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Abstract Background and aims:
Despite the use of radical locore-
gional therapeutic methods and al-
though conventional methods of di-
agnosis give no indication of metas-
tases at the time of operation, distant
metastases develop in approximately
50% of carcinoma patients within
5 years. While local relapses after
the R0 resection of solid tumors are
mainly a matter of concern for the
surgeon, distant metastases can be
traced back to the systemic dissemi-
nation of tumor cells at the time of
operation. Patients/methods: A pro-
spective study is presented in which
145 patients suffering from colon
carcinoma were analyzed for the
prognostic relevance of isolated dis-
seminated tumor cells detected in the
bone marrow (IDT BM). The pa-
tients were operated on between
1993 and 1997 and subsequently ob-
served until 1999. Results: The
monoclonal antibody A45-B/B3 was
used with the immunocytochemical
standard method for detecting IDT
BM. For the purpose of cell cultiva-
tion, the cells were marked with the
HEA-125 antibody and separated by

means of magnetic cell sorting
(MACS). Conclusion: In this investi-
gation the presence of isolated dis-
seminated tumor cells, as indicated
by the A45-B/B3 antibody, proved to
be an independent prognostic factor
for survival time. The risk of an ear-
lier death increased in node-negative
and metastases-free patients with the
detection of IDT BM by a factor of
12.60. The detection of IDT BM also
represented an independent prognos-
tic factor for the time until advance-
ment of the tumor. The risk of an
earlier relapse increased with the de-
tection of disseminated tumor cells
in the bone marrow containing the
A45-B/B3 antibody by a factor of
18.02. A generally acknowledged
standardization of the method is de-
sirable. Due to the importance of the
independent prognostic IDT BM fac-
tor, this method of ascertaining the
pathological stage should be estab-
lished at institutions of higher learn-
ing.
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Introduction

Despite the use of radical locoregional therapeutic meth-
ods and although conventional methods give no indica-
tion of metastases at the time of operation, distant metas-
tases develop in approximately 50% of carcinoma pa-
tients within 5 years [12]. While local relapses after the

R0 resection of solid tumors are mostly a matter of con-
cern for the operating surgeon, distant metastases can be
traced back to the systemic dissemination of tumor cells
at the time of operation [14].

Following intensive testing of various detection meth-
ods for “minimal residual disease,” the generally accept-
ed term isolated disseminated tumor cells in bone mar-
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row (IDT BM) was coined [12]. The International Union
Against Cancer (UICC) acknowledged this by introduc-
ing an M1(i) stage [27].

Immunocytochemical analysis, which various re-
search groups have been developing for over 10 years,
has also been validated in terms of its clinical relevance
[1, 2, 4, 12, 14,21]. At present, this analysis is regarded
as the standard method for detecting occult, early dis-
semination of solid tumor cells [12,14]. Large-scale mi-
croscopic screening of large amounts of cytological
preparations can be simplified by an automatic analysis
of the marked cells with the help of an image analysis
system which has been developed by several firms and is
presently being tested clinically [14].

An increasing number of publications report on the
application of polymerase chain reaction (PCR) for de-
tecting isolated disseminated tumor cells of epithelial tu-
mors [28,29]. However, the data thus far available do not
suggest that the sensitivity of PCR is any higher than
that of the immunocytological method. Moreover, using
PCR analysis means that the possibility of characterizing
morphology and phenotype is lost. In addition, the prog-
nostic significance of disseminated tumor cells identified
by PCR has not yet been sufficiently backed up by rele-
vant data [12,24]. Using this complicated and expensive
tool as a screening method is almost out of the question
today because of financial pressures.

An alternative to the analysis of large volumes of sam-
ples is tumor cell concentration using “magnetic cell sort-
ing” (MACS) methods [12]. Several studies have shown
that IDT BM represent a prognostic deterioration of afflict-
ed patients. However, the results are still contradictory as
regards lymph glands and there are too few data as regards
peritoneal lavage and venous blood [1, 2, 6, 7, 12,25]. The
goal of our prospective, 6-year on-going study is to com-
pare the rating of IDT BM with established prognosis fac-
tors so as to develop recommendations for treatment.

Patients and methods

Patients and sampling method

We present details of a prospective study involving 145 patients
with colon carcinoma in any stage who were operated on between
1994 and 1997 and who were subsequently observed until 1999
(mean observation time was 39 months, range 12–62 months). A
total of 22.1% (n=32) of the patients subsequently received a bone
marrow biopsy. We used the UICC’s 1993 TNM classification of
malignant tumors to classify the different stages [26].

The average age of the patients was 64.5 years. , Curative sur-
gery was performed in 116 (80%) and palliative surgery in 29
(20%) patients with malignant tumors. In cases of distant metas-
tases surgery was carried out in 18 (12.4%) patients and a local tu-
mor R2 resection was carried out in 11 (7.6%) patients. Punch bi-
opsy of the iliac crest was taken on both sides using the customary
method under general anesthesia immediately after the operation
as well as under local anaesthetic for the subsequent biopsy, when
5 ml of aspirate was drawn.

Immunocytochemistry

We used a diffused immunocytochemical double marking [1, 11,
15, 17,22]. In the course of four cytocentrifugation steps, we sepa-
rated the cells from the bone marrow aspirate using Ficoll-Paque
density centrifugation and made a cytospin preparation. We ad-
justed the cell concentration in order to have 100,000 cells per mi-
croscope slide. Five slides were prepared for each punch biopsy of
the iliac crest; thus, 1 million cells per patient could be analyzed.
At the beginning of the coloration process, we incubated the cyto-
spin with a 10% AB serum in order to block any unspecific bond-
ing sites. Immunocytological identification was achieved using an
epithelial cell detection kit (EPIMET, Mikromet GmbH/Baxter
Deutschland GmbH, Germany), which contains a monoclonal pan-
cytokeratin antibody against A45-B/B3. Following cytocentrifuga-
tion, the cells are incubated with fixation solutions A and B; the
prepared antibody solution is then added and the microscope
slides are colored. Two independent researchers examined the cell
preparations using transmitted light microscopy. At 200× and
400× magnification, strong red colored cytokeratin-positive cells
could easily be identified and counted (Fig. 1).

For quality control, we conducted a negative control without
antibodies, a positive control of the coloration, and a positive con-
trol using a series of tumor cell cultures. Fifty-one patients without
detectable carcinoma were examined for IDT BM using the same
method. None of these patients showed IDT BM with the A45-
B/B3 antibody.

For in vitro cell separation of viable tumor cells, we drew 10 ml
of venous blood and separated the cells using cytocentrifugation
and Ficoll-Paque density centrifugation. We employed human epi-
thelial antigen (HEA-125) MicroBeads (Milteny Biotec) to mark
the cells. These are colloidal supramagnetic MACS MicroBeads
conjugated with monoclonal mouse anti-human epithelial HEA-
125 antibodies: isotype Mouse IgG1. MACS separation columns
(capacity 2–10 µl) were used; three runs were carried out in each
case. Specificity was increased using the FcR blocking reagent
from Milteny Biotec. The reagent blocks the bonding of cells ex-
pressing human FcR receptor, e.g., monocytes and macrophages.

Statistical analysis

The following statistical procedures were used for the evaluations:
the Wilcoxon test, chi-square test, Fischer’s exact test, the Kaplan-
Meier-Schätzer test, log rank test and Cox regression [3].

The present study is descriptive in character, i.e. the results
should be regarded as a description because of the multitude of
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Fig. 1 Cytokeratin positive cells with the A45-B/B3 antibody



tests carried out on one and the same data set. Thus, the problem
of multiple testing arises, which can be circumvented by adjusting
the levels of significance. Each test delivers a significant finding
only when the P value is less than 0.05 per number of tests. There-
fore, with 10 tests, each individual test is only significant if
P<0.005. The total probability of error then remains at 5%. Only
major significant effects can be proven in this manner; significant
tests should be seen as expected tendencies, not as statistical
proof. Interesting phenomena can thus be filtered out.

Results

Description of the data

A total of 24.8% (36/145) of the patients were cytokera-
tin positive with the A45-B/B3 antibody. There were no
noticeable differences between sides of the iliac crest as
regards cytokeratin positivity. In patients who were cyto-
keratin positive, 1–20 – in one case even 500 – cytokera-
tin-positive cells were detected out of 106 mononuclear
cells. 

Simple statistics

Median comparisons and correlation analysis

Administration of the A45-B/B3 antibody did not prove
any evident correlation between tumor size (pT), lymph
node involvement (pN), distant metastasis (M), and cyto-
keratin positivity.

Univariate analysis of survival time

For univariate analysis, parameters for the multivariate
Cox analysis are pre-selected. With the A45-B/B3 anti-
body, there was a correlation between cytokeratin posi-
tivity and survival time and also with the time until tu-
mor progression. The correlation between the conven-
tional prognostic factors and the (relapse-free) survival
time is represented in Table 1. Selected survival curves
for time to progression of tumor and survival time for
cytokeratin-positive vs cytokeratin-negative patients can
be seen in Fig. 2. 

Multivariate analysis of survival time (Cox regression)

Distant metastases (M), lymph node (pN) status, and
tumor size (pT) were taken for multivariate analysis.
The analysis was carried out for the whole group first.
In the second step, risk assessments were made accord-
ing to the IDT BM for the R0, pN0, and M0 patient
groups.

In this investigation, the detection of IDT BM cells
using the A45-B/B3 antibody, the detection of lymph
node metastases, and the detection of distant metastases
represented independent prognostic factors for the sur-
vival time and for the time until tumor progression (Ta-
ble 2). The other factors examined did not have this
prognostic relevance. The risk of an earlier death in-
creased with the detection of cytokeratin-positive cells
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Table 1 Univariate analysis of survival time

Influence of factor Survival Time to progression
A45-B/B3 positivity 0.0058 <0.001

pT 1–2/2–3 <0.001 <0.001
pN 0/1–2 <0.001 <0.001
M 0/1 <0.001 <0.001
R 0/2 <0.001 <0.001
Age (division on median) 0.0367 0.0116

Fig. 2 Survival curves for (a) cytokeratin-positive vs (b) cytoker-
atin-negative patients



in bone marrow by a factor of about 1.2–4.3 [confidence
interval (CI)] compared with cytokeratin-negative pa-
tients; with the detection of lymph node metastases at
the time of operation, it increased about 1.3 to 7.6 com-
pared with node-negative patients; and with the detec-
tion of distant metastases at the time of operation, it in-
creased about 2.8 to 11.9 compared with metastasis-free
patients.

The risk of experiencing a tumor relapse earlier in-
creased with the detection of IDT BM with the A45-
B/B3 antibody by about 2.8–8.1 compared with cytoker-
atin negative patients; with the detection of lymph node
metastases at the time of operation, it increased about
1.6 to 5.9 compared with node-negative patients; and
with a distant metastases at the time of operation, it in-
creased about 2.4 to 7.8 compared with metastasis-free
patients.

Analysis of the R0, pN0, and M0 patient groups gave
an increase in risk of 18.0 (3.7–86.9 for CI 95%) for
time to progression and of 12.6 (1.3–121.7 for CI 95%)
for survival (stratification: age, tumor size).

Additional investigations

Follow-up biopsy of patients examined at the time of op-
eration for IDT BM. A control puncture biopsy was car-
ried out during the follow-up examination period using
the same method on 32 (19.2%) of the 167 patients ex-
amined at the time of operation. With the A45-B/B3 an-
tibody, disseminated tumor cells were not detectable in
65.6% (n=21) of the patients but were detectable in
34.4% (n=11) . Convincing statistical calculations cannot
be made because of the limited number of cases.

A quantitative analysis of the follow-up puncture bi-
opsies showed six cases of tumor progression in A45-
B/B3-positive patients; however, five patients remained
tumor-free.

Comparison of the initial and multiple follow-up bi-
opsies with respect to quantitative cytokeratin positivity
shows a correlation with the clinical development in the
majority of cases.

In vitro cell separation of IDT BM and viable tumor cell
cultures. Disseminated tumor cells from the venous
blood of seven patients with metastatic colorectal carci-

nomas were marked by the monoclonal HEA-125 anti-
body and were isolated and accumulated usingMACS.
After 7 days, growth of tumor cells was ascertainable,
which later stagnated (Fig. 3).

Discussion

In addition to the newer methods for detecting “minimal
residual disease”, such as reverse transcription (RT) PCR
[28,29], the immunocytochemical detection of IDT BM
using monoclonal antibodies is currently considered the
standard method [12, 13,14]. The antibodies we used
against A45-B/B3 have been tested and acknowledged to
be useful for detection purposes [1, 4, 14,22]. We prefer
the A45-B/B3 antibody because of the higher specificity
described in the literature. Conjugates in which the alkali
phosphatase is directly bonded to the antigen-bonding
fab fragment of the primary antibody, such as the A45-
B/B3 antibody (epithelial cell detection kit), raise the
specificity and simplify the implementation of the meth-
ods [1,13]. Moreover, a direct comparison between the
studies is not possible because other monoclonal anti-
bodies (17-1A) and antimuzin antibodies (RA96) [6,7]
have been used in addition to the CK II antibody. A stan-
dardization of the method is needed to simplify this
problem in the future.
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Table 2 Multivariate analysis of survival time

Influence of factor Survival Time to progression

P-value 95% confidence interval P-value 95% confidence interval

A45-B/B3 positivity 0.0090 1.2–4.3 <0.001 2.8–8.1
Lymph node –metastases (pN0/pN positive) 0.0088 1.3–7.6 <0.001 1.6–5.9
Distant metastases (M0/1) <0.001 2.8–11.9 <0.001 2.4–7.8

Fig. 3 Carcinoma cell cultures from the venous blood of a patient
with metastatic colorectal carcinoma after 7 days



Twenty-five per cent of patients were found to be
cytokeratin positive with the A45-B/B3 antibody. Using
immunocytochemical methods, Schlimok et al. [21] es-
tablished the presence of IDT BM in about 30% of pa-
tients with metastasis-free colorectal carcinomas,
whereas Pantel and Riethmüller [15] established the
presence of IDT BM in 27% of M0 patients and in 39%
of M1 patients, respectively, depending on the stage. In
a meta-analysis of 20 studies of all types of carcinoma,
these cells were found, on average, in 35% of patients
[5].

Our analysis showed no relation between cytokeratin
positivity and the pT, pN, and M stage. Most of the au-
thors who have dealt with this detection method saw a
clear correlation with tumor stage, lymph node involve-
ment, and distant metastases, and also partially to grad-
ing and depth of the invasion [1, 2, 4, 6, 7, 14,23].

The conventional prognosis factors show a significant
relationship between survival times and pT, pN, M and
the time until progression of the tumor. These are known
facts and are taken into consideration in the TNM classi-
fication [26,27].

There was a significant relationship between cytoker-
atin positivity and survival time. In accordance with this
fact, Funke and Schraut [5] found a positive correlation
between tumor cell detection and a reduction in the ill-
ness-free interval in 14 of 20 studies in their meta-analy-
sis of 2494 patients from 1980 to 1997 by univariate
analysis. Juhl et al. [6,7] also demonstrated a correlation
with the survival rate of IDT BM-positive patients using
an antibody panel as did Schlimok et al. [21], who ob-
served a significantly shorter survival time for IDT BM-
positive patients. Following a median observation time
of 29.4 months, Broll et al. [1] reported that a relapse or
development of distant metastasis occurred more often
(21%) in patients with IDT BM than in patients without
disseminated tumor cells (10%), even though differences
in the survival time between the two groups could not be
proven statistically.

The detection of IDT BM cells using the A45-B/B3
antibody, lymph node involvement, and distant metastas-
es represent independent prognostic factors in the multi-
variate survival time analysis (Cox regression) for the
survival times and the time until progression of the tu-
mor[3]. The risk of an earlier death increased with the
detection of IDT BM by 1.2 to 4.3; with the detection of
lymph node metastases it increased in similar dimen-
sions – by 1.3 to 7.6 – and with the detection of distant
metastases by as much as a factor of 2.8 to 11.9. The risk
of tumor progressing earlier was highest with the detec-
tion of IDT BM with the A45-B/B3 antibody. With the
detection of IDT BM, the risk increased by 1.6 to 5.9,
with the detection of lymph node metastases by 1.3 to
7.6, and with distant metastases by 2.4 to 7.8. In compar-
ison with the literature, only five of the 11 studies of the
meta-analysis conducted by Funke and Schraut [5]

showed positive bone marrow evidence as an indepen-
dent prognostic factor for a shorter disease-free interval.
Moreover, five out of 12 studies provided univariate evi-
dence, but only two studies provided multivariate evi-
dence that bone marrow involvement is an independent
factor for the overall survival of the patient. Information
concerning the importance of the prognostic IDT BM
factor apart from other factors is otherwise not normally
given [1, 2, 6, 7, 13,22]; however, it is indicative of the
importance of IDT BM detection.

At follow-up biopsy in cytokeratin-positive patients
with the A45-B/B3 antibody six revealed progression of
the tumor, while five remained tumor-free. Thirteen of
the cytokeratin-negative patients were tumor-free and in
eight the tumor had progressed. Nine of the cytokeratin-
positive patients were tumor-free and 16 experienced tu-
mor progression. Six of the cytokeratin negative pa-
tients were tumor-free and in one tumor had progressed.
Cytokeratin positivity was by no means an indicator of
ensuing tumor progression, which was mainly due to the
randomly selected one-time follow-up puncture biopsy
during the first to the third postoperative years. A quan-
titative analysis of the follow-up biopsy and the multi-
ple follow-up biopsies showed predominantly a de-
crease in IDT BM with no tumor and an increase in IDT
BM with tumor progression. Multiple follow-up biop-
sies at various time intervals have been suggested by
some authors as a possible means of monitoring therapy
[18, 19,23]. Investigations conducted by others, in addi-
tion to our own earlier studies [8, 9,10], show a correla-
tion with clinical developments. However, the number
of cases in the group receiving follow-up biopsies was
small. Because of the small group size, no statement can
be made about the influence of adjuvant treatment. At
any rate, the optimization and standardization of detec-
tion methods is a decisive requirement for effective
monitoring.

In the metastasis stage, we isolated tumor cells with
the HEA-125 antibody with the help of MACS and culti-
vated the viable cells. Cell growth stagnated after ap-
proximately 1 week. Data on cultures of tumor cells iso-
lated from venous blood or bone marrow are rather rare;
the aforementioned fact has also been observed by other
authors [14]. A viable cell culture indicates the prolifera-
tive potential of the IDT BM. Atrophy of the isolated tu-
mor cells in culture after some time could perhaps be
traced back to the still not fully developed metastatic po-
tential of these cells and the lack of endogenic factors for
tumor development [20]. An additional therapeutic op-
tion using a cytostatic resistogram for venous blood is
desirable but is not feasible for the reasons mentioned
above.
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Conclusion

Due to the importance of the independent prognostic
IDT BM factor, a standardized method should be estab-
lished at institutions of higher learning for ascertaining
the pathological stages. With accumulating experience, a

decision should be made as to whether patients who
would not normally receive adjuvant additional therapy
because of the stage of their tumor should nevertheless
be advised to undergo an adjuvant therapy simply be-
cause IDT BM have been detected.
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