Journal of Cellular Biochemistry 255:108-111 (1996)

Classification of Duct Carcinoma In Situ (DCIS) With a
Characterization of High Grade Lesions: Defining
Cohorts for Chemoprevention Trials

Michael D. Lagios*
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Abstract In the last 6 years a number of non-randomized, predominantly single institutional trials of breast
conservation therapy (BCT) with DCIS, have demonstrated that it constitutes a very heterogeneous group of diseases with
markedy different risks of local recurrence and invasive transformation. There has been a consensus that DCIS, which
exhibits a “comedo” morphology, generally defines a high risk group. Most studies, moreover, have identified the same
two features, nuclear grade and necrosis, as contributing most significantly to prognosis [4-6]. Nuclear grade and
necrosis have been identified as independent prognostic variables in several studies [5,6]. High nuclear grade DCIS
which exhibits comedo necrosis defines the majority of all DCIS which will result in local recurrence and invasive
transformation after BCT.

Studies utilizing image cytometry, to determine ploidy and S-phase fraction and immunohistochemical studies of
proliferation and oncogene distribution have shown a significant association with morphologically identified high
nuclear grade and aneuploidy, high S-phase fraction or proliferation rate, presence of HER-2/neu and P53 oncogenes
and absence of estrogen receptors. Generally the inverse of this association is seen with low nuclear grade DCIS.
However, initial hopes that these adjunctive studies would identify subsets within the high nuclear grade group which
might be more likely to recur have not been fulfilled. J. Cell. Biochem. 255:108-111.  © 1997 Wiley-Liss, Inc.
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As recently as 1979, subtype classification of
duct carcinoma in situ (DCIS) was not thought
to contribute any prognostic information [1].
This was true for the time and circumstances
when most DCIS were detected clinically as
large palpable masses and were treated by some
form of total mastectomy [2]. Since then the
continuing impact of mammographic technol-
ogy and the growing acceptance of breast conser-
vation therapy (BCT), have created a large
population of DCIS patients with an ipsilateral
breast at risk. Within a few short years it be-
came apparent that local recurrences, both re-
current or residual noninvasive as well as inva-
sive disease, were markedly higher in the
conservatively treated breast [3]—generally 20
to 30% versus 2% for mastectomy at 8 years of
follow-up in various single institutional trials
with or without irradiation [4—6]. This is exem-
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plified by NSABP B17 which exhibited a 22%
local recurrence rate in the nonirradiated treat-
ment arm at a mean 43 months of follow-up [7].

Evaluation of patients with local recurrence
has shown several significant factors that con-
tribute prognostically. These include the sub-
type (i.e., grade) of the DCIS, the extent of
disease in the breast (size) and the status of
margins. Although, investigators have ranked
these prognostic descriminants differently, the
most significant is the subtype independent of
extent of disease and margin status. The vast
majority of published local recurrences, whether
following treatment by total mastectomy or
breast conservation with or without irradia-
tion, reflect the biology of high-grade DCIS
subtypes [4-6].

We introduced nuclear grade and necrosis in
a classification of DCIS [4] based on a retrospec-
tive analysis of local recurrences in our series
in which high-grade subtypes have accounted
for all but one recurrence. Current updated
follow-up of these patients has shown that high-
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grade subtypes continue to contribute most of
the local recurrences with 124 months of mean
follow-up [8]. Subsequently, these findings have
been corroborated by several independent stud-
ies which have utilized nuclear grade and necro-
sis as the major prognostic indicators for conser-
vatively treated DCIS [5,6,9,10]. This consensus
is all the more striking if it is recalled that the
separate studies utilized their own indepen-
dent schemes of subtype classification based on
nuclear grade and/or necrosis. The majority of
the high-grade DCIS subtypes would fall into
the conventional classification of “comedo”
DCIS. Several studies, not utilizing nuclear
grade or necrosis as specified criteria, also dem-
onstrated that most recurrences were associ-
ated with the largely equivalent conventionally
defined comedo subtype [11,12].

Patchefsky et al. [13] had shown that DCIS of
comedo type was more often associated with
invasive foci at mastectomy. In our own series
of mastectomies studied by the serial subgross
technique of Robert Egan, 75% of extensive
DCIS which were associated with occult inva-
sive foci were high-grade [14] and amongst the
patients with occult invasion who subsequently
recurred after modified radical mastectomy, all
were high-grade, as were two patients who
exhibited single axillary metastases [4].

High-grade DCIS is defined as cells contain-
ing grade III nuclei and comedo necrosis, i.e.,
an area of coagulative necrosis of tumor cells
associated with karyorrhexis (nuclear fragmen-
tation) [4, 8]. Solin et al. [5] independently
evaluated nuclear grade III DCIS alone and in
conjunction with necrosis. In their analysis
nuclear grade III lesions were more likely to
recur locally at 5 years, but not in numbers
sufficient to indicate significance. Defining le-
sions with grade three nuclei and comedo necro-
sis, however, dramatically improved the prog-
nostic power of the classification, dividing DCIS
into high-grade lesions and non-high-grade
DCIS. Silverstein et al. [6] have shown that
nuclear grade and necrosis are independent
prognostic variables in multivariate analysis.

Extent of necrosis has been shown to have a
prognostic effect alone, and in a setting of high-
grade nuclei separates a group with high Ki67
and HER-2/neu markers and reduced receptor
content from a group with substantially lower
Ki67, HER-2/neu and significant increases in
the frequency of estrogen and progesterone re-
ceptor [5,15,16]. Necrosis had some prognostic

effect in NSABP-B17 in which DCIS were di-
vided into those having necrosis in 0 to 33% of
ducts and those with 33% or more ducts in-
volved with necrosis [17]. Unfortunately, this
separation means that there will be significant
numbers of DCIS defined as high-grade by oth-
ers [4, 6] in either group and this will reduce
the prognostic power of the feature. Silverstein
et al. [6] have utilized necrosis to define an
intermediate group of DCIS patients whereas
we had based our intermediate category on the
presence of grade II nuclei with or without
necrosis. In the Van Nuys classification nuclear
grade I and II lesions are classified as interme-
diate if necrosis is present and low grade if
necrosis is absent (see Table I).

An intermediate risk group, variously de-
fined by non high-grade nuclear morphology,
with or without necrosis, identifies a patient
population with local recurrence rates which
are intermediate between high- and low-grade
DCIS with BCT [4,6,21].

Quantitative criteria are pertinent for the
lowest nuclear grade group (small cell, micro-
papillary/cribriform without necrosis) and dis-
tinguish between morphologically identical
groups. Smaller lesions have a biology akin to
risk markers, i.e., with risk equally distributed
to either breast (cf. ADH, LCIS, ALH), while in
larger lesions risk is limited to the ipsilateral
breast [20].

The EORTC classification [18] identifies three
grades of DCIS as well-intermediately and
poorly differentiated. Although subtypes identi-
fied by their scheme largely correspond to the
subtypes identified by Lagios et al., Solin et al.,
and Silverstein et al., [4—6] there are some
interesting differences; neither nuclear size nor

TABLE 1. DCIS Classifications Based
on Nuclear Grade and Necrosis*

Nuclear Grade

Necrosis 1 II juts
Lagios et al. 89 + Low Int. High
Silverstein + Group 11 Group

et al. 95 - Group I 111
Solin et al. 93 + Non-Comedo Comedo

*Low = low-grade DCIS; Int. = intermediate grade DCIS;
High = high-grade DCIS. Silverstein et al. [1993] refer to
DCIS with nuclear grade I and Il with necrosis as interme-
diate (group 2) and without necrosis (Group 3). (Adapted
from Solin et al. {1993] and Silverstein et al. [1995]).
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necrosis are specified diagnostic criteria in their
published scheme, whereas these are features
of the other classifications. Retrospective analy-
sis of multiinstitutional studies of mammo-
graphically detected DCIS treated by BCT us-
ing the EORTC classification, essentially
produces a very similar separation, however.

In evaluating published series of BCT for
DCIS, one is struck by the great variation evi-
dent in pathologic handling and definition of
the materials. This variation is most evident in
recording the size or extent of diseases, the
margins status and the degree of tissue sam-
pling, all of which impact on the ability to
identify prognostically significant features of
the biopsy or resection in our experience. Prob-
ably the most important of these prognostic
features for local recurrence is microinvasion.
Microinvasion (invasion less than 1 mm) and
larger but minimal foci of invasion are fre-
quently overlooked in routine pathologic exami-
nation of breast biopsy material, not only be-
cause a lesion of small size can be overlooked
even in well prepared tissue sections, but be-
cause the volume of tissue containing DCIS
available from the biopsy is often considered
too large to do anything more than sample.
Such sampling can represent 10% or less of the
volume of the mammographically directed bi-
opsy. Obviously in a biopsy 40 X 35 X 20 mm, a
2 mm focus of invasion can be overlooked even
if 50% of the tissue is sampled. The presence of
microinvasion in a DCIS usually predicts for
recurrence in the absence of radiation therapy,
and so it is not surprising that studies which
included cases with variable if not minimal
sampling might produce a significant increase
in local recurrence rates in a short period of
time in the nonirradiated arm [7,17].

There is a clear association between high
nuclear grade DCIS, comedo type necrosis and
a specific pattern of oncogenes, receptors and
ploidy. High-grade DCIS, characterized by grade
II1 nuclei and necrosis, is predominantly HER-
2/neu and p53 positive, estrogen and progester-
one receptor negative, almost entirely aneu-
ploid or tetraploid, and may exhibit a higher
S-phase fraction and/or higher frequency of Ki67
positivity. Morphologically low-grade DCIS, in
contrast, rarely demonstrates necrosis and is
associated with a complimentary pattern of find-
ings with the same markers. It is characteristi-
cally HER-2/neu and p53 negative, estrogen
and progesterone receptor positive, and almost

entirely diploid and low S-phase [19]. Recently
morphologically identical low-grade lesions have
been separated on the basis of quantitative
criteria into a group of larger lesions which
predict risk for the ipsilateral breast at a rate
similar to that of lobular carcinoma in situ, and
smaller lesions which behave in follow-up stud-
ies as a risk marker with risk equally distrib-
uted to either breast [20].

Because of the short interval to local recur-
rence, and the frequency of invasive transforma-
tion, high-grade DCIS would make an ideal
subject for initial chemoprevention trials. More-
over it accounts for 35-40% of all newly de-
tected DCIS [4,6,21]. The majority of current
DCIS is detected mammographically, and at
small size, and an increasing proportion of such
patients are choosing BCT with or without irra-
diation. In actual practice the initial attempt at
mammographically directed excision is success-
ful in terms of adequate margins in only 50—
60% of cases. The remainder are left with vari-
able amounts of residual disease. It is standard
practice in California to permit an adequate
period for healing to take place, generally 8-12
weeks, before subjecting the patient to post-
operative mammography and a repeat attempt
at localization and excision. This would provide
a large block of time to test chemopreventive
agents, with a subsequent planned re-excision
providing the opportunity to evaluate surro-
gate endpoints. It is my experience that women
with biopsy proven DCIS for whom mastectomy
is recommended never the less delay definitive
surgery for an equal period of time. Some of
these might also choose to participate in a che-
mopreventive trial during the interval.

In summary, high-grade DCIS, which repre-
sents 35 to 45% of all mammographically de-
tected lesions, can be reproducibly identified on
the basis of nuclear grade and necrosis, fea-
tures which are both amenable to quantitative
image analysis. The high-grade subset ac-
counts for the majority of local and loco-re-
gional recurrences in patients treated with
breast conservation, and exhibits a characteris-
tic pattern of oncogene markers and ploidy. The
mean interval to local recurrence varies from
24 months without irradiation to 48—60 months
with irradiation for this high-grade subset.
Given the short interval to recurrence, half of
which represent invasive events, high-grade
subsets of DCIS are an ideal initial subject for
chemoprevention trials employing short term
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surrogate endpoints. Some 40-50% of such pa-
tients will have potential residual disease in
the breast after initial attempts at excision,
and these can provide a sizeable pool of candi-
dates during the 2-5-month interval between
biopsy and planned re-excision which is stan-
dard practice for DCIS patients preparing for
BCT in California.

REFERENCES

1. Azzopardi JG (1979): Problems in breast pathology.
Philadelphia: W.B. Saunders :466.

2. Ashikari R, Hajdu SI, Robbins GF, et al. (1971): Intra-
ductal carcinoma of the breast (1960-1969). Cancer
28:1182-87.

3. Lagios MD, Westdahl PR, Margolin FR, Rose MR (1982):
Duct carcinoma in situ: Relationship of extent of nonin-
vasive disease to the frequency of occult invasion, mul-
ticentricity, lymph node metastases, and short-term
treatment failures. Cancer 50:1309-14,

4. Lagios, MD, Margolin FR, Westdahl PR, Rose MR
(1989): Mammographically detected duct carcinoma in
situ. Frequency of local recurrence following tylectomy
and prognostic effect of nuclear grade on local recur-
rence. Cancer 63:619-624.

5. Solin LdJ, Yeh I-T, Kurtz J, Fourquet A, Abram R, Kuse
R, McCormick B, Cross M, Schultz D, Amalric R, LiVolsi
V, Kowalyshyn M, Torhorst J, Jacquemier J, Wester-
mann C, Mazoujian G, Zafrani B, Rosen PP, Goodman
RL, Fowble B (1993): Ductal carcinoma in situ (intra-
ductal carcinoma) of the breast treated with breast-
conserving surgery and definitive irradiation: Correla-
tion of pathologic parameters with outcome of
treatment. Cancer 1(8):2532-2542.

6. Silverstein MdJ, Poller DN, Waisman Joseph G. Roche,
M.D., Colburn WJ, Barth A, Gierson ED, Lewinsky B,
Gamagami P, Slamon DJ (1995): Prognostic classifica-
tion of breast ductal carcinoma in situ. Lancet (May 6)
345(8958):1154-17.

7. Fisher B, Costantino J, Redmond C, Fisher E, Margo-
lese R, Dimitrov N, Wolmark N, Wickerham DL, Deut-
sch M, Ore L, Mamounas E, Poller W, Kavanah M
(1993): Lumpectomy compared with lumpectomy and
radiation therapy for the treatment of intraductal
breast cancer. N Eng J Med 328:1581-1586.

8. Duct carcinoma in situ: Controversies in diagnosis,
biology and treatment. The Breast Journal 1995: Vol 1,
No. 2, 68-78.

9. Ottesen GL, Graversen HP, Bilcher-Toft M, Zedeler K,
Andersen JA (1992): Ductal carcinoma in situ of the

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

female breast. Short-term results of a prospective na-
tionwide study. Amer J Surg Path 16:1183-1196.
Bellamy COC, McDonald D, Salter DM, Chetly U,
Anderson TdJ (1993): Non-invasive ductal carcinoma of
the breast. The relevance of histologic categorization.
Hum Pathol 24:16-23.

Silverstein MJ, Waisman JR, Gierson ED, Colburn W,
Gamagami P, Lewinsky BS (1991): Radiation therapy
for intraductal carcinoma. Is it an equal alternative?
Arch Surg 126:424-428.

Schwartz GF, Finkel GC, Garcia JG and Patchefsky AS
(1992): Subclinical ductal carcinoma in situ of the
breast. Treatment by local excision and surveillance
alone. Cancer 70:2468-2474.

Patchefsky AS, Schwartz GF, Finkelstein SD, Prestipino
A, Sohn SE, Singer JS, Feig SA (1989): Heterogeneity
of intraductal carcinoma of the breast. Cancer 63:731—
741.

Lagios MD (1990): Duct carcinoma in situ: Pathology
and treatment. Surg Clin North Am 70:853-871.
Poller DN, Silverstein MdJ, Galea M, Locker AP, Elston
WE, Blamey RW, Ellis 10 (1994): Ductal carcinoma in
situ of the breast: A proposal for a new simplified
histological classification association between cellular
proliferation and c-erb-2 protein expression. Modern
Path 7(2):257.

Zafrani B, Leroyer A, Forquet A, Laurent M, Trophilme
D, Validire P, Sastre-Garau X (1994): Mammographi-
cally detected ductal carcinoma in situ of the breast
analyzed with a new classification. A study of 127
cases: Correlation with estrogen and progesterone re-
ceptors, pb3 and CerB-2 proteins and proliferative ac-
tivity. Semin Diagn Path 11:208-214.

Fisher ER, Constantino J, Fisher B, Palekar ES, Red-
mond C, Mamounas E (1995): Pathologic findings from
the national surgical adjuvant breast protocol B-17;
intraductal carcinoma (duct carcinoma in situ). Cancer
(75)6:1310-1319.

Holland R, Peterse JL, Millis RR, Eusebi V, Faverly D,
van de Vijver MJ, Zafrani B (1994): Ductal carcinoma
in situ: A proposal for new classification. Semin Diagn
Path 11:167-180.

Bobrow LG, Happerfield LC, Gregory WM, Springall
RD, Millis RR (1994): The classification of ductal carci-
noma in situ and its association with biological mark-
ers. Semin Diag Path 11(3):199-207.

Tavassoli FA, Norris HJ (1990): A comparison of the
results of long-term follow-up for atypical intraductal
hyperplasia and intraductal hyperplasia of the breast.
Cancer 65:518-529.

Silverstein MdJ, Lagios MD, Craig PH, et al. (1996): A
prognostic index of ductal carcinoma in situ of the
breast. Cancer 77:1167-1174.





