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ABSTRACT
Purpose: The aim of the present study was to analyze deposits in bone marrow for determining micrometastases in
breast cancer patients by flow cytometry. And its correlation of prognostic factors and macrometastasis at the first
diagnosis.
Material and Methods: Bone marrow samples were obtained from 52 breast cancer patients and 16 control patients via
aspiration from the iliac spine at the time of first diagnosis after the surgery. Epithelial cells were identified with anti-
cytokeratin monoclonal antibody, and double-staining with propidium iodide and CD45using flow cytometry.
Results: In all, 2 (12.5%) of the 16 control patients and 11 (21%) of the 52 breast cancer patients had cytokeratin-18
positive cells in their bone marrow. A relationship between the presence of occult metastatic cells in bone marrow, and
the presence/absence of lymph node metastases, tumor size, stage, menopausal status, hormone receptor status,
histological grade, c-erb-B2 expression, tumor subtype, lymphovascular invasion, Ductal carcinoma in situ (DCIS)
component, and gender was not observed. Significant positive relationships were observed between bone marrow
micrometastasis, and age, and bone, bone marrow, lung, and liver metastases.
Conclusion: Bone marrow micrometastasis was associated with age, bone, bone marrow, lung, and liver metastases at
the time of diagnosis..
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OZET

Amag: Bu calismanin amaci, flow sitometri ile gdgus kanseri hastalarinda mikrometastazlarin belirlenmesi igin kemik
iligi analizi yapilmasi ve bulgularin ilk tanidaki prognostik faktorler ve makrometastazlar ile korelasyonur.

Materyal ve Metod: Kemik iligi érnekleri 52 gbégus kanserli hasta grubu ve 16 kontrol grubunun iliyak omurundan
aspirasyonla alindi. Epitel hiicreleri flow sitometrisi kullanilarak propidyum iyodiir ve CD45 ile birlikte anti-sitokeratin
monoklonal antikor ve ikili boyama ile tanimlandi.

Bulgular: Toplamda, 52 g6gus kanseri hastasinin 11 (% 21)'inde ve 16 kontrol grubunun 2 (%12.5)'sinde kemik iliginde
sitokeratin 18-pozitif hicreleri vardi. Kemik iliginde gizli metastatik hlcrelerin varligi, ve lenf nodu metastazinin
varligi/yoklugu, timérin boyutu, evresi, menopozal durumu, hormon reseptdér durumu, histolojik derecesi, c-erb-B2
ifadesi, timor altgrubu, lenfovaskiler ndbet, Duktal karsinomanin tamamlayici bileseni (DCIS), ve cinsiyet arasinda bir
iliski g6zlenmedi. Yas, kemik, kemik iligi, akciger ve karaciger ile kemik iligi mikrometastazi arasinda anlamli pozitif bir
iliski oldugu g6zlemlendi.

305



Akin et al.

Cukurova Medical Journal

Sonug: Tani sirasinda yas, kemik, kemik iligi, akciger ve karaciger metastaziyla kemik iligi mikrometastazlari

iligkiledirildi.

Anahtar Kelimeler: Kemik iligi; gégus kanseri; sitokeratin; flow sitometri; metastaz.

INTRODUCTION

Disseminated tumor cells are regarded as a
surrogate for early metastatic spread of disease.
These cells can be detected in bone marrow
aspirates, lymph nodes and peripheral blood,
where we refer to them as circulating tumor cells.
The risk of distant metastases is correlated with
prognostic factors such as the size of the primary
tumor, axillary lymph node involvement, and
primary tumor markers in patients with operable
breast cancer. Some factors, such as tumor size,
HER2 positivity, hormone receptor status,
lymphovascular invasion, and high histological
grade, have been used to determine the need for
systemic treatment and the risk of recurrence in
patients with negative axillary lymph nodes™?. New
prognostic factors and novel techniques are
needed to more accurately determine the
prognosis. The present study aimed to determine
the prevalence of bone marrow micrometastasis, in
52 stage I|-IV breast cancer patients at the time of
diagnosis. We investigated the relationship
between the presence of cytokeratin-positive cells
in bone marrow, and conventional
clinicopathological prognostic factors such as age,
menopausal status, tumor size, and lymph node
involvement) and immunohistochemical markers.

MATERIAL and METHODS

This prospective study began in 2007 to 2009.
The study included 40 stage I-lll breast cancer
patients, and 12 stage IV breast cancer patients. A
total of 52 patients - 20 with negative axillary lymph
node metastases, 20 with positive axillary lymph
node metastases, and 12 with bone, bone marrow,
liver, lung, or cerebral metastases-were included in
the study. Bone marrow aspiration was performed
to the patients after diagnosis and before the
treatment. All patients had chest X-ray, abdominal
ultrasound, and whole-body bone scans in order to
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investigate distant metastasis. The patients were
informed about the procedure and each provided
informed consent. The patients were staged
according to American Joint Committee on Cancer
(AJCC) 2002 criteria, based on tumor size (T),
lymph node status (N), and distant metastases (M).

Patient age, gender, tumor size, number of
metastatic axillary lymph nodes, stage, tumor
subtype, histologic  grade, presence  of

lymphovascular invasion and carcinoma in situ,
estrogen (ER) and progesterone receptor (PR)
status, c-erb-B2 expression, menopausal status,
and the locations of metastases were recorded.
Preparation of bone marrow

Bone marrow aspiration was performed under
local anesthesia and sterile conditions and aspirate
was obtained from the iliac spine. An incision was
made using a scalpel before aspiration in order to
prevent contamination from the skin, and the initial
0.5 cc of aspirated bone marrow was discarded.
On average, 9 cc of bone marrow was aspirated
from each patient and was placed into 2 different
tubes that contained ethylene diamine tetraacetic
acid (EDTA).The material was frozen with DMSO
(Dimethyl Sulfoxide) and stored at -80°C. Before
use the material was melted in hand and 10% PBS
containing fetal bovine serum was added, and then
centrifuged at 400 rpm for 10 min. The supernatant
was removed and washed with 10% PBS
containing fetal bovine serum at 400 G. This
procedure was performed 3 times and DMSO was
removed.
Flow cytometric analysis

After removal of DMSO, 70% alcohol was
added dropwise to a portion of bone marrow
material, and then was stained with FITC-
conjugated cytokeratin 18 monoclonal antibody at
4°C (Abcam, Cambridge, USA). The antibody was
diluted to 1/20 with PBS and 10 pL of antibody was
added for each 100 pL of sample. After again
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washing with PBS, the DNA content was stained
with propidium iodide (PI) containing RNAse®.
Another portion of the bone marrow that was not
fixed was stained superficially with CD45 and
intracellularly with CK18, and then analyzed using
flow cytometryg. Intracellular ~ staining  was
performed for cytokeratin 4, 6, 8, and 10, and
superficial staining was performed for CD24,
CD44, CD45, and EpCAM. At least 10° cells were
analyzed in each patient. The samples were
analyzed using BD FACSCalibur™ flow cytometry
(Becton Dickinson, NJ, USA). Pl negative-
cytokeratin 18 positive and in the other group,
CD45 negative-cytokeratin 18 positive cells were
regarded as micrometastatic tumor cells. Non-
specific staining and falsely stained debris were
regarded as negative. Normal bone marrow
samples obtained from 16 patients with leukemia
and lymphoma in remission were included in the
study as the control group. CD44, CD24,
cytokeratin 4, 6, 8, and 10, and EpCAM
monoclonal antibodies were analyzed using flow
cytometry in the patients that had cytokeratin 18-
positive bone marrow.

Statistical analysis

All

(Statistical

data were analyzed
Package for Social
Windows v.12.0. Stepwise multivariate Cox
regression was performed analyze the
relationship with other prognostic factors in
patients with and without micrometastases. The
chi-square test was employed to determine the
relationship between micrometastasis and each
tested variable. P values < 0.05 were regarded as

statistically significant.

using SPSS
Sciences) for

to

RESULTS

The study included 52 patients; The
demographic, clinical, and tumoral characteristics
of the patients are presented in Table 1.

There was bone marrow metastasis in 11
(22%) of 50 female patients but none in males.
Median age of the patients  without
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micrometastases in their bone marrow was 45
years (range: 27-82 years) Median tumor size was
4 cm patients with bone marrow micrometastases,
whereas median tumor size was 2.5 cm (range:
0.5-10 cm) in the patients without bone marrow
micrometastases. The median number of
metastatic lymph nodes was 1 (range: 0-34) and
versus a median number of metastatic lymph
nodes of 2 (range: 0-16) in the patients without
bone marrow micrometastases.

Among the 11 patients with bone marrow
micrometastases, the primary tumor subtype was
invasive ductal carcinoma in 10 (90%) and
invasive lobular carcinoma in 1 (1%). Among the
patients without bone marrow micrometastases, 33
(80%) had the invasive carcinoma tumor subtype,
3 (7.3%) had the invasive lobular carcinoma
subtype, 1 (2.4%) had the mucinous carcinoma
subtype, and 4 (10%) had other tumor subtypes.
Among the patients with bone marrow
micrometastases, 1 (9%) had stage | disease, 4
(36%) had stage I, 1 (9%) had stage lll, and 5
(46%) patients had stage
micrometastases were observed in 1 of the 12
(8.3%) patients with stage | disease, 4 of the 20
(20%) with stage IlI, 1 of the 8 (12.5%) with stage
Ill, and 5 of the 12 (41.6%) with stage IV. Median
ER positivity was 30% (range: 0%-100%) in the
patients with bone marrow micrometastases, while
these value was 80% (range: 0%-100%) in those
without bone marrow micrometastases.

Median PR positivity was 0% (range: 0%-

IV. Bone marrow

95%) in the patients with bone marrow
micrometastases, versus 30% (rang: 0%-100%), in
the patients without bone marrow

micrometastases. Bone marrow micrometastases
were observed in 2 of thel6 c-erb-B2-negative
patients. In all, 3 of the 6 patients that were c-erb-
B2 (+)-positive, 1 of thel2 patients that were c-erb-
B2 (++)-positive, and 5 of the 18 patients that were
c-erb-B2 (+++)-positive had micrometastases in
their bone marrow. In total, 2 of the 4 (50%)
patients with histologic grade 1 tumors, 3 of the 22
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patients with histologic grade 2 tumors (13.6%),
and 6 of the 26 (23.1%) patients with histologic
grade 3 tumors had micrometastases in their bone
marrow. In total, 6 of the 32 (18.8%) patients with
lymphovascular invasion and 5 of the 20 (25%)
patients without lymphovascular invasion had bone
marrow micrometastases. In all, 5 of the 25 (20%)
patients that had a ductal carcinoma in situ (DCIS)
component in their primary tumors and 6 of the 27
(22.2%) patients that did not had micrometastases
in their bone marrow. Micrometastatic cells were
identified using flow cytometry in 100% of the
patients with bone marrow micrometastases that
were identified immunohistochemically.
Micrometastases were noted in 9 of the 50 (18%)
patients without bone marrow metastases. Bone
marrow micrometastases were observed in 3 of the
5 patients (60%) with liver metastases and in 8 of
the 47 (17%) patients without liver metastases.
Bone marrow metastases were observed in 1 of
the 3 (33.3%) patients with cerebral metastases
and in 10 of the 49 patients (20.4%) without
cerebral metastases. Both patients with lung
metastases (100%) and 9 of the 50 (18%) patients
without lung metastases had bone marrow
micrometastases. Bone marrow micrometastases
were noted in 5 of the 10 (50%) patients with bone
metastases and in 6 of the 42 (14.3%) without
bone metastases.

According
relationship
micrometastases, and tumor size, gender, the
number of metastatic lymph nodes, menopausal
status, histologic grade, ER, PR, c-erb-b2 status,
tumor subtype, stage, lymphovascular invasion,
and a DCIS component was not statistically
significant (p=0.455, p=0.092, p=0.843, p=0.144,
p=0.247, p=0.1, p=0.155, p=0.147, p=0.377,
p=0.227, p=0.591, and p=0.455, respectively)

The relationship between bone marrow
micrometastasis, and age, bone marrow
metastasis, bone metastasis, liver metastasis, and
lung metastasis was statistically significant
(p=0.036, p=0.005, p=0.013, p=0.025, and

to multivariate analysis, the

between bone marrow
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p=0.005, respectively), while its relationship with
cerebral metastasis was not (p=0.595). The
prevalence of bone marrow micrometastasis, with
respect to clinical variables, is shown in Table 2.

DISCUSSION

Bone marrow micrometastasis (also named
disseminated tumor cells (DTC) minimal residual
disease(MRD), tumor cells isolated from bone
marrow) can be defined as microscopic metastatic
deposits of tumor cells that disseminated from the
primary tumor to distant organs™****.

Bone marrow is considered to be the
organ most frequently with
micrometastatic cells that stem from the primary
tumor. These cells may remain in GO phase for
years before they give rise to skeletal metastasis
or pass into systemic circulation and cause distant
metastasis®.

Studies that have used immunocytochemical
methods show that DTC in bone marrow is an
independent indicator of total and disease-free
survival, and is a prognostic factor indicating a
poor prognosis®*>*®. On the other hand, other
studies have not observed a relationship between
DTC in bone marrow and prognosis™®%.

As these cells are present in small numbers
or individually in the lymph nodes, blood, and bone
marrow, immunocytochemical, flow cytometric, and
molecular methods have been developed to
identify them®?*?%, Flow cytometry is superior to
immunocytochemical and other molecular methods
due to its ability to determine ploidy status, to
differentiate apoptotic cells and dead cells, and to
objectivity count many cells rapidly. Flow cytometry
was used in the present study due to its ease of
use in the daily practice.

The meta-analysis by Braun et al showed that
micrometastasis ratio is correlated by tumor size
(T) (p<0.001)™. The relationship between tumor
size and bone marrow micrometastasis was not
statistically significant according to multivariate
analysis (p=0.092) in our study. The meta-analysis
showed that.26.4% of patients with NO nodes, 30%

involved
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of those with N1 nodes, 39.4% of those with N2
nodes, and 50% of those with N3 nodes had bone
marrow micrometastases (p=0.001)[16]. In the
present study, the relationship between the
number of the metastatic lymph nodes and bone
marrow micrometastasis was not statistically
significant (p=0.843). Reported that the rate of
bone marrow micrometastasis was 34.8% in their
20-35-year-old age group, 33.3% in their 36-50
year-old age group, 29.5% in their 51-65 year-old
age group, and 27.8% in their patients >65 years
of age (p=0.001)". The present study shows that
there was a statistically significant relationship
between age and bone marrow micrometastasis,
based on multivariate analysis (p=0.036).

The rate of bone marrow micrometastasis
was 32.7% in premenopausal patients and 29.5%
in postmenopausal patients (p=0,02) and bone
marrow micrometastasis incidence rate of 34.5% in
receptor-negative patients, versus 29.5%
receptor-positive  patients  (estrogen  and/or
progesterone) (p=0.003) in the metaanalyses
reported by Braun et al[3]. When all the patients in
the present study were analyzed, 4 of 28 (14.3%)

in

premenopausal and 7 of 22 (31.9%)
postmenopausal patients had bone marrow
micrometastases. The relationship  between
menopausal status and bone marrow
micrometastasis was not statistically significant
(p=0.144).

The relationship between bone marrow

micrometastasis and ER status was not statistically
significant (p=0.1). Additionally, there wasn't a
statistically ~ significant  relationship  between
progesterone receptor status and bone marrow
micrometastasis (p=0.155).

C-erb-B2 over expression by micrometastatic
cells in bone marrow is a predictor of poor outcome
[18,24, 25]. In the present study 2 of 14 (14.2%) c-
erb-B2-negative patients, 3 of 6 (50%) c-erb-B2
(+)-positive patients, 1 of 11 (9%) c-erb-B2 (++)-
positive patients, and 5 of 18 (27.7%) c-erb-B2
(+++)-positive  patients had bone marrow
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micrometastases when all the patients were
analyzed; however, the relationship between c-erb-
B2 and bone marrow micrometastasis was not
statistically significant (p=0.147).

The rate of micrometastasis was 30.7% in the
patients with invasive ductal carcinoma (IDC)
subtype, 31.4% in patients with invasive lobular
carcinoma (ILC) subtype, 24.8% in patients with
mixed subtype, and 47.8% in patients with
inflammatory subtype in the meta-analysis
published by Braun et al. (p=0,08) [15]. When all
of our patients were analyzed, 10 of 43 (23.2%)
patients with IDC subtype and 1 of 4 (25%) with
ILC had bone marrow micrometastases, whereas 3
patients with mixed subtype and 1 patient with
mucinous carcinoma did not have bone marrow
micrometastases. Based on the present study’'s
multivariate analysis, the relationship between
tumor subtype and bone marrow micrometastasis
was not statistically significant (p=0.377).

The meta-analysis published by Braun et al.
evaluated stage I-lll patients and reported that the
rate of micrometastasis increased as tumor stage
increased™. Bidard et al. immunocytochemically
investigated bone marrow micrometastasis in 138
patients with distant metastases and reported that
bone marrow micrometastasis was observed in
59% of their patients®®. In the present study the
relationship between tumor stage and bone
marrow micrometastasis was not significant, based
on multivariate analysis (p=0.227)..

Braun et al.’s meta-analysis reported that the
rate of bone marrow micrometastasis was 22.5%,
29.9%, and 34.5% in patients with histologic grade
1, grade 2 and grade 3 tumors, respectively
(p<0.001). The relationship between histologic
grade and bone marrow micrometastasis was not
statistically  significant the present study
(p=0.247).

Positive correlations were reported between
bone marrow micrometastasis, and tumor size,
axillary lymph node involvement, the presence of
lymphovascular invasion, c-erb-B2 expression, and

in
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ER/PR®®. When we evaluated all of our patients,
we observed bone marrow micrometastasis in 5 of
20 (25%) patients without lymphovascular invasion
and 6 of 32 (18.75%) with Iymphovascular
invasion. The relationship between lymphovascular
invasion and bone marrow micrometastasis was
not statistically significant (p=0.591).

The presence of DCIS is strongly related to c-
erb-B2 and p53 positivity in primary tumors?’ .
Among the 12 metastatic (stage V) patients, bone
marrow micrometastases were observed in 3 of 5
(60%) patients with a DCIS component and in 2 of
7 (28.5%) patients without a DCIS component.
When all patients were analyzed, 5 of 25 (20%)
patients with a DCIS component and 6 of 27
(22.2%) patients without a DCIS component had
bone marrow micrometastases. The relationship
between DCIS and bone marrow micrometastasis
was not statistically significant (p=0.591).;

Different studies were reported about the
correlation between metastatic disease and
micrometastasis®?°. Bidard et al. reported that
among 138 patients with distant metastasis, 41 of
62 (66%) with liver metastases and 53 of 76 (69%)
without liver metastases had bone marrow
micrometastases (the difference between the
groups was not statistically significant)®®>. A
statistically significant relationship was observed
between liver metastasis and bone marrow
micrometastasis (p=0.025),but the relationship
between cerebral metastasis and bone marrow
micrometastasis was not statistically significant
(p=0.595),No studies have investigated the
relationship between lung metastasis and bone
marrow micrometastasis. In the present study both
patients with lung metastases (100%) and 9 of 50
(18%) patients without lung metastases had bone

marrow micrometastases. We observed a
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statistically significant relationship between lung
metastasis and bone marrow micrometastasis
(p=0.005).

We noted bone marrow micrometastases in
21.1% of the patients in the present study. Braun
et al. reported that the rate of bone marrow
micrometastasis was 30.6% in their meta-analysis.
This study observed that the patients with
micrometastases had larger primary tumors, higher
histologic grades, and more Iymph node
metastases, and that their tumors were mostly
negative for hormone receptors. Total and breast
cancer-specific survival among the patients with
bone marrow micrometastasis were significantly
shorter (univariate mortality rate: 2.15 and 2.44,
respectively; p<0.001 for both)'®. Bidard et al.

reported that the rate of bone marrow
micrometastasis was 59% in patients with distant
metastases; however, they did not note a

relationship with the prognosis®.

Determination of early metastatic disease
before it becomes manifest, elucidating the
mechanisms that play a role in the dormancy
phenomenon, and defining molecular mechanisms
and interactions should provide more accurate and
clinically beneficial data for use in the field of
medical oncology. Development of new drugs that
eradicate residual disease or control its growth,
and use of  antibody-based treatments,
independent of the cell cycle, in combination with
standard chemotherapy are promising therapeutic
options.
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Table 1. General characteristics of the patients.

Bone Marrow Micrometastasis in Breast Cancer

Parameters Number (%)
IAge groups <50 32 (61.5)
>50 20 (38.5)
Pre 23 (44)
Menopausal status Post 27 (56)
Male 2 (4)
Gender Female 50 (96)
Ty 21 (40.5)
. T2 24 (46)
[;Tumor size T 6 (11.5)
Ts 1(2)
. IAbsent 22 (42.5)
Lymph node metastasis bresent 30 (57.5)
No 22 (42.5)
. N1 9 (17)
IThe number of metastatic lymph nodes N, 11 (21)
N3 10 (19.5)
I 12 (23)
Il 20 (38.5)
Stage I 8 (15.5)
v 12 (23)
iDK 43 (82.5)
, iLK 4 (7.5)
ITumor histopathology MUGINoUS 1(2)
Other 4 (8)
Negative 12 (23)
Estrogen receptor (ER) Positive 40 (77)
Negative 18 (34.5)
Progesterone receptor (PR) Positive 34 (65.5)
0 16 (31)
1+ 6 (11.5)
c-erb-B2 by 12 (23)
3+ 18 (34.5)
1 4 (8)
Grade 2 22 (42.5)
3 26 (49.5)
Lymphovascular invasion Negative 20 (38.5)
ymp Positive 32 (61.5)
IAbsent 27 (52)
DCIS component bresent o5 (48)
LN (=) group 25%
Rate of micrometastasis LN (+) group 5%
Metastatic group 41.7%
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Table 2. The prevalence of bone marrow micrometastasis according to clinical variables.

Clinical variable Total number |Patients with bone marrow |Patients without bone marrow [P
of patients micrometastasis micrometastasis
IAge (years) 0.036%
20-35 7 1 6
36-50 26 2 24
51-65 15 6 9
>65 4 3 1
Tumor size 0.092
Tl 21 2 19
T2 24 8 18
T3 6 0 6
T4 1 1 0
Lymph node metastasis 0.843
NO
N1 22 5 17
N2 9 1 8
N3 12 2 10
11 3 8
Menopausal status 0.144
Premenopausal
Postmenopausal 28 4 24
22 7 15
Histologic grade 0.247
1 4 2 2
2 22 3 19
3 26 3 23
Estrogen receptor 0.1
Positive
Negative 40 6 34
12 5 7
Progesterone receptor 0.155
Positive
Negative 35 4 31
17 7 10
c-erb-b2 0.147
0 14 2 12
+ 6 3 3
++ 11 1 10
+++ 18 5 13
Tumor subtype 0.377
IDC 43 10 33
ILC 4 1 3
Mucinous 1 (0] 1
Mixed 3 0 0
Stage 0.227
| 12 1 11
Il 20 4 16
I 8 1 7
Y 12 5 7
Lymphovascular 0.591
invasion
Positive 32 6 26
Negative 20 5 15
DCIS component 0.591
Positive 25 5 20
Negative 27 6 21
Gender 0.455
Male 2 0 2
Female 50 11 39
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Bone marrow 0.005%
metastasis
Positive 2 2 0
Negative 50 11 39
Bone metastasis 0.013%
Positive
Negative 10 5 5
42 6 36
Liver metastasis 0.025%
Positive 5 3 2
Negative 47 8 39
Lung metastasis 0.005%
Positive 2 2 0
Negative 50 9 41
Cerebral metastasis 0.595
Positive 3 1 2
Negative 49 10 39
*Statistically significant.
IDC: invasive ductal carcinoma
ILC: invasive lobular carcinoma
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