials have demonstrated that even in patients with DCIS
felt to be at low risk for IBR following BCS, the risk of IBR increases with time and adju-
vant RT lowers this risk. RT does not, however, confer an overall survival benefit. While
adjuvant RT has been shown to decrease the risk of IBR, there are potential side effects
including radiation dermatitis and fatigue in the acute setting and breast discomfort,
skin color changes, and, modest but non-zero, risks of RT-related pneumonitis,
ischemic heart disease, and secondary malignancy in the longer term. While increasing
utilization of shorter, hypofractionated courses of radiation decreases the risk of
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financial toxicity that is another potential consideration when deciding to proceed with
adjuvant RT.®° Therefore, for many patients, whether to proceed with adjuvant RT is a
shared decision informed by the patient’s perceived value of the decreased risk of IBR
weighed against the potential side effects.

Future Approaches in Detection and Risk Stratification

Given the high incidence and local recurrence rate of DCIS, future research efforts are
vital in this field. Priority areas include (a) enhancing early detection through novel
body fluid biomarkers; (b) refining risk stratification according to genetics, radiological,
and clinical features; and (c) preventive interventions incorporating immunomodula-
tion via vaccines.

EARLY DETECTION

Current approaches to DCIS detection rely on mammography. Successful advance-
ments in early detection should enable increased DCIS diagnoses, while also differen-
tiating between high-risk and low-risk cases. If successful, this would allow for a
reduction in the number of tumors presenting as IDC and for treatment tailoring across
risk scenarios. This goal might be achieved via newly emerging technologies to detect
blood-based biomarkers with recent investigations illustrating the current strengths
and limitations of this approach.

Progress in genomics, sequencing, and machine learning have facilitated the devel-
opment of blood tests for cancer detection, monitoring, and selecting treatment.56-"2
These technologies rely on detection of circulating nucleic acids, usually cell-free DNA
(cfDNA) released by precancerous cells, or circulating tumor DNA (ctDNA). Initial
studies investigating early detection of DCIS and invasive BC have been limited by
test sensitivity. In a study conducted in Japan using the Oncomine Pan-Cancer
cell-free assay to detect ctDNA, 1/12 (8%) patients with stage 0 disease, out of a
cohort of 109 with early and metastatic BC (BC), were identified by the assay.”® The
PATHFINDER study (NCT04241796) is an excellent example of scientific progress in
this field using a multi-cancer early detection (MCED) test based on cancer-specific
DNA methylation patterns from cfDNA. The test can detect a cancer signal and predict
the origin discriminating more than 50 distinct cancer types.®®7° Results show a can-
cer signal detected in 92/6621 pan-cancer participants, anticipating the diagnosis in
35 confirmed to be true positives,”* and demonstrating the feasibility of MCED testing
in screening. However, performance in BC was limited. Results are awaited from
newly designed trials: The PATHFINDER2 cohort study (NCT05155605), the UK’s
NHS Galleri study (ISRCTN91431511),”° and the Oxford’s SYMPLIFY study
(ISRCTN10226380),”° all evaluating the MCED testing as a screening procedure.

Some assays instead rely on the detection of molecular profiles of microRNA (miRNA).
Shimomura and colleagues’” examined 5 miRNA expression profiles in the serum of both
BC patients and healthy women, demonstrating a sensitivity of 98.0% with DCIS. The au-
thors are now working on moving this into prospective clinical studies. Early detection is
key to achieve better outcomes in early-stage cancers such as DCIS and further ad-
vancements are required in diagnostic tools to enhance affordability, speed, and ease
of use. Future combined approaches could improve analytical sensitivity of screening
procedures through detection of ctDNA and circulating tumor cells in plasma or urine.

RISK STRATIFICATION AND TREATMENT TAILORING STRATEGIES

To optimize therapeutic strategies, risk stratification is essential and includes
understanding patients’ intrinsic predisposition, and radiological and clinical features.
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Risk-stratified prevention programs are typically evaluated in randomized trials or pro-
spective studies integrating data from screening for inherited pathogenic variants in
high-risk genes, along with tumor radiological characteristics, and disease clinical fea-
tures, all constituting factors which dynamically interact over time. Such studies take a
long time to be finalized and simulation models can complement trial results.”®%2

Evidence of DCIS sharing the same genetic predisposition with IDC come from a
UK’s King College study in which data pooled from 38 studies with a total of 5067
cases of DCIS, 24,584 cases of IDC and nearly 38,000 controls, all genotyped using
a custom lllumina iSelect genotyping array, designed as part of the Collaborative
Oncological Gene-Environment Study (iCOGS chip) showed no significant difference
analyzing the 76 known BC predisposition loci.®®

Conventional radiology can serve as a backbone diagnostic to be complemented by
additional testing. Dynamic contrast-enhanced breast MRI is the most sensitive imag-
ing to detect and characterize DCIS.®* A small MRI radiomics study showed that hetero-
geneity features could differentiate DCIS nuclear grades.®® The artificial intelligence
may bridge radiomics and DCIS management in the future. In a pilot study, semiquan-
titative MRI features could discriminate DCIS nuclear grades and identify low-risk DCIS
based on the Van Nuys score.?6:87

DCIS evaluation with contrast-enhanced mammography (CEM) is still challenging,
even though proven to be non-inferior to MRI in less than 5-mm lesions®®-8%; from
retrospective evidence, CEM shows high sensitivity, suggesting that the enhancement
may correlate with nuclear grade.®%-°

With around 20% to 30% progressing to invasive BC if left untreated, DCIS manage-
ment needs focused-research interventions.®>°® This indicates that much of the treat-
ment provided may be overtreatment. Low-risk DCIS has emerged as a distinct
subtype that could potentially be managed with active surveillance (AS), as some pa-
tients will never develop invasive BC.53:94%5

The COMET trial (NCT02926911) is a currently ongoing phase Il randomized
controlled clinical trial for low-risk DCIS designed with a specific objective: to deter-
mine the risks and benefits of guideline concordant care (GCC) compared with those
of AS for low-risk DCIS. In this study, low-risk disease is defined as 40 years of age or
older, grade I/ll DCIS without invasive BC diagnosed on biopsy; ER+ and/or proges-
terone receptor+; HER2-; and no mass on physical examination or imaging.®® In addi-
tion, The LOw Risk dclIS study (LORIS trial; ISRCTN27544579) is a randomized
controlled trial of AS versus GCC in the UK, which opened to accrual in 2015.52 The
principal investigators of the LORIS study collaborated with the COMET study team
to coordinate studies endpoints, facilitating future meta-analysis.®®

Multidisciplinary collaboration, intrinsic predisposition, and advanced imaging tech-
nigues play crucial roles in guiding treatment decisions and addressing the challenges
associated with DCIS.

Future directions in treatment: vaccination

Currently, primary methods for BC prevention or risk reduction include lifestyle
changes, surgery, and chemoprevention. Surgical intervention for BC prevention in-
volves risk-reducing prophylactic mastectomy, typically performed either synchro-
nously with the treatment of a primary tumor or as a bilateral procedure in high-risk
women. Chemoprevention with endocrine therapy carries adherence-limiting toxicity.
New, effective strategies for BC prevention are an unmet need, and cancer vaccines
represent a promising potential approach.

Cancer immunosurveillance is critical for interception and elimination of evolving
neoplastic cells.®® High CD8 + T cells concentration in a tumor and adjacent stroma is
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associated with improved BC prognosis, indicating that malignant cells have been iden-
tified and an immune response elicited.®” BC vaccines are a developing approach
leveraging the host immune system to offer defense against cancer, preventing the
advancement of HRLs to invasive ones. Studies of dendritic cell (DC) vaccines have
shown promise, with vaccine administration initiating an immune response in vaccinated
individuals. Success with BC vaccines have been limited to DCIS and early stage dis-
ease. This may be due DCs’ failure to generate a robust immune response in advanced
disease and to counteract the highly immunosuppressive tumor microenvironment.%°7

In a 2007 study, Czerniecki and colleagues,®® in a HER2 + DCIS presurgical popu-
lation, demonstrated an 18% pathological complete response (pCR) rate after 4 doses
of DC vaccination. In participants with residual DCIS, 50% had no remaining HER2
expression in residual DCIS. The same research group, years later, demonstrated
that a type | polarized DC vaccine loaded with HER2 peptides (HER2-DC1) elicited
robust anti-HER2 CD4 + T cell immune responses in vaccinated patients with either
ER+ or ER-/HER2 + BC. This led to enhanced pCR rates in patients with HER2 +
DCIS and early-stage BC. In the same population, DC1 vaccination plus anti-
estrogen therapy elicited HER2-specific Th1 immunity. The study demonstrated
vaccine safety and a showed a signal of recurrence rate reduction, though it was
underpowered for this endpoint.®®~1%1

In a more recent trial (NCT02636582), NeuVax, an HER2-derived MHC class | pep-
tide E75 vaccine (nelipepimut-S [NPS]) was combined with granulocyte-macrophage
colony-stimulating factor (GM-CSF) and compared with GM-CSF alone in patients
with DCIS. In this study, HER2-positivity was not required for eligibility. After random-
izing 13 patients 2:1, the investigators showed numerically greater increase—though
not statistically significant—NPS-specific cytotoxic T lymphocyte responses in the
NPS + GM-CSF arm.'%2

In the HER2-negative setting, the NCT06218303 trial employs the prototype DAA/
TAA vaccine targeting MUC1 in postmenopausal women with ER-positive DCIS. Pa-
tients are randomized to receive neoadjuvant endocrine therapy for 12 weeks before
surgery, alone or in combination with the experimental vaccine. The trial will measure
immunogenicity by evaluating the increase of serum anti-MUC1 IgG from baseline.
And in BRCA1/2 mutation carriers in the primary prevention setting, another study
will evaluate a combination of hnTERT, WT1, and prostate-specific membrane antigen
with or without IL-12 plasmid (NCT04367675).

Preliminary DCIS vaccine studies appear safe, and can elicit sustained response,
though further research is necessary to determine their clinical effectiveness. Most
strategies for reducing treatment intensity rely on precise risk assessment, which is
increasingly influenced by research in genetics and biomarkers. As our comprehen-
sion of the genetic and biological basis of DCIS advances, ongoing research efforts
hold promise for personalized management approaches tailored to individual patient
risks, where cure optimization will result in better patient outcomes.
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