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MIB1-determined Proliferative Activity in Intraductal Components and Prognosis

of Invasive Ductal Breast Carcinoma

Hiroshi Imamura,® Shunsuke Haga,! Tadao Shimizu,! Osamu Watanabe,! Tetsuro
Kajiwara' and Motohiko Aiba®

Departments of 'Surgery and *Surgical Pathology, Tokye Women’s Medical College Daini Hospital, 2-
1-10 Nishiogu, Arakawa-ku, Tokyo 116

Intraductal components of breast carcinoma may have prognostic significance. In this study, we
divided 181 invasive ductal breast carcinomas into comedo and non-comedo groups based on
intraductal component morphology, and differences between the two groups in clinicopathological
variables, including proliferative activity and survival, were assessed. Proliferative activity was
evaluated by using MIB1 antibody, which reacts with the cell-proliferation-associated Ki-67 antigen,
and was expressed as the number of MIB1-positive nuclei per 1000 cancer cells in intraductal
components (MIB1 labeling index). We also investigated which variables had an impact on survival,
The comedo group showed a significantly higher MIB1 labeling index than the non-comedo group
(P <0.0001). The differences in disease-free and overall survival between the two groups were not
significant (P=0.2477, P=0.2069). Multivariate analysis of the entire series showed the MIB1
labeling index to be an independent prognostic factor predicting both disease-free survival and overall
survival (P=0,0160, P=0.0035), When multivariate analysis was repeated separately for the non-
comedo and comedo groups, the MIB1 Iabeling index remained the most important variable predicting
disease-free and overall survival in the nom-comedo group (P=0,0122, P=0,0040). Moreover,
non-comedo patients with a high MIB1 labeling index had significantly shorter disease-free and
overall survival than those with a low MIB1 labeling index (P =0.0040, P =0.0402). These findings
imply that MIB1-determined proliferative activity of intraductal components is an independent

predictor of survival, and is the most important predictor in non-comedo cases.

Key words:

Invasive ductal breast carcinoma, which accounts for
approximately 85% of the breast carcinomas in Japanese
women, is pathologically composed of invasive foci and
intraductal components. As a result of the widespread
use of breast conserving therapy, the morphological and
biological behavior of intraductal components has at-
tracted a great deal of interest in recent years, because
extensive intraductal components have been reported to
show a significant association with local recurrence after
breast conserving therapy.'” However, the relationship
between the characteristics of intraductal components
and conventional clinicopathological variables has not
yet been elucidated. Nor has there been adequate assess-
ment of how intraductal components are related to post-
operative survival in invasive ductal breast carcinoma.
Various pathological classifications of intraductal com-
ponents have been attempted to date, but the most
common method has been simply to classify them into
comedo and non-comedo types, and the morphological
differences have largely depended on the proliferative
activity of the malignant cells that constitute the in-
traductal components.

The main purpose of this study was to investigate
whether the morphology of intraductal components as
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comedo or non-comedo has an impact on postoperative
recurrence, and we decided that if it did not have an
impact, we would seek some other optimal morphological
classification of intraductal components to predict post-
operative survival. For this purpose, we divided invasive
ductal breast carcinomas into two groups, comedo and
non-comedo, based on intraductal component morphol-
ogy, and determined how clinicopathological variables
differed between the two groups. In addition, we immu-
nohistochemically investigated the proliferative activity
of intraductal component cells using the monoclonal
antibody MIB1 and compared the results in the above
two groups. We also conducted a comparative assessment
of disease-free survival and overall survival in the two
groups. Furthermore, we assessed the impact of clinico-
pathological variables, including proliferative activity, on
postoperative survival as a whole, and separately in the
comedo and non-comedo groups. Based on these results,
we have revised our previous morphological classification
of intraductal components used to predict postoperative
survival.

MATERIALS AND METHODS

Patients Two hundred and seventy-five women with
UICC clinical Stage I or II primary unilateral invasive
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ductal breast carcinoma treated at Tokyo Women’s Med-
ical College Daini Hospital between 1987 and 1993 were
reviewed. To minimize the possible confounding effects
of potentially inadequate pathological examination, pa-
tients who had undergone preoperative excisional biopsy,
and those for whom only a small number of pathology
slides (10 or less) were available or who clinically had
multiple tumors, were excluded from the following anal-
ysis. Carcinomas without intraductal components were
also excluded (approximately 209% of invasive ductal
carcinomas). The study population thus consisted of 181
patients. Tumors measuring 2.5 em or less were treated
by breast-conserving surgery (wide excision and axillary
dissection) or mastectomy as decided individually after
discussion with the patient, and larger tumors were
treated by mastectomy. Based on this policy, 122 patients
had undergone modified radical mastectomy and 59 pa-
tients had undergone breast-conserving surgery. All pa-
tients receiving breast-conserving surgery subsequently
underwent radiotherapy.

Information on each patient was obtained from medi-
cal records and surgical pathology files, and the clinico-
pathological data are shown in Table I. The tumors were
all less than 5 cm in diameter and were not fixed to cither
skin or muscle. Clinically, none of the patients showed
signs of distant metastases at the time of surgery and all
were followed up for 40-118 months postoperatively.

Table I. Distribution of Clinicopathological Variables in 181
Patients with Invasive Ductal Breast Carcinoma

: Number of
Variable patients (%)

Age <40 years 25 (14)
41-65 135 (74)

>65 21 (12)

Menopausal status premenopausal 100 (55)
postmenopausal 81 (45)

Tumor size <20 mm 84 (46)
>20 97 (54)

Axillary lymphnode negative 85 (47)
status positive 96 (53)
Peritumoral Iymphatic negative 131 (72)
vascular invasion positive 50 (28)
Intraductal component non-comedo 140 (77)
subtype comedo 41 (23)
Estrogen receptor negative 46 (25)
positive 121 (67)

unknown 14 { 8)

Type of surgery mastectomy 122 (67)
wide excision 59 (33)

Adjuvant therapy yes 138 (76)
no 43 (24)

Recurrence yes 34 (19)
no 147 (81)
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The median follow-up was 59 months. The follow-up was
conducted at l-month intervals during the first year, at
3-month intervals for the next 2 years and at 6-month
intervals thereafter. Metastases were evaluated by physi-
cal examination and laboratory tests, including serum
tumor markers (CEA and CA15-3), X-ray computed
tomography, ultrasonography and radicisotope scanning,
For the purpose of this analysis, a local recurrence was
defined as any tumor recurrence within the treated breast
and overlying skin occurring before or simultaneously
with the diagnosis of distant metastases.

In patients, who underwent breast-conserving therapy
and had positive lymphnode metastasis, postoperative
adjuvant therapy consisted of combination chemother-
apy with cyclophosphamide, methotrexate and fluoro-
uracil (CMF) followed by oral fluorinated pyrimidine
therapy. If the estrogen receptor (ER) status was posi-
tive or unknown, the patient also received tamoxifen
therapy. When there was no lymphnode metastasis and
the patient was diagnosed as being at low risk, no adju-
vant therapy was performed. However, if the diagnosis
was high risk, the patient received oral fluorinated pyrim-
idine therapy. Patients who underwent mastectomy and
had four or more positive axillary lymphnodes received
combination chemotherapy with CMF followed by oral
fluorinated pyrimidine. If the ER status was positive or
unknown, the patient also received tamoxifen therapy.
When there were three or less positive lymphnodes, the
patients received oral fluorinated pyrimidine therapy
without combination chemotherapy or no chemotherapy.
Node-negative patients received tamoxifen therapy or no
treatment. Based on this protocol, two-thirds of the
patients with positive axillary lymphnodes received adju-
vant chemotherapy (66 of 96 patients [68.8%1), whereas
only 24 patients (28.4%) with negative axillary lymph-
nodes were given adjuvant chemotherapy. Hormonal ma-
nipulation, primarily with tamoxifen, was employed in 99
cases (54.7% of the total patient group).

Among the mastectomy patients, 6 (4.9%) experi-
enced local recurrence, 22 (18.0%) developed distant
metastases, and 94 (77.1%) have remained disease-free
to date. Among the patients receiving breast-conserving
surgery, 2 (3.4%) cxperienced local recurrence, 4
(6.8%) developed distant metastases, and 53 (89.8%)
have remained disease-free to date.

Histologic examination Tumor size was recorded as the
maximum tumor diameter in a fresh specimen. After
sampling for estrogen receptor assay, the specimen was
immediately fixed in buffered 10% formalin and embed-
ded in paraffin. All cases were divided into two groups
according to tumor size: T1 group (less than 20 mm, 84
cases) and T2 group (21 mm or larger, 97 cases). In all
cases, adequate numbers of permanent paraffin sections
(11-78, average 26.8) were stained with hematoxylin and



eosin (HE). Every section was evaluated by two of the
authors (H.I. and M.A.) without knowledge of either the
immunochistochemical results or the patient’s clinical out-
come. Peritumoral lymphatic vascular invasion was con-
sidered to be present when groups of cancer cells were
identified within endothelium-lined channels and con-
formed to the shape of the vessel, and all cases were
classified into two groups according to the presence (Iy ')
or absence (ly~) of peritumoral lymphatic vascular inva-
sion. All carcinomas had intraductal components within
and/or extending beyond the invasive foci, though the
amounts of these components were variable. The tumors
were classified according to their predominant architec-
tural pattern and the presence or absence of necrosis,
based on published criteria.®’ They were typed morpho-
logically as cribriform, papillary, low-papillary, solid or
comedo, when such a pattern corresponded to more than
50% of the intraductal components. All types other than
comedo were grouped as a whole into the non-comedo
type. Forty-one patients were classified as having the
comedo type, and 140 the non-comedo type.

All cases were examined for axillary Iymphnode in-
volvement and classified into two groups according to
lymphnode status: node-negative (n™) and node-positive
(n*).

Immunochistology After histologic examination, two re-
presentative blocks from each patient were selected. All
selected blocks were confirmed to have intraductal com-
ponents associated with invasive foci by histologic exam-
ination of HE-stained slides. Four-micrometer-thick sec-
tions mounted on triaminopropyltriethoxysilane-coated
slides were dried overnight at 158°C. After removal of
paraffin and dehydration, the sections were placed in 0.01
mol/liter citrate buffer at pH 6.0. In the present study, we
employed an 800W Panasonic microwave oven for anti-
gen retrieval. Sections were boiled five times at 95 to
100°C in 0.01 mol/liter citrate buffer, pH 6.0 for three
minutes, and cooled at room temperature for one hour.
They were then rinsed in phosphate-buffered saline
(PBS), incubated for one hour at room temperature with
MIBI antibody (Immunotech S. A., Marseille, France)
diluted at 1: 100, and immunostained using the labelled
streptavidin biotin method. The sections were washed in
PBS between steps. The complex was visualized using
diaminobenzidine, and nuclei were lightly connterstained
with hematoxylin.

Cell counting The sections were scanned at low (X 40),
medium (X 100) and high ( X400) power, covering all
fields. A cell was considered positive if any nuclear
staining was present. For assessment of proliferative ac-
tivity, the five most strongly stained ducts were selected
from among intraductal components presenting the pre-
dominant subtype in each tissue section. The proliferative
activity was expressed as the number of MIBIl-positive

Intraductal Components and Prognosis

nuclei per 1000 malignant cells viewed in high-power
ficlds of these five ducts (MIB1 labeling index). Briefly,
color photographs were taken from the five selected ducts
and more than 1000 cancer cells were counted on the
photographs to calculate the number of MIBI1-positive
cells. Neither necrotic areas nor the edges of the ducts
were included in the counting so as to minimize the
possibility of immunchistochemical false positives. Proli-
ferative activity was jointly evaluated by two observers
who had no information regarding the clinical outcomes
of the patients.

ER assay Immediately after surgery, samples were ex-
tracted from the central portion of the carcinoma speci-
men for ER assay. They were snap-frozen in liquid ni-
trogen and stored at —70°C until analysis. The ER
determination was carried out by the EIA method using
an assay kit developed by Abbott Diagnostics (Chicago,
IL). In this study, 13 fmol/mg was taken as the minimum
value of ER positivity. One hundred and sixty-seven
tumors were examined for ER status and classified ac-
cordingly into two groups: ER-negative (ER ™) and ER-
positive (ER*).

Statistical analysis The correlations of age, menopausal
status, tumor size, axillary lymphnode status, peritu-
moral lymphatic vascular invasion, ER status, type of
surgery, adjuvant therapy and MIB1 labeling index with
the intraductal component subtype were evaluated using
the Mann-Whitney U-test and the y? test. The associa-
tions of MIB1 labeling index with various clinico-
pathological variables were evaluated using the Mann-
Whitney U-test (two categories) and the Kruskal-Wallis
test (three categories). A value of P<0.05 was consid-
ered statistically significant. Disease-free and overall sur-
vival rates for each group were estimated by the Kaplan-
Meier method. Statistical significance was determined for
the survival curves by use of the log-rank test. All sur-
vival times were calculated from the time of definitive
breast surgery to the time of most recent follow-up.
Multivariate survival analysis using Cox’s proportional
hazard regression model was carried out to assess the
independent contribution of each variable to disease-free
and overall survival. In this study, a computer program
package (Stat View, Abacus Concepts, Inc., Berkeley,
CA) was used for statistical testing and database
management.

RESULTS

Relationship between intraductal component morphology
and clinicopathological variables: Neither comedo nor
non-comedo intraductal component morphology corre-
late with age (P=0.2462), menopausal status (P=
0.3420), tumor size (P~0.0928), axillary lymphnode
status (P=0.1645), peritumoral lymphatic vascular inva-
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Fig. 1. Disease-free and overall survival of all patients

categorized according to intraductal component morpholog-
ical type (P=0.2477, P=0.2069). Numbers in parentheses,
the total number of patients per group. NC, non-comedo
group; C, comedo group.

sion (£=0.2091), ER status (P=0.1684), type of sur-
gery (P=0.3556), or adjuvant therapy (P=0.4799). The
mean MIBI1 labeling index of the comedo group was
significantly higher than that of the non-comedo group
{230 vs. 101) (P<0.0001).

Associations of MIBI labeling index with various clinico-
pathological variables: The MIB1 labeling index cor-
related with two prognostically relevant factors: ER
status (P=0.0003) and tumor size (P=0.0033). The
MIB!1 labeling index did not correlate with age (P=
0.4333), menopausal status (P=0.8198), axillary lymph
node status (P =0.2495), peritumoral lymphatic vascular
invasion (P=0.3621), type of surgery (P=0.3556), or
adjuvant therapy (#=0.2388).

Association of intraductal component morphology with
survival: Fig. 1 shows disease-free and overall survival
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Table II. Multivariate Cox Analysis of Disease-free and
Overall Survival

Disease-free survival  Overall survival

relative risk P relative risk P

Age 0.9446 0.3771
Menopausal status 0.7420 0.7335
Tumor size 0.0820 2,107 0.0273
Lymphnode status 2.760  0.0058 0.0625
Peritumoral lymphatic 0.5842 0.7315
vascular invasion
ER status 0.6335 0.5596
Intraductal component 0.9927 0.9121
morphology
MIBI1 labeling index 2.408 0.0160 2923  0.0035
Type of surgery 0.8165 0.4551
Adjuvant therapy 0.7497 0.5634

curves stratified by intraductal component morphology.
These curves illustrate the increased hazard rates for
patients with breast carcinoma associated with comedo
type intraductal components, but the differences did not
reach statistical significance (P=0.2477, P=0.2069).
Univariate and multivariate analysis of survival: Uni-.
variate analysis focusing on disease-free survival revealed
tumor size (P=0.0012), axillary lymphnode status (P=
0.0002), peritumoral lymphatic vascular invasion (P=
0.0218), intraductal component morphology (P=
0.0366) and MIBI labeling index (P<0.0001) to be
significant prognostic factors in 181 breast cancer pa-
tients. On univariate analysis concerning overall survival,
tumor size (P=0.0123), axillary lymphnode status (P=
0.0122) and MIB1 labeling index (P<0.0001) were sig-
nificant prognostic factors. Following the univariate
study, multivariate analysis was conducted to test the
independent prognostic value of these variables. When all
variables were taken into account, axillary lymphnode
status (P=0.0058) and the MIBI labeling index (P=
0.0160) were significant prognostic factors predicting
disease-free survival, whereas tumor size (P=0.0273)
and MIB1 labeling index (P=0.0035) were significant
prognostic factors predicting overall survival (Table I1).

To assess the importance of risk factors in intraductal
component morphology, multivariate analysis was con-
ducted separately for the 140 non-comedo and the 41
comedo cases. In the non-comedo group, the MIB1 label-
ing index remained the most important variable predict-
ing disease-free and overall survival (P=0.0122, relative
risk =2.507; and P=0.0040, relative risk =2.875; respec-
tively). Nodal status came next, but was minimally sig-
nificant (P=0.0133, relative risk=2.475; and P=0.0251,
relative risk=2.241; respectively), while tumor size had
no prognostic value. In the comedo group, no significant
variables were recognized.
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Fig. 2. Disease-free and overall survival of all patients
categorized according to intraductal component morpholog-
ical type and MIB1 labeling index. The cut-off point for the
MIB]1 labeling index was set at 50, and 140 non-comedo cases
were accordingly divided into two groups (P=0.0040, P=
0.0402). NCL, non-comedo with low MIB1 labeling index
group; NCH, non-comedo with high MIB1 labeling index
group; C, comedo group.

Prognostic significance of MIBI labeling index in the
non-comedo group: To clarify the prognostic value of the
MIBI1 labeling index in the non-comedo group, the cut-
off point was set at 50 and the 140 non-comedo cases
were subdivided into two groups: high MIBI1 labeling
index (>50, 78 cases) and low MIB1 labeling index
(<350, 62 cases). Then, disease-free and overall survival
rates were compared among the three groups. As shown
in Fig. 2, the non-comedo group with a low MIBI
labeling index had significantly better disease-free and
overall survival rates than the non-comedo group with a
high MIBI labeling index and the comedo group (P=
0.0040, P=0.0402).

Intraductal Components and Prognosis

DISCUSSION

Invasive ductal breast carcinoma accounts for approx-
imately 859 of all breast carcinomas in Japanese
women, and structurally these cancers are usually made
up of invasive foci and intraductal components. In the
past, attention was generally focused on the invasive foci
when discussing the prognosis of invasive ductal breast
carcinoma, and most histological classifications have
been based on the morphology of the invasive foci. For
example, the Japanese Breast Cancer Society has classi-
fied invasive ductal carcinoma into three types using
primarily the morphological features of invasive foci as
criteria, As a result of the widespread adoption of breast-
conserving therapy, a great deal of significance is now
attached to the intraductal components, because exten-
sive intraductal components have been reported to be
significantly associated with local recurrence."” More-
over, early breast cancer in which intraductal compo-
nents predominate is now being encountered more ofien
in clinical settings. Nevertheless, it is not known how
these intraductal components are related to the prognosis
of patients receiving breast-conserving therapy, or to the
prognosis of breast cancer patients as a whole, including
those undergoing mastectomy, Accordingly, in the pres-
ent study we investigated how the morphological and
biological behavior of the intraductal components affects
postoperative survival in breast cancer. In order to assess
the effect of morphological behavior on postoperative
survival, we first divided invasive ductal breast carci-
noma into a comedo group and a non-comedo group
based on intraductal component morphology and deter-
mined how their postoperative outcomes differed. The
differences in disease-free survival and overall survival
between these two groups were not significant, apparent-
ly due to the non-comedo group having a mixture of
intraductal components displaying a variety of biological
behaviors. When proliferative activities based on MIBI1
were compared, the non-comedo group was found to
have significantly lower proliferative activity than the
comedo group, but the distribution covered a broad
range, from 4 to 540, suggesting a need for further
subclassification of the non-comedo group aimed at refin-
ing the prediction of outcome.

The results of muitivariate analysis for the entire sub-
ject group showed the MIBI labeling index to be an
independent predictor of both disease-free and overall
survival. When multivariate analysis was then performed
for the non-comedo group only, the MIB1 labeling index
was found to be a better predictor than nodal status of
both disease-free and overall survival. It was alse found
that the non-comedo patients with a high MIB1 labeling
index had a significantly worse prognosis than the non-
comedo patients with a low MIBI labeling index. The
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former had the same prognosis as the comedo group.
These findings mean that it is possible to predict outcome
according to the non-comedo group subcategory using
the MIB1 labeling index as a criterion, Classifying in-
traductal components into comedo and non-comedo
types on the basis of architecture and the absence or
presence of necrosis is convenient, but overly simple. In
recent years, with the increase in ductal carcinoma in
situ, methods of classifying intraductal components have
been proposed that would allow outcome prediction on
the basis not only of morphological behavior, but also
biological behavior.”'® Lampejo et al.” subclassified in-
vasive ductal carcinoma using the differentiation of
cancer cells in intraductal components as the major cri-
terion, and Holland et al.'” proposed subclassification
based on nuclear grade. However, both systems were
hampered by the problem that subjective elements could
not be eliminated. By contrast, the MIB1 method is
apparently superior in terms of being more objective. The
MIBI1 antibody raised by Cattoretti et al.'¥ reacts with
the Ki-67 nuclear antigen (345 and 395 kID double band
on western blot analysis of proliferating cells), which is
associated with cell proliferation and is found throughout
the cell cycle (G1, S, G2, M-phase). It is not present in
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