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Micrometastases: marker of metastatic potential or
evidence of residual disease?

G C O'Sullivan, J K Collins, J Kelly, J Morgan, M Madden, F Shanahan

Abstract
Background-Micrometastases within
bone marrow have been shown to indicate
a poor prognosis in patients with epithelial
tumours. However, the degree to which
micrometastases represent true residual
disease or cell shedding and metastatic
potential, is unclear.
Aim-To explore whether micrometastases
represent residual disease, bone marrow
taken from carefully staged patients before
and after (>6 months) 'curative' resection
of a primary gastrointestinal cancer was
studied prospectively.
Patients/Methods-Seventy two consecu-
tive patients were studied; the only ex-
clusions were patients with known overt
metastatic disease at the time of surgery.
Micrometastatic cells were quantified per
105 marrow cells by flow cytometry after
staining for contaminant cytokeratin-18
positive cells.
Results-Micrometastases were detected
preoperatively in 22% (16/72) of all
patients, comprising 11 (23%) of 48 with
colorectal cancer, five (33%) of 15 with
gastric adenocarcinoma and none (0%) of
nine with oesophageal squamous cancer.
Although fewer metastatic cells were
detected in postoperative bone marrow,
and clearance ofmarrow deposits was evi-
dent in most patients, the persistence of
micrometastases in five of 16 patients
after resection, without evidence of tu-
mour recurrence, indicates a subset with
true residual disease. Detection of micro-
metastases postoperatively (persistent or
newly developed) was significantly associ-
ated with development ofovert metastases
during the subsequent 12-18 months of
follow up (nine of 19 patients) when
compared with patients testing negative
for micrometastases (eight of 53; p<001).
Conclusions-Preoperative detection of
micrometastases may reflect either tran-
sient shedding of cells, metastatic poten-
tial or residual disease, but postoperative
micrometastases indicate mimal re-
sidual disease. Identification of these
patients is important because they may
benefit from adjuvant therapy.
(Gut 1997; 40: 512-515)
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Detection of bone marrow micrometastases
using immunocytochemical methods has been
shown to be a predictor of poor prognosis in

patients with breast,' 2 lung,3 4 and colorectal
cancer.5 We recently validated flow cytometry
as a more objective method of demonstrating
and quantifying micrometastatic cells and have
shown that bone marrow micrometastases are
present in approximately one quarter of
patients undergoing 'curative' resection of
gastrointestinal adenocarcinomas.' Whether
micrometastases reflect cell shedding from the
primary tumour, the metastatic potential of the
primary tumour or represent residual disease is
not clear. The question is of therapeutic
importance because patients with true residual
disease may benefit from adjuvant therapy.7 8
Dormant micrometastatic foci of residual
disease in various organs must exist because it
is well recognised that patients with a prior
resection of a primary cancer can present late
with distant metastatic disease, in the absence
of a local recurrence.' To explore whether
microdeposits of metastatic cells in the bone
marrow are foci of residual disease or simply
reflect transitory cells shed from bulky
tumours, we undertook a prospective study of
bone marrow taken from patients before and
after (six to 12 months) resection of a primary
gastrointestinal carcinoma.

Methods
Seventy two consecutive patients undergoing
potentially curative surgical resection of a
gastrointestinal malignancy were included in
the study. Patients with known metastases
demonstrable by conventional or non-surgical
means were excluded; there were no other
exclusions. Diagnostic and clinical investi-
gations for staging of all patients comprised
standards of care in accordance with guidelines
of the human ethics committee for clinical
research. Informed consent for surgery and
bone marrow aspiration was obtained in all
cases. Control marrow was obtained from 63
patients (with no evidence of malignant
epithelial disease) undergoing bone marrow
aspiration for haematological indications. All
control marrow samples were negative for
micrometastatic cells with the exception of one
58 year old woman with rheumatoid arthritis,
in whom there has been no clinical evidence of
malignant disease.

CLINICAL STAGING
Clinical staging of patients diagnosed with
colorectal carcinoma included chest radio-
graphy, ultrasonography, and an abdominal
computed tomography (CT) scan. A full lapar-
otomy with bi-manual palpation of the liver
and exploration of the peritoneal cavity was
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Bone marrow micrometastases before and after 'curative' resection of a primary
gastrointestinal tumour

Micrometastases Development of overt
metastases within

Preoperative Postoperative n subsequent year offollow up

Positive Positive 5 2 colonic 4/5 1 colonic
3 gastric 3 gastric

Positive Negative 11 9 colonic 0/11
2 gastric

Negative Positive 14 11 colonic 5/14 2 colonic
2 gastric 2 gastric
1 oesophageal 1 oesophageal

Negative Negative 42 26 colonic 8/42 4 colonic
8 gastric 1 gastric
8 oesophageal 3 oesophageal

performed and, when appropriate, a radical
resection of the primary tumour including
mesentery of bowel was completed. For
patients with gastric cancer, routine staging
investigations included an abdominal CT scan
and ultrasound followed by laparoscopy. If no
metastases were evident on laparoscopy, a full
laparotomy with radical resection was per-

formed. Patients with oesophageal and oeso-
phagogastric junction tumours were staged
with a CT scan of the chest and abdomen and
abdominal ultrasound followed by laparoscopy
and bronchoscopy preoperatively. The oeso-
phagus was surgically explored through the
chest and mobilised. The chest was then closed
and an abdominal exploration was performed
in which the liver was bi-manually palpated.
The oesophagus was excised and reconstruc-
tion performed by anastomosis of cervical oeso-

phagus to transposed stomach or colon graft.
Patients were re-examined six to 12 months

postoperatively by repeat bilateral iliac crest
bone marrow aspiration and by re-staging
which included clinical, radiographic (chest
CT scan, ultrasound), and endoscopic evalua-
tion and measurement of tumour markers

Postoperative

Positive

Preoperative

Negative

Positive Negative

Figure 1: Distribution of bone marrow micrometastases before and after surgery for tumour
site and stage.

(carcinoembryonic antigen (CEA) and carci-
noma antigen (CA) 19-9). All patients were
reviewed clinically every three to six months
thereafter; no patients were lost to follow up.

EXAMINATION OF BONE MARROW
Marrow was taken from both iliac crests, using
aseptic technique, under general anaesthesia
preoperatively - that is, before bowel resection
or manipulation, and under local anaesthesia
postoperatively. An incision over the iliac crest
was used to enable the marrow aspirate to be
taken without contamination by skin epithelia.
The unfractionated marrow was fixed by
addition dropwise with gentle shaking into
70% ethanol and was stored at -20°C until use.
The flow cytometry technique has been
described and validated elsewhere.6 The flow
cytometrist was unaware of the patients' diag-
nosis at the time of testing. Bone marrow
samples were washed three times with phos-
phate buffered saline (PBS) at 4°C and stained
with fluorescein isothiocyanate (FITC) conju-
gated monoclonal antibody directed against
cytokeratin- 1 8 (Sigma, Poole, Dorset, UK).
The antibody was diluted 1 in 20 in PBS and
10 RI of this stock antibody was added to 100
,ul sample. After washing in PBS again, staining
for DNA content was completed with pro-
pidium iodide containing RNAse. The cells
were then analysed (1 O events) using a cell
cycle analysis program on an Epics Coulter
Elite flow cytometer. Only double staining cells
were counted as positive, thereby excluding
non-specific staining or spuriously stained
debris. Positive (HT29 and OC 1 cells) and
negative (normal bone marrow) controls were
included in all analyses.6 Threshold and back-
ground fluorescence were controlled for using
an irrelevant FITC conjugated monoclonal
antibody of the same species and isotype as

anti-cytokeratin- 1 8.
Micrometastatic cells were detected by

light microscopy in some cases after Ficoll-
Hypaque density centrifugation' l and were
stained with cytokeratin- 1 8 using the alka-
line phosphatase-anti-alkaline phosphatase
(APAAP) technique.5

STATISTICAL ANALYSIS

Patients with and without micrometastases
detected postoperatively were compared in
terms of development of overt metastases
within a subsequent year of follow up. Differ-
ences between patient groups were examined
using x2 analysis with Yates's correction.

Results
The Table shows the prevalence of bone
marrow micrometastases before and after (six
to 12 months) resection of the primary gastro-
intestinal malignancy, with the rate of develop-
ment of overt metastatic disease during the
subsequent year of follow up. The presence of
micrometastases before or after surgery did not
correlate with either tumour site or stage
(Fig 1). Sixteen of the 72 consecutive patients

n=5 n=11

Gastric (3) T3NO Gastric (2) T2N1
T2N1 T3NO
T2NI

Colonic (2) C T3N1 Colonic (9) A T2
CT3N1 BT2 (n=2)

BT3 (n = 5)
C T2N1

n= 14 n=42
Gastric (2) T2N1 Gastric (8) T2NO

T2N1 T2N1 (n = 2)
T3N1 (n = 3)
T3N3 (n = 2)

Oesophageal (1) T2N1 Oesophageal (8) T2NO (n = 3)
T3NO
TlNl (n=2)
T2N1 (n = 2)

Colonic (11) AT1 Colonic (26) AT1
AT2 AT2 (n = 2)
BT3 (n=6) BT2 (n=5)
CT3N1(n=3) BT3 (n=14)

CT3N1 (n=4)
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Figure 2: Quantitationi of bonie m7tarrow nnlicromtietastatic
cells before and after resectioni of the prnmany tumiour. The
miieani (SEM) micromiietastatic cell counit (per IJ marrow-
cells) in those patients testing positive preoperativel was 90
(30) (n=16) and in those testimig positive postoperatively
zas 42 (10) (n =19).

eligible for study had bone marrow micro-
metastases before surgery. Five of these were
still positive for micrometastases six to 12
months after resection of the primary tumour,
at a time when there was no evidence of local
recurrence. That this represents true residual
disease in this subset of patients is supported
by the subsequent development of overt meta-
stases in all but one during the subsequent year
of follow up (one brain, one liver, one liver and
bone metastases, one serosal).
By contrast, 1 1 of the 16 patients who had

tested positive before surgery were negative

Figure 3: Cytokeratin? posi'ti've cells within bone marrow as single i'solated cells and as
Pnicrocolomies.

afterwards. That this represents clearance of
shed or metastatic cells is supported by the
absence of overt metastases during the sub-
sequent year of follow up. In all cases tumour
marker values (serum CA 19-9 and CEA)
remained normal. Indirect evidence for
clearance of metastatic cells by the host is also
shown by the strong trend toward lower
metastatic cell counts in the postoperative
period (Fig 2). Direct visualisation of such cells
on immunostained smears of bone marrow
cells indicated that the microdeposits exist
either as isolated single viable cells or as small
clumps (Fig 3). The difference in the rate of
development of overt metastases between
those patients who had persistent micro-
metastases before and after surgery and those
who had clearance of micrometastases post-
operatively was statistically significant (4/5 -v
0/1 1; p<0-01).
The development of micrometastases in

patients who had tested negative before surgery
was also observed in 14 patients (14/56). Five
of these have since developed evidence of overt
metastatic disease (one lung, two brain, one
bone, and one liver) and one additional patient
has developed persistently abnormal increases
in CEA and CA 19-9 values without evident
tumour recurrence vet.
As expected, the bone marrow sampling

process has limited sensitivity; micrometa-
stases were not detected either before or after
surgery in 42 of the 72 patients. Eight of these
patients (three oesophageal squamous cancer,
one gastric and four colonic) developed overt
metastatic disease during the subsequent year
of follow up. The distribution of these meta-
stases was liver (three patients), liver and bone
(one), lung (one) brain (two), and lung and
bone (one). The clinical relevance of detecting
micrometastases in the marrow postoperatively
is indicated by significant differences in the rate
of development of overt metastases in the
subsequent year of follow up. Thus, overt
metastases developed in a total of nine of 19
patients testing positive for marrow micro-
metastases after surgery compared with eight
of 53 testing negative after surgery (p<OO1).

Discussion
It has been shown by others that bone marrow
micrometastases are a marker of poor prog-
nosis in patients with epithelial tumours, in-
cluding breast, lung and colorectal carci-
noma. ' However, the mechanism by which
the micrometastatic process confers a poor
outcome is uncertain. There has been no con-
clusive evidence that microdeposits represent
residual disease. It is unclear whether the
metastatic cells per se have biological signifi-
cance, viability and longevity or whether their
presence is merely a reflection of the biological
behaviour of the primary tumour. These
questions are important because if micro-
metastases reflect true residual disease, they
could be used to identify an important sub-
group of patients who might benefit from
adjuvant therapy after surgery.' 8 Implicit in
this would be a requirement to consider
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revising current staging procedures to incor-
porate an assessment for microdeposits.
Our results clearly demonstrate a distinct

subset of patients (approximately 10% of the
total) who fail to clear micrometastatic cells
after 'curative' surgical resection of a primary
gastrointestinal malignancy. These patients
have persistent occult deposits of cancer cells
within the bone marrow that are demonstrable
at a time when there is no primary tumour or
local recurrence capable of shedding cells.
Thus, these patients have true residual
disease.
The presence of micrometastases in patients

after surgery, irrespective of the preoperative
bone marrow status, was associated with a poor
short term outcome. Detection of micro-
metastases postoperatively antedated and was
significantly associated with the development
of overt metastases when compared with those
patients who tested negative for micrometa-
stases after surgery (9/19 v 8/53; p<001).
Thus, postoperative bone marrow status may
be a useful adjunct to current staging
protocols.
The bone marrow is generally viewed as an

optimal site to look for micrometastases
because it is a rich cellular site with a large
blood supply and because cytokeratin positive
epithelial deposits are easily identifiable in
mesenchymal tissues.12 However, it seems
likely that other tissues such as liver and lung
also harbour dormant microdeposits of
residual disease, but these epithelial tissues
require alternative techniques for demon-
strating micrometastases. The presence of
dormant micrometastatic foci of residual
disease in organs such as the liver or lung
presumably accounts for the occasional late
presentation of distant metastatic disease
without local recurrence in patients who have
had a prior resection of a primary gastro-
intestinal cancer.9

Alternatively, occult deposits of metastatic
cells within the marrow may have additional
biological significance beyond serving as an
indicator of the metastatic process and distant
residual disease within other organs. Mobil-
isation of tumour cells from bone marrow into
the periphery has recently been demonstrated
in patients with solid tumours.13 14 Thus, the
bone marrow might serve as a repository of
dormant metastatic cells from which other sites
could be seeded.
Although the presence of residual disease is

confirmed by the finding of micrometastases
six to 12 months after surgery, our results also
show that when micrometastases are detected
preoperatively, some do not persist and may
represent transient shed cells that the host can
clear. Quantification using flow cytometry
revealed that fewer metastatic cells were evi-
dent in postoperative marrows and clearance
was evident in most cases. However, it is
noteworthy that the design of our study

ensured that any shedding of cells was spon-
taneous and not due to mobilisation of the
primary tumour at surgery, as described by
others. 5

In conclusion, preoperative detection of
micrometastases may reflect either transient
shedding of cells, metastatic potential or
residual disease, but postoperative micrometa-
stases are likely to indicate minimal residual
disease, at which adjuvant therapeutic
strategies should be directed. The need for
improved staging of all forms of gastro-
intestinal cancer is clearly desirable as many of
these cancers are understaged even after
surgical excision. 6 The results challenge
current staging protocols and show that post-
operative bone marrow examination can reveal
detectable minimal residual disease in patients
after 'curative' resection of a gastrointestinal
malignancy.
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