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Background: We investigated whether circulating endothelial cells (CECs) predict clinical outcome of first-line

chemotherapy and bevacizumab in metastatic colorectal cancer (mCRC) patients.

Patients and methods: In a substudy of the randomized phase II FNCLCC ACCORD 13/0503 trial, CECs (CD452

CD31+ CD146+ 7-amino-actinomycin2 cells) were enumerated in 99 patients by four-color flow cytometry at baseline

and after one cycle of treatment. We correlated CEC levels with objective response rate (ORR), 6-month progression-

free survival (PFS) rate (primary end point of the trial), PFS, and overall survival (OS). Multivariate analyses of potential

prognostic factors, including CEC counts and Köhne score, were carried out.

Results: By multivariate analysis, high baseline CEC levels were the only independent prognostic factor for 6-month

PFS rate (P < 0.01) and were independently associated with worse PFS (P = 0.02). High CEC levels after one cycle

were the only independent prognostic factor for ORR (P = 0.03). High CEC levels at both time points independently

predicted worse ORR (P = 0.025), 6-month PFS rate (P = 0.007), and PFS (P = 0.02). Köhne score was the only

variable associated with OS.

Conclusion: CEC levels at baseline and after one treatment cycle may independently predict ORR and PFS in mCRC

patients starting first-line bevacizumab and chemotherapy.

Key words: bevacizumab, biomarker, chemotherapy, circulating endothelial cells, metastatic colorectal cancer,

prognosis

introduction

The addition of bevacizumab, a monoclonal antibody targeting
vascular endothelial growth factor, the key mediator in
angiogenesis, to first-line or second-line chemotherapy has
been shown to improve objective response rate (ORR),
progression-free survival (PFS), and/or overall survival (OS)
compared with chemotherapy alone in metastatic colorectal
cancer (mCRC) patients [1–3]. However, only a subset of
patients will derive benefit from bevacizumab-based therapy.
Furthermore, the assessment of antitumor efficacy of

bevacizumab-based therapies in mCRC patients relies on
RECIST [4] or perhaps more accurately on computed
tomography morphological response criteria [5] that are
usually obtained at least 2 months after the start of treatment.
Therefore, identifying biomarkers that predict earlier the
outcome of mCRC patients starting treatment with
bevacizumab would allow to distinguish patients who will
benefit most from treatment from those who will need to be
rapidly reoriented toward another treatment approach.
Additionally, such biomarkers should be markers for
bevacizumab and chemotherapy altogether in combination,
since bevacizumab alone is ineffective in mCRC patients [3].
Circulating endothelial cells (CECs) have emerged as

a promising candidate biomarker to assess the efficacy of
antiangiogenic therapies [6–8]. CECs are mature cells shed
from vessel walls, and high CEC counts are observed in vascular
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diseases hallmarked by endothelial insult or dysfunction
including cancer [9–11]. Because of the technical difficulties
and challenges associated with CEC measurement, data
regarding the biological significance of CECs in cancer patients
are still lacking [12, 13]. Furthermore, conflicting results
concerning the actual prognostic or predictive value of CEC
counts during antiangiogenic treatments have been reported
[7, 13]. Further studies are needed to establish the clinical
situation, i.e. which tumor type, treatment, or combined
strategies, where CEC enumeration will have the most relevant
significance.
We recently established a reproducible and sensitive four-

color flow cytometry assay for CEC enumeration [14]. Using
this assay in a prospective substudy of FNCLCC ACCORD 13/
0503, a randomized phase II trial assessing bevacizumab plus
irinotecan and fluoropyrimidine (either FOLFIRI or XELIRI
regimen) as first-line treatment of mCRC [15], we investigated
the association of CEC levels measured before and shortly after
the initiation of treatment with patient outcome.

patients and methods

patient population, study design, and treatment
The randomized phase II trial FNCLCC ACCORD 13/0503 allocated

patients aged 18–75 years with histologically proven, nonresectable,

measurable mCRC, an Eastern Cooperative Oncology Group performance

status (PS) of 0–2, and no prior palliative chemotherapy to receive either

XELIRI [200 mg/m2 irinotecan on day (D)1 and 1000 mg/m2 b.i.d.

capecitabine (800 mg/m2 b.i.d. in patients aged 65 years or older) on D1–

14] plus 7.5 mg/kg bevacizumab on D1, every 3 weeks for a maximum of 8

cycles, or FOLFIRI (180 mg/m2 irinotecan, 400 mg/m2 leucovorin, and 400

mg/m2 fluorouracil bolus followed by 2400 mg/m2 as a 46-h infusion) plus

5 mg/kg bevacizumab on D1, every 2 weeks for a maximum of 12 cycles

[15]. In patients whose disease was controlled after 6 months of

bevacizumab and chemotherapy, bevacizumab (7.5 mg/kg every 3 weeks)

was continued as a single-agent maintenance therapy in both arms until

disease progression. Randomization was stratified on center, PS (0–1 versus

2), age (<versus ‡65 years), and number of metastatic sites (1 versus ‡2).
Tumor responses were assessed locally in each center (no external review

committee) every 8 weeks according to RECIST 1.0 [4]. Only confirmed

tumor responses (i.e. on at least two consecutive tumor assessments) were

taken into account.

CEC enumeration
The CEC substudy has been approved by local ethic Committees. A specific

informed consent was obtained for all participating patients. Blood samples

were drawn at baseline (D1, before start of treatment) and at the end of the

first treatment cycle [i.e. D15 (FOLFIRI–bevacizumab arm) or D22

(XELIRI–bevacizumab arm)]. After discarding the first 2 ml following

venupunction, whole blood was collected in Cellsave� tubes (Immunicon,

Huttingdon Valley, PA). Cellsave� tubes contain EDTA and a cell-

preservative agent that stabilizes fragile cells such as CECs and have been

previously validated in our laboratory for CEC measurement by flow

cytometry [14]. All blood samples were shipped at 18–25�C to our

laboratory and analyzed within 24 h. All CEC assays were blinded to patient

baseline characteristics, allocated treatment, and outcome. CECs, identified

as CD31+ CD146+ CD452 7-amino-actinomycin D (7AAD)2 viable cells,

were measured in 1 ml whole blood by four-color flow cytometry according

to a method we established previously [14]. Briefly, immunofluorescent

staining was carried out with the following monoclonal antibodies: CD31

fluorescein isothiocyanate (FITC) (BD Pharmingen, San Diego, CA),

CD146 phycoerthyrin (PE) (clone P1H12, BD Pharmingen), and CD45

allophycocyenin (APC) (DakoCytomation, Glostrup, Denmark). Antibody

batches were titrated rigorously. An immunoglobulin G (IgG) PE control

was carried out in 0.5 ml of whole blood (CD45 APC/CD31 FITC/mouse

IgG PE/7AAD) to measure background noise and to adjust the gates

precisely. Flow-Check microbeads (Beckman Coulter, Sullerton, CA) were

added to a tube containing isotypic controls to adjust forward side scatter

voltage and identify cell events with a size >10 lm. Cells were analyzed on

a FACSCalibur (BD Biosciences, San Jose, CA). To ensure statistical

analysis, all the cells contained in the IgG PE control tube and in the CEC

test tube were acquired, representing �2.5 · 106 events and 5 · 106 events,

respectively. Data were analyzed using CELLQuest 3.2 software (BD

Biosciences). The gating strategy used to identify CECs is illustrated in

supplemental Figure S1 (available at Annals of Oncology online).

statistical analysis
CEC detection was carried out whenever possible without any target

statistical power. CEC levels at baseline and after one cycle of treatment and

changes in CEC levels from baseline to the end of first treatment cycle

(DCEC) are reported as medians with range and interquartile range

(IQR). Response and survival rates are reported with 95% confidence

intervals (CI).

Nonparametric tests (Wilcoxon’s or Kruskal–Wallis tests as appropriate)

were used to compare CEC levels at baseline, after one cycle of treatment,

and DCEC according to baseline characteristics, objective tumor responses

(complete or partial responses; 4), and 6-month PFS rate, the primary end

point of the trial [15]; as all patients had at least 7 months of follow-up (or

progressed within this period), the 6-month PFS rate is a ‘crude’ estimate.

As CECs are consistently detectable in healthy subjects at levels that

frequently overlap with those observed in patients with advanced cancers

[14, 16], association between CEC levels at baseline, after one cycle of

treatment, or at both time points, and patient outcome was assessed using

the upper limit of the IQR (i.e. the 75th percentile) of CEC levels [17].

For the analysis taking into account CEC levels at both time points,

no formal hypothesis was made for ‘ranking’ patients with high CEC levels

at baseline but low CEC levels after one cycle of treatment or patients

with low CEC levels at baseline but high CEC levels after one cycle of

treatment. Patient outcome was compared between these four classes

using test for trend.

Univariate and multivariate analyses of potential prognostic variables

were carried out using logistic model (ORR, 6-month PFS rate) or Cox

Figure 1. Study flowchart. CECs, circulating endothelial cells.
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model (PFS, OS) adjusted on treatment arm. Variables included age, sex,

CEC levels, and Köhne prognostic score, a validated model in which mCRC

patients are classified in low-risk, intermediate-risk, or high-risk groups

according to four baseline parameters (PS, number of metastatic sites, white

blood cell count, and alkaline phosphatase level) [18, 19]. Survival curves

were calculated using the Kaplan–Meier method. PFS and OS according to

CEC levels were compared using Cox model adjusted on treatment arm.

Cutoff date for analysis was 15 March 2010.

The level of statistical significance was set at 0.05 using two-sided tests.

All analyses were carried out using SAS version 9.1 (SAS Institute Inc.,

Cary, NC).

results

Among the 145 patients enrolled in the FNCLCC ACCORD 13/
0503 trial in 15 centers from March 2006 to January 2008, 99
(68%) agreed to participate in the CEC study in 11 centers
(Figure 1). These 99 patients were representative of the whole
patient population with respect to sex, age, PS, location of the
primary tumor, number of metastatic sites, prior adjuvant
chemotherapy, and allocated treatment arm, except for Köhne
prognostic score (low risk, 48% versus 43%; intermediate risk,
42% versus 41%; high risk, 10% versus 16%; P = 0.02)
(supplemental Table S1, available at Annals of Oncology online).
Blood samples were available for CEC enumeration at baseline
in 97 patients (98%), after one cycle of treatment in 91 patients
(92%), and at both time points in 89 patients (90%) (Figure 1).
Baseline CEC levels (median, 16/ml; IQR, 9–23) were

significantly higher in patients with altered PS (PS 1–2, 17/ml
versus PS 0, 12/ml; P = 0.02) but did not differ according to
Köhne prognostic score, sex, age, location of the primary tumor,
number of metastatic sites, and treatment arm (Table 1).
Baseline CEC levels did not significantly differ according to

tumor objective response but were lower in patients with
disease control at 6 months (15/ml versus 32/ml; P = 0.01)
(supplemental Table S2, available at Annals of Oncology online).
CEC levels after one cycle of treatment (median, 18/ml; IQR,
9–32) were lower in cases of objective response (13/ml versus
22/ml; P = 0.03) and disease control at 6 months (14/ml versus
26/ml; P = 0.03). No statistically significant association was
seen between DCEC (median, 2/ml; IQR, 29 to 12) and
response to treatment.
When patients were dichotomized according to whether their

CEC levels were below or above the 75th percentile of the IQR,
patients with high baseline CEC levels had a worse 6-month
PFS rate (P < 0.01), whereas patients with high CEC levels after
one cycle of treatment had worse ORR (P = 0.03) and worse
6-month PFS rate (P = 0.04) (Table 2). Kaplan–Meier analyses
showed that after a median follow-up of 36 months (range,
25–47), PFS was significantly shorter in patients with high

Table 1. Baseline CEC levels according to patient characteristics

N (%) Baseline CEC levels (/ml) P

Median Range IQR

Sex

Male 54 (56) 17 0–93 10–24 0.54a

Female 43 (44) 14 0–82 8–20

Age (years)

£59 43 (44) 17 0–93 8–30 0.44b

60–69 38 (39) 15 0–61 8–19

‡70 16 (16) 16 2–60 12–34

PS

0 55 (57) 12 0–61 7–20 0.02a

1 or 2 42 (43) 17 0–93 13–30

Primary

Colon 74 (76) 15 0–61 9–22 0.54a

Rectum 23 (24) 17 0–93 7–43

Number of metastatic sites

1 48 (49) 16 0–82 9–22 0.64a

>1 49 (51) 15 0–93 9–25

Treatment arm

FOLFIRI–bevacizumab 49 (51) 17 0–82 8–23 0.60a

XELIRI–bevacizumab 48 (49) 15 0–93 10–29

Köhne prognostic scorec

Low risk 46 (48) 15 0–82 8–22 0.33b

Intermediate risk 41 (43) 17 0–61 8–24

High risk 9 (9) 20 10–93 12–41

aWilcoxon’s test.
bKruskal–Wallis test.
cMissing data for one patient for whom alkaline phosphatase level was not

available.

CEC, circulating endothelial cell; IQR, interquartile range; PS, performance

status.

Table 2. Response to treatment in patients with high or low CEC levels at baseline and after one cycle of treatment (univariate analysis)

CEC levels (/ml) ORRa 6-Month PFS rate

n/Nb (%) OR 95% CI Pc n/Nd (%) OR 95% CI Pc

Baseline (n = 97)

£23 50/71 (70) 2.2 0.8–5.7 0.11 65/72 (90) 6.2 2.0–18.9 <0.01
>23 12/23 (52) 15/25 (60)

After one cycle (n = 91)

£32 49/67 (73) 3.0 1.1–8.2 0.03 58/68 (85) 3.1 1.0–9.2 0.04

>32 10/21 (48) 15/23 (65)

aThree patients were not assessable for tumor response (early treatment arrest, n = 2; missing data, n = 1).
bn, number of patients with objective response; N, number of patients assessed.
cWilcoxon’s test.
dn, number of patients without disease progression; N, number of patients assessed.

CEC, circulating endothelial cell; CI, confidence interval; OR, odds ratio; ORR, objective response rate; PFS, progression-free survival.
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baseline CEC levels (median, 7.6 versus 9.8 months; log-rank
test; P = 0.02; Figure 2A). However, PFS did not significantly
differ between patients with low and high CEC levels after one
cycle of treatment (median, 8.4 versus 9.4 months; P = 0.75).
Also, OS did not significantly differ according to CEC levels at
baseline (median, 19.8 versus 26.1 months; P = 0.13; Figure 2B)

or after one cycle of treatment (median, 22.0 versus 25.6
months; P = 0.84). In multivariate analysis, baseline CEC level
was the only independent prognostic factor for 6-month PFS
rate (P < 0.01) and was an independent prognostic factor for
PFS (P = 0.02) with Köhne prognostic score (Table 3). None of
the tested baseline variables were significantly associated with

Figure 2. Kaplan–Meier survival curves according to circulating endothelial cell levels (above or below the 75th percentile of the interquartile range of

values) at baseline. (A) progression-free survival. (B) Overall survival. Log-rank test, P = 0.13.
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ORR. CEC level after one cycle of treatment was the only
independent prognostic factor for ORR (P = 0.03)—sex being
of borderline significance—and tended to be associated with
6-month PFS rate (P = 0.06), but not with PFS. Köhne
prognostic score was the only variable associated with OS.
Finally, we classified patients into four groups according to

whether their CEC levels were below or above the 75th
percentile of the IQR at both time points (baseline and after
one cycle of treatment) (Table 4). Patients with high CEC levels
at both time points had significantly worse ORR [36% versus
74%; OR, 5.0 (95% CI 1.3–19.7); P = 0.05] and 6-month PFS
rate [42% versus 89%; OR, 11.2 (95% CI 2.7–46.7); P < 0.01]
than patients with low CEC levels at both time points. Patients
with only one high CEC level (either at baseline or after one
cycle of treatment) harbored intermediate outcomes. Test for
trend between the four classes was significant for ORR (P =
0.02) and 6-month PFS rate (P = 0.004). Kaplan–Meier analyses
showed that PFS (log-rank test; P = 0.04; Figure 3A), but not
OS (P = 0.68; Figure 3B), significantly differ between the four
patient subgroups. In multivariate analysis, CEC classification
was the only independent prognostic factor for ORR (test for
trend; P = 0.025) and 6-month PFS rate (test for trend;
P = 0.007) (Table 5). Patients with high CEC levels at both
baseline and after one cycle of treatment had a worse PFS than
patients with low CEC levels at both time points (P = 0.02);
however, the test for trend between the four patient subgroups
was not significant (P = 0.23). Köhne prognostic score was the
only variable associated with OS.

discussion

In this prospective substudy of the randomized phase II
FNCLCC ACCORD 13/0503 trial [15], we found an association
of CEC levels with outcome of mCRC patients starting first-line

bevacizumab and chemotherapy. Baseline CEC levels were the
only independent prognostic factor for 6-month PFS rate, the
primary end point of the trial [15], and were independently
associated with PFS. High CEC levels after one cycle of
treatment were the only independent prognostic factor for
ORR. Furthermore, patients with high CEC levels at both time
points (baseline and after one cycle of treatment) had
significantly worse ORR, 6-month PFS rate, and PFS than
patients with low CEC levels at both time points, whereas
patients with high CEC levels either at baseline or at the end of
first cycle—who may correspond to distinct (and perhaps
opposite) biological situations—harbored intermediate
outcomes. In multivariate analysis, CEC classification was the

Table 3. Multivariate analysis of prognostic factors in patients classified by CEC levels at baseline or after one cycle of treatment

ORRa 6-Month PFS rate PFS OS

OR 95% CI P OR 95% CI P HR 95% CI P HR 95% CI P

CEC at baseline (>23 versus

£23)
2.0 0.7–5.5 0.17 5.8 1.8–18.0 <0.01 1.8 1.1–2.9 0.02 1.5 0.9–2.6 0.12

Köhne prognostic score

Intermediate versus high

risk

0.5 0.1–2.6 0.82 0.5 0.1–2.7 0.50 0.4 0.2–0.9 0.02 0.4 0.2–1.0 0.05

Low versus high risk 0.4 0.1–1.8 0.18 0.5 0.1–2.9 0.63 0.4 0.2–0.9 0.02 0.4 0.2–0.9 0.02

Age 1.0 1.0–1.1 0.33 1.0 0.9–1.1 0.91 1.0 1.0–1.0 0.29 1.0 1.0–1.1 0.06

Sex (male versus female) 2.3 0.9–5.9 0.09 1.2 0.4–4.0 0.74 1.0 0.7–1.6 0.90 1.0 0.6–1.6 0.92

CEC after one cycle (>32
versus £32)

3.3 1.1–9.7 0.03 3.0 1.0–9.5 0.06 1.1 0.7–1.9 0.61 1.1 0.6–2.0 0.76

Köhne prognostic score

Intermediate versus high

risk

0.4 0.1–2.2 0.52 0.3 0.1–1.4 0.38 0.3 0.2–0.7 <0.01 0.4 0.2–0.9 0.02

Low versus high risk 0.4 0.1–1.8 0.30 0.2 0.1–1.2 0.16 0.3 0.2–0.7 <0.01 0.4 0.2–0.8 0.02

Age 1.0 1.0–1.1 0.38 1.0 1.0–1.1 0.89 1.0 1.0–1.0 0.40 1.0 1.0–1.1 0.18

Sex (male versus female) 2.7 1.0–7.5 0.05 1.4 0.5–4.3 0.56 1.0 0.7–1.6 0.91 1.0 0.6–1.6 0.92

aThree patients were not assessable for tumor response (early treatment arrest, n = 2; missing data, n = 1).

CEC, circulating endothelial cell; CI, confidence interval; HR, hazards ratio; OR, odds ratio; ORR, objective response rate; OS, overall survival; PFS,

progression-free survival.

Table 4. Response to treatment in the four patient subgroups defined by

CEC levels at both baseline and after one cycle of treatment (univariate

analysis)

Patient groups N ORRa 6-Month PFS rate

% OR 95% CI P % OR 95% CI P

CECb 0.02c 0.004c

Low–low 54 74 1 89 1

High–low 12 73 1.1 0.3–4.6 0.36 75 2.7 0.6–12.7 0.75

Low–high 11 60 1.9 0.5–7.8 0.91 91 0.8 0.1–7.4 0.22

High–high 12 36 5.0 1.3–19.7 0.05 42 11.2 2.7–46.7 <0.01

aThree patients were not assessable for tumor response (early treatment

arrest, n = 2; missing data, n = 1).
bWhere ‘low’ and ‘high’ denote CEC levels below and above, respectively,

the 75th percentile of the interquartile range of the median value (baseline,

23/ml; after one cycle of treatment, 32/ml). The first term denotes CEC

levels at baseline and the second one CEC levels after one cycle of treatment.
cTest for trend.

CEC, circulating endothelial cell. CI, confidence interval. OR, odds ratio.

ORR, objective response rate. PFS, progression-free survival.
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Figure 3. Kaplan–Meier survival curves for the four patient subgroups defined by CEC levels at baseline (above or below the 75th percentile of the

interquartile range of values) and at the end of first treatment cycle. (A) progression-free survival. Medians: ‘low–low’, 9.6 (9.1–10.6) months; ‘low–high’,

10.7 (9.3–26.0) months; ‘high–low’, 8.1 (7.8–10.9) months; and ‘high–high’, 7.0 (5.7–8.4) months. Log-rank test, P = 0.04. (B) Overall survival. Medians:

low–low, 32 (21.9 to not evaluable) months; high–low, 23 (19.8 to not evaluable) months; low–high, 23 (14.0 to not evaluable) months; and high–high, 19

(9.7 to not evaluable) months. Log-rank test, P = 0.68.
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only independent prognostic factor for ORR and 6-month PFS
rate, and patients in the ‘high–high’ CEC group had
a significantly worse PFS than patients in the ‘low–low’ CEC
group (P = 0.02), although the test for trend between the four
patient subgroups was not significant (P = 0.23). These results
suggest that CEC levels measured at baseline and as early as
after one cycle of treatment might help to identify patients with
the highest likelihood of tumor control or tumor shrinkage
when using bevacizumab and chemotherapy.
Conflicting results concerning the clinical value of CEC levels

during antiangiogenic therapy have been reported, due in part to
the different clinical situations explored, but also to the different
techniques used for CEC detection [14, 16, 17, 20–26]. In fact,
the clinical evaluation of CECs has been hampered by the
extreme rarity of these cells and the lack of consensus on CEC
surface marker phenotype and on the techniques used for CEC
enumeration [12, 27–29]—most commonly flow cytometry and
immunomagnetic separation followed by microscopic detection.
Two studies have recently reported conflicting results on the
clinical value of CECs in bevacizumab–chemotherapy-treated
mCRC patients [17, 26]. Using flow cytometry, Ronzoni et al.
[17] reported in a study of 40 mCRC patients treated with first-
line bevacizumab and chemotherapy that baseline CEC levels
above the 75th percentile were associated with a significantly
shorter PFS. By contrast, using the semiautomated
immunomagnetic enrichment-based CellSearch technique,
Simkens et al. [26] found no correlation between CEC levels and
patient outcome (PFS and OS) in 473 patients with advanced
colorectal cancer treated in the phase III CAIRO-2 trial with first-
line chemotherapy and targeted therapies including bevacizumab.
Taken together, these results and ours suggest that the lack of
correlation in the study by Simkens et al. [26] may be due to the
technique used for CEC enumeration. Immunomagnetic
separation-based techniques tend to select preferentially the cells
with the highest levels of capture antigen (i.e. CD146), thus
potentially resulting in a significant loss of information.
Moreover, the CEC phenotype identified in the study by Simkens
et al. (CD105+ CD146+ CD452 DAPI+) [26] differed from the

one identified by Ronzoni et al. (CD34+ CD146+ CD452
CD1332) [17] and ours (CD31+ CD146+ CD452 7AAD2). In
accordance with recommendations for the identification of
extremely rare events, we developed a flow cytometry assay to
detect CECs, which characteristics include [14, 30] (i) staining of
a large volume of whole blood (1 ml), (ii) use of a viability
marker (7AAD), (iii) use of a whole-blood IgPE control to
measure accurately background noise, and (iv) accumulation of
a large number of events (�5 · 106) to ensure statistical analysis.
Additionally, we previously demonstrated that cells identified as
CECs were of endothelial origin by co-staining of CD31, CD146,
and CD144 (vascular endothelial–cadherin) [14]. Finally, our
study demonstrates that CEC enumeration by flow cytometry is
feasible in a prospective, multicenter study setting despite the
requirement for rapid shipping of blood samples—which must
be analyzed within 24 h. In fact, CEC levels could be measured at
both time points in ‡90% of patients in our study.
Several results of our study deserve comments. First, baseline

CEC levels were higher in patients with PS 1–2 compared with
patients with PS 0. High levels of viable CECs at baseline in PS
1–2 patients—in median three-fold higher than in healthy
individuals [14]—without evidence of vascular disease or
damage (as mandatory for patient eligibility in the trial; 15),
may reflect a high rate of remodeling and turnover of the tumor
endothelium which has been previously associated with worse
prognosis in various types of cancer, including mCRC [31–33].
PS is a strong prognostic factor for PFS and OS in mCRC [34].
Of note, no significant association was observed between
baseline CEC levels and any of the other baseline characteristics,
including the number of metastatic sites and Köhne prognostic
score—which includes PS and the number of metastatic sites.
This suggests that baseline CEC levels are a marker of biological
aggressiveness of mCRC rather than a mere reflect of disease
burden. Secondly, Köhne score was the only variable associated
with OS in multivariate analysis, thus validating this prognostic
model not only in mCRC patients treated with fluorouracil-
based chemotherapy [18] but also in those receiving
bevacizumab plus irinotecan-based chemotherapy, as suggested

Table 5. Multivariate analysis of prognostic factors in patients classified by CEC levels at both time points

ORRa 6-Month PFS rate PFS OS

OR 95% CI P OR 95% CI P HR 95% CI P HR 95% CI P

CEC 0.025b 0.007b 0.23b 0.26b

Low–low 1 1 1 1

High–low 1.2 0.3–5.4 0.41 2.6 0.5–12.6 0.78 1.3 0.6–2.5 0.51 1.3 0.5–3.0 0.61

Low–high 2.4 0.6–10.6 0.69 0.8 0.1–7.9 0.24 0.7 0.4–1.5 0.39 1.2 0.4–3.2 0.83

High–high 4.8 1.1–20.7 0.12 10.9 2.3–51.2 0.01 2.5 1.2–5.3 0.02 1.7 0.7–4.0 0.27

Köhne prognostic score

Intermediate versus high

risk

0.6 0.1–3.7 0.72 0.6 0.1–4.4 0.74 0.5 0.2–1.1 0.07 0.3 0.1–0.8 0.01

Low versus high risk 0.6 0.1–3.5 0.60 0.7 0.1–4.4 0.75 0.5 0.2–1.0 0.06 0.3 0.1–0.8 0.01

Age 1.0 1.0–1.1 0.36 1.0 1.0–1.1 0.74 1.0 1.0–1.0 0.14 1.0 1.0–1.1 0.37

Sex (male versus female) 2.4 0.9–6.9 0.09 1.0 0.3–3.4 0.94 0.9 0.5–1.4 0.52 1.0 0.5–2.0 0.98

aThree patients were not assessable for tumor response (early treatment arrest, n = 2; missing data, n = 1).
bTest for trend.

CEC, circulating endothelial cell; CI, confidence interval; HR, hazards ratio; OR, odds ratio; ORR, objective response rate; OS, overall survival;

PFS, progression-free survival.
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in a recent retrospective study [19]. In fact, although median
OS was of 19 months in the high–high CEC patient subgroup as
compared with 32 months in the low–low group, the difference
did not reach statistical significance. Besides an insufficient
statistical power of our study, one may hypothesize that
second-line and further therapies may have significantly
impacted on OS. Larger studies are warranted to assess the
prognostic value of CEC counts for OS, perhaps also by
implementing repeated CEC measurements throughout
patients’ course. Finally, one may hypothesize that baseline
CEC levels, which correlated with 6-month PFS rate and PFS,
but not with ORR, are mostly prognostic, whereas CEC levels
after one cycle of treatment, which correlated with ORR, are
mostly predictive. However, the design of our study did not
allow to assess whether CEC levels were prognostic, predictive,
or both. Furthermore, it did not allow assessing whether CEC
levels correlated with the efficacy of bevacizumab,
chemotherapy, or their combination—although biomarkers
that correlate with the activity of bevacizumab and
chemotherapy altogether in combination might be clinically
meaningful, since bevacizumab alone is ineffective in mCRC
patients [3]. Prospective studies in mCRC patients receiving
chemotherapy with or without bevacizumab are ongoing.
In conclusion, our study suggests that CEC counts before and

early after the start of first-line bevacizumab-based therapy may
help to distinguish patients who will benefit most from
treatment from those who will need to be rapidly reoriented
toward another treatment approach. It also suggests that the
phenotypic characterization of CECs and the technique used
for their enumeration may be of importance when measuring
their role as a marker for prognosis and/or prediction of
response in patients undergoing antiangiogenic treatments.
These promising data warrant further validation studies.
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