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Micrometastases in Breast Cancer: Long-term
Follow-up of the First Patient Cohort

D.P. Dearnaley, M.G. Ormerod and ]J.P. Sloane

“Micrometastases” can be identified in the bone marrow of patients with apparently localised breast cancer
using an immunocytochemical stain for epithelial membrane antigen (EMA). Of 39 women who had marrow
samples examined at the time of initial presentation (37), or with locally recurrent disease (2), 13 (33%) had
samples which contained small numbers of EMA positive cells. 10 out of 23 (44%) lymph-node positive patients
were marrow positive, compared to 1 out of 14 (7%) lymph node negative cases (P = 0.03). Long-term follow-up
(median 9.5 years) has shown that 11 out of 13 (85%) patients with micrometastases have developed metastatic
disease compared to 8 out of 26 (31%) with negative bone marrow aspirates (P < 0.05). The small number of
EMA positive cells detected in bone marrow samples probably reflects the high metastatic potential of primary
or recurrent cancers rather than established microscopic deposits; it is not yet clear whether the finding of such

micrometastases will act as an independent variable compared to established prognostic factors.
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INTRODUCTION

WE FIRST reported an immunocytochemical method capable of
increasing the detection of carcinoma cells in bone marrow
samples taken from women with breast cancer in 1981 [1]. Small
numbers of morphologically malignant cells were identifiable
using an antiserum to epithelial membrane antigen (EMA) which
could not be demonstrated using conventional techniques. Our
initial studies on women presenting with localised primary breast
cancer [1, 2] suggested that about 30% of bone marrow samples
contained positively staining cells and that their presence pre-
dicted the development of distant and in particular bone metast-
ases. Further studies from the Royal Marsden and St George’s
Hospital Group [3-6] have confirmed these findings in a larger
cohort of patients and initial follow-up indicates that EMA
marrow positivity closely relates to other prognostic features
including tumour size, lymphovascular invasion and lymph
node status, and that the presence of cells staining for EMA
predicts for a shorter relapse-free interval and reduced overall
survival. However, the number of positive cells detected, even
when samples are aspirated from multiple sites, is very small
and it is uncertain whether all patients will go on to develop
established metastatic disease. This report details long-term
follow-up of the first cohort of patients investigated by our
group.

PATIENTS AND METHODS

Bone marrow samples were taken from 39 women with breast
cancer who presented to the Royal Marsden Hospital between
March 1980 and May 1981. Clinical staging is shown in Table
1. 37 patients were studied immediately prior to surgery for
localised primary breast cancer and 2 prior to excision of locally
recurrent disease. The median age of patients was 60.5 years
(range 38-84 years), 13 women were pre- or perimenopausal and
the remaining 26 postmenopausal. Each patient was screened
for metastatic disease as previously described [7] by clinical
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examination, measurement of plasma alkaline phosphatase and
y-glutamyl transferase, bone scan and skeletal survey. Addition-
ally, liver ultrasound was performed if hepatomegaly or abnor-
mal liver function was noted. Patients with primary breast
cancer were treated according to the protocols in use at the time.
Medial and lateral cancers were treated by local excision followed
by post-operative radiotherapy to the breast, axilla, supraclavic-
ular fossa and internal mammary chain. Radical mastectomy
was employed for central tumours or when conservative surgery
would result in poor cosmesis. Postmenopausal patients with
involved axillary lymph nodes where entered into an adjuvant
trial comparing aminoglutethimide with placebo. Premeno-
pausal and axillary node negative postmenopausal patients did
not receive adjuvant therapy.

Bone marrow samples

18 patients had single bone marrow aspirates taken from the
posterior iliac crest (mean volume 1.0 ml) and 21 women had
mutliple samples taken from six sites (sternum X 2, anterior

Table 1. Relationship of initial clinical stage, marrow micrometas-
tases and outcome

Clinical stage

Primary disease

Local
Node Node recur-
T/T, TyT, negative positive rence Total
Total no. 200100 17(7) 14(7) 23(10) 2(1) 39(18)
Development
of metastases 7 (3) 11(4) 100 17¢() 1) 19 D
Marrow status* )
EMA- 3/15 5/11 0/13 8/13 —_ 8/26
EMA+ 4/5 6/6 1/1 9/10 12 11/13

No. in parentheses represents patients who had single marrow aspirates.
*Metastases/no.
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and posterior iliac crests bilaterally—mean volume 7.1 ml).
Additionally, a bone marrow trephine biopsy was taken from
the left posterior iliac crest together with 15 ml of peripheral
blood from an anticubital vein.

Bone marrow smears were prepared for immunocytochemical
staining as previously described [1, 2]. Briefly, erythrocytes
were removed on Ficoll-Hypaque prior to washing, smearing
and wet fixing the cell preparations in 95% ethanol. Smears were
stained using an immuno-alkaline phosphatase method. The
primary rabbit antiserum was raised against human milk fat
globule membrane and absorbed to render it specific for EMA
[8, 9]. The second antibody was affinity purified sheep anti-
rabbit immunoglobulin, conjugated to alkaline phosphatase.
Endogenous alkaline phosphatase activity in osteoblasts and
leucocytes was blocked by pre-incubation of the slides with 20%
acetic acid and 2.28% periodic acid in addition to adding 1 mmol
of levamisole to the chromagen substrates (brentamine fast red
TR and Napthol AS:BI). Specificity of staining was demon-
strated by absorbing antiserum with a purified preparation of
EMA[10].

Bone marrow smears were screened by a single observer
(DPD) and scored positive when cells stained strongly for EMA
and had the morphological characteristics of malignant cells.
In 32 aspirates from patients without epithelial malignancy,
occasional staining was seen on plasma cells, early myeloid cells
and degenerate cells {2, 11, 12]. Using monoclonal antibodies
raised against milk fat globule membrane [13] we have shown
that this is due to the weak expression of a determinant of the
epithelial membrane antigen by these cells and not due to an
impurity in antibody [14]. No “false positive” results were given
when these 32 control smears were screened “blindly” amongst
the smears from patients with breast cancer.

Follow-up

Patients were followed initially at 3 monthly intervals during
year 1, at 6 monthly interals during years 2-5 and annually
subsequently. Chest X-ray, alkaline phosphatase and v glutamyl
transferase were performed at each attendance. Patients were
fully re-evaluated with bone scan, skeletal survey and liver
ultrasound if metastases developed. Median follow-up of sur-
vivors is 9.5 years (range 8-10 years).

RESULTS
Relationship of micrometastases to other presenting features

EMA positive cells were found in bone marrow aspirates from
13 of the 39 (33%) patients. The median number of positively
staining cells detected was 10 (range 1-80). Of patients who had
single aspirates taken, 4 out of 18 (22%) were positive compared
to 9 out of 21 (43%) cases who had multiple bone marrow
samples. These groups contained patients with tumours of
comparable stage; of the 17 women in the single aspirate series
7 patients had T3/4 tumours, 10 cases axillary node involvement
and 1 patient had locally recurrent disease; of the 20 women in
multiple aspirate series 10 patients had T3/4 lesions, 13 cases
axillary node involvement and 1 patient had locally recurrent
disease (Table 1).

Overall 10 out of 23 (44%) women with primary breast cancer
who had positive axillary nodes had positive marrow samples
compared to 1 out of 14 (7%) for node negative patients
(P = 0.03, Fisher’s exact test). Patients with small primary
tumours (histological diameter <2 cm) were less likely to have
micrometastases than women with larger tumours with positive
marrow samples found in 3 out of 18 (17%) and 8 out of 19
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(42%) respectively (P = 0.15). There was no clear relationship
between marrow positivity and oestrogen receptor (ER) status
in the 22 patients who had receptor assays performed. 3 out of
14 women with ER positive tumours (>10 f mol/mg cytosol
protein) had positive marrows compared with 3 out of 8 with
ER negative tumours. There appeared to be little difference in
the immunocytochemical staining characteristics of the primary
tumour for EMA between those patients with positive or negative
bone marrow results. The majority of carcinoma cells (>80%)
stained positively for EMA in 20/39 (51%) of the breast cancers
studied, but the only two specimens which had <20% of breast
carcinoma cells staining had negative bone marrow aspirates.

Stignificance of EMA positive cells on follow-up and relationship to
other prognostic factors

Of the 39 patients, 19 have developed distant metastases and
18 have died from disseminated breast cancer. A single woman
remains alive with active disease. An additional 4 patients
have died from intercurrent illness (cardiovascular disease (2),
carcinoma of the rectum, and carcinoma of pancreas) 33-96
months after initial investigation. 11 of the 13 (85%) patients
with EMA positive cells have developed metastases but the
remaining 2 women with positive samples have remained free of
disease on follow-up for over 9 years. One of these patients
presented with a T3a Nla breast carcinoma and was treated
with radical mastectomy and axillary lymph node dissection
(histologically 3 out of 27 lymph nodes contained metastatic
cancer) followed by postoperative irradiation; the other patient
had a bone marrow aspirate taken at the time of excision of
an isolated local recurrence. Neither case received adjuvant
systemic treatment. This compares to 8 out of 26 (31%) recur-
rences in the women with negative marrow aspirates. Acutarial
disease free and survival curves (Fig. 1) demonstrate a signifi-
cantly worse outcome for patients with EMA positive bone
marrows (P < 0.05). The median time to recurrence and death
from breast cancer was shorter for the marrow positive group
at 10 months vs. 24 months and 23 months vs. 47 months
respectively. In the EMA positive group the first site of metast-
ases included bone in 10 out of 11 (91%) of cases but involved
both osseous and extra-osseous sites in 7 out of 11 (64%) of
cases. All but 2 of these women eventually developed metastases
at extra-osseous sites. 4 out of 8 (50%) of the EMA negative
group relapsed at non-osseous sites alone initially and 3 remained
without clinical or radiological evidence of bone metastases on
follow-up.

As expected patients with axillary lymph node involvement
or advanced primary breast cancers had an increased risk of
developing metastases (Table 1). The best predictor of disease
free survival was axillary lymph node status and only 7% (1 out
of 14) of node negative patients developed recurrence compared
to 74% (17 out of 23) for women with involved nodes. Patients
with EMA positive cells in the bone marrow had the least
favourable outcome and 91% (10 out of 11) have developed
recurrent disease compared to 31% (8 out of 26) with negative
marrows. Combining these factors identified 3 groups: (i) lymph-
node negative, EMA negative; (ii) lymph-node positive, EMA
negative; (iii) lymph-node negative or positive, EMA positive.
Recurrent disease has developed in 0% (0 out of 13), 62% (8 out
of 13), and 91% (10 out of 11) of each group respectively. Initial
T stage or pathological size of the primary tumours did not
contribute further to this stratification.
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Fig. 1. Comparison of patients with positive or negative bone marrow
aspirates taken at the time of surgery for primary breast cancer or
locally recurrent disease.

DISCUSSION

Long term follow-up of this cohort of patients has confirmed
our previous observations that the presence of small numbers of
EMA positive cells in bone marrow is associated with a high
risk of development of metastatic disease and poor long-term
prognosis. The median mean time from bone marrow aspiration
to development of metastases was 10 months (range 3-58). As
previously reported there is a close association between well
documented prognostic factors such a lymph node status, size of
primary tumour and presence of peritumoural lymphovascular
invasion with EMA marrow positivity and it is not yet clear
whether the finding of marrow “micrometastases” will act as an
independent prognostic factor [2-6]. In this small series EMA
marrow status appeared to stratify lymph node positive patients
into a very high risk group for recurrence (9 of 10 marrow
positive, lymph node positive cases developed metastases) and a
moderate risk group (8 of 13 marrow negative lymph node
positive cases developed metastases). Although none of the
marrow negative lymph node negative cases recurred, the only
patient with a positive marrow but negative lymph nodes
developed metastases. Further follow-up of larger cohorts of
patients will clarify these observations.

Of major interest is the explanation of apparently false positive
or false negative results. In this series, 2 out of 13 patients with
EMA positive cells remain free of disease over 9 years after
initial testing. There are a number of possible explanations. The
EMA positive cells detected could represent circulating tumour
cells (however, it is unlikely that such cells have prognostic
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importance [15]); a “false positive” staining reaction of normal
bone marrow cells; or breast cancer cells which have settled in
the marrow but which do not necessarily have the clonogenic
capacity to form established metastases. Finally, although fol-
low-up is mature, further recurrences may yet appear. The
explanation of circulating tumour cells is unlikely as in our series
of patients peripheral blood samples taken at the same time as
marrow aspirations were always negative. Weak “false positive”
staining reactions may occur on plasma cells and early myeloid
and lymphoid cells [2, 10, 11] using antiserum to EMA. The
reaction occurs with both polyclonal and monoclonal antibodies
and is abolished by absorption of antibodies with a preparation
of EMA [10] indicating the expression of a shared epitope.
However, in contradistinction to the finding of Thor and col-
leagues [16] we found no difficulty in distinguishing these
patterns of staining in normal marrow samples. This is likely to
be due to the difference in antiserum used and emphasises the
importance of utilising normal bone marrow control samples in
this type of study. We favour the third explanation. It is likely
that the finding of initial bone marrow positivity identifies a
subset of patients whose primary tumours have the potential to
seed carcinoma cells widely throughout the bone marrow.
However, only a small proportion (if any) of these cells will be
clonogenic with the capacity to establish metastases.

This hypothesis is supported by additional studies [17] which
have re-examined patients with further bone marrow aspirates
at a median time of 18 months after initial testing. Only 2 out
of 21 (10%) of patients with micrometastases at presentation
remained with positive marrow examinations. Nevertheless our
findings on long term follow-up suggest that the remaining 90%
of patients with negative marrows will remain at high risk of
developing disseminated breast cancer. This suggests firstly that
the primary tumour was the source of the carcinoma cells in the
marrow at initial presentation and that the majority of these
cells are non-viable, and secondly that our bone marrow assay is
insufficiently sensitive to reliably detect established deposits at
an early stage of their development. Not only may these be
present in small numbers but once metastases become estab-
lished they may be more difficult to aspirate becoming more
firmly attached to the bone matrix; only a “direct hit” with the
aspiration needle producing positive samples. In this regard it is
interesting that we have not found immunocytochemical staining
of bone marrow trephines of value in detecting micrometastases
[2, 14] and it is likely that this is due to the smaller volume of
marrow sampled with this technique. If, as suggested, initial
bone marrow positivity is an expression of high metastatic
potential, rather than a test detecting minute but established
microscopic deposits, it is not surprising that a few patients
should remain free from recurrence even after long term follow-
up.

The second issue is of “false negative” results. So far, 8 out of
26 of our EMA negative cases have developed metastatic disease.
Although 3 of these patients developed locoregional recurrence
or a second primary breast cancer before the detection of
metastases the remaining S women had no locoregional recur-
rence and metastases must have been present at the time of
initial marrow aspiration. The reasons for negative bone marrow
results include the limitations on sampling imposed by bone
marrow aspiration, loss of EMA positive cells in processing
samples, and failure to recognise carcinoma cells because of
hetrogeneity of EMA expression. We have previously shown
that using multiple instead of single sites of aspiration doubles
the number of positive samples obtained [2]. It is not practical
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to further increase sampling significantly and this will remain a
potential limitation on the techniques sensitivity. It is inevitable
that some of the EMA positive cells are lost in the processing
technique and also that small numbers of positive cells may be
overlooked in the screening process. We have explored methods
designed to concentrate the positive cells but this has led to an
increased loss of cells in processing and therefore reduced overall
sensitivity [18]. Automatic scanning of slides has also been
studied with promising results but it is not anticipated that this
will produce an increase in sensitivity, although significantly
decreasing the considerable labour involved in cytological scre-
ening [19]. Since this study started further antibodies capable
of identifying epithelial cells have become available. Other
groups have used a variety of polyclonal and monoclonal antisera
[16, 20-26], and in particular the addition of antibodies raised
against cytokeratins increases the number of breast cancer cells
detected when used in conjunction with antiserum to EMA [4,
21, 24]. Between 17 and 37% of patients with primary breast
cancer have been shown to have micrometastases [4, 21-25] and
estimates of the sensitivity of the techniques used range from an
ability to detect one positive cell in 10* to 10° nucleated bone
marrow cells {14, 17, 22, 23, 25, 26]. For optimal sensitivity it
is likely that the use of panels of antibodies will prove ideal
and these can be selected on an individual basis from the
immunocytochemical staining patterns on the primary tumour
or lymph node metastases.

Long term follow-up from other series with multivariate
analysis comparing the significance of the finding of micromet-
astases with other prognostic factors will define the role of this
technique in routine practice. The 91% recurrence rate in
patients with primary breast cancer and positive bone marrows
strongly suggests that this group is at particularly high risk for
the development of metastases and it will be of interest to
document the impact of adjuvant therapy on relapse rates and
survival in this group in the larger patient cohorts currently
under study.
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