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Circulating tumor cells (CTCs) are discussed as a new

prognostic marker in metastatic breast cancer. Fifty to 80%

of metastatic patients have circulating tumor cells in the

blood circulation [1–3]. The most currently used approach

for CTC detection is the CellSearchTM system which is an

semiautomated device based on immunofluorescence and

flow cytometry. CTCs are isolated by immunomagnetic

beads coated with antibodies against the epithelial cell

adhesion molecule (EpCAM) and identified by cytokeratin-

positivity, positive nuclear staining and CD 45 negativity.

In contrast to the RT–PCR based approaches (e.g. Adna-

Test), CTCs can be quantified.

Cristofanilli et al. [1] used the first 102 patients (training

set) from a prospective multi-center trial to select a cutoff

point for CTC count to stratify patients into two groups

with good or poor clinical outcome and used the 75 sub-

sequently enrolled patients as a validation set. Aiming for

the clearest separation, thresholds of 1–10,000 CTCs were

systematically investigated in the training set, with pro-

gression-free survival (PFS) as outcome of interest. The

cut-off of 5 cells of 7.5 ml blood resulted in a good sepa-

ration between the two groups in the training and validation

set for PFS and overall survival (OS). Therefore, in clinical

trials (e.g. SWOG S0500) the cut-off of 5 cells is used to

discriminate patients with a poor clinical outcome from

those with good clinical outcome and to modify treatment

decisions.

The approach used in the paper by Cristofanilli et al. [3]

to determine an appropriate cut-off is frequently used in

prognostic studies. Converting continuous variables into

categorical variables and selecting the cut-point that cor-

responds to the most significant relation with prognosis

(‘‘minimum p value approach’’) simplifies statistical anal-

ysis. No assumption about the relationship between the

continuous variable and clinical outcome has to be made

prior analysis. However, dichotomization has several

severe disadvantages [4] including loss of information and

power, uncertainty in defining a suitable cut-point, under-

estimation of the extent of variation in risk, and with only

two groups it is impossible to detect any non linearity in the

relation between the variable and outcome. The ‘‘minimum

p-value approach’’ has the additional disadvantage of

overestimating the size of the effect and resulting in much

too small p-values. Instead of categorizing a continuous

variable, Royston et al. [4] proposed to determine a suitable

functional relationship between a continuous marker and

the outcome. However, considering several cut-points (e.g.

3–5) gives a step function which is often suitable to exhibit

the main information in the data. The cut-off points should

be selected based on biological reasons, methods of

determination and simplicity.

In the current article by Botteri et al. [1] CTCs were

determined in 80 metastatic breast cancer patients by the

CellSearchTM assay. Four categories of CTC values (0

cells, 1–4 cells, 5–20 cells and more than 20 cells) were

defined and then related to progression-free and overall

survival. In addition, a restricted cubic spline regression

model was applied to estimate the functional relationship

between CTC and survival. A non-linear increase could be
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observed in both progression and death with increasing

numbers of CTCs. In a multivariable model adjusting for

CA 15-3, HER2 and type of metastatic sites the risk of

progression and death increased with the increasing num-

ber of CTCs but the increase lessened after 5 cells. For

overall survival, the increase rate became negligible after

approx. 15–20 CTCs. Similar results were obtained in

univariate analyses shown as Kaplan–Meier curves for the

four categories. All these analyses are a step in the right

direction and underline that CTCs probably carry more

than the prognostic information summarized in the two

groups determined by 5 cells as the cutoff.

The difficulty of measuring the continuous marker of

main interest is a further issue of CTC studies. The plateau

which has been reached after five cells cannot be explained

from a biological point of view. This observation may be

due to the detection method of CTCs rather than to bio-

logical observations as discussed by Tibbe et al. [5]. Based

on his assumptions and the statistical analysis, uncertainties

in the blood collection, assay efficiency and the variability

between the readers are responsible for the current

threshold of five CTCs. Elimination of the errors made in

the identification process of CTCs would reduces the CTC

threshold from five to one CTC per 7.5 ml blood based on

his statistical considerations. Therefore, detection of a

single CTC would be an identifier for worse prognosis

independent on the exact number of cells.

Although the study by Botteri et al. [1] exhibits some

interesting new information about the prognostic value of

CTCs, the study also has weaknesses. Considering that the

number of events is the effective sample size, the number

of patients is small (N = 80, 76 events for PFS, 44 events

for OS). Missing values have reduced the sample size

furthermore. In addition, the multivariable model is not

adequately reported. CTCs and the number of positive

lymph nodes are strongly associated, the number of nodes

has a prognostic influence on PFS and OS, but they are not

included in a model estimating the prognostic effect of

CTCs.

These weaknesses present three key points which can be

found in many prognostic studies. First, an insufficient

sample size, second, critical issues when building the

multivariable model and bad reporting as the final point.

Improvements for all three issues are possible. Larger

sample sizes can be achieved by further collaboration,

imputation methods can be used to cope with missing

values [6] and some proposals for multivariable model

building have been reported and should improve the anal-

ysis of prognostic marker studies [7]. The Reporting rec-

ommendations for tumor marker prognostic studies

(REMARK) designed to standardize reporting of prog-

nostic marker studies [8] can be followed to improve the

interpretability and clinical applicability of such studies.
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