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The evidence that ductal carcinoma of the breast (DCIS) is an obligate precursor of invasive 
breast cancer and thus qualifies as an intermediate effect marker in chemoprevention 
research is reviewed. Much of the evidence on the natural history of DCIS has been derived 
from the era before the introduction of mammographic screening. Thus it may not be applic-
able in the present situation when women are likely to be under mammographic surveillance 
in chemoprevention trials. Further, the data that are becoming available from breast screen-
ing trials suggest that at least over follow-up periods now exceeding a decade, detection and 
treatment of DCIS has no impact on subsequent incidence of breast cancer. Although there 
are some indications that other biomarkers of malignancy are expressed similarly in DCIS and 
invasive cancer of similar grade, this evidence may not be sufficient to allow exclusive 
reliance on DCIS as an intermediate-effect marker in chemoprevention research. 

Introduction 
It is generally believed that ductal carcinoma in situ 
(DCIS) is a pre-invasive neoplastic lesion in the 
breast, and that possibly atypical hyperplasia of 
the breast is a preneoplastic lesion. Indeed, chemo-
prevention trials are already being based on 
women with DCIS, in the belief that this is a valid 
surrogate end-point biomarker (Kelloff et ai,, 
2000). However, the evidence that women with 
biopsies indicating atypical hyperplasia or DCIS 
have a greater risk of breast cancer has largely come 
from long-term follow-up of cohorts of women 
whose biopsies were originally considered to rep-
resent benign (fibrocystic) disease (Page et al., 
1982, 1985). It is not clear from these studies 
whether the histological abnormality indicated a 
marker of increased risk of breast cancer, or 
whether it was truly a precursor lesion that if left 
untreated could eventually progress to invasive 
cancer. Part of the difficulty is that the histological 
abnormality was found in the original biopsies, 
and there was no information on whatever abnor-
mality (if any) - either precursor lesion or early 
invasive cancer - had been left behind. Suspicion 
that the subsequent occurrence of invasive cancer 
in patients who developed DCIS came from a resid-
ual abnormality is derived from the fact that the 
risk of invasive cancer seemed to be restricted to 

the breast from which the original biopsy was 
obtained, not the contralateral breast. This is quite 
different from the related lesion, lobular carci-
noma in situ, or lobular neoplasia, where the risk of 
subsequent breast cancer is in both breasts (Lagios 
& Page, 1998). Hence lobular carcinoma in situ 
seems to represent a marker of risk, not a precursor 
lesion, and will not be considered further here. 
Similarly, as atypical hyperplasia should probably 
be regarded as a preneoplastic lesion rather than as 
a defined precursor on the pathway to cancer, it 
will also not be considered in detail in this chapter. 

Nomenclature of DCIS 
Although different nomenclatures have been in 
vogue, DCIS has been classified in Europe as poorly 
differentiated, intermediately differentiated or well 
differentiated (Holland et ai., 1994). This classifi-
cation is based on the degree of nuclear differenti-
ation and on cellular polarization around intercel-
lular spaces or towards a duct lumen. In North 
America, in the Van Nuys classification, DCIS is 
initially subdivided into those lesions with high 
nuclear grade or non-high nuclear grade, and the 
latter are then subdivided into those with or with-
out necrosis (Silverstein etal., 1995). This results in 
three prognostically dissimilar groups. Alter-
natively, DCIS has been classified as comedo, 
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intermediate and non-comedo (solid, cribriform or 
papillary) (Lagios & Page, 1998). In comedo-type 
DCIS necrosis is extensive and the nuclear grade is 
high; in intermediate-type DCIS necrosis is focal or 
absent and nuclear grade is intermediate; in non-
comedo-type DCIS, necrosis is absent and nuclear 
grade is low. The risk of subsequent invasive can-
cer is believed to be highest for the comedo type or 
high-grade (poorly differentiated) DCIS. 

Markers of carcinogenesis, and relevance to 
natural history of DCIS 
The use of digital image analysis of the DNA content 
of DCIS and invasive intraductal carcinomas asso-
ciated with them showed a close concordance of 
DNA-ploidy and S-phase content (Fisher & Siderits, 
1992). However, whether or not DCIS is directly on 
the pathway to cancer, and is in practice an oblig- 
ate precursor to invasion, can only be inferred 
indirectly, given the process of biopsy that is 
required for its diagnosis. One approach to resolv- 
ing this uncertainty is to assess whether 
biomarkers of neoplasia which can be identified in 
invasive breast cancers (logically ductal type in the 
majority) are also expressed in DCIS. Weinstat- 
Saslow etal. (1995) have shown that overexpression 
of cyclin D mRNA occurs equally in DCIS and 
invasive cancers, and can be used to distinguish 
both from non-malignant breast lesions. They 
found overexpression of cyclin D mRNA in 76% of 
37 non-comedo DCIS, in 87% of 23 comedo DCIS 
and in 83% of 12 invasive breast carcinomas. These 
percentages are not statistically significantly 
different from each other. However, they found 
cyclin D mRNA overexpression in only 18% of 11 
lesions of atypical hyperplasia and 18% of 11 
benign lesions interpreted as showing no increase 
in risk. These percentages were significantly differ-
ent from those of DCIS and invasive cancer. 

Buerger et al. (1999) analysed specific chromo-
somal alterations of 38 cases of DCIS and six 
associated invasive breast cancers by means of com- 
parative genomic hybridization. They found losses 
of 16q material almost exclusively in well and inter- 
mediately differentiated DCIS. A higher frequency 
of amplifications (17q12, 11q13) was found in 
poorly differentiated DCIS. When DCIS was 
adjacent to invasive carcinoma, a similar genetic 
pattern was seen in the DCIS and invasive compo-
nent. 

A slightly different approach to the same issue 
was taken by Dublin et ai. (1999). These authors 
re-evaluated material from 98 cases originally diag-
nosed as minimal (< 10 mm) invasive breast can-
cers. Of these, 28 were found to be predominantly 
invasive, 48 predominantly DCIS and 22 DCIS 
without evidence of invasion. In the predomi-
nantly invasive group, the infiltrative component 
was usually> 5mm, was low-grade, and associated 
with well differentiated DCIS. Expression of the 
markers 1<1-67, c-erbB2 and p53 was generally low, 
and that of ER, PR and Bd -Z high. In contrast, the 
predominantly DCIS group had a much smaller 
high-grade invasive component, usually with 
poorly differentiated DCIS. In these, expression of 
Ki-67, c-erbBZ and p53 was generally high, and ER. 
PR and Bd -2 low. The actuarial survival of the pre-
dominantly invasive group was 100% beyond 10 
years, of the predominantly DCIS group over 80%; 
the difference was not statistically significant. In 
this study it seemed that the high-grade lesions, 
whether invasive or DCIS, had a similar spectrum 
of markers indicating, but not demonstrating in 
practice, poor prognosis, while the low-grade inva-
sive cancer and DCIS also were similar. However, 
this study also could be interpreted as suggesting 
that 'invasion', in what would otherwise be 
regarded as a predominantly DCIS lesion, is of lit-
tle or no prognostic importance. This somewhat 
startling conclusion suggests that for lesions that 
are predominantly DCIS, whether or not cells have 
penetrated the basement membrane is unimpor-
tant. The absence of significance of this generally 
regarded criterion of progressive malignancy 
would be explained if somehow the cells forming 
the outer levels of DCIS manufactured their own 
basement membrane. Indeed, there are other fea-
tures of some cases of DCIS, especially those with 
associated periductal fibrosis, that suggest that 
DCIS is really a form of good-prognosis invasive 
cancer (Naresh & Borges, 1996). Whatever the true 
explanation, it does seem that many cases with 
minimal 'invasion' by standard criteria are quali-
tatively different from usual invasive cancer, thus 
adding to the doubts that DCIS is a precursor of 
true invasive cancer. 

Whether or not recurrences of DCIS occur that 
are truly new disease or simply recurrent slowly 
growing lesions has recently been evaluated. 
Comparative genomic hybridization was used by 
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Waldman et al. (2000) to compare chromosomal 
alterations in 18 initial DCIS lesions (occurring in 
the absence of invasive cancer) and subsequent 
recurrences of DCIS in the same breast. They found 
a high degree of concordance of chromosomal 
alterations in all but one of the initial/recurrence 
pairs, suggesting that the large majority of the 
recurrences were caused by residual DCIS left at the 
time of the primary surgery. The most common 
chromosomal alterations noted were gains 
involving 17q and losses involving 8p and 17p. 

In commenting on this study, Fisher & Fisher 
(2000) reported that in their experience with about 
10 000 cases of DCIS associated with invasive can-
cer, unequivocal microscopic extension of DCIS 
through its basement membrane into the sur-
rounding stroma had rarely been observed. They 
also noted that although about 40% of recurrences 
of DCIS in the same breast were invasive, the sur-
vival of such patients was 98%, again suggesting a 
qualitatively different natural history from classic 
invasive ductal carcinoma. This seems to be an 
example of length bias. 

DCIS detected by screening 
Recently, screening programmes for breast cancer 
have led to the diagnosis of much larger numbers 
of DCIS, as the calcification associated especially 
with comedo types of DCIS leads to their detection 
on mammography, biopsy and excision. The detec-
tion of DCIS is believed by many to be one of the 
benefits derived from breast cancer screening. 
Indeed, aggressive screening for what was then 
called minimal breast cancer used to be strongly 
advocated in the belief that only by the detection 
of such lesions would breast cancer mortality be 
reduced (Moskowitz et al., 1976). Minimal breast 
cancer as then defined consisted of two compo-
nents, invasive breast cancers < 10 mm in size and 
DCIS. Data allowing assessment of their contribu-
tion to the reduction in breast cancer potentially 
achieved by screening have recently become avail-
able from the long-term follow-up of the Canadian 
National Breast Screening Study among women 
aged 50-59 years on entry (CNBSS 2) (Miller et aL, 
2000). This study was designed to assess whether 
annual two-view mammographic screening 
together with annual screening by breast physical 
examinations and the teaching of breast self-exam-
ination (the MI' group) resulted in a greater breast 

cancer mortality reduction than screening by 
breast physical examinations and the teaching of 
breast self-examination alone (the P0 group). 
Each group comrised a total of just under 20 000 
women, with identical distribution of risk factors 
for breast cancer (CNBSS was an individually 
randomized trial, randomization being con-
ducted within five-year age strata and centre). Of 
the 267 invasive breast cancers detected on 
screening in the MI' group, 48 were < 10 mm in 
size, compared with only six of 148 in the P0 
group. Further, in addition, 71 in situ breast 
cancers were detected in the MP group but only 
16 in the P0 group. However, no reduction in 
breast cancer mortality was found by the addition 
of mammography (a cumulative rate ratio of 1.02, 
95% Cl 0.78-1.33). Thus the greater detection of 
'minimal' breast cancers in the MI' group (an 
excess of 97) had no impact on breast cancer 
mortality. Further, there was no evidence that the 
detection of the in situ cancers resulted in a 
reduction in breast cancer incidence, the cumula-
tive numbers of invasive breast cancers (including 
those ascertained after the end of the 4-5-year 
screening period) were 622 in the MP group and 
610 in the P0. The data from the 50 000 women 
aged 40-49 years on entry to CNBSS 1 are currently 
under analysis. Once again, there was an excess of 
in situ cancers diagnosed in the mammographic 
screening group compared with the usual care 
group, but no indication of a reduction in breast 
cancer incidence over the 11-year follow-up period. 

Similar data have not been published from 
the other breast screening trials, but at present 
there seems to be no evidence that detection of 
breast cancer precursors is of any value in 
screening. 

Boyd et al. (this volume) postulate that mam-
mographic density may be an exposure marker 
for breast cancer, but cannot be regarded as an 
intermediate marker. However, Boyd et al. (1992, 
2000) derived evidence that mammographic 
density is associated with atypical hyperplasia 
and DCIS. In a special study of women aged 
40-49 years who had enrolled in CNBSS 1, it was 
found that women with the most extensive den-
sities had a 9.7 times greater risk of being 
detected with carcinoma in situ or atypical 
hyperplasia than women with no mammary 
density. 
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Discussion 
Part of the difficulty in determining the role 
of DCIS in chemoprevention may be that with 
mammographic screening, a new spectrum of dis-
ease has come to light that would have been 
largely undiagnosed in the absence of screening. 
This has contributed to the confusion as to what 
these lesions truly represent, and even whether it 
is appropriate to include the term 'carcinoma' 
within a terminology where no precise guidance 
can be provided on eventual prognosis (Foucar, 
1996). It cannot therefore be assumed that the nat-
ural history data derived from the follow-up of 
women diagnosed in a pre-screening era applies to 
those now detected by screening. As already indi-
cated, some of the presumed precursors may not be 
precursors at all, but simply markers of increased 
risk. It is quite possible that the true invasive cancer 
precursors, with atypical epithelial hyperplasia and 
incipient invasion, are largely not detectable with 
current screening methods. Indeed, insufficient 
cases of DCIS are detected by mammography to 
account for the numbers of invasive cancers that 
occur. This may be because some high-grade can-
cers have a transitory in situ phase with rapid pro-
gression to invasion, thus not allowing time for 
their detection as DCIS (Barnes et al., 1992). The 
DCIS that is detectable may either be a marker of 
atypical epithelial hyperplasia or invasive cancer 
elsewhere in the same breast, an indolent lesion 
that progresses only slowly, or the end stage of a 
process well recognized for cancer of the cervix, 
namely the regression of the majority of the pre-
cursors that are detectable. 

That detection of precursors will result in 
overtreatment of many patients not destined to 
develop invasive cancer has been well demon-
strated for cancer of the cervix, and seems likely to 
be true for the breast also. This makes it essential 
that there should not be overtreatment of these 
lesions, as appears to have occurred in the CNBSS, 
for example (Miller, 1994), and that great caution 
be exercised in utilizing them as end-points for the 
evaluation of chemoprevention. It is quite possible 
that studies that are conducted of chemopreven-
tion with DCIS diagnosed by mammography as an 
end-point may be largely irrelevant to the preven-
tion of invasive cancer. An indication that the 
wrong lesions could be prevented from occurring 
even when invasive cancer is used as the end-point  

comes from the NSABP trial of tamoxifen for 
chemoprevention of breast cancer (Fisher et ai, 
1998). The spectrum of estrogen-positive, rela-
tively small breast cancers that failed to occur in 
the tamoxifen-treated group compared with the 
control group suggests that these were lesions with 
good prognosis, with a low probability of resulting 
in death. This is precisely the spectrum of the 
lesions that were detected early in CNBSS 2, but 
whose earlier detection did not result in any indi-
cation of reduction in breast cancer mortality 
(Miller et ai., 2000). It is relevant that the partici-
pants in the NSABP trial were monitored by annual 
mammography; the follow-up of CNBSS Z suggests 
that such lesions represent a classic example of 
length-biased sampling. 

An alternative approach to using DCIS in 
chemoprevention research would be to select peo-
ple with high-grade lesions for study of a potential 
chemopreventive agent, with invasive cancer as 
the outcome measure. Thus DCIS would be being 
used as an exposure or acquired susceptibility 
marker. However, it seems probable that the major-
ity of women destined to develop and die of inva-
sive cancer may be missed by such an approach, 
and thus any inferences derived from such a study 
would be subject to considerable caution. 

Conclusions 
DCIS detected by mammography, and currently 
being considered for use as an end-point for 
chemoprevention drug development trials, may 
not be an obligate precursor of invasive breast can-
cer. It may even be a subsegment of invasive breast 
cancer with very low progression potential and 
therefore with a very good (and non-typical) prog-
nosis. As such, any conclusions derived from the 
use of DCIS as an end-point in chemoprevention 
trials may be in error. Research is needed into the 
natural history of DCIS diagnosed by mammogra-
phy. Methods to detect the true obligate precursors 
of invasive breast cancer are urgently needed. 

References 
Barnes, D.M., Bartkova, J., Camplejohn, R.S., Gullick, 
Wj., Smith, P.J. & Millis, R.R. (1992) Overexpression of 
the c-crbB-2 oncoprotein: why does this occur more fre-
quently in ductal carcinoma in situ than in invasive 
mammary carcinoma and is this of prognostic signifi-
cance? Eur. J. Cancer, 28, 644-648 

174 



Intermediate histological effect markers for breast cancer 

Boyd, N.F., Jensen, H.M., Cooke, G. & Lee Han, H. (1992) 
Relationship between mammogiapbic and histological risk 
factors for breast cancer. J. Nat! Cancer Inst., 84, 1170-4179 

Boyd, N.F., Jensen, H.M., Cooke, G., Lee Flan, H., 
Lockwood, G.A., in collaboration with the reference 
pathologists of the Canadian National Breast Screening 
Study & Miller, A.B. (2000) Mammographic densities and 
the prevalence and incidence of histological types of 
benign breast disease. Eur. J. Cancer Prevention, 9, 15-24 

Buerger, I-1,, Otterbach, F., Simon, R., Poremba, C., Diallo, 
R., Decker, T., Riethdorf, L., Brinkschmidt, C., Docithorn-
Dworniczak, B. & Boecker, W. (1999) Comparative 
genomic hybridization of ductal carcinoma in situ of the 
breast—evidence of multiple genetic pathways. J. Pathol., 
187,396-402 

Dublin, E.A., Millis, R.R., Smith, P. & Bobrow, L.G. (1999) 
Minimal breast cancer: evaluation of histology and bio-
logical marker expression. Br. J. Cancer, 80, 1608-1616 

Fisher, B., Costantino, J.P., Wickerman, DL., Redmond, 
CK, J<avanah, M., Cronin, W.M., Vogel, V., Robidoux, 
A., Dimitrov, N., Atkins, J., Daly, M., Wieand, S., Tan-
Chiu, E., Ford, L., Wolmark, N., and other National 
Surgical Adjuvant Breast and Bowel Project Investigators 
(1998) Tamoxifen for prevention of breast cancer. Report 
of the National Surgical Adjuvant Breast and Bowel 
Project P-1 study. J. Nat! Cancer Inst., 90,1371-1388 

Fisher, E.R & Fisher, B. (2000) Relation of a recurrent 
intraductal carcinoma (ductal carcinoma in situ) to the 
primary tumor. J. Nat! Cancer Inst., 92, 288-289 

Fisher, E.R. & Siderits, R. (1992) Value of cytometric 
analysis for distinction of intraductal carcinoma of the 
breast. Breast Cancer Res. Treat., 21, 165-172 

Foucar, E. (1996) Carcinoma in situ of the breast: have 
pathologists run amok? Lancet 347, 707-708 

Holland, R., Peterse, J.L., Mills, R.R., Eusebi, V., Faverly, 
D., van de Vijver, M.J. & Zafrani, B. (1994) Ductal carci-
noma in situ, a proposal for a new classification. Semin. 
Diagn. Pathol., 11,167-180 

Kelioff, Gj., Sigman, CC., Johnson, K.M., Boone, C.W., 
Greenwald, P., Crowell, J.A., Hawk, E.T. & Doody, L.A. 
(2000) Perspectives on surrogate end points in the devel- 

Corresponding author: 

A. B. Miller 
Division of Clinical Epidemiology,  
Deutsches Krebsforschungszentr urn 
1m Neuenheimer Feld 280 
D-69120 Heidelberg,  
Germany  

opment of drugs that reduce the risk of cancer. Cancer 
Epidemiol. Biomarkers Prev., 9, 127-13 7 

Lagios, M.D. & Page, D.L. (1998) In situ carcinomas of 
the breast: ductal carcinoma in situ, Paget's disease, lob-
ular carcinoma in situ. In: Bland, K.L. & Copeland, E.M., 
eds, The Breast. Comprehensive Management of Benign and 
Malignant Diseases, Second edition, Philadelphia, W.B. 
Saunders, pp.  261-283 

Miller, A.B. (1994) May we agree to disagree, or how do 
we develop guidelines for breast cancer screening in 
women? J. Nat! Cancer Inst., 86, 1729-1731 

Miller, Al., To, T., Baines, C.J. & Wall, C. (2000) 
Canadian National Breast Screening Study-2: 13-year 
results of a randomized trial in women aged 50-59 years. 
J. Nat! Cancer Inst., 92, 1490-1499 

Moskowitz, M., Peminaraju, S., Fidler, J.A., Sutorius, DJ., 
Russel, P., Scheinok, P. & Houe, J. (1976) On the diagno-
sis of minimal breast cancer in a screenee population. 
Cancer, 37, 2543-2552 

Naresh, K.N. & Borges, A.M. (1996) Ductal carcinoma in 
situ with periductal fibrosis—is it in reality an invasive 
carcinoma? Human Pathol., 27, 744 

Page, DL., Dupont, w.D., Rogers, L.W., & Landenberger, 
M. (1982) Intraductal carcinoma of the breast: follow-up 
after biopsy only. Cancer, 49, 751-758 

Page, D.L., Dupont, W.D., Rogers, L.W. & Rados, M.S. 
(1985) Atypical hyperplastic lesions of the female breast. 
A long-term follow-up study. Cancer, 55, 2698-2708 

Silverstein, MJ., Poller, D.N., Waisman, JR., Colburn, 
Wj., Barth, A., Gierson, E.D., Lewinsky, B., Gamagami, P. 
& Slamon, D.J. (1995) Prognostic classification of breast 
ductal carcinoma-in-situ. Lancet, 345, 1154-1157 

Waldman, F.M., DeVries, S., Chew, K.L., Moore, D.H., 
Kerlikowsire, K. & Ljung, B.-M. (2000) Chromosomal 
alterations in ductal carcinoma in situ and their in situ 
recurrences. J. Nat! Cancer Inst., 92, 313-320 

Weinstat-Saslow, D., Merino, M.]., Manrow, R.E., 
Lawrence, J.A., Bluth, R.F., Wittenbel, K.D., Simpson, J.F., 
Page, D.L. & Steeg, P.S. (1995) Overexpression of cyclin D 
mRNA distinguishes invasive andin situ breast carcinomas 
from non-malignant lesions. Nature Med., 1, 125 7-1260 

175 




