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ABSTRACT

Distant mÃ©tastasesare the major cause of morbidity and mortality in
women with breast cancer. The prediction of this metastatic proclivity is
essential in determining prognosis and should allow an appropriate choice
of therapy. A critical look at the metastatic process and its phenotypic
expression offers an opportunity to identify some of the important events
in the process that may relate to prognosis, with the goal of identifying
those patients with occult mÃ©tastasesand also sparing systemic treatment
in those patients whose tumors have not developed the capacity for distant
spread. To evaluate the significance of nm23 and angiogenesis in the
metastatic cascade, we used archival material from 163 node-negative
breast cancer patients who had a median follow-up of 14 years. All

patients underwent mastectomy and received no adjuvant chemotherapy
or hormone or radiation therapy. Immunohistochemistry was used to
detect nm23-Hl expression, whereas angiogenesis was determined by
microvessel count (MVC). We found the 15-year disease-free survival

(DPS) to be significantly better in patients with high nm23 compared with
low nm23 (91% compared with 70%, P = 0.008). Low MVC is associated
with excellent (92%) long-term DPS. In those patients with high MVC,

high nm23 allows the identification of a subgroup with significantly higher
DPS (90% compared with 66%, /' = 0.02). Among high nuclear grade

tumors, if nm23 is high, the DPS is significantly better (89% compared
with 68%, /' = 0.03). Thus, nm23 is still associated with excellent survival,

even when there is unfavorable angiogenesis or nuclear grade. Multiva-

i iato analysis confirms that nm23 and MVC are important prognostic
factors. High MVC appears necessary but not sufficient for metastasis to
occur, whereas low nm23 may further contribute to metastatic progres
sion. Both nm23 and MVC contribute valuable information in character
izing the malignant phenotype.

INTRODUCTION

Distant mÃ©tastasesare the major cause of morbidity and mortality
in women with breast cancer. More than 40,000 women die yearly
from this disease ( 1). The prediction of this metastatic proclivity is
essential in determining prognosis and should guide the choice of
therapy. Data from clinical trials demonstrate a potential benefit from
chemotherapy in many different groups of breast cancer patients. The
relative survival benefit is ~30%, but absolute survival depends on
the size of the group with micrometastases (2, 3). In node-negative

breast cancer patients, because the survival is already very good
without adjuvant systemic (4, 5), a large majority receive this therapy
unnecessarily and, if identified, could be spared systemic therapy,
allowing a more intense program for those patients most likely to
benefit.

A critical look at the metastatic process and its phenotypic expres
sion offers an opportunity to identify some of the important events in
the process that may relate to prognosis, with the goal of identifying
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those patients with high probability of occult mÃ©tastases.Tumor
metastasis is a well-regulated multistep process. To metastasize, tu

mor cells need to induce neovascularization, lose adherence to neigh
boring cells, increase motility, cross basement membranes to access
the vasculature or the lymphatics, survive in the circulatory system,
and reestablish at the metastatic site (6-8).

Steeg and co-workers (9-11) reported on a family of closely related

genes, nm.23, that are associated with the metastatic process. They
observed a correlation between high nm23 expression and low ability
to metastasize (12). Two closely related genes, nm23-Hl (13) and
nm23-H2 (14), were cloned. The gene product was shown to have
NDP3 kinase activity, although the metastatic suppressing activity

appears to be independent of the NDP kinase activity (15, 16). The
molecular mechanism for the nm23 metastasis inhibition is not
known, but NDP kinases are involved in microtubule association and
G-protein regulation. Compared with nm23-H2, nm23-Hl appears to

better correlate with the ability to metastasize in breast malignant
tumors (14, 17). nm23-Hl has been shown to suppress metastatic

potential in human carcinoma cell lines (16). It has also been impli
cated in regulating basement protein deposition and restoring the
normal phenotype to metastatic breast cells in culture. Transfection of
the nm23-Hl gene suppresses the cytokine-stimulated motility of

human breast carcinoma cells (18). Both nm23 RNA and protein
expression studies demonstrate a significant inverse correlation with
tumor metastasis in human breast carcinoma. A correlation between
decreased levels of nm23-Hl expression and lymph node mÃ©tastases
(17, 19-22), tumor grade (20, 23), or outcome (20, 24, 25) has been

demonstrated. But the majority of these series has either a short
follow-up or include heterogeneous patient populations treated with

various adjuvant therapies. These factors have the potential to con
found the conclusions.

Angiogenesis, the growth of new capillaries from preexisting cap
illaries and postcapillary venules, is a tightly regulated multistep
process that involves endothelial proliferation, migration, and extra
cellular matrix remodeling. Folkman et al. (26-28) have shown that

tumor growth, progression, and metastasis are accompanied by an
giogenesis. Growth of tumor beyond 1-2 mm3 is dependent on an

giogenesis (28). Without access to vasculature, tumor spheroids do
not grow larger than 2 mm3; their growth is limited by diffusion of

nutrients and accumulation of waste products. Tumor spread to distant
sites is also dependent on access to vasculature. The higher the count
of microvessels and the larger the surface area of these vessels, the
higher the probability that tumor cells will enter the circulation (29,
30). At the metastatic site, proliferation and angiogenesis are again
required to occur. Angiogenesis appears to be necessary both early
and late in the malignant process and, hence, has the potential of being
an important indicator of metastatic proclivity and long-term outcome

in women with breast cancer. We, as well as others, have shown that
when angiogenesis is measured by counting immunohistochemically
stained microvessels, an excellent correlation between angiogenesis
metastatic propensity and long-term DPS becomes apparent (31-34).

1The abbreviations used are: NDP, nucleoside diphosphate; DPS, disease-free sur

vival; MVC, microvessel count; CI, confidence interval.
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nm23 and angiogenesis are the phenotypic expression of different
processes in the malignant progression. We hypothesized that in
combination with nm23, angiogenesis will offer additional informa
tion regarding a tumor's metastatic proclivity. To test this, we use

archival material from our previously described database of patients
treated with mastectomy between 1927 and 1987 (33, 35). The pa
tients had a long follow-up (median, 14 years; maximum, 34 years),

and none received adjuvant radiation therapy, hormone therapy, or
chemotherapy.

PATIENTS AND METHODS

To eliminate the confounding effects of adjuvant therapy, we selected a
group of node-negative patients who underwent mastectomy and did not

receive any chemotherapy, hormonal therapy, or radiation therapy. Satisfactory
archival material was available in 163 patients. The median follow-up was 14
years (range, 3-36 years). Clinical data and follow-up information were

obtained from the medical records and were further complemented using
telephone contacts with patients, family members, physicians and information
from the tumor registry. Details of the overall patient population in this
database and clinical outcome have been published previously (5, 35-38).

Characteristics of the patient population are detailed in Table 1. The median
age of the patients is 57 years (range, 29-83 years). The treatment consisted

of surgery only: radical or extended radical mastectomy in 73%; modified
radical mastectomy in 23%; and other type of surgery in 4% of the patients.
The median number of lymph nodes removed was 23 (range, 1-68).

Tumor size was determined by gross measurements of the excised lesion or
by the largest tumor diameter, as measured on a histological section. The tumor
size distribution is shown in Table 1. The majority of the tumors (82%) were
3 cm or less. Tumor nuclear grading was done using the pathological criteria
described by Fisher et al. (39).

Standard immunohistochemical detection with minor modification was per
formed on sections from archival paraffin-embedded tissue to detect the
expression of nm23H-l antigen and for assessing angiogenesis (anti-CD34
monoclonal antibody; Refs. 33 and 40). To detect nm23-Hl protein, 5-/xm

sections mounted onto pretreated slides were deparaffmized and rehydrated in
graded alcohols and distilled water. The slides were rinsed with PBS and then
incubated for 20 min at room temperature in 10% BSA diluted in PBS.
Subsequently, the slides were rinsed with PBS and incubated at 4Â°Covernight

with primary antibody (mouse monoclonal anti-nm23-Hl; Novocastra Labo

ratories, Ltd., Newcastle, United Kingdom) diluted 1:50 in PBS. After rinsing
(three times, 5 min each) with PBS, the slides were incubated for l h at room
temperature with biotinylated anti-mouse immunoglobulin G (Vector BA-

Table 1 Selected characteristics of patients and their breast cancers

No. of patients%Tumor

size,cmÂ£22.1-3>3Age,

years<4040-5051-70>70HistologyInfiltrating

ducta!Infiltrating
lobularOther/unknownNuclear

grade123N/AÂ°MVCLowHighnm23LowHigh854830114276341413192593387451179172523018726462187211155723428725644

' N/A, not available.

2000; Vector Laboratories, Inc., Burlingame, CA). After rinsing with PBS,
endogenous peroxidase activity was quenched with 0.3% H2O2 in PBS for 10
min at room temperature. The slides were rinsed with PBS and then incubated
for l h at room temperature with avidin-biotin-peroxidase complex (Vectastain

Elite ABC: Vector Laboratories. Inc.). The slides were again rinsed with PBS.
developed with 3,3'-diaminobenzidine (Sigma Chemical Co., St. Louis. MO)
chromogen solution (0.05% 3,3'-diaminobenzidine in PBS and 0.006% H2O2).

dipped in 0.125% osmium tetroxide (Sigma Chemical Co.) to enhance posi-

tivity. counterstained with 1% methyl green (Trevigen, Inc., Gaithersburg,
MD), dehydrated in graded alcohol, air dried, and mounted using Pro-Tex

(American Scientific Products, McGraw Park. ID mounting medium under
coverslips.

Some variability in staining intensity was present. The scoring described
previously (23, 24), based on the proportion of stained cells, was used. High
nm23 was defined as all cells expressing nm23-Hl. If there were any tumor
cells not staining, i.e., "cold spots," the tumor was scored as low nm23. The
nm23 scoring was performed without the knowledge of the patients' outcome.

Positive staining, variable in intensity, was seen in normal breast glandular
tissue. Intensity in both tumor and normal tissue was not scored because it may
be related to differences in the levels of protein expression or may reflect
differences in tissue processing of archival material. Thus, only the presence or
absence of staining was scored.

To assess angiogenesis, we used our immunohistochemical method de
scribed previously (33). Briefly, from the archival tissue block in which tumor
was confirmed and graded, 5-/xm sections mounted onto pretreated slides were
deparaffmized and incubated at 4Â°Covernight with the primary antibody

(monoclonal anti-CD34/QB-END; Novocastra Laboratories, Ltd.), diluted
1:25 in PBS. The immunoperoxidase detection system used for nm23-Hl was
also used to detect anti-CD34 binding (Vectastain Elite ABC: Vector Labo
ratories, Inc.; 3,3'-diaminobenzidine as chromogen).

Vascularity was determined by the number of vessels per field counted in
the area of highest vascular density ("hot spots") at X400 (0.1452 mm2). The

guidelines recommended by Gasparini and Harris (41) and Weidner et al. (42.
43) were followed. Single endothelial cells, endothelial cell clusters, and
microvessels in the tumor, clearly separated from adjacent microvessels, were
counted. Peritumoral vascularity and vascularity in areas of necrosis were not
scored. Branching structures were counted as single vessels. The presence of
lumen or erythrocytes in the lumen were not required to classify a structure as
a vessel. If the vascularity was uniform, microvessels in three fields were
counted and averaged. If the vascularity in different fields was not uniform, up
to 10 fields were counted, and the three highest counts were averaged. Low
angiogenesis as detailed previously was defined as <15 microvessels/endo-

thelial cell at X400 (33, 34). The MVC was performed without the knowledge
of the patients' outcome. Sufficient archival material was available in 162

patients for CD34 assay, and the tissue was satisfactory for nuclear grading in
156 patients.

Statistical Analyses. Actuarial survival curves were calculated according
to the Kaplan-Meier method (44), and comparisons were made with the
log-rank test (45). Patients were censored at last follow-up if they were free of

disease; patients were considered dead of disease if they were dead and were
known to have recurrent disease at the last evaluation. DPS was defined as the
elapsed time from mastectomy to disease recurrence or death. Death from
disease or any recurrent disease, local or distant, was considered as an event in
DPS calculation. Patients were censored for death due to intercurrent disease.

RESULTS

nm23, Tumor, and Patient Characteristics. The relationships
between nm23 score and tumor and patient characteristics are shown
in Table 2. There is a trend for larger tumors to have low nm23
(P = 0.08). No correlation is present between patient age and nm23
(P = 0.6) or between nm23 and MVC (P = 0.3). There is a direct

correlation between estrogen receptor expression and nm23 level
(P = 0.05). Tumors having high nm23 are more likely to be estrogen

receptor positive compared with low nm23. Although not statistically
significant, there is a trend toward inverse correlation between nuclear
grade and nm23 score. Twenty-one % (15 of 71) of patients with high
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Table 2 nm23 protein expression compared with other tumor and
patient characteristics

Tumor size,cms2>2Age.

yearsS50>50Nuclear

grade12

and3Estrogen
receptorPositiveNegativeMVCLowHighLow

nm23 n"(%)42

(49)49
(63)31

(58)60(55)10(40)75

(57)32

(45)27(64)22

(49)68
(58)High

nm23 n"(%)43(51)29

(37)22

(42)50
(45)15(60)56

(43)39

(55)15(36)23(51)49

(42)P0.080.60.10.050.3
" n. number of patients.

nm23 tumors are grade 1 tumors, whereas 12% (10 of 85) of low
nm23 tumors are grade 1.

nm23 and Outcome. Fig. 1/4 shows long-term DPS as a function

of nm23 level. The outcome is significantly better in patients with
high nm23 score. The 15-year DPS is 91% (95% CI, 80-96) in
patients with high nm23 as compared with 70% (95% CI, 58-79) in

low nm23 tumor (P = 0.008). The difference is also significant at 5
(P = 0.003) or 10 (P = 0.002) years of follow-up.

As shown in Fig. IÃŸ,the extent of tumor angiogenesis also has
significant prognostic value and allows the separation of a subgroup
of patients with excellent outcome. The long-term DPS of patients

with low MVC is 92%, whereas in those with high MVC, the DPS is
70% (P = 0.03). In the patients with high MVC, in whom the

prognoses were poorer, we wanted to determine whether nm23 has
additional prognostic value. Because we believe that angiogenesis is
an early permissive event in breast cancer progression, we expected
that nm23 may add prognostic information to that of angiogenesis.
Therefore, we looked at the DPS as a function of nm23 in the patient
population with high MVC. Fig. 1C shows that patients with high
MVC but in whom nm23 is high have a long-term DPS of 90% (95%
CI, 75-96), whereas it is 66% (95% CI, 52-76) if the MVC is high and
the nm23 level is low (P = 0.02). Thus, even in the high MVC

patients, the presence of nm23 allows identification of a patient
subgroup in whom the long-term prognosis is very good. nm23 also

adds prognostic information to nuclear grade. Patients with nuclear
grade 1 tumors have a 15-year DPS of 96% (95% CI, 75-99), whereas
the DPS was 76% (95% CI, 64-84) in the patients with nuclear grade
2 and 78% (95% CI 62-89) if the nuclear grade was 3. Because of

similar DPS, we combined the patients with grades 2 and 3 tumors and
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Fig. 1. Kaplan-Meier plot of DPS. A, stratified by nm23. Note the significant difference in DPS using a log-rank (P = 0.008) test between high nm23 (solid tine) and low nm23
(broken line). B, DPS stratified by MVC. Note again the significant difference using a log-rank test (P = 0.03) in DPS between low MVC (solid line) and high MVC (broken line).
C. DPS stratified by nm23 in high MVC tumors. There is a significant difference (P = 0.02) between high nm23 (solid line) and low (broken line) nm23. D, DPS in high-grade tumors
stratified by nm23. The difference between high nm23 (solid linei and low nm23 (broken line) is significant using log-rank test (P = 0.03).
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Table 3 Mullivariate analysis of the prognostic value of tumor size, age. nuclear
grade, MVC, and nm23 score for DFS

Tumor size (cm)
Age
Nuclear grade (1-3)
MVC (low and high)
nm23 score (high and low)Hazard

rate1.12

1.02
1.173.24

0.3895%

CI0.91-1.37

0.99-1.06
0.61-2.26
0.95-10.5
0.16-0.92P0.3

0.20.6

0.06
0.03

analyzed the outcome stratified by high and low nm23. Fig. ID shows
a significant difference (P = 0.03) in DFS as a function of nm23. The
15-year DFS is 89% (95%CI, 75-95) if the nm23 is high compared
with 68% (95% CI, 55-78) if nm23 is low. Thus, if nm23 is high,

neither poor nuclear grade nor high MVC adversely influences prog
nosis.

We also performed a multivariate analysis including tumor size,
patient age, tumor grade, nm23, and MVC. The results are shown in
Table 3, demonstrating that nm23 and MVC appear to be important
and independent prognostic variables for DFS.

DISCUSSION

Understanding malignant progression offers opportunities to deter
mine prognosis in patients with cancer. nm23 is an antimetastatic gene
that was identified by differential screening of a murine melanoma
cell line cDNA library with RNA from cell lines of differing meta-

static potential (12). The expression was shown to be inversely related
to metastatic potential with significantly higher expression in the cell
clones with a low ability to metastasize (12, 46, 47). Two human
nm23 genes (nm23-Hl and nm23-H2) that encode a Mr -17,000

protein with 88% homology were identified and localized to chromo
some 17 (13, 14). Several functions have been attributed to the nm23
proteins that may be related to the correlation seen with distant
mÃ©tastases(18, 47-49). nm23-Hl appears to have a better correlation

with metastatic propensity and prognosis in human breast cancer than
nm23-H2 (14). Tokunaga et al. (17) also showed that the expression
of nm23-H 1 and not nm23-H2 was correlated with incidence of lymph
node metastasis. nm23-HI has also been shown to restore normal

phenotype in cultured metastatic breast cancer cells (49). Because of
these attributes, nm23-Hl appears to be an excellent candidate to

correlate with metastatic proclivity.
Several studies reported on the correlation between nm23 expres

sion, tumor pathological features, and outcome in patients with breast
cancer. Bevilacqua et al. (19) studied mRNA expression in 10 cases
of infiltrating ductal carcinoma and found no correlation with size,
estrogen receptor status, or histological grade, but decreased levels of
nm23 mRNA were found in node-positive breast cancer patients. In a
larger series of 71 patients, of whom 26 were node-negative and had
a follow-up of 4 years, Hennessy et al. (20) found a positive corre

lation between mRNA expression and outcome. Using antibody to
nm23 protein, several investigators found correlation with outcome,
incidence of metastasis, nodal involvement, or histological grade.
Unfortunately, most of these studies have limited numbers of patients;
short follow-up; combine node-positive, node-negative, and carci

noma in situ; and include patients who had received various adjuvant
therapies. Barnes et al. (24), in a pilot study limited to 39 patients,
were the first to demonstrate that low nm23 protein expression is
associated with decreased survival of breast cancer patients. Hirayama
et al. (50) also demonstrated, in a small group of 22 patients followed
for 5 years, a positive correlation between staining intensity and
outcome. The largest series is that by Tokunaga et al. (17), with more
than 5 years of follow-up of 130 patients who received various
adjuvant therapies. They demonstrate correlation between nm23-Hl

expression, nodal status, and metastasis. Royds et al. (23), in an
immunohistochemical study using a simplified scoring system in
which any lack of nm23 staining was scored as low nm23, show a
correlation between nm23-Hl expression, tumor grade, and the like

lihood of nodal involvement (23). Others have also shown correlation
with nodal status, likelihood of mÃ©tastases,and outcome (21, 22, 25).
There are several studies that do not show correlation between nm23
and outcome or pathological features (51-53). Differences in antibod

ies used as well as differences in scoring, as discussed by Steeg et al.
(10) and Freije et al. (54), may have led to these discrepancies.

Our results show that in 163 node-negative patients followed for a
median of 14 years, nm23 protein assayed using immunohistochem-
istry on archival material correlated well with long-term outcome.
This is the largest study of node-negative breast cancer patients

without confounding adjuvant treatment followed for a period of time
long enough to fully express the malignant potential of the disease.
We limited the analysis to those patients who did not receive any
adjuvant chemotherapy, hormonal therapy, or radiation therapy to
eliminate the confounding effect of these therapies on the natural
history of the disease. In this group of patients, high nm23 identified
those with better DFS (91%). We also found a correlation between
nm23, tumor size, and tumor grade. As tumors grow in size, they
progress in the malignant cascade (55). The increase of the proportion
of low nm23 with increasing size or higher grade is consistent with
this progression in the malignant process. We have shown previously
that grade 1 tumors have a very low ability to metastasize and have an
excellent outcome, but grades 2 and 3 tumors have different virulence
but similar ability to metastasize (56). Among high-grade tumors

(grades 2 and 3), the outcome is significantly better if nm23 is high
compared with low nm23.

Angiogenesis is an important step in tumor progression and metas
tasis (28). Angiogenesis is likely an early event in tumor development
(57). We demonstrated previously that even mammographically de
tected breast cancer already has high angiogenesis, supporting the
hypothesis that neovascularization is a necessary early step for the
progression to metastatic competence (34). Neovascularization is not
sufficient in itself because only 60-70% of the patients with high

angiogenesis actually develop mÃ©tastases.Our data show that high
MVC and nm23 protein expression are independent events. Low
MVC is associated with an excellent prognosis, whereas in those
patients with high MVC, high nm23 allows the identification of a
subgroup with significantly better DFS. This suggests that angiogen
esis appears to be required for the ability to metastasize, but without
mutation in nm23, this is not likely to occur. It would have been of
interest to study nm23 in the low MVC group, but the limited number
of patients and their already excellent prognosis prevented further
evaluations. Multivariate analysis showed nm23 and MVC to be the
most important tumor characteristics predicting outcome. Although
multivariate analysis is necessary to avoid confounding, it is also
important to relate these acquired phenotypes to each other. It appears
that early in breast cancer development, a high MVC is common (34).
In those patients without high MVC, the prognoses are excellent, but
even when the MVC is high, without mutated nm23, mÃ©tastasesare
unlikely. That even in the worst prognosis group (high MVC and low
nm23) two-thirds of the patients survive indicates that there are

additional determinative changes necessary to acquire the malignant
phenotype.

Both nm23 and MVC appear to contribute valuable additional
information to tumor size and grade and further characterize the
malignant phenotype. The state of malignant progression should have
a direct relationship to prognosis and treatment. The search for more
specific tumor characterization is required to determine which of the
patients have occult mÃ©tastasesand need intensive systemic therapy as
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well as to avoid chemotherapy in those patients whose tumors have
not developed the propensity for distant spread. The inability to
separate these patients results in treatments being based on likelihood
of occult tumor rather than actual tumor burden. In node-negative

tumors, because of the large number of patients being treated unnec
essarily, dose intensification possibly needed for the patients who
have occult mÃ©tastasescannot be justified. The failure to assess the
metastatic proclivity results in treatment that is too much for many
and too little for some. The goal is to be able to offer patients
individualized treatments that conform to the phenotypic and geno-

typic characteristics of their tumors. As shown in this report, studies
done on selected archival tumor material can add insight into the
malignant progression. The long follow-up and lack of adjuvant

systemic therapy strengthen the conclusion derived.
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