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Abstract
Active surveillance trials for low-risk ductal carcinoma in situ (DCIS) are in progress in the United States and Europe. In
some of these trials, the presence of comedo necrosis in the DCIS has been an exclusion criterion for trial entry. However,
the minimum amount of necrosis required by pathologists for a diagnosis of comedo necrosis is not well-defined. We
surveyed 35 experienced breast pathologists to assess their diagnostic threshold for comedo necrosis. Pink circles
representing necrosis ranging in extent from 10 to 80% of the duct diameter were superimposed on eight replicate histologic
images of a single duct involved by low nuclear grade, solid pattern DCIS. These images were circulated by e-mail to the
participating pathologists who were asked to select the image that represents the minimum amount of necrosis that they
require for a diagnosis of comedo necrosis. Among the 35 participants, the minimum extent of the duct diameter required for
a diagnosis of comedo necrosis was 10% for 4 pathologists, 20% for 5, 30% for 11, 40% for 7, 50% for 6, 60% for 1 and
70% for 1. There was no single threshold about which more than one-third of the pathologists agreed met the minimal
criteria for comedo necrosis. We conclude that even among experienced breast pathologists, the threshold for comedo
necrosis is highly variable. Our findings highlight the need for a standardized definition of comedo necrosis as a trial
criterion, and more generally where it may be used as a marker of increased risk of recurrence for therapeutic decision
making.

Introduction

Since the introduction of mammography and population-
based screening in the 1980s, the incidence of ductal

carcinoma in situ (DCIS) has significantly increased [1]. At
present, DCIS represents approximately 25% of all breast
cancer diagnoses in the United States [2]. Almost all
patients who are diagnosed with DCIS undergo complete
surgical excision (lumpectomy or mastectomy) with or
without radiation and/or endocrine therapy. As such, little is
known regarding the natural history of untreated DCIS.
Small retrospective studies of untreated DCIS have shown
progression to invasive cancer in a variable proportion (20–
50%) of cases, low-grade DCIS progressing less often and
over a more protracted time course than high-grade DCIS
[3–6]. Given that invasive cancer is not inevitable, over-
diagnosis and overtreatment of DCIS is a growing concern
[7] and raises the question of whether there is a low-risk
subset that can be safely observed after a diagnostic biopsy.

Recently, prospective, randomized, controlled trials
comparing active surveillance of low-risk DCIS to standard
treatment have begun accruing patients: the Surgery Versus
Active Monitoring for LOw-RISk DCIS (LORIS) trial [8] in
the United Kingdom, the Management of LOw-Risk DCIS
(LORD) trial [9] in continental Europe and the Comparison
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of Operative to Monitoring and Endocrine Therapy for low-
risk DCIS (COMET) trial [10] in the United States, among
others planned. In addition, a single arm prospective study
of low-risk DCIS is under way in Japan (JCOG 1505:
LORETTA trial) [11]. Although the patient selection cri-
teria vary to some extent across trials, eligible patients are
generally those who have low to intermediate grade DCIS
diagnosed via vacuum-assisted core needle biopsy. The
presence of comedo necrosis on histopathologic examina-
tion has been an exclusion criterion of the LORIS trial, and
until very recently, the COMET trial as well.

Our institutions serve as sites of enrollment for the
COMET trial. In subspecialty breast pathology practice, we
have encountered cases of DCIS with necrosis for which
patient eligibility depended upon whether or not the
necrosis was deemed sufficient to qualify it as “comedo
necrosis”. We have found such cases to be problematic
given the lack of a universally accepted definition of
comedo necrosis. This experience prompted us to survey
other experienced breast pathologists regarding their diag-
nostic threshold for comedo necrosis.

Materials and methods

A composite figure containing eight replicate histologic
images of a single duct involved by low nuclear grade, solid
pattern DCIS was created (Fig. 1). To simulate necrosis, a
pink circle of varying diameter was superimposed on the
central portion of the duct in each image, selected to
represent involvement of 10 to 80% the duct diameter in
10% increments. The images were labeled from #1 to #8

according to increasing duct involvement without specify-
ing the percentage of involvement. This figure was circu-
lated via e-mail to 35 experienced breast pathologists in the
United States, representing 20 academic institutions. The
pathologists were asked to report “which image represents
the minimum amount of necrosis required for a diagnosis of
comedo necrosis?” Results were tabulated from e-mailed
responses, including the selected image number and any
explanatory comments.

Results

All 35 breast pathologists who were sent the survey
responded, representing 20 different institutions. The pro-
portion of duct diameter with necrosis required for a diag-
nosis of comedo necrosis varied widely among the
participating breast pathologists (Fig. 2). The pathologists
selected images #1 through #7, which corresponded to 10 to
70% of the duct diameter involved by necrosis. Image #3,
representing 30% of the duct diameter, received the greatest
number of votes (11 of 35 votes; 31.4%), followed by
images #4, representing 40% (7 of 35 votes; 20.0%) and #5,
representing 50% (6 of 35 votes; 17.1%). Variation in
diagnostic threshold for comedo necrosis was observed not
only between pathologists at different institutions but also
between those at the same institution. For example,
pathologists from each of two separate institutions selected
images ranging from #3 through #5, whereas pathologists at
a third institution selected images ranging from #4 to #7.

Participant comments highlighted the substantial differ-
ences in approach to this diagnostic issue and in their

Fig. 1 Pink circles of varying diameter were superimposed onto eight
replicate histologic images of a single duct involved by low nuclear
grade, solid pattern DCIS to simulate necrosis representing 10–80% of
the duct diameter in 10% increments. The images, labeled only 1–8,

were circulated to breast pathologists with the question “which image
represents the minimum amount of necrosis required for a diagnosis of
comedo necrosis?”

1258 B. T. Harrison et al.



working definitions for “comedo necrosis” (see Table 1).
Selected strategies included: recognizing comedo necrosis
as a type of necrosis irrespective of the extent of the necrotic
material, and similarly, diagnosing focal comedo necrosis in
the presence of any central necrosis; subjectively selecting
an amount of necrosis that appeared to represent more than
just focal necrosis; diagnosing comedo necrosis only in the
presence of high-grade DCIS; and quantifying necrosis as
minimal, moderate or marked instead of using the term
“comedo necrosis”.

Discussion

This observational study, which employed a composite
image of a single duct profile involved by low-grade DCIS
with varying amounts of simulated necrosis, revealed con-
siderable variability in the diagnostic threshold for comedo
necrosis among experienced breast pathologists. In fact, we
observed that there was no single threshold about which
more than one-third of the participants agreed met the
minimum criteria for a diagnosis of comedo necrosis, and
even pathologists working together at the same institution
gave differing responses. Our findings highlight the lack of
a commonly accepted definition of “comedo necrosis”, an
issue of less consequence until the initiation of the recent
active surveillance trials for low-risk DCIS in which the
presence of comedo necrosis was being used as an exclu-
sion criterion.

Appropriate patient eligibility criteria are critical for
identifying a low-risk population of women with DCIS and
to the success of active surveillance trials. Comedo necrosis
has been incorporated into exclusion criteria due to evi-
dence suggesting that it is a risk factor for contemporaneous
invasive cancer and local recurrence. In retrospective stu-
dies of DCIS diagnosed on core needle biopsy, comedo
necrosis is one of the histologic features that has been
associated with upstaging to invasive cancer on surgical

excision, although the findings have not been consistent
across studies. A meta-analysis of studies published prior to
2011 did not find an increased risk of upstaging of DCIS to
invasive cancer in the presence of comedo necrosis in
pooled estimates from the 9 studies reporting this variable
[12]. Since then, to our knowledge, out of five studies that
have investigated the significance of comedo necrosis on
CNB [13–17], only two have shown it to be an independent
predictor of invasive cancer on excision [13, 14].

Comedo necrosis has also been implicated as a risk factor
for local recurrence after breast conserving treatment (BCT)
for DCIS. In an analysis of the pathologic findings from the
National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-17 trial [18, 19], which compared lumpectomy
alone versus lumpectomy with radiation therapy, moderate /
marked comedo necrosis (defined as necrosis present in > 1/
3 of ducts involved by DCIS) was an independent predictor
of ipsilateral breast tumor recurrence (IBTR) at both 5 and 8
years [20, 21]. Furthermore, in the NSABP B-24 trial,
which investigated the added benefit of tamoxifen therapy,
the degree of necrosis, scored as absent, slight or moderate/
marked, was associated with increasing risk [22]. Long-
term follow-up revealed that invasive cancer represented
approximately half of all IBTRs, with the 15-year risk of
this event at 19.4% for excision alone and 8.9% for excision
plus radiation [23]. However, the relationship between
comedo necrosis and invasive IBTR was not investigated.
Of note, in the era of these trials, margin assessment prac-
tices did not consistently meet current standards, with
involved or uncertain margins present in up to one quarter
of patients, potentially impacting risk estimates.

Consistent with the findings in the NSABP trials, the
series of studies [24–27] that lead to the development of the
University of Southern California/Van Nuys Prognostic

Fig. 2 Variability in the diagnostic threshold for comedo necrosis in
DCIS

Table 1 Selected participant responses

“Drs. X and Y taught me that comedo necrosis is a type of necrosis
and should be called irrespective of the size of the necrotic material”.

“Image 1 is focal comedo necrosis”.

“In my view, the term comedo should be only be applied in DCIS
that has BOTH high nuclear grade AND necrosis regardless of the
amount in any specific duct space”.

“We don’t use the term comedo necrosis. We quantify as minimal,
moderate, marked”.

“I don’t use the term comedo because of the lack of quantitative
criteria…slightly favor 6 over 5”.

“I would call comedo necrosis at 5, but for lesser amounts I would be
more likely to call ‘comedo’ if there were multiple ducts involved”.

“I think 4, but if there were a bunch of 3 ducts I might end up
bumping it up”.

“I am torn between 2 and 3; however, since the circles are centrally
located (and that seems to matter to me greatly in this decision) I am
going to pick image 2”.
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Index (USC/VNPI), a scoring system for DCIS risk strati-
fication, also found that comedo necrosis (originally defined
as substantial amounts of necrotic neoplastic cells in the
central lumina of any architectural pattern of DCIS) was one
of the significant independent predictors for local recur-
rence. A pathologic classification was developed that divi-
ded DCIS into low or intermediate nuclear grade without
necrosis (grade 1), low or intermediate nuclear grade with
necrosis (grade 2), and high nuclear grade (grade 3) [24].
The overall USC/VNPI score, as determined by addition of
scores for the pathologic classification, lesion size, margin
status and age [27], was intended to inform management
recommendations regarding excision alone, excision plus
radiation therapy, or mastectomy. However, this system,
which predates modern breast screening, has not been
widely adopted due to the lack of validation in clinical trials
and reproducibility in clinical practice [28, 29].

A novel pathologic system for grading DCIS was sub-
sequently proposed by Pinder et al. [30] following histo-
pathologic analysis of cases from the UKCCR/ANZ DCIS
trial, another BCT trial from the same era as the NSABP
trials. In this study, all evaluated grading systems (including
the cytonuclear grade and the Van Nuys pathologic classi-
fication), as well as the presence of comedo necrosis,
showed a significant association with ipsilateral recurrence
of DCIS and invasive disease. However, the authors iden-
tified a subgroup of high-grade lesions with a particularly
poor prognosis, referred to as “pure comedo DCIS” and
defined as having (i) high cytonuclear grade, (ii) > 50%
solid architecture, and (iii) > 50% of ducts with central
confluent type necrosis. A three-tier grading system that
divided DCIS into low/intermediate grade, high grade and
very high grade (“pure comedo type”) showed a strong
relationship with the development of ipsilateral recurrence
(rates of 6.1%, 10.9% and 18.2%, respectively), both
overall and separately for DCIS and invasive disease. These
results suggest that the presence of comedo necrosis may be
of greatest clinical significance when extensive and found in
the setting of high cytonuclear grade DCIS. Again, similar
to the USC/VNPI, this DCIS grading system is based on
data from an older cohort and has not been validated.

Recently published data from the Sloane Project [31], an
observational population-based study of the features, pat-
terns of care and outcomes of non-invasive neoplasia
detected in the National Health Service Breast Screening
Programme in the United Kingdom, provided more con-
temporary evidence regarding the risk associated with
comedo necrosis. In this retrospective study of nearly
10,000 women diagnosed with DCIS between 2003 and
2012, high grade and comedo necrosis represented two
pathologic factors that were significantly associated with a
higher risk of breast events and ipsilateral breast recurrence,
although the relationship between these factors and invasive

recurrence was not specified. Moreover, in recent meta-
analyses of the literature, comedo necrosis has been found
to be a predictor of local recurrence [32], but not invasive
local recurrence [33].

If comedo necrosis continues to be accepted as an
exclusion criterion in DCIS active surveillance trials, then a
standardized definition of this histologic finding would be
highly preferable to promote consistent risk assessment in
trial enrollment and clinical practice. Although not specifi-
cally acknowledged in the responses collected in this study,
standardized definitions of comedo necrosis have been
published. The 1997 Consensus Conference on the Classi-
fication of DCIS [34] defined comedo necrosis as “any
central zone necrosis within a duct” and comedo as one of
the accepted architectural patterns of DCIS. Furthermore,
the consensus opinion stated that “the term comedo refers
specifically to solid intraepithelial growth within the base-
ment membrane with central (zonal) necrosis. Such lesions
are often but not invariably of high nuclear grade.” In
contrast, the 2013 College of American Pathologists (CAP)
Protocol for the Examination of Specimens from Patients
with Ductal Carcinoma In Situ (DCIS) of the Breast [35]
classifies necrosis into two subtypes: 1) central (comedo)
and 2) focal (punctate). Central necrosis is defined as “an
area of expansive necrosis in the central portion of an
involved ductal space that is easily detected at low magni-
fication”, whereas focal necrosis consists of “small foci,
indistinct at low magnification, or single cell necrosis”. The
CAP protocol also states that “although central necrosis is
generally associated with high-grade nuclei, it can also
occur with DCIS of low or intermediate nuclear grade”.
Unfortunately, these proposed definitions differ from one
another. In particular, many DCIS lesions that are regarded
to have comedo necrosis by the 1997 Consensus Con-
ference Criteria would not be considered to have comedo
necrosis by the 2013 CAP criteria, since the 1997 Con-
sensus Conference Criteria are far less restrictive. Sub-
jectivity in what represents “expansive necrosis” in the 2013
CAP criteria further clouds this issue. Finally, no matter the
definition applied, it should be noted that assessing the
degree of necrosis is not always straightforward, as ducts
may be tangentially cut, distorted, or not perfectly round in
histologic sections.

The degree of interobserver variability in the assessment
of comedo necrosis identified in this study has several
implications. First, the results of our study highlight the fact
that previously unrecognized or unappreciated levels of
variability in the criteria used to define a common histologic
feature that has for decades routinely been used in pathol-
ogy reports may be unmasked when that feature is used as
an exclusion criterion in a multi-institutional clinical trial in
which many pathologists are involved in determination of
trial eligibility. In addition, our results have direct
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implications for enrollment in trials testing active surveil-
lance for patients with DCIS. A definition of comedo
necrosis that is too restrictive may exclude potentially sui-
table candidates for these trials, whereas a definition that is
too liberal may result in the inclusion of patients who may
be at an unacceptably high risk for local recurrence or
progression to invasive breast cancer. However, it should be
noted that the risk of local recurrence or progression to
invasive breast cancer in relation to comedo necrosis
remains uncertain for the types of DCIS lesions currently
encountered in clinical practice, which are most often small,
mammographically-detected lesions, unlike those of most
older series or clinical trials. Furthermore, the risk attributed
to comedo necrosis in some of the prior studies reviewed
herein reflects a far more extensive process than that of the
minimal threshold required for a diagnosis by consensus
definitions and common practice.

As a result of the analysis presented here, the COMET
trial protocol was amended to remove comedo necrosis
from the exclusion criteria, a change expected to circumvent
the confusion and uncertainty about trial eligibility due to
diagnostic variability and inconsistent reporting of comedo
necrosis. An advantage of granting eligibility to all patients
with low to intermediate grade DCIS, aside from the ability
to offer conservative management to a greater number of
patients, is that the relationship between comedo necrosis
and invasive cancer can be further studied in this
population.

In summary, we found that the diagnostic threshold for
comedo necrosis varies substantially among experienced
breast pathologists. The results of this study emphasize that
before a histologic feature is used as an inclusion or
exclusion criterion in a clinical trial, its definition needs to
be standardized to ensure its uniform application.
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