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ABSTRACT

Three monoclonal antibodies, raised against human milk fat
globule membranes, have been applied to 194 primary human
breast carcinomas. The detected antigenic sites were found to
be heterogeneously distributed. A statistical association with
estrogen receptor content and grade of anaplasia was found for
two of the antigens, Mam 3a and Mam 3b. The presence of all
three antigens was independent of menopausa! status, age,
primary lymph node mÃ©tastases, and progesterone receptor
status. Life table analysis showed a better survival for patients
with tumors positive for Mam 3b.

The effect of these variables on recurrence-free survival has

been analyzed using a Cox regression model. It is found that the
most important prognostic factors are the number of positive
lymph nodes, the estrogen receptor content, and the menopau
sa! status of the high-risk patients. The ability of a model based
on these factors to predict recurrence is not significantly im
proved by including any of the three surface antigens.

INTRODUCTION

Monoclonal antibodies raised against delipidated human milk
fat globule membranes react with antigens on the cell surface of
both normal and malignant cells of epithelial origin (3, 8-10,15,

21). Since this method of antibody production is nonselective,
numerous antibodies with different specificities are raised against
antigens of unknown biological importance. However, in prelim
inary investigations, an association was observed between the
presence of some of the antigens and the morphological grade
of anaplasia (8, 18), suggesting that these antigens might be
useful in the histological characterization of breast cancer tissue.

In the present study, possible relations between the presence
of three surface antigens (Mam-3a, Mam-3b, and Mam-3c) in
human breast tumors and other well-known prognostic factors
have been investigated in 194 patients registered in the DBCG3

study. Furthermore, the value of these antigens in predicting
recurrent disease has been examined using multivariate analysis
enabling a comparison to other, and possibly more potent,
prognostic factors.

MATERIALS AND METHODS

Patients. The present patient population is a part of the DBCG, which
is a nationwide project for treatment of primary breast cancer in women.
Approximately 95% of all such new patients in Denmark are registered

1This work has been supported by the Danish Cancer Society (Grant 13/82)

and the Astrid Thaysen Fund.
2To whom requests for reprints should be addressed.
3The abbreviation used is: DBCG, Danish Breast Cancer Cooperative Group.

Received June 18,1984; accepted December 3,1984.

in this project. The organization, design, and follow-up of the program

have been described in detail elsewhere (1).
Following total mastectomy and partial axillary dissection, patients

were divided into a low- and a high-risk group. If the tumor diameter was

less than or equal to 5 cm and if there was no axillary lymph node
involvement, patients were classified as low-risk patients (Protocol 77-a)

and received no further treatment. The remaining patients were classified
as high-risk patients; approximately 20% of these had tumors larger than
5 cm but no lymph node mÃ©tastases.All high-risk patients were stratified

according to menopausal status and randomized to protocols investi
gating the effect of systemic adjuvant therapy. They all received post
operative X-ray treatment. The premenopausal patients (Protocol 77-b)

entered an adjuvant chemotherapy protocol, and the postmenopausal
patients (Protocol 77-c) entered an adjuvant endocrine therapy protocol.

Patients are examined regularly for a period of 10 years. The end point
in this study is recurrent disease or death regardless of cause of death.

Tumors investigated in the present study were from patients operated
upon between September 1979 and February 1981. During this period,
a total of 1795 patients entered the 3 DBCG protocols, and 398 (22%)
had an estrogen receptor analysis of their tumor performed at a single
laboratory (The Fibiger Institute, Division of Tumor Endocrinology). Of
the 398 tumors, 205 biopsies (11%) were of a quality that permitted
histological classification of the tissue, and 194 (10%) were available for
the present study.

The clinical status of the patients has been evaluated as of June 1,
1983.

Histological Evaluation. From the frozen tissue used for receptor
analysis, a central portion was fixed in formalin and paraffin embedded
for histological investigation. The tumor type and the grade of anaplasia
were evaluated by one of us on a hematoxylin-eosin-stained section.

The tumor type was determined using the classification recommended
by WHO (23). Infiltrating ductal carcinomas were graded according to
anaplasia, using a modification of the method described by Bloom and
Richardson (4), taking into account the formation of tubules, nuclear
polymorphia, and mitotic activity.

Steroid Receptor Analysis. Analyses of estrogen and progesterone
receptors were performed in a single laboratory. Estrogen receptor
results were available for all patients, while progesterone receptor deter
minations were only available for 110 patients. The dextran-coated

charcoal receptor analysis method was used in accord with the recom
mendation of the European Organization for Research and Treatment of
Cancer (7), and receptor results were expressed in terms of fmol/mg of
cytosol protein.

Monoclonal Antibodies. The 3 monoclonal antibodies 67 D11, 115
H10, and 116 C2, raised against delipidated human milk fat globule
membranes (10), were applied to routinely formalin-fixed, paraffin-em

bedded sections of all 194 tumors. The presence of antigenic determi
nants was detected by a one-layer immunoperoxidase method (17). The
histochemical antigen-antibody reaction was Ã©valuablein 184,184, and

171 cases for the 3 antibodies, respectively. Tumors were regarded to
be positive when more than 10% of the epithelial cells gave a positive
peroxidase reaction (17).

Statistical Methods. Comparisons of characteristics between groups
of patients were made using the likelihood ratio test for homogeneity in
the relevant contingency table. For continuous variables, this was sup
plemented by a graphical inspection. Recurrence-free survival was ana-
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lyzed by the life-table method using the log rank test for comparison of

survival curves (16). The prognostic value of the presence of antigens
was evaluated analyzing their significance in a Cox regression model (6).

The assumption of proportional hazards was checked by grouping
patients into strata according to the values of the variable under inves
tigation. Plots of the estimated cumulative hazard function were there
after compared for each stratum as described by Andersen (2). Since
the assumption of proportional hazards was not fulfilled in the model
identified, a stratified version of the Cox model was used (13).

RESULTS

To determine whether the group of patients in the present
investigation was representative of all patients in DBCG proto
cols during the same period of time, characteristics from the 2
populations were compared. No significant differences were
found. At the time of primary operation, 30% of the patients
were premenopausal, while 70% were postmenopausal. One or
more axillary lymph nodes were found to be positive for tumor
mÃ©tastasesin 43% of the patients. The estrogen receptor level
was higher than 10 fmol/mg of cytosol protein in 77%, and in
39%, it was higher than 100 fmol/mg of cytosol protein. The
progesterone receptor concentration was higher than 10 fmol/
mg of cytosol protein in 40%. As of June 1, 1983, the median
observation time of these patients was 30 months. One hundred
thirty-five patients were alive and disease free.

Table 1 shows the types of carcinoma and the distribution
according to the grade of anaplasia of the infiltrating ductal
carcinomas in this study.

The frequency of expression of the 3 antigens tested in the
194 tumors varies from 19% (Mam-3c) to 54% (Mam-3b), as can

be seen in Table 2. While some tumors may contain all 3 antigens,
others have only one or none. The amount of detectable antigen
differs, both intra- and intertumorally.

The statistical association between the presence of the 3
surface antigens and other patient characteristics is shown in
Table 3. A statistically significant relation is found between the
estrogen receptor content and the presence of the antigens
Mam-3a and Mam-3b, as well as between the grade of anaplasia
and Mam-3b. The frequency of tumors with Mam-3b is high
among the highly differentiated tumors and in estrogen receptor-

positive tumors. In most cases, however, no associations are
found between the presence of the antigens in the tumor and

Table 1
Histological types of carcinomas in the present investigation

Type of carcinoma No. of each type studied

Infiltrating ductal NOS
High grade
Medium grade
LowgradeOther

types ofcarcinomasTotal169

44
70

5525194

Table 2
Distribution of surface antigens detected by monoclonalantibodies

AntigenMam3a(67D11)*Mam3b(115H10)Mam3c(115C2)Positive
tumors/no, in

vestigated58/184100/18432/171%positive315419

Tables
Statisticalassociationbetween the presence of the 3 surface antigens and otherpatient characteristics

Result

VariableProtocol

x menopausa!statusAge

(decades)Size

of primary tumor (1-5 and >5cm)No.

of positive nodes (0, 1-3,64)Grade

of anaplasia(n =169)Estrogen

receptor level (<10, 10-99,
Â£100fmol/mg)Progesterone

receptor level (n = 110)
(<10, 10-99, ai 00 fmol/mg)(n

=184)NS1NS0.0030.07NS0.02NS(n=184)NSNSNS0.100.0080.02NS(n=171)NSNSNSNSNSNSNS*NS,p>0.10.

100 - Mam - 3a

COU-
^ner Ã–U.0'NCQs

3Ã¶N

=1260

1 2P

â€¢31'.574

years

100 Mam-3b

4 years

100

co
u.
tc. 50

o-l

Mam-3c

N .32-
NÂ»139

* Designations in parentheses, antibody.

01234 years
Chart 1. Relation between recurrence-free survival (RFS)and the 3 antigens

investigated. , antigen not present; , antigen present.

the clinical or histopathological factors investigated.
The relation between recurrence-free survival and the pres

ence of each of the 3 antigens is shown in Chart 1. The
recurrence-free survival is longer in patients with tumor antigens.

However, this difference is not significant in any of the cases (p
= 0.06, p = 0.19, p = 0.57).

In order to more precisely assess the importance of the
presence of antigens in predicting recurrence-free survival, a
multivariate analysis was carried out. A list of the variables
considered is given in Table 4. The first column of the Table

CANCER RESEARCH VOL. 45 MARCH 1985

1425

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420778/cr0450031424.pdf by guest on 19 M

ay 2023



SURFACE ANTIGENS IN BREAST CANCER

Table 4
List of variables included in the analysis of recurrence-freesurvival and results of

univarÂ¡ateCox analysis and of inclusion in the final model

p value

Variable
Inclusionin fi-

Univariateanalysis nal model

Menopausa!status

Protocol
b, others
c, others

Age at mastectomy

0.20

0.57
0.001

0.54

0.71

0.95

Size of primary tumor
S5 cm, >5 cm

LogarithmNo.

of positive nodes

f>-3,Ã‹4Grade
of anaplasia6(n = 169)

Grade of anaplasia0(n =180)Estrogen

receptor
<1 0 fmol, S10 fmol
<100 fmol, Â£100fmolProgesterone

receptor (n = 110)<10
fmol, ia10 fmol

<1 00 fmol, 21 00fmolMam-3a(n=

184)
Mam-3b(n = 184)
Mam-3c(n = 171)0.03

0.006<0.0001

<0.00010.002

0.200.03

0.00030.22

0.070.57

0.06
0.170.79

0.78+0.68

0.290.870.36

0.770.88

0.46
0.29

* +, included in the final model; -, cannot be estimated in the final model.
" By one pathologist in the present investigation.
c By pathologist participating in the DBCG.

RFS

node neg.

node pos.

4 years
Chart 2. Recurrence-free survival (RFS) as predicted in the final model for a

typical patient of each of the 2 strata, lymph node-negative(neg.)and lymph node-
positive (pos.) patients. Both patients are postmenopausal and have estrogen
receptor content <100 fmol/rng of cytosol protein. The lymph node-positivepatient
has between one and 3 positive lymph nodes.

shows the levels of significance for each variable in a univariate
Cox regression model. The most important variables are found
to be the number of positive nodes in the axillae, estrogen
receptor content, grade of anaplasia, and size of primary tumor.
However, the final model includes the following qualitative fac
tors: number of positive lymph nodes (0 versus >1 and <4
versus >4); and estrogen receptor content and Protocol b versus
Protocols a and c, as indicated in Table 5. Since the variable,
nodal status, functionally separates most patients into the high-
or low-risk group (Protocol a versus Protocols b and c), the
variable Protocol b versus Protocols a and c essentially serves
to distinguish between the pre- and postmenopausal patients in
the high-risk groups (Protocols b and c). When the model was

examined, it became apparent that the assumption of propor
tionality of the hazards for node-negative and node-positive
patients was not fulfilled. The recurrence-free survival as pre
dicted by the final model of node-positive and node-negative
patients is compared in Chart 2. It can be seen that the relative

hazard of the node-positive patients as compared to node-

negative patients is too low in the interval of 0 to 12 months,
which is probably due to the effect of the local X-ray treatment
in the patients with positive nodes. Therefore, in the final model
containing the above-mentioned variables, patients were strati

fied according to whether they were node positive or node
negative, and the remaining 3 variables were included in the
model in the usual way.

The estimation of the regression parameters in the final Cox
regression model is given in Table 5. The beneficial effects on
survival of a high estrogen receptor value and a low number of
positive lymph nodes are evident. When each of the other
individual variables in Table 4 is included in the model, the
regression coefficients shown in Table 5 are not effectively
changed with only one exception. When progesterone receptor
is included in the final model, the regression coefficient of the
estrogen receptor variable in the final model changes from -1.33
(S.E. = 0.35) to -0.83 (S.E. = 0.44) and is, therefore, toss

significant. The levels of significance of each of the remaining
variables tested singly in the final model are shown in the right-
hand columns of Table 4. The ability of the model to predict
recurrence is not increased by including the 3 surface antigens.
Thus, the marginal differences seen in survival of patients with
and without Mam 3b disappear in the final model.

DISCUSSION

The monoclonal antibodies used in this study have been raised
against delipidated human milk fat globule membranes. The
secretion of milk is a pinocytotic process in which the milk fat
droplets are surrounded by membrane from the apical part of
the cell and pinched off into the lumen of the ducts (5). The
antigens used to generate these antibodies are thus from a
highly specialized and differentiated cell; it is, therefore, reason
able to assume that expression of some of these antigens on
tumor cells would reflect differentiation of the tumor tissue. Since
it is known that a high degree of differentiation indicates a low
potential of cancer, tumors expressing such antigens could have
a better prognosis than tumors without the antigen.

In an evaluation of the potential value of these antigens as
prognostic factors, the validity of the results depends upon the
reproducibility of the methods used. Several possible methodo
logical problems can be envisaged in this investigation. The first
concerns the condition of the tumor tissue. Although freezing of
tissue to -70Â° prior to the fixation with formalin does not offer

optimal conditions for preservation of the integrity of structure in
the tissue, morphological classification has been possible in 205
of 398 biopsies. Only these 205 biopsies have been used for the
present investigation. The grading found by the pathologist in

Tables
Final model of a multivariateanalysis of recurrence-freesurvival (stratified

according to node-positive/node-negativepatients)

VariableProtocol

(b, a, andc)No.

of positive nodes
0,S1
0-3,S4Estrogen

receptor (<100 fmol,
ai 00 fmol)Regression

coefficient-1.330.83-1.33Relativerisk0.262.30.26Further
re

ductionp0.00050.010.0001*

+, variableused for stratification.
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this investigation appears to be valid, because the degree of
anaplasia is found to be significantly related to recurrence-free
survival (p = 0.02), which is in accord with the literature (4, 20,

22). This was not the case for the routine grading in the various
departments of pathology throughout the country on optimally
fixed material. When included in the final Cox regression model,
however, neither gradings contribute significant prognostic infor
mation.

Another problem is whether the antibodies used react with
formalin-fixed, paraffin-embedded tissue. In this respect, it may

be noted that both the reactivity of the antigens with antibodies
and the intensity of staining have earlier been demonstrated to
be the same in both frozen and formalin-fixed, paraffin-embedded

tisÃºesfor the particular antibodies investigated here (17).
A third problem resides in selection of the criterion used to

distinguish between tumors with positive and negative staining.
The selection of the requirement that 10% of the cells are
positively stained to distinguish between tumors with and without
antigens has been arbitrary. Increasing this criterion to a level of
50% has also been investigated with respect to recurrence-free

survival, and the results were essentially the same as those
obtained using the 10% limit.

In the present study, Mam-3b is found to be significantly

related to grade of anaplasia and estrogen receptor status, thus
confirming the results from our preliminary investigation. Fur
thermore, it distinguishes between rates of recurrence-free sur
vival, with a p value of 0.06. The presence of Mam-3a is also

found to be significantly associated with estrogen receptor sta
tus. Since both grade of anaplasia and estrogen receptor content
are prognostic factors (12, 19, 22), the demonstrated effect on
recurrence-free survival of the presence of antigen may merely

reflect a relation of these antigens to the other 2 prognostic
factors. Using a multivariate Cox analysis, it became clear that
none of the 3 antigens is in itself an important prognostic factor
in predicting recurrence-free survival. It is of particular interest

that the variables of degree on anaplasia and tumor size also
lose their importance in the model identified.

The disappearance in the final model of the demonstrable
correlation between presence of Mam-3b and recurrence-free

survival is, maybe, understandable in light of the technique used
to raise the antibodies. Monoclonal antibodies are characterized
by their high specificity for epitopes (14). The character of the
antigens is unknown and may represent anything from quite
unspecific building blocks in the cell membrane to molecules
important for the biological function of the differentiated cell. It is
notable in this regard that the antigens investigated here are
found only in cell membranes from a number of different tissues
of epithelial origin, including the mammary gland (11,18). How
ever, the heterogeneity that characterizes the presence of the
antigens in mammary tumor tissue (6, 7, 9) supports the as
sumption that the presence of these antigens may be a marker
of differentiation in this tissue. The relation found between the
surface antigen Mam-3b and a morphological differentiation fac

tor (the grade of anaplasia) and a biological differentiation factor
(the estrogen receptor content) implies that this could be the
case for this particular antigen.
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