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BIOMARKER FOR PATIENTS WITH PRIMARY INVASIVE BREAST CANCER

Dongxin Liu*, Wesley Y. Nwrimoku?, Denice Bao-WEI?, Susan GosHeN, Munro A. NeviLLe®, Clive R. TavLor?, Richard J. ©Te!

and S. Ashrafhav**

1Department of Pathology, University of Southern California, School of Medicine, Los Angeles, California, USA
2Department of Preventive Medicine, University of Southern California, School of Medicine, Los Angeles, California, USA

3Ludwig Institute for Cancer Research, London, UK

The prognostic significance of LEA.135 expression, de-
tected by immunohistochemistry in formalin-fixed and par-
affin-embedded tissue sections, was evaluated and compared
with the widely utilized clinicopathological parameters for
patients with primary invasive breast carcinomas. Patholog-
ical parameters such as tumor size, histological tumor type,
histological grade, nuclear grade, lymph node (LN) status,
bone marrow (BM) status, as well as age of patient at initial
diagnosis together with follow-up in years were available for
this group of patients (n = 178). Among these parameters,
tumor size, histological tumor type, histological grade, LN
status, and BM status were individually and significantly as-
sociated with increased probability of recurrence by univar-
iate analysis. By multivariate analysis, however, only tumor
size, LN status, and BM status remained statistically signifi-
cant. LEA.135-positive patients showed a statistically signifi-
cant probability of not recurring (77 = 5% at 5 years after
surgery) compared with patients who were LEA.|35-nega-
tive (49 = 6% at 5 years after surgery) (log-rank p < 0.001).
Furthermore, the association remained statistically signifi-
cant by multivariate analysis (log-rank p = 0.019), demon-
strating that LEA.135 expression independently and signifi-
cantly identified breast cancer patients with favorable clinical
outcome. In addition, there was a statistically significant as-
sociation between loss of LEA.135 expression and poor prog-
nosis when patients were stratified by pathological parame-
ters. Furthermore, a subgroup of patients who were
LEA.135-positive/LN-negative experienced a decreased rate
of recurrence compared with those who were LEA.135-neg-
ative/LN-negative (16% vs. 27%, respectively). A similar result
was also obtained when BM-negative patients were stratified
on the basis of LEA.135-positive or LEA.l35-negative sub-
groups for recurrence (18% vs. 43%, respectively). Most inter-
estingly, the patients whose cancer cells were LEA.135-posi-
tive/LN-positive experienced a much lower rate of
recurrence than those whose cells were LEA.|35-negative/
LN-positive (29% vs. 57%, respectively). The results clearly
demonstrate that LEA.135 expression was a significantly in-
dependent and favorable prognostic marker for patients with
primary invasive breast carcinoma by both univariate and
multivariate analyses. Int. J. Cancer (Pred. Oncol.) 89:224-229,
2000.
© 2000 Wiley-Liss, Inc.

A monoclonal antibody (MAb) was generated by immunizatioﬁ?/
of BALB/c mice with extracts of normal breast tissues followin
prior immunotolerization with breast carcinoma cell lines. Th
approach facilitated the identification of molecules in normal ce
or the cells that maintain some of the normal cell function durin
progression of cancer. Utilizing an immunotolerization/immuniz
tion technique (Imanet al.,1990, 1994), an antibody-producing
hybridoma was cloned. The antibody identified an apical plasnc?

a_

paraffin-embedded tissue sections (Imamn al., 1993, 1996).
LEA.135 expression was detectable on the apical plasma mem-
brane of luminal epithelial cells in normal breast tissues (Ingam

al., 1993, 1994). In primary breast carcinoma, LEA.135 was not
detected in some cases but was present in others, irrespective of the
morphological appearance of the tumor cells, suggesting that
LEA.135 expression might have prognostic value. Based on the
above observation, a preliminary retrospective study was con-
ducted on a small cohort of patients with primary invasive breast
carcinoma, to investigate the possible prognostic value of
LEA.135 expression. LEA.135 expression was associated with a
significantly decreased rate of recurrence and an increased overall
survival, independent of size, histological grade of tumor, and
patient age (Imanet al., 1996).

Our goal was to further evaluate the prognostic value of
LEA.135 expression in a large series of well-characterized breast
cancer patients (& 178) with a median follow-up of 5.2 years.
Our results confirm and extend the conclusion of the previous
studies on a smaller number of patients and clearly demonstrate
that LEA.135 expression is independently and significantly asso-
ciated with a favorable prognosis for patients with primary inva-
sive breast carcinoma.

MATERIAL AND METHODS
Patient population

Breast tissue sections from 178 patients with primary invasive
breast carcinoma who had undergone mastectomy were obtained
from the Ludwig Institute for Cancer Research, London, UK. The
following data were available for this series of patients: age at
initial diagnosis, size of tumor, histological type, histological
grade, nuclear grade, histological lymph node (LN) status based on
detection of metastatic cells by hematoxylin—eosin (H&E) stain-
ing, bone marrow (BM) status based on detection of metastatic
cells by immunohistochemical staining with anti-EMA antibody
(Dearnaleyet al.,1981; Bergeret al., 1988), and time to develop
recurrence. However, the data on treatment of patients were un-
available. At the conclusion of the study, the median follow-up
as 5.2 years and 64 (36%) patients had developed recurrence.
he distribution of clinical and pathological features of the patients

ection of each case was stained with H&E and reviewed inde-
gendently by 2 authors (WYN and SAl) for consistency of the
riginal observation of histological tumor type, histological grade,
and nuclear grade. The original observation of the characteristics
gthe specimens was confirmed. Histological classification of

iqg outlined in Table I. Prior to immunostaining, an adjacent tissue
|

membrane—associated sialoglycoprotein with some of the desired

properties, termed luminal epithelial antigen (LEA.135) (Imam
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al., 1994). Competitive blocking and immunoprecipitation study.- 5rg 0002
ies had shown that LEA.135 was distinct from other known epi-" '
thelial cell-associated antigens, including the family of mucin,—

keratin, and epidermal growth factor receptor (Imetral.,1994).
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TABLE | — CLINICOPATHOLOGICAL FEATURES OF TUMOR FROM PATIENTS IN RELATION TO STATUS OF
LEA.135 EXPRESSION

Factors Total number of Number of LEA.135- Number of LEA.135-
patients positive patients (%) negative patients (%)

All patients 178 85 (47.8) 93 (52.2)
Age (years)

=49 41 20 (48.8) 21(51.2)

50-59 50 23 (46.0) 27 (54.0)

=60 85 40 (47.1) 45 (52.9)

Unknown 2 2 (100) 0(10)
Size (mm)

=20 72 34 (47.2) 38(52.8)

21-50 85 43 (50.6) 42 (49.4)

=51 12 5(41.7) 7 (58.3)

Unknown 9 3(33.3) 6 (66.7)
Histological tumor type

IDC* 166 78 (47.0) 88 (53.0)

Other 12 7 (58.3) 5(41.7)
Histological grade

1 1 1 (100) 0(0)

2 53 26 (49.1) 27 (50.9)

3 124 58 (46.8) 66 (53.2)
Nuclear grade

1 9 7(77.8) 2(22.2)

2 137 63 (46.0) 74 (54.0)

3 32 15 (46.9) 17 (53.1)
LN metastasis

No 57 31 (54.4) 26 (45.6)

Yes 98 42 (42.9) 56 (57.1)

Unknown 23 11 (47.8) 12 (52.2)
BM micrometastasis

No 131 71 (54.2) 60 (45.8)

Yes 35 10 (28.6) 25 (71.4)

Unknown 12 4 (33.3) 8 (66.7)

1DC, infiltrating ductal carcinoma.

breast cancer tissue was determined according to the criteriaottier clinicopathological parameters with recurrence. A Cox pro-
Bloom and Richardson (1957). portional hazards model for the risk ratio was used to assess the
Immunohistochemical stainin simultaneous contribution of the following covariates: histological
- 9 o ] _diagnosis, histological grade, nuclear grade, LN status, and BM

Routinely processed, formalin-fixed/paraffin-embedded tissdgatus. For multivariate analysis, stepwise selection of variables
sections were analyzed for LEA.135 immunoreactivity with thgyas used to determine whether LEA.135 expression was an inde-
ABC indirect immunohistochemical method, as described previendent prognostic factor.
ously (Imamet al., 1996). Briefly, after deparaffinization, anti-
LEA.135 mouse MADb (0.1 mg/ml) was applied top3n-thick
tissue sections for 1 hr (Imaret al., 1996). Biotinylated horse ) . . RE_SULTS
anti-mouse immunoglobin was added as secondary linking arffidmunohistological localization of LEA.135
body for 30 min, followed by ABC for 30 min. Sections were Using immunohistochemical staining methods, LEA.135 ex-
rinsed 3 times with PBS after each step. Aminoethyl carbazole waession was detected predominantly on the apical plasma mem-
used as the chromogen, and tissue sections were counterstabmadie of luminal epithelial cells lining the ducts or lobules in
with Mayer’'s hematoxylin. For each experiment, both positive amibrmal breast tissue (Fig. 1). Normal ducts or lobules as well as
negative controls were included. Tissue sections containing nornbakast epithelium in case of hyperplasia exhibited strong LEA.135
breast cells and the uninvolved breast cells in the experimengxpression and served as internal positive controls in most speci-
cases served as positive controls and internal positive contratsens. LEA.135 expression was found in 85/178 (47.8%) patients
respectively. The primary antibody, pre-absorbed with the infTable I). In breast cancer patients without BM micrometastasis,
munogen (1 mg/ml of purified LEA.135), was used as a negatit.2% cases showed LEA.135 expression, whereas in those with

control. BM micrometastasis, 28.6% were LEA.135-positive. Similarly,
Evaluati fi histochemical staini the difference was also observed in patients with and without LN
valuation of immunohistochemical staining metastasis (42.9%s.54.4%, respectively).

LEA.135 immunoreactivity was reviewed independently by 3 o ) ) ) o
investigators (DL, SAl, and WYN) in a blind fashion. The criterionAssociation of LEA.135 expression with prognosis by univariate
of selecting the cut-off point of 10% LEA.135-positive cells foranalysis
statistical analysis was determined to be optimal, as describedn the cohort of 178 patients with primary invasive breast
previously (Imamet al., 1996). carcinomas, tumor size, LN metastasis, BM micrometastasis, and
- . histological grade were individually and significantly associated
Statistical analysis . with probability of recurrence by univariate analysis, whereas age

Recurrence was the primary outcome of the study, measurgdinitial diagnosis, histological type, and nuclear grade were not
from the date of mastectomy to the date of breast cancer recurregg€ociated (Table 1l). A comparison of the probability of recur-
or the last date of follow-up. rence was made between patients whose cancer cells were

Probability-of-recurrence plots were drawn using the Kaplah-EA.135-positive (Fig. 2) and those who were LEA.135-negative
Meier method. For univariate analysis, log-rank tests were pdfig. 20). A statistically significant univariate association was
formed to investigate the association of LEA.135 expression antiserved between loss of LEA.135 expression and increased prob-
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Fig

Ficure 1 — Immunohistochemical localization of LEA.135 expression in normal breast epithelial cells. Formalin-fixed paraffin-embedded
tissue section was stained with anti-LEA.135 MAb. The plasma membrane of normal luminal epithelial cells surrounding the ducts shows
predominant expression of LEA.135, while myoepithelial cells, lymphocytes, and other stromal cells are unstained. The tissue section was
counterstained with Mayer’s hematoxylin. Original magnificatiof50.

TABLE Il — ASSOCIATION OF PROGNOSTIC FACTORS WITH PROBABILITY OF RECURRENCE BY UNIVARIATE ANALYSIS

Prognostic value of

. . Pr ility of recurrin LEA.1 Xpression in
Factors Relative risk at%b)a/lgartg gfte?%%rgegry p valué subs3estseoif) e{;ast?e%ts
(p value)

LEA.135 expression 2.38 <0.001

Positive 0.23+ 0.05

Negative 0.51*+ 0.06
Age (years) 0.906

=60 0.38+ 0.06 <0.001

50-59 1.13 0.42- 0.08 0.400

=49 1.01 0.33+ 0.07 0.033
Size (mm) <0.001

=20 0.25+ 0.05 0.008

21-50 2.46 0.46- 0.06 0.081

=51 5.65 0.70+ 0.14 0.309
Histological tumor type 1.32 0.554

IDC® 0.38+ 0.04 0.002

Other 0.44+ 0.15 0.280
Histological grade 2.00 0.023

=2 0.25+ 0.06 0.107

3 0.44= 0.05 0.004
Nuclear grade 1.36 0.375

3 0.29+ 0.08 0.013

=2 0.40=+ 0.05 0.011
LN metastasis 2.49 0.004

No 0.27+ 0.06 0.368

Yes 0.46+ 0.06 0.002
BM micrometastasis 2.16 0.004

No 0.32+ 0.05 0.001

Yes 0.54+ 0.09 0.947

IRelative risk can be thought of as the average increased chance of recurring at any point in time for patients in the second group compare
to those in the first group. It is the ratio of the ratio in the preceding column. The group with better prognosis is listéBldBst-on log-rank
test.2IDC, infiltrating ductal carcinoma.
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Ficure 2 — Immunohistochemical localization of LEA.135 expression in patients with primary invasive breast carcinoma. Formalin-fixed/
paraffin-embedded tissue sections were stained with anti-LEA.135 MAb. The specimen is from an LEA.135-positive patient who did not
experience recurrenc@)( whereas patients with recurrence showed no LEA.135 expredsjo@é€lls in connective tissue were negative for
LEA.135 expression. Sections were counterstained with Mayer's hematoxylin. Original magnifigaidth

ative/BM-positive) with a decreased possibility of recurrence were
100 identified. The difference was statistically significant (Table I11).
0.90
Association of LEA.135 expression with prognosis by

multivariate analysis

Multivariate analysis was performed by incorporating LEA.135
expression status with the clinicopathological factors, such as
LEA-135 Negative (1=53) tumor size, histological grade, metastasis to LN, and micrometas-
tasis to BM, that were individually and significantly associated
with an increased probability of recurrence by univariate analysis

030 I (Table 1I). A statistically significant association was obtained

020 | p<0.001 (Logrank) between LEA.135 expression and a decreased probability of re-

010 | currence (log-rankp = 0.019, risk ratio 2.04), demonstrating that

0.00 ! | ! | | ! ) ! ,  LEA.135 expression was an independently favorable prognostic

0 1 2 3 4 5 6 7 8 9 biomarker (Table 1V). Among clinicopathological parameters, tu-
Years from Surgery mor size of 21 to 50 mm (log-rani < 0.001, risk ratio 2.45) or
greater than 50 mm (log-rang < 0.001, risk ratio 4.02), LN
Ficure 3— Kaplan-Meier plot of the probability of recurrence.metastasis (log-rang < 0.001, risk ratio 1.95), and BM micro-
Probability of recurrence of patients whose breast cancer cells wenetastasis (log-rank < 0.001, risk ratio 1.45) were also inde-
LEA.135-positivevs. LEA.135-negative. Time was measured frompendent prognostic predictors of an increased probability of recur-
surgery to last follow-up in years. rence (Table 1V). Although histological grade, which was
significantly associated with an increased probability of recurrence

ability of recurrence (log-ranlp < 0.001). The probability of %;_rr]gln‘f?t:e %ngfé&?fsvﬁ'arzt?f tlséllgor)l|f(|_<|:_2rt1)}eb3l/vr)nultlvanate analysis
recurrence among LEA.135-positive patients at 5 years after sur- R ' '

gery was 23+ 5%, whereas among LEA.135-negative patients it
was 51+ 6% (Fig. 3).

Next, LEA.135-positive and LEA.135-negative patients were The present study was conducted on a series of well-character-
stratified according to age, tumor size, histological type, histolo@zed patients with primary invasive breast cancer. The clinical and
ical grade, nuclear grade, LN status, and BM status. A statisticafhathological records included tumor size, histological type, histo-
significant association was observed between LEA.135 expressiogical grade, nuclear grade, LN status, BM status, and age at
and favorable prognosis in subsets of patients younger than difignosis and follow-up in years. Consistent with the previously
years (log-rankp = 0.033) or older than 60 years (log-rapk< published reports of patients with breast cancer, tumor size (Carter
0.001) with tumor size<20 mm (log-rankp > 0.008), infiltrating et al., 1989) histological grade (Henson, 1988; Elston and Ellis,
ductal carcinomas (log-rank = 0.002), histological grade 3 1991), LN metastasis (Nemo#d al.,1980), and BM micrometas-
(log-rankp = 0.004), nuclear grade 2 (log-rapk= 0.011) or 3 tasis (Diel et al., 1992; Mansiet al., 1991) were significant
(log-rank p = 0.013), LN metastasis (log-rank = 0.002), or predictors for this group of patients.
without BM metastasis (log-rank = 0.001) (Table II). However,  Although LN metastasis was an independent prognostic predic-
LEA.135 expression showed no statistically significant prognostigy of recurrence for breast cancer patients in the present study,
predictive value for the subset of patients with BM metastasi§/aluation of metastasis is laborious and time-consuming. Mean-
(log-rankp = 0.947). For the subgroup of patients aged 50 to S@hijle, it is widely believed that some occult metastasis are over-
years with tumor size 21 to 50 mm or larger than 50 mm withougoked in routine H&E-stained slides (Fishet al., 1978; Nasser
LN metastasis, LEA.135 expression showed a trend associatgdh|., 1993; Wilkinsonet al., 1982). Another independent prog-
with favorable outcome, though the association failed to reagfpstic marker determined by the present study is the immunolo-
statistical significance (Table II). calization of micrometastasis in BM, a procedure that is equally

When LEA.135 expression and LN status or BM status weténe-consuming and laborious, requiring special preparation of
combined to stratify this series of patients, the most favorabBM specimens and identification of occasional positive cells
group (LEA.135-positive/LN-negative or LEA.135-positive/BM-among millions of negative lymphocytes (Berggral.,1988; Diel
negative), the intermediately favorable group (LEA.135-positivet al.,1992). Furthermore, the antibodies utilized for the detection
LN-positive, LEA.135-negative/LN-negative or LEA.135-posi-of micrometastatic epithelial cells have been reported to cross-
tive/BM-positive, LEA.135-negative/BM-negative), and the leageact with lymphocytes in BM and LN, leading to false-positivity
favorable group (LEA.135-negative/LN-positive or LEA.135-neg¢Diel et al., 1992; Fisheret al., 1978).

0.80

0.70 LEA-135 Positive (n=85)

0.60 L
050 -

040

Estimated Probability of Not Recurring

DISCUSSION
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TABLE Il —PROGNOSIS OF SUBGROUPS OF BREAST CANCER PATIENTS STRATIFIED BY THE COMBINATION
OF LEA.135 AND LN STATUS OR BM STATUS

Probability of
Number of Number of patients recurring at 5

Subgroup of patients patients recurred (%) years after p value
surgery
Combination of LEA.135 <0.001
expression and LN status
LEA.135"/LN~ 31 5(16.1) 0.16= 0.08
LEA.1357/LN™ 42 12 (28.6) 0.27- 0.08
LEA.135 /LN~ 26 7 (27.0) 0.29+ 0.09
LEA.135/LN™ 56 32 (57.1) 0.62= 0.07
Combination of LEA.135 <0.001
expression and BM status
LEA.135"/BM~ 71 13(18.3) 0.18- 0.05
LEA.135"/BM™ 10 6 (60.0) 0.52- 0.16
LEA.135/BM™ 60 26 (43.3) 0.49- 0.07
LEA.135 /BM™* 25 14 (56.0) 0.55+ 0.10

1Based on log-rank test.

TABLE IV —ASSOCIATION OF PROGNOSTIC FACTORS WITH PROBABILITY with LN metastasis. However, LEA.135 expression was not a
OF RECURRENCE BY MULTIVARIATE ANALYSIS significant prognostic predictor in patients without LN metastasis.

Factors Relative risk p valuet This is not consistent with the results of a previous study con-

ducted on a much smaller number of patients in this subset (Imam

LE,f‘ééﬁﬁ’/e 108 0.019 etal.,1996). A much larger number of patients in this subset in the
Negative 204 current study may have contributed to the contrasting results. In

Histological grade 0.318 this cohort, only 1 patient had tumor with histological grade 1,
=2 1.00 while 53 and 124 patients exhibited grade 2 and 3 tumors, respec-
3 1.40 tively. Furthermore, a rather high percentage of patients were

Size (mm) <0.001 positive for LN metastasis. Therefore, the clinicopathological fea-
=20 1.06 tures of this group were not characteristically reflective of the
2>1—150 3-425 usual mix of histological types encountered by surgical patholo-

LN_rietastasis 0 <0001 gists. preyer, our investigation has. ponfirmed th;_it LEA.;L35
Negative 1.08 : expression is independently and significantly associated with a
Positive 1.95 favorable clinical outcome in this group of patients.

BM micrometastasis <0.001 Cancer is a multistep, genetic process, in which the accumula-
Negative 1.08 tion of multiple alterations produces the malignant phenotype
Positive 1.45 (Fearon and Vogelstein, 1990). In this context, alterations in the

1Based on 142 patients without missing values for each factor by th A.135 molecule and other prognostic markers, such as ps3,
likelihood ratio sztest. The final model includes the variables of IER-2/neu, or Ki-67 (Friedrichst al., 1993; Markset al., 1994;

LEA.135, LN status, BM status, and tumor size, which were signifPescotegt al.,1993), may act synergistically in the progression of

cant at the 0.05 level by univariate analysiReference group. breast cancer. Therefore, analysis of a combination of contrasting
biomarkers on the same series of patients may provide a more
accurate assessment of their usefulness for the identification of

In this report, a newly identified cell-surface sialoglycoproteirigh-risk patients.
LEA.135, was evaluated for its prognostic value in this cohort of Partial or complete loss of LEA.135 expression might result
patients. Our results clearly demonstrate that LEA.135 expressimom mutation or inactivation of theEA.135gene, which needs to
is an independent and favorable prognostic marker for patiefits explored in future studies. From the functional point of view,
with invasive primary breast cancer by both univariate and multi-EA.135 expression in breast cancer cells appears to reflect the
variate analyses. LEA.135-positive patients had a decreased prability of these cells to maintain some degree of functional differ-
ability of recurrence compared with LEA.135-negative patiententiation, leading to residual responsiveness to growth control.
The discriminatory effect was particularly evident in patients witfThis hypothesis is indirectly supported by the observations made
high histological grade of tumors, without BM micrometastasis, dn this study.
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