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ABSTRACT

Background. Clinical trials are currently ongoing to

determine the safety and efficacy of active surveillance

(AS) versus usual care (surgical and radiation treatment)

for women with ductal carcinoma in situ (DCIS). This

study aimed to determine upgrade rates of DCIS at needle

biopsy to invasive carcinoma at surgery among women

who meet the eligibility criteria for AS trials.

Methods. A retrospective review was performed of con-

secutive women at an academic medical center with a

diagnosis of DCIS at needle biopsy from 2007 to 2016.

Medical records were reviewed for mode of presentation,

imaging findings, biopsy pathology results, and surgical

outcomes. Each patient with DCIS was evaluated for AS

trial eligibility based on published criteria for the COMET,

LORD, and LORIS trials.

Results. During a 10-year period, DCIS was diagnosed in

858 women (mean age 58 years; range 28–89 years). Of

the 858 women, 498 (58%) were eligible for the COMET

trial, 101 (11.8%) for the LORD trial, and 343 (40%) for

the LORIS trial. The rates of upgrade to invasive carci-

noma were 12% (60/498) for the COMET trial, 5% (5/101)

for the LORD trial, and 11.1% (38/343) for the LORIS

trial. The invasive carcinomas ranged from 0.2 to 20 mm,

and all were node-negative.

Conclusions. Women who meet the eligibility criteria for

DCIS AS trials remain at risk for occult invasive carcinoma

at presentation, with upgrade rates ranging from 5 to 12%.

These findings suggest that more precise criteria are needed

to ensure that women with invasive carcinoma are exclu-

ded from AS trials.

Ductal carcinoma in situ (DCIS) is a noninvasive form

of breast cancer characterized by proliferation of malignant

epithelial cells without invasion through the basement

membrane.1 Surgery, radiation, and endocrine therapy can

benefit women with DCIS by preventing progression to

invasive carcinoma and by reducing local recurrence.

However, certain patients will not progress to invasive

carcinoma even without surgery.2–4

The heterogeneity of DCIS and the resultant challenge

to predict patient outcomes have led to routine use of

surgery and radiation for all patients. Ideally, patients with

indolent DCIS could be spared the potential morbidities of

treatment.5 In addition, many women with DCIS elect to

undergo mastectomy rather than lumpectomy, which fur-

ther contributes to the burden of treatment.6

Given these concerns regarding overtreatment of DCIS,

active surveillance (AS) trials currently are underway. In

these trials, surgical excision of DCIS is not performed,

follow-up imaging to detect progression to invasive carci-

noma is obtained, and endocrine therapy to decrease

growth may be used. Current randomized controlled trials

comparing AS with standard treatment for DCIS include

the Comparison of Operative to Monitoring and Endocrine

Therapy (COMET) trial for low-risk DCIS in the United
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States, the LOw-Risk DCIS (LORD) trial in Europe, and

the LOw-RISk DCIS (LORIS) trial in the United

Kingdom.7–9

Robust and precise patient eligibility criteria are needed

for the successful implementation of AS programs.10 In

particular, these criteria must be developed to exclude

patients with DCIS likely to be upgraded to invasive car-

cinoma at the time of surgery, which occurs in

approximately one fourth of patients.11 This study aimed to

determine the upgrade rates of DCIS at needle biopsy to

invasive carcinoma at surgery among women who meet the

eligibility criteria for AS trials.

METHODS

Study Population

The institutional review board exempted this Health

Insurance Portability and Accountability Act (HIPAA)-

compliant retrospective study from the requirement for

written informed consent. We identified patients with DCIS

through our institution’s mammography information sys-

tem (MagView, Burtonsville, MD, USA) who presented

from 1 January 2007 to 31 December 2016 with screen-

detected calcifications at mammography, had DCIS diag-

nosed with vacuum-assisted breast biopsy, and underwent

subsequent surgical excision.

All the included patients underwent mammography-

guided vacuum-assisted breast biopsy with a 9-gauge

needle (Eviva; Hologic, Marlborough, MA, USA) per-

formed by dedicated breast imaging radiologists,

supervised fellows, or senior residents. Six to eight samples

were acquired in most cases, and specimen radiographs

were obtained to confirm the presence of calcifications.

Histopathology slides were reviewed by dedicated breast

pathologists. All the patients showed pure DCIS on core

biopsy with no evidence of invasion or microinvasion.

Core biopsies with missing nuclear grade or missing hor-

mone receptor status were excluded.

Data Collection

From the electronic medical record system, the follow-

ing information was extracted: patient age, race, risk

factors for breast cancer (e.g., family history and personal

history of breast cancer), and history of chemoprevention

use. The core biopsy pathology reports were reviewed for

nuclear grade of DCIS, hormone receptor status, and

presence or absence of comedonecrosis. The surgical

pathology reports were reviewed for the presence or

absence of invasive carcinoma. If invasive carcinoma was

present, size, grade, hormone receptor status, and nodal

status were recorded.

Case Classification and Statistical Analysis

Each patient with DCIS was evaluated for AS trial eli-

gibility based on the published criteria for the COMET,

LORD, and LORIS trials7–9 (Table 1). Notably, patients

with masses on imaging at the site of biopsy for DCIS are

not eligible for any of the trials.7–9

For the COMET trial, two clinical pathologists (not

required to be at the same institution) must agree that the

pathologic features fulfill the eligibility criteria.9 In cases

of disagreement, a third pathology review is required.9 To

be eligible for the LORD trial, histologic confirmation of

unilateral low-grade DCIS by a local pathologist is nec-

essary.7 For the LORIS trial, a central histopathology

review process is required, with each case reviewed by a

minimum of two pathologists.8 The eligibility criteria for

the LORIS trial include low nuclear grade or lower half of

the intermediate-grade category (‘‘where low grade has

been considered in the diagnostic categorization’’), no

comedonecrosis, no more than occasional mitoses (no more

than 1 per 3 duct cross-section), and nuclei with minimal

pleomorphism and not more than 2.5 red blood cells in

diameter.8 For the LORIS trial, only patients who meet

these criteria are eligible for randomization.8

Upgrade rates over time, by patient risk factors (in-

cluding age, family history of breast cancer in a first-degree

relative, and personal history of breast cancer), and by

pathologic features at biopsy (including nuclear grade,

comedonecrosis, and estrogen receptor status) were cal-

culated and compared using unpaired t tests for continuous

variables and Chi square tests for categorical variables. In

addition, upgrade rates for cases that met published eligi-

bility criteria for the COMET, LORD, and LORIS trials

were calculated and compared using Chi square tests. Data

were analyzed with statistical software (R, version 3.5.1; R

Foundation for Statistical Computing, Vienna, Austria). All

p values lower than 0.05 were considered statistically

significant.

RESULTS

Study Population

During a 10-year period, the core biopsy resulted in a

diagnosis of unilateral DCIS in 1009 patients and bilateral

DCIS in 7 patients, yielding a total of 1016 patients with

1023 cases of DCIS. Cases with missing nuclear grade at

core biopsy (8.9%, 91/1023) or missing hormone receptor

status (6.5%, 67/1023) were excluded from the study. The
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study cohort therefore comprised 851 patients with uni-

lateral DCIS and 7 patients with bilateral DCIS, for a total

of 858 patients with 865 cases of DCIS. For the seven

patients with bilateral DCIS, the higher grade or otherwise

more aggressive DCIS was included in the analysis.

The mean age of the patients was 58 years (range

28–89 years), and the majority were white women (91.3%,

773/847) (Table 2). More than half of the patients had

intermediate-grade DCIS (55.4%, 475/858), and the vast

majority were estrogen receptor (ER)-positive (90.7%,

778/858) (Table 2). Nearly one third of the patients had

comedonecrosis at biopsy (31.1%, 267/858) (Table 2).

The overall rate of upgrade to invasive carcinoma was

14.8% (127/858) (Table 2), with 115 patients (90.6%)

upgraded to invasive ductal carcinoma (IDC), 10 patients

(7.9%) upgraded to invasive lobular carcinoma (ILC), and

2 patients (1.6%) upgraded to invasive carcinoma with

ductal and lobular features. The tumors ranged from 0.2 to

22 mm in size (Table 2), with 35.4% (45/127) upgraded to

microinvasive disease (B 1 mm) (Table 2). Only 1.9% (2/

105) of the patients were node-positive (Table 2). Nine

additional cases (8.6%, 9/105) had isolated tumor cells in

one to three lymph nodes.

Upgrade Rates by Year, Patient Risk Factors,

and Pathologic Features at Biopsy

There were no significant differences in upgrade rates of

DCIS to invasive carcinoma over time (12.5–19.4% when

calculated over 2-year intervals, p = 0.36–0.86 when

compared with the first 2-year interval). The patients who

were upgraded to invasive carcinoma did not differ sig-

nificantly from those who were not in terms of patient age

(58 vs 58 years; p = 0.69), family history of breast cancer

in a first-degree relative (24.4% [31/127] vs 28.9% [211/

731]; p = 0.30), or personal history of breast cancer (18.1%

[23/127] vs 13.5% [99/731]; p = 0.17). The overall

upgrade rate to invasive carcinoma was 7.9% (10/127) for

the patients with low-grade DCIS, 14.7% (70/475) for

those with intermediate-grade DCIS, and 18.4% (47/256)

for those with high-grade DCIS. The upgrade rate for

intermediate-grade DCIS was higher than for low-grade

DCIS (p = 0.04). The upgrade rate for high-grade DCIS

was higher than for low-grade DCIS (p\ 0.01) but not

intermediate-grade DCIS (p = 0.20). The presence of

comedonecrosis at biopsy was not associated with risk of

upgrade (37.0% [47/127] vs 30.1% [220/731]; p = 0.12),

nor was estrogen receptor status (10.2% [13/127] vs 9.2%

[67/731]; p = 0.70).

TABLE 1 Inclusion and exclusion criteria for the COMET, LORD, and LORIS trials7–9,23

COMET LORD LORIS

Inclusion criteria

Age (years) C 40 C 45 C 46

Grade 1 or 2 1 1 or 2

Hormone receptor status ER? and/or PR? by IHC;

HER2 0, 1?, or 2? by

IHC if performed

N/A N/A

Exclusion criteria

Bilateral Include Exclude Include (if non-high-grade DCIS is

confirmed in both breasts)

Necrosis/comedonecrosis N/A N/A Exclude

History of DCIS or

invasive cancer

Exclude Exclude Exclude (apart from previous

contralateral DCIS)

High-risk status Include Exclude if family member with a known

gene mutation associated with

increased risk of breast cancer unless

study participant is proven noncarrier

of mutation

Exclude if high risk as defined in

current NICE guidelines for familial

breast cancer, or due to prior

exposure to mantle field radiotherapy

History of

chemoprevention use

Exclude if documented

history of prior tamoxifen,

aromatase inhibitor, or

raloxifene in last 6 months

N/A N/A

ER estrogen receptor; PR progesterone receptor; IHC immunohistochemistry; HER2 human epidermal growth factor receptor 2; DCIS ductal

carcinoma in situ; N/A not applicable

Ductal Carcinoma In Situ Active Surveillance 4461



Trial-Eligible Patients

Based on published eligibility criteria, 498 patients

(58%, 498/858) were eligible for the COMET trial, 101

patients (11.8%, 101/858) for the LORD trial, and 343

patients (40%, 343/858) for the LORIS trial (Table 2). The

rates of upgrade to invasive carcinoma were 12% (60/498)

for the COMET trial, 5% (5/101) for the LORD trial, and

11.1% (38/343) for the LORIS trial (Table 2). The upgrade

rate for the COMET trial was higher than for the LORD

trial (p = 0.04). The upgrade rate for the LORIS trial

trended toward being higher than for the LORD trial

(p = 0.07), and the upgrade rates for the COMET and

LORIS trials did not differ significantly (p = 0.67).

TABLE 2 Patient demographics, ductal carcinoma in situ (DCIS) features, and surgical outcomes for the entire study cohort and for cases

eligible for the COMET, LORD, and LORIS trials

Entire cohort (n = 858)

% (n)

COMET (n = 498)

% (n)

LORD (n = 101)

% (n)

LORIS (n = 343)

% (n)

Patient demographics

Mean age: years (range) 58 (28–89) 58 (40–87) 61 (45–87) 60 (46–87)

Racea

White 91.3 (773/847) 90.8 (446/491) 91.7 (88/96) 92.3 (311/337)

African American 3.1 (26/847) 3.1 (15/491) 3.1 (3/96) 2.4 (8/337)

DCIS at biopsy

Nuclear grade of DCIS

Low grade 14.8 (127/858) 21.7 (108/498) 100.0 (101/101) 27.4 (94/343)

Intermediate grade 55.4 (475/858) 78.3 (390/498) N/A 72.6 (249/343)

High grade 29.8 (256/858) N/A N/A N/A

Receptor status of DCIS

Estrogen receptor-positive 90.7 (778/858) 100.0 (498/498) 100.0 (101/101) 97.7 (335/343)

Progesterone receptor-positiveb 81.1 (549/677) 92.3 (349/378) 97.3 (71/73) 88.9 (241/271)

Presence of comedonecrosis 31.1 (267/858) 25.7 (128/498) 5.0 (5/101) 0

Surgical outcomes

Overall upgrade to invasive cancer 14.8 (127/858) 12.0 (60/498) 5.0 (5/101) 11.1 (38/343)

Mean size of invasive cancer: mm (range) 4.2 (0.2–22) 4.7 (0.2–20) 6.4 (2–12) 4.7 (0.5–20)

Microinvasive disease (B 1 mm) 35.4 (45/127) 25.0 (15/60) 0 31.6 (12/38)

Grade of invasive cancerc

1 19.3 (21/109) 24.1 (13/54) 60.0 (3/5) 26.5 (9/34)

2 50.5 (55/109) 59.3 (32/54) 40.0 (2/5) 52.9 (18/34)

3 30.3 (33/109) 16.7 (9/54) 0 20.6 (7/34)

Receptor status of invasive cancer

Estrogen receptor-positived 86.5 (90/104) 94.4 (51/54) 100.0 (4/4) 88.2 (30/34)

Progesterone receptor-positivee 71.8 (74/103) 75.9 (41/54) 100.0 (4/4) 72.7 (24/33)

HER2-positivef 27.2 (28/103) 22.2 (12/54) 25.0 (1/4) 21.2 (7/33)

Positive nodal status of invasive cancerg 1.9 (2/105) 0 (0/45) 0 (0/3) 0 (0/29)

DCIS ductal carcinoma in situ; HER2 human epidermal growth factor receptor 2
aRace unknown for 11 patients
bProgesterone receptor status unknown for 181 patients
cGrade unknown for 18 patients
dEstrogen receptor status unknown for 23 patients
eProgesterone receptor status unknown for 24 patients
fHER2 status unknown for 24 patients
gSentinel lymph node biopsy not performed in 22 patients
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Invasive Carcinoma Characteristics

Among the patients in our study who would have been

eligible for one of the three trials, 63 patients had invasive

carcinoma at surgery (Table 2), and 54 (85.7%) were

upgraded to IDC, 8 (12.7%) to ILC, and 1 (1.6%) to

invasive carcinoma with ductal and lobular features. The

tumors ranged from 0.2 to 20 mm in size. Of the patients

with invasive disease, 28.6% (18/63) had only microinva-

sive disease (B 1 mm). Of the invasive carcinomas, 20.6%

(13/63) were grade 1, 50.8% (32/63) were grade 2, 15.9%

(10/63) were grade 3, and 12.7% (8/63) had no grade

reported.

In terms of ER status, 81% (51/63) of the patients were

ER-positive, 9.5% (6/63) were ER-negative, and 9.5% (6/

63) had unknown ER status. Regarding progesterone

receptor (PR) status, 65.1% (41/63) were PR-positive,

23.8% (15/63) were PR-negative, and 11.1% (7/63) had

unknown PR status. With respect to human epidermal

growth factor receptor 2 (HER2) status, 20.6% (13/63) of

the patients were HER2-positive, 68.3% (43/63) were

HER2-negative, and 11.1% (7/63) had unknown HER2

status. None of the 48 patients who had undergone a sen-

tinel node biopsy showed a macrometastasis or

micrometastasis, but four patients (8.3%) showed isolated

tumor cells in one lymph node.

DISCUSSION

In our cohort of patients with DCIS at core biopsy, the

overall upgrade rate to invasive carcinoma at surgery was

14.8% (127/858). When we applied the eligibility criteria

for the COMET, LORD, and LORIS trials to our cohort,

the upgrade rates were reduced to 12% (60/498) for

COMET, 5% (5/101) for LORD, and 11.1% (38/343) for

LORIS. The LORD trial has the most stringent eligibility

criteria, with only 11.8% (101/858) of our patients quali-

fying, and also the lowest upgrade rate. These findings

suggest that more precise criteria are needed to determine

eligibility for AS trials to ensure that women with occult

invasive carcinoma are not included in the trials.

The reported upgrade rates of DCIS to invasive carci-

noma range from less than 10% to greater than 40%.11–22

For example, a meta-analysis of 52 studies reported an

overall upgrade rate of 25.9%.11 Our lower overall upgrade

rate of 14.8% may have been due to patient selection. Our

cohort included only patients who presented with screen-

detected calcifications at mammography and had their

diagnoses determined with a 9-gauge vacuum-assisted

breast biopsy. The meta-analysis, however, included

patients who presented with various findings found on

imaging (including mammographic masses), with palpable

abnormalities, and with diagnoses determined using

various biopsy techniques (including smaller-gauge biopsy

devices), all of which could contribute to a higher upgrade

rate.11

To our knowledge, our study is the largest to date that

compared eligibility criteria for all three current AS trials.

In a study from Duke University Medical Center, the

upgrade rates were 6.2% (5/81) for the COMET trial,

10.0% (1/10) for the LORD trial, and 6.8% (5/74) for the

LORIS trial.23 We found higher upgrade rates with the

COMET and LORIS trials and a lower upgrade rate with

the LORD trial. These differences in upgrade rates may be

related to patient numbers, pathologists’ interpretations of

DCIS, or both. With regard to patient numbers, for exam-

ple, the Duke study included only 10 patients with DCIS

who were eligible for the LORD trial, which limits our

ability to make direct comparisons and draw conclusions

from the data. Regarding pathology, a study that included

clinical practices in eight U.S. states demonstrated a lack of

diagnostic concordance, with overall agreement between

individual pathologists and an expert consensus panel at

75.3%.24 The highest level of concordance was for invasive

carcinoma, with lower levels of concordance for DCIS and

atypia.24 Recognizing this lack of diagnostic concordance,

the COMET trial requires two clinical pathologists to agree

that the pathologic features fulfill the eligibility criteria,

and the LORIS trial requires a central histopathology

review process, with each case reviewed by a minimum of

two pathologists.8,9

A study from the Memorial Sloan Kettering Cancer

Center reported an upgrade rate of 19.6% (58/296) among

women eligible for the LORIS trial, which is higher than

the upgrade rate of 11.1% that we found.25 In contrast, a

smaller study from the UK reported an upgrade rate of 0%

among 19 women eligible for the LORIS trial.26 This study

included only patients with low-grade DCIS, although the

eligibility criteria for the LORIS trial include both low-

grade DCIS and the lower half of intermediate-grade DCIS

(‘‘where low grade has been considered in the diagnostic

categorization’’).8 In a study from Vanderbilt University

and the University of Louisville Hospital, 20 (19.0%) of

105 upgraded cases met the criteria for the LORIS trial,

whereas only 3 (2.9%) of 105 upgraded cases met the

criteria for the LORD trial.27

Our findings suggest that more precise criteria are nee-

ded to ensure that women with invasive carcinoma are

excluded from AS trials. In fact, in a risk analysis pre-

dicting disease-specific cumulative mortality for AS versus

standard treatment, the variable with the greatest risk of

mortality was understaging of invasive carcinoma at the

time of diagnosis.28 However, as the criteria become

stricter, the proportion of patients who are eligible for AS

decreases. For example, the LORD trial has the most

stringent eligibility criteria (and thus the lowest proportion

Ductal Carcinoma In Situ Active Surveillance 4463



of eligible patients) and also the lowest upgrade rate.

Notably, more patients were eligible for the COMET trial

than for the LORIS trial, but the upgrade rates did not

differ significantly. One difference in the eligibility criteria

between the two trials is that COMET allows patients with

comedonecrosis to enroll, but LORIS does not.8,9 However,

among all the patients in our study cohort, the presence of

comedonecrosis at biopsy was not associated with risk of

upgrade. Ultimately, better tools, such as contrast-en-

hanced magnetic resonance imaging (MRI), genomic tests,

and deep learning algorithms, are needed to identify more

precisely the patients with DCIS who may benefit from less

aggressive therapies.29–33

In our patient cohort, the occult invasive carcinomas

ranged from 0.2 to 20 mm in size at surgery, and approx-

imately 29% were microinvasive disease (B 1 mm). The

outcomes for these women with occult invasive carcinomas

had they opted for active surveillance are not known. Their

risk is not the probable outcome associated with the inva-

sive carcinomas we report, but rather the prognosis

associated with cancers in the future when ultimately found

and treated, which would depend in part on the frequency

and sensitivity of follow-up imaging. The current AS trials

will provide insight into patient outcomes and specifically

whether delays in invasive carcinoma diagnoses are clini-

cally meaningful.

Our study had several limitations. It was conducted at an

academic institution with dedicated breast imaging radi-

ologists and pathologists, and the results therefore might

not be generalizable to all institutions. Furthermore, our

population was fairly homogeneous, limiting our ability to

generalize our findings to non-Caucasian women. Although

all cases were interpreted by specialized breast pathologists

at our institution, no consensus review or centralized

pathology review was performed, as required by the

COMET and LORIS trials. In addition, the LORD trial has

stringent requirements for vacuum-assisted biopsies of

calcifications (6 or more samples with an 8- or 9-gauge

needle or 12 or more samples with a 10- or 11-gauge

needle).7 Although data about the exact number of core

biopsy samples acquired per case were not available for our

analysis, the biopsy protocol at our institution (6–8 samples

with a 9-gauge needle) are in keeping with the require-

ments of the LORD trial.

The success of the ongoing active surveillance programs

depends on robust and precise patient eligibility criteria.

Our results demonstrate that patients who meet the current

eligibility criteria for DCIS active surveillance trials

remain at risk for occult invasive carcinoma at presenta-

tion, with upgrade rates ranging from 5 to 12%. These

findings suggest that more precise criteria are needed to

ensure that women with invasive carcinoma are excluded

from AS trials.
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