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A B S T R A C T

Purpose: We investigated whether serum markers of angiogenesis endothelin-1 (ET-1) and

tissue factor (TF), and/or markers of vascular damage such as circulating endothelial cells

(CECs), or their relative changes during treatment, were prognostic for overall survival (OS)

in castration resistant prostate cancer (CRPC) patients. Additionally, we combined these

markers with circulating tumour cells (CTCs) to construct a predictive nomogram for treat-

ment outcome.

Patients and methods: One hundred and sixty two CRPC patients treated with a docetaxel

containing regimen had blood drawn before and at 2–5 weeks and 6–8 weeks after treat-

ment start. Prospectively determined CTC and CEC levels, and retrospectively measured

serum concentrations of ET-1 (pg/mL) and TF (pg/mL) were evaluated to determine their

prognostic value for OS.

Results: Baseline CEC, TF and ET-1 were not prognostic for OS. A P3.8-fold increase in CEC

2–5 weeks after treatment initiation was associated with decreased OS (median 10.9 versus

16.8 months; P = 0.015), as was any decrease in TF levels compared to baseline levels (med-

ian 11.9 versus 21.5 months; P = 0.0005). As previously published, baseline and CTC counts

P5 at 2–5 weeks were also predictive of decreased OS. Combining CTC with changes in TF

and CEC 2–5 weeks after treatment initiation yielded four groups differing in OS (median OS

24.2 versus 16.0 versus 11.4 versus 6.1 months; P < 0.0001).

Conclusion: CEC, CTC and TF levels alone and combined can predict early on OS in CRPC

patients treated with docetaxel-based therapy. A prospective study to confirm the use of

these markers for patient management is needed.

� 2010 Elsevier Ltd. All rights reserved.
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docetaxel plus prednisone resulting in a median overall sur-

vival (OS) of 18 months.2 However given the palliative nature

of this treatment and its side-effects, ineffective treatment

should be avoided, which underscores the need for markers

enabling the clinician to discriminate patients with respect

to outcome to therapy.

Historically, prostate specific antigen (PSA) has been used

to monitor treatment. More recently, both tumour- and vascu-

lar-derived markers have been investigated for this purpose.

For example, it was recently shown that the presence of circu-

lating tumour cells (CTCs) prior to and during therapy is asso-

ciated with OS in patients with metastatic breast, colorectal

and also prostate cancer.3–5 Moreover, in CRPC, CTC counts

outperformed serum concentrations of PSA as predictor of

OS.6

Several studies suggest that markers of angiogenesis could

also be of prognostic value in prostate cancer. For example,

quantifying angiogenesis by histological assessment of

microvessel density appears to be independently associated

with survival in prostate cancer.7,8 But this approach is time

consuming, and is therefore less practical in clinical use.

Alternative indicators of angiogenesis such as soluble serum

proteins endothelin 1 (ET-1) and tissue factor (TF), may pro-

vide this information as well, but have not yet been examined

in depth in prostate cancer.

ET-1 acts synergistically with vascular endothelial growth

factor (VEGF) and is secreted primarily by vascular endothelial

cells.9,10 Following binding to the endothelin A receptor, it in-

duces endothelial cell proliferation, invasion and tubule pro-

duction. ET-1 levels are associated with microvessel density

in several tumour types including breast, colorectal and ovar-

ian cancer.11–14 TF is a transmembrane glycoprotein derived

from platelets, endothelial cells and leukocytes, which is in-

volved in coagulation and tumour neovascularisation.15 After

splicing, it can be measured in the peripheral blood. Both ET-1

and TF receptor antagonists are currently being investigated

as anti-angiogenic treatments.11,12,16,17

Another promising biomarker with potential prognostic

value in cancer patients is the number of circulating endothe-

lial cells (CECs).18 CECs are mature endothelial cells that have

detached from the vessel wall and are considered a marker of

vascular damage. The latter is supported by the correlation of

CEC numbers with plasma concentrations of thrombomodu-

lin, a putative marker of endothelial injury.19 CECs are in-

creased in solid cancer patients compared to healthy

controls. Furthermore, several studies have suggested that tu-

mour progression is accompanied by an increase in CEC18,20,21

thereby rendering CEC an attractive marker to be further ex-

plored in cancer. However, until now, studies have only been

performed in study populations comprising patients with a

wide variety of tumour types, and not in a specific tumour

type such as prostate cancer.

In this exploratory study in a population in which the

association of CTC with outcome was previously assessed,5,6

we examined whether or not baseline levels of CEC, ET-1

and TF as well as changes in these markers early during ther-

apy are independently associated with OS in CRPC patients

treated with docetaxel. Additionally, as each individual mar-

ker represents a different process in tumour pathophysiology,

we examined whether or not the combined use of these
markers – in addition to CTC numbers – would yield a better

model for prediction of outcomes in these patients.

2. Patients and methods

2.1. Patients

In a multi-centre prospective study aimed to determine the

value of CTC enumeration in CRPC, blood samples were col-

lected from 231 patients with CRPC by venepuncture. Results

on CTC levels measured in this group have been previously

published.5 Exploration of CEC numbers with outcome was

pre-specified as an exploratory analysis in the study protocol.

Although the explorations of TF and ET-1 were not pre-speci-

fied in the exploratory end-points of the protocol, the evalua-

tion of altered, over- or under-produced cancer-related

molecules was anticipated and stated in the informed con-

sent form which all patients signed. Different chemothera-

peutic regimens may largely differ in the extent to which

they induce vascular damage, and thereby in their effects

on CEC levels. In order to assess a homogenous group of pa-

tients with respect to systemic therapy, we selected those

who received a docetaxel-containing regimen (n = 162) to in-

clude in the present study. Of these 162 patients, 12 received

docetaxel monotherapy, 139 patients received docetaxel to-

gether with an LHRH-analogue and 11 received docetaxel in

combination with a monoclonal antibody in the context of

clinical trials. Treatment for all patients was continued until

progression or unacceptable toxicity. Demographics of the pa-

tients included in the present study are shown in Table 1.

Main eligibility criteria for all patients participating in the

multi-centre prospective study included age P18 years, path-

ological diagnosis of adenocarcinoma of the prostate, first or

later line of chemotherapy, serum testosterone < 1.7 nmol/L

(50 ng/mL), Eastern Cooperative Oncology Group (ECOG) per-

formance status 0–2, pretreatment serum PSA P 5 ng/mL,

PSA progression despite androgen deprivation therapy, and

ability to sign informed consent. Prior to treatment, all pa-

tients had a complete blood count analysis and assessment

of serum concentrations of lactate dehydrogenase (LDH),

alkaline phosphatase (Alk. Phos), haemoglobin and albumin.

Prior to treatment start, and after 2–5 weeks (first follow-up

draw) and 6–8 weeks (second follow-up draw) of treatment

blood was collected into 2 · 10 mL CellSave tubes (Veridex,

LLC, Raritan, NJ) and 1 · 6 mL serum tube. One CellSave tube

was used to determine the CTC number, the other to deter-

mine CEC numbers. The serum tube was used for measuring

concentrations of ET-1 and TF. Due to several reasons (e.g.

progressive disease and logistics), values of all factors were

not available for each time point for each patient. This study

was approved by the local Institutional Medical Ethical Re-

view Boards and is in agreement with the Helsinki declaration

of 2000. Written informed consent was obtained from all pa-

tients prior to participation.

2.2. Enumeration of CTC and CEC

The CellTracks� AutoPrep� and CellTracks Analyzer II� Sys-

tems (both Veridex, LLC, Raritan, NJ) were used to count

CTC and CEC.4,22 CTCs were defined as intact cells positive



Table 1 – Patient demographics and laboratory parameters.

Parameter Baseline Weeks 2–5 Weeks 6–8

N 162 134 89

Time from baseline (d)
Means ± SD 0 26.6 ± 6.7 47.7 ± 6.6
Range 0 19–41 42–61

Age (years)
Means ± SD 69.8 ± 9.6
Range 45–92

Race
White 148
Black 11
Hispanic 1
Asian 2

ECOG status
0 74
1 71
2 12
Unknown 5

Stage at diagnosis
1 9
2 24
3 39
4 13
Unknown 77

Gleason score (means ± SD) 7.1 ± 1.5
Median + IQR 7 (7–8)
Range 2–10

Prior local radiation
Yes 66
No 96

Prior surgery
Yes 103
No 59

Prior chemotherapy
Mitoxantrone 24
Estramustine 5
Gemcitabine 3
Carboplatin 3
None 127

Line of chemotherapy
1 126
2 20
3 12
4 2
5 1
6 1

Site of metastasis
Bone involvement 147
Visceral 65

Baseline haemoglobin (g/L) [N = 159] 12.4 ± 1.5
Baseline LDH (IU/mL) [N = 152] 287 ± 212
Baseline Alk. Phos. (IU/mL) [N = 155] 238.7 ± 280.1
Baseline albumin (g/dL) [N = 156] 4.0 ± 3.0
Baseline testosterone (ng/mL) [N = 155] 26 ± 2.0

PSA (ng/mL)
N 162 143 122
Median + IQR 128.5 (49–481) 127 (31.8–348) 103 (28.9–285)
Range 1.9–17.800 0.3–17420 0.3–12940

(continued on next page)
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Table 1 – continued

Parameter Baseline Weeks 2–5 Weeks 6–8

CEC (cells/4 mL)
N 153 134 89
Median + IQR 25 (12–49) 37 (19–94) 50 (27–105)
Range 2–1939 3–1102 0–701

CTC (cells/7.5 mL)
N 154 142 118
Median + IQR 7 (1–24) 1 (0–9) 0 (0–7)
Range 0–5925 0–525 0–1367

ET-1 (pg/mL)
N 94 87 80
Median + IQR 11.0 (9.0–14.0) 10.4 (8.5–13.4) 10.9 (8.6–13.1)
Range 2.3–489.7 1.3–200.0 2.5–110.9

TF (pg/mL)
N 95 88 80
Median + IQR 31.5 (20.0–57.0) 33.1 (20.0–65.3) 20.8 (20.0–37.6)
Range 20.0–243.4 20.0–945.9 20.0–877.6
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for the nuclear stain 4 0,6-diamidinophenylindole (DAPI), for

the epithelial cell adhesion molecule (EpCAM), and for cyto-

keratins 8, 18 and 19, but with no expression of the panleuko-

cyte marker CD45. CECs were identified as intact cells positive

for DAPI, CD146 and CD105 that also lacked expression of

CD45. CTC numbers are reported as cells/7.5 mL of whole

blood4–6 and CEC numbers as cells/4.0 mL of whole blood.22

2.3. Assessment of serum levels of TF and ET-1

Serum concentrations (pg/mL) of ET-1 and TF-1 were deter-

mined by ELISA. The ET-1 specific ELISA was purchased from

Assay Designs (Ann Arbor, MI, USA) and used according to the

manufacturers’ instructions. The TF specific ELISA was pur-

chased from AssayPro (St. Charles, MO, USA). To improve

the sensitivity of this assay, samples were diluted 2-fold

rather than the 4-fold as suggested by the manufacturer.

Absorbance was read at 450 nm using a Titertek 212 MS

microplate reader (Titertek, Huntsville, AL). Samples were

tested in duplicate and related to the standard curves for each

assay. The lower detection limits of the assays were 1.3 pg/mL

for ET-1 and 20.0 pg/mL for TF.

2.4. Statistical analysis

Longitudinal biomarker data were analysed using a random

effects linear regression model using the maximum likeli-

hood random effects estimator (the ‘‘xtreg, mle’’ command

in STATA). This was done to incorporate both between- and

within-subject effects as well as random effects and to assure

that the observed alterations in biomarkers were not the re-

sult of inter-individual differences. Because the biomarker

values were skewed (i.e. non-normally distributed), a logarith-

mic transformation was applied before the regression analy-

sis. OS was defined as the time (in months) between the

first blood draw and the date of death or last contact. Kap-

lan–Meier survival plots were made using stratified (i.e. cate-

gorical) data. For CTC numbers, a cutoff value of P5 CTC/

7.5 mL was used. To determine a cutoff value for survival
analysis of CEC numbers and serum concentrations of ET-1

and TF, patient data were first stratified according to percen-

tiles (p0–p25; p25–p50, p50–p75 and p75–p100). Baseline, 2–

5 weeks values and changes between baseline and 2–5 weeks

were analysed separately. In case of a clear outlier, deter-

mined by inspection of the four strata in the Kaplan–Meier

plots, the percentiles were used to dichotomise the data in

such a way that the overlapping percentiles were grouped to-

gether, and the value defining the separating percentile was

used as stratifier. If no clear outlier could be observed, the

median value was used as stratifier. The logrank test was

used to compare survival between strata. Univariate Cox pro-

portional-hazards regression was used to identify baseline

parameters associated with survival. Significant baseline

parameters (i.e. P-values < 0.05) were subsequently used in

multivariate analysis. The predictive accuracy of the multi-

variate Cox models was assessed by concordance analysis

and reported as Harrel’s C index. Data are reported as

means ± standard deviation (SD) unless stated otherwise. All

analyses were performed using STATA v10 software (Stata-

Corp., College Station, TX, USA).

3. Results

3.1. Alterations in CEC, CTC, ET-1 and TF levels during
treatment

Baseline levels of CEC, CTC, ET-1 and TF are shown in Table 1.

A significant increase in CEC numbers was observed at the

first follow-up blood draw, taken 2–5 weeks after initiation

of docetaxel, when compared to baseline (P < 0.001). No fur-

ther increase was found at the second follow-up draw, 6–

8 weeks after treatment initiation (Fig. 1, panel A). The CTC

numbers from the subgroup of patients included in this study

are depicted in Fig. 1, panel B. CTC decreased significantly

after 2–5 weeks of treatment (P < 0.001) but remained stable

thereafter. In contrast to ET-1 serum concentrations, which

remained constant during docetaxel treatment (Fig. 1, panel

C), a significant decrease of TF was observed after 6–8 weeks



Fig. 1 – Generalised course of tumour and vascular markers during treatment. Panels A–H (E–H log-transformed values): CEC

numbers increased significantly within 2–5 weeks of treatment, whereas CTC numbers decreased. Both remained stable

thereafter. No treatment effects on ET-1 levels were observed. Serum TF declined after 6–8 weeks of treatment. NS, not

significant.
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of therapy compared to baseline and first follow-up draw

(P = 0.009) (Fig. 1, panel D). Repeated linear regression for lon-

gitudinal data, performed to correct for inter-individual vari-

ation confirmed the observed changes (data not shown).

3.2. Early changes in CEC, CTC and TF levels are
prognostic for poor overall survival

After dichotomising data around their median baseline val-

ues, no prognostic value for OS could be determined for base-

line levels of CEC, ET-1 or TF. Similar to results reported for

the whole group5, baseline CTC numbers P5 cells/7.5 mL in

the subgroup analysed in this study were associated with sig-

nificantly decreased OS compared to patients with baseline

CTC numbers <5 cells/7.5 mL (10.9 versus 17.4 months,

respectively; P = 0.0004, Fig. 2, panel B). With respect to CEC,

analyses with various percentiles of the ratio between CEC

at 2–5 weeks and CEC at baseline revealed that patients in

the p75–p100 percentile (i.e. P3.8-fold increase in CEC at 2–

5 weeks), showed significantly worse OS compared to those

with a more limited CEC increase (10.9 versus 16.8 months,

respectively, P = 0.015, Fig. 2, panel A). No association with

OS was revealed for ET-1 levels of changes during treatment,

but we found a significantly worse OS in those patients in

whom a decrease in TF concentrations was observed after

2–5 weeks of treatment (Fig. 2, panel D; median OS

11.9 months versus 21.5 months; P < 0.001). Alterations after

6–8 weeks were not associated with survival.

Additionally, we assessed whether or not the combined

use of all markers assessed in this study that were found to

be prognostic for decreased OS, i.e. CEC and CTC numbers

and TF levels determined at 2–5 weeks after treatment start,
could provide additional information on survival. Sixty-nine

patients were eligible for this combined analysis, meaning

that all clinical and laboratory data were available. First, we

assessed any possible relation between each prognostic mar-

ker by both uni- and multivariate regression analyses. No sig-

nificant associations were found, implying the independent

prognostic value of each factor (data not shown). Next, we

stratified patients based on the number of risk factors for

poor survival present after 2–5 weeks of treatment, namely

an increase in CEC numbers P3.8 times the baseline counts,

any decrease in TF levels when compared to baseline counts,

and CTC counts of P5 per 7.5 mL of blood. Here, we found a

significant decrease in OS as the number of risk factors in-

creased (Logrank test for trend P < 0.0001). All data for this

analysis are shown in Fig. 3.

3.3. CEC and TF levels increase the prognostic accuracy of
CTC at 2–5 weeks

To determine which parameters would provide the most

accurate survival model, we performed the following proce-

dure. First, we identified all parameters presented in Table 1

that were prognostic at baseline using univariate Cox regres-

sion analysis. For CEC, TF and ET-1 levels, the changes after 2–

5 weeks of therapy were also univariately evaluated. Parame-

ters found to be significant, which included CTC levels at 2–

5 weeks as well as changes in CEC, CTC and TF levels were

subsequently used in a multivariate analysis (Table 2). In

addition to the baseline LDH level, three risk factors were

found to be independently significant in the multivariate

analysis; namely CTC counts of P5 cells/7.5 mL at 2–5 weeks,

a P3.8 increase in CEC from baseline to 2–5 weeks, and any



Fig. 3 – Risk factors and overall survival. 1Test for trend of

survivor functions. Association of the number of risk factors

present at 2–5 weeks (P3.8-fold increase in CEC, a decrease

of TF, and a CTC number of P5 cells/7.5 mL) with OS. HR,

hazard ratio determined in univariate Cox proportional-

hazards regression. CI, confidence interval. n, number of

patients belonging to the diverse groups.

Fig. 2 – Associations of changes in CEC and CTC numbers and ET-1 and TF levels with OS at 2–5 weeks. Panels A–D:

Associations of base-line levels with overall survival. Panels E–H: Associations of week 2–5 levels with overall survival. At 2–

5 weeks, patients with a P3.8-fold increase in CEC counts, with CTC counts P5 cells/7.5 mL or with a decrease in TF levels

were characterized by a markedly worse OS.
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decrease in TF levels at 2–5 weeks. To assess whether patient

stratification yielded a more accurate survival model than the

combined use of each individual prognostic parameter, we

performed a concordance analysis, which results in a C index.

Briefly, the C index describes how accurate the Cox regression

model predicts survival, where a C index near 0.5 means that

the model does not predict survival and values approaching

1.0 indicate that the model nearly always predicts if a patient

has a better prognosis.23 Here, we found that the stratification

based on the number of risk factors present resulted in an in-
creased predictive power fit of the Cox proportional-hazards

regression model (Table 3).

3.4. PSA declines after 2–5 weeks of treatment are not
prognostic for poor overall survival

We also analysed baseline levels of prostate specific antigen

(PSA) and decreases in PSA at 2–5 weeks of both 30% and

50% when compared to the baseline values using identical pa-

tient stratification as used for the CEC, CTC and soluble mar-

ker analyses. Patients with baseline PSA levels >493 ng/mL

had a decreased OS (median 9.5 months versus 16.6 months;

P = 0.002). Neither a 30% nor 50% decrease in PSA levels at

2–5 weeks after start of docetaxel was associated with OS in

this cohort (data not shown).

4. Discussion

In CRPC patients, docetaxel combined with prednisone is cur-

rently the only treatment that yielded an OS benefit in ran-

domised studies.2 However, the OS gain is relatively modest

given a median prolongation of only 2 months compared to

mitoxantrone and prednisone, and comes at the expense of

potential severe side-effects. With this in mind, many at-

tempts have been made to identify CRPC patients at risk for

rapid progression and poor survival.

For this purpose, PSA is the most widely explored marker.

Multivariate analysis on baseline PSA levels obtained from

the TAX 327 study in CRPC in which patients were randomly as-

signed to receive docetaxel with prednisone or mitoxantrone

with prednisone, demonstrated increased OS for patients with



Table 2 – Multivariate Cox proportional-hazards regression analysis of parameters prognostic for OS after 2–5 weeks of
treatment (N = 63).

Parameter OS risk from baseline

HR [confidence interval, CI] P-value

2–5 Weeks CTC (P5 versus 5 cell/7.5 mL) 2.0 [1.0–4.1] 0.047
2–5 Weeks CEC (P3.8 versus <3.8-fold increase CEC/4 mL) 2.3 [1.1–4.6] 0.022
2–5 Weeks TF (decrease versus increase from baseline) 2.4 [1.1–5.0] 0.026
ECOG status (2 versus 1 versus 0) 2.0 [0.9–3.9] 0.06
Baseline haemoglobin (g/L) 1.2 [0.9–1.5] 0.13
Baseline LDH (IU/mL) 3.4 [1.5–7.7] 0.003
Baseline AP (IU/mL) 1.1 [0.7–1.7] 0.78

Table 3 – Combined use markers adds to the predictive strength.

Individual use HR [CI] P-value C index

2–5 Weeks CTC (P5 versus 5 cell/7.5 mL) 2.0 [1.0–3.8] 0.049 0.74
2–5 Weeks CEC (P3.8 versus <3.8-fold increase in CEC/4 mL) 2.5 [.2–4.9] 0.011
2–5 Weeks TF (decrease versus increase from baseline) 2.9 [1.5–5.6] 0.002
Baseline LDH (IU/mL) 3.7 [1.7–8.0] 0.001

Combined use
Risk factors (3 versus 2 versus 1 versus 0) 2.5 [1.6–3.8] <0.0001 0.76
Baseline LDH (IU/mL) 3.2 [1.5–6.6] 0.002
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a baseline PSA <114 ng/mL compared to those with higher

levels.24 Furthermore, data from the same study allowed the

development of a predictive nomogram for survival. Using

baseline parameters such as PSA, LDH, alkaline phosphatase

and haemoglobin concentrations, patients likely to have a

decreased survival can be identified.25 In this study, we con-

firmed the prognostic value of baseline PSA levels but found

no prognostic value of baseline CEC, ET-1 or TF levels for sur-

vival, three markers that have not previously been assessed

in CRPC.

In addition to a marker that provides information on OS

prior to initiation of chemotherapy, there is also a great need

for markers that discriminate at an early stage during therapy

those patients who clearly benefit from chemotherapy from

those who do not. Previously, a PSA decrease of 30% after

3 months of treatment was a good surrogate marker for sur-

vival in patients treated with docetaxel/estramustine or

mitoxantrone/prednisone.26 Similar results have been ob-

served in the TAX 327 study.24 In the current study, we found

that a P3.8-fold increase in CEC after 1 or 2 cycles of doce-

taxel was prognostic for decreased OS. CEC numbers are

thought to reflect the extent of vascular damage. Several

studies have shown an anti-vascular effect for both paclitaxel

and docetaxel in vitro and in murine models.27,28 If this holds

true for humans as well, then the rise in CEC numbers, which

was seen in all patients, is likely the result of vascular damage

inflicted by docetaxel. We hypothesise that the additional CEC

increase in patients with the worst OS may be attributed to

the continued endothelial cell shedding from vessels in tu-

mours progressing during treatment. Furthermore, an in-

crease in TF concentration during the first 2–5 weeks of

treatment was associated with a better survival, whereas

alterations at 6–8 weeks were not associated with survival.

We hypothesise that this observed association is the result
of massive shedding from apoptotic tumour cells, which, sim-

ilar to platelets, endothelial cells and leukocytes, have also

been reported to express TF.29 Expression of TF in the primary

tumour tissue was associated with a poorer cause-specific

survival in patients with metastatic prostate cancer who re-

ceived hormonal therapy.30 Blood TF levels in metastatic pros-

tate cancer however, have to the best of our knowledge not

been investigated previously. In localised prostate cancer, ele-

vated plasma TF levels, pre-operatively determined, were

associated with a higher risk to relapse.31 We are not aware

of any studies on the role of TF as early marker for response

in other tumour types. As previously reported for the whole

group from which the subgroup analysed in this study was se-

lected,5 CTC counts of P5/7.5 mL 2–5 weeks after the initia-

tion of treatment were associated with a poor prognosis.

As all the markers evaluated are considered to represent

different processes involved in tumour biology, we explored

whether their combined use could aid clinicians in classifying

docetaxel-treated CRPC patients into groups differing in OS.

Concordance analysis demonstrated that the use of CEC,

CTC and TF levels are independent risk factors for OS. Impor-

tantly, their combined use after 2–5 weeks yielded four groups

with statistically different and clinically relevant differences

in OS (median OS: 24.2 versus 16.0 versus 11.4 versus

6.1 months). At the same time point, PSA values were not

informative for survival. This suggests that the risk stratifica-

tion examined in this study outperform PSA levels as early

markers for ultimate outcome during docetaxel-based che-

motherapy in CRPC.

To the best of our knowledge, this is the first study that

demonstrates a prognostic value for CEC and TF changes dur-

ing cytotoxic therapy in a well defined study population.

Although the number of patients with a decreased OS in our

study was relatively small, these results are encouraging.
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The combined use of CTC number and relative changes in

CEC and TF allows the identification of CRPC patients not

responding to docetaxel-based therapy at an early stage dur-

ing therapy. Whether or not this holds also true for other ther-

apies and other tumour types deserves further study.

Although the exploration of CEC numbers with outcome

was pre-specified in the study protocol, it is important to rea-

lise that this was an exploratory study and that therefore pro-

spective studies should be done to confirm our findings and

compare them to conventional biomarkers such as PSA. If

confirmed, the model established here may serve as a useful

tool for clinical trial design and to tailor patient management.
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