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cell-derived factor-d (SDF-1v), matrix metalloproteinase-9, vasculkzsma and Mononuclear Cell Isolation
endothelial growth factor (VEGF), placental growth factor (PIGF), ah@TA plasma and mononuclear cells (MNCs) were collected using
granulocyte colony-stimulating factor (G-CSF) [1,2,13,15,18,21&86EDTA vacutainer (Becton Dickinson, Mountain View, CA) and a
39]. SDF-k belongs to the chemokine family and binds to @gil preparation tube with sodium citrate (Becton Dickinson). Isolation
CXCR-4 receptor. SDFRelplays a key role in both the release apidthe MNCs occurred by centrifuging the cell preparation tubes at
the homing process of EPCs; high concentrations in the bone magfgyat room temperature for 30 minutes. The MNCs were washed
holds the stem cells in their niche. Various factors, including G@®E, in RPMI and stored in 10% DMSO-&0°C until analysis.
VEGF, and PIGF, deplete SD&-ih the bone morrow and, subEDTA tubes were centrifuged at 8804°C for 15 minutes. Plasma
sequently, permit the egress of stem cells into the circulation. Inwaghstored immediately-80°C.
circulating stem cells, which express the GDEegptor CXCR4,
home toward SDFel Within the tumor, the concentration ofEnumeration of CEC/CEPs by Flow Cytometry
SDF-1x is increased in response to VEGF [38]. The acute mobiliZ2ECs and EPCs were quantified by flow cytometry analysis ac-
tion after paclitaxel could be effectively inhibited by antibodies agafeéng to the protocol described by Shaked et al. [15]. Briefly, a
the VEGF and CXCR-4 pathway, leading to enhanced antitumdpef-color FACS analysis (FACSCalibur; BD Biosciences, Franklin
ficacy particularly of these chemotherapeutics [15]. Besides EPCakea; NJ) was performed on MNCs. Mature CECs were defined
ture circulating endothelial cells (CECs) are increased in the bl@sthegative for hematopoietic marker CD45 (PerCP; BD Biosciences
cancer patients and correlate with angiogenesis and tumor vahghositive for endothelial cell markers CD31 (fluorescein isothio-
[17-29]. CECs appear in the peripheral blood of cancer patients eifagate; BD Biosciences) and CD146 (phycoerythrin; BD Bios-
because of release from the bone marrow, similar to EPC, or beceigse@s). EPCs were defined as negative for CD45 and positive fo
shedding from activated or damaged (tumor) vessels. Viable @F&lsand stem cell marker CD133 (allophycocyanin; BD Bios-
may therefore reflect angiogenic activity, whereas apoptotic G&Tss). MNCs were stained according to standard methods [31,32]
may act as a surrogate marker for vascular damage [17,30]. TheSefirgponding isotypes were used to correct for nonspecific binding
ings have provided new insight into the mechanism of tumoMMCs from healthy volunteers, human microvascular endothelial
growth, resistance to chemotherapy, early recurrence, and metagasisd NT2 cells were used as positive controls. Gating and analys
formation during or after chemotherapy. were performed following standard protocols [31,32]. A minimum of

However, little is known of EPC and CEC kinetics during cher@d,000 events was counted, and CECs and EPCs were calculated |
therapy in humans. The bone marrow depression and recoveryjujeher of cells per milliliter of blood using the mononuclear cell count
erally seen after chemotherapy, might influence the temporal cledrigeriginal sample. CEC/EPC levels were normalized to the base
in CEC and EPC and might be of importance when considering isealues and expressed as percent change to minimize variability d
cells as potential markers for therapy. Here we investigated théoteriarge variation in baseline CEC and EPC levels.
poral changes in EPC and CEC and modulatory cytokines during
the first cycle of chemotherapy. We show that the increase in@®@@ine Analysis
and CEC levels 21 days after start chemotherapy by far exceed®lggma G-CSF and SDéere determined by commercially avail-
change immediately after chemotherapy. Furthermore, we praWielELISAs (Quantikine; R&D Systems, Abingdon, UK). VEGF, PIGF,
evidence that the magnitude of the increase in CEC and EPC #klsGF were quantified by commercially available Luminex (R&D
after chemotherapy correlates with response and survival. Thesgy$iigans, UK) following the manufactinestructions.
ings suggest that continuous suppression of EPC and CEC is impor-
tant for optimizing treatment efficacy. Statistical Methodology

Statistical comparisons were performed using the ¢iasednd
Pearson correlation when data were normally distributed and non-

Patients and Methods parametric analysis of Mann-Whitney and Wilcoxon signed rank test
otherwise. To associate changes in CEC and EPC levels (separately
Characterization of Study Patients and Protocol combined) for PFS and OS, variables were both tested as continuou

Blood samples were prospectively collected from cancer psgatsles applying univariable Cox regression proportional hazar
receiving maximum tolerated dose chemotherapy in a thrice We&Klyanalysis and dichotomized for Kaplan-Meier estimation. Differ-
schedule either as (neo)adjuvant chemotherapy or as chemotgrngapyvere evaluated using the log-rank test, and hazard ratios were ¢
for metastatic disease. All patients with previous chemotherdpipent. All results were analyzed using SPSS 15.0 (SPSS, Inc, Chica
surgery within 4 weeks were excluded. Patients were recruittd ded GraphPad Prism version 4.00 (GraphPad Software, San Diegc
tween July 2006 and October 2008 in UMC Utrecht Cancer Cerfték). Error bars shown are SERk 0.05 (two-sided) was consid-
follow-up ended on March 2009. The study was approved by theré significant.
stitutional ethics committee, and written informed consent was ob-
tained from all patients. Blood sampling was performed beforBdkalts
first cycle of chemotherapy, 4 hours and 7 days thereafter and imme-
diately before the second cycle (day 21). Response evaluation \Wagiper-Characteristics
formed after the third cycle of chemotherapy according to RECI&Ighty-two patients with different malignancies, treated with var-
criteria. Progression-free survival (PFS) was defined as time frdoustéorms of chemotherapy, were enrolled in this study. Eleven pa-
chemotherapy to date of tumor progression according to RE@EsiTs did not finish the blood sampling owing to early withdrawal of
Time from start chemotherapy to date of patee#th was deter-informed consent, mainly because of the requirement of a second intra
mined as overall survival (OS). venous access. Seventy-one patients were evaluable for the analysi
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changes in CEC, EPC, and growth factors after chemotherapyTWinie PatientsCharacteristics.

patients were treated with adjuvant chemotherapy and, by definition;
not evaluable for response to treatment; nine more patients wefBiggristic

evaluable according to RECIST and were therefore excludedsddlti)
mately, 53 patients were evaluable to associate changes in CECYEPC

. Female
levels after chemotherapy with response to treatment. For 40 p%@,’i}éars
the predictive value of the changes in CEC/EPC levels for PFS an@iéd& (range)
was analyzed, as 13 patients receiving neoadjuvant chemotherap %%Pé” (%)
excluded from this analysis. Table 1 summarizes the demogra ri?’lséctal

follow-up, and tumor types of all patients. Ovarian
Esophagus
Prostate

Changes in CECs and EPCs during the First Cycle Head and neck
0f Chemothempy Sarcqma
Overall, an increase was seen in CECs and EPCs after the firstﬁéﬁ‘e
of chemotherapy. Almost half of the patients (42%) already Shgwrﬁdherapy regimen(%)
a moderate increase in CEC 4rsoafter chemotherapy (mean,Taxane-based
176%; 95% confidence interval [Cl], 76%-277%; NS). Regardir‘fq:‘hraCVC"”ibased
5-Fluorouracibased

EPCs, as shown before [15], only patients treated with taxane-baset-pased
chemotherapy showed an immediate increase of EPC (mean, 181#%6;

95% CI, 50%-311%pP < .05) compared with a mean decreasgXgponse to chemotherapy after one ey(®,

artial/complete remission

85% (95% ClI, 48%-123%) in other chemotherapy groups (signiED
cant difference? < .01)* After 7 and 21 days, the increase of CECsp

and EPCs was substantially higher and consistently present &ft&ag months
types of chemotherapy. At day 7, CEC levels were increased to L@Z?Z: Eﬁ‘gw(]g‘;g'QR)

(95% ClI, 133%-252%p < .01), and EPC levels were slightly in-vedian 0s (1QR)

33 (47%)
38 (53%)

62 (32-82)

17 (24%)

13 (18%)
8 (11%)
8 (11%)
6 (9%)
5 (7%)
4 (6%)

4 (6%)

6 (8%)

23 (32%)

21 (30%)
11 (20%)

9 (13%)
4 (5%)

21 (40%)
27 (51%)
5 (9%)

19 (12-28)
7 (4-11)
14 (9-25)

creased to 114% (95% CI, 78%-151%; NS). On day 21, CEC A cates interquartile range
EPC levels were further increased to 418% (95% ClI, 203%-632%; '
P < .01) and 304% (95% ClI, 176%-1431%< .01; Figure 1,
A andB), respectively. la and CECs (Pears@= 0.5;P < .001) and EPCs (Pearstn

This increase in CECs and EPCs was also seen in patients re@&iying .001) at baseline and at 7 and 21 days was noticed. There
adjuvant chemotherapy, although to a lesser extent and not rea@sng significant positive correlation between EPC andxSDF-1
significance. At 7 and 21 days after chemotherapy, a mean incrdaseurs after chemotherapy (Peafsen0.3; P < .001) but not
CECs of 250% (95% CI, 8%-486%;= .16) and 275% (95% CI, between CECs and SDk-{PearsoR = 0.09,P = .4). There
21%-987%;P = .08), respectively, was seen. EPCs were slightiwateno correlation between other cytokines and CECs or EPCs at
creased after 7 days (mean, 63%; 95% CI, 8%-128%2) but any time point.
increased after 21 days to 231% (95% CI, 61%-12#43%018).
The levels of CECs and EPCs at days 7 and 21 in patients treated with
adjuvant chemotherapy did not significantly differ from changesSeewges in CEC and EPC Levels after Chemotherapy
in patient with advanced disedse (8; Figure 1F andF). Associated with Response, PFS, and OS

A significant correlation was found between changes in CEC and

Cytokine Changes during the First Cycle of Chemotherapy EPC 7 days after chemotherapy and percent tumor shrinkage accord
To determine the possible causes of the increase in CECEGi# RECIST after three cycles of chemotherapy (PRar<bb
EPCs, various cytokines were quantified in the pgilestea. Four and 0.4 < .01, respectively). Changes in CEC or EPC after 4 hours
hours after chemotherapy, a significant increase in plasma SPRd121 days did not correlate with response to chemotherapy (Fig-
was found in all patients treated with taxane-based chemothéi@gy- The kinetics of the CEC 7 and 21 days after the first cycle
(» = 6; mean, 135%; 95% Cl, 108%-212%3= .01); in all other of chemotherapy differed significantly between patients with partial
patients, levels remained stable. In all patients, 4 hours after cF¥igsion/stable disease (PR/SD) and patients with progressive dis
therapy, a significant increase in PIGF levelsO5) was observedease (PD) after three cycles of chemotherap§d). In patients with
In contrast, VEGF and FGF levels showed an immediate dedtPagelarge increase in CEC was seen after both 7 and 21 days (mea
within 4 hours after chemotherapy(.05). G-CSF levels remaineticrease, 386% and 1658%, respectively). In patients with PR/SD, a
stable. Seven days after chemotherapy, there was a significant Régsaistcrease in CECs of 169% was found at day 706) and
in SDF-Tx (P < .01) and G-CSFP(< .001; Figure 1¢ and D). 210% after 21 day# & .01). EPC levels did not differ significantly
These increases were seen after all chemotherapeutic regimeg8V@&n patients with PD compared with patients with PR/SD.
significant changes could be found for PIGF, FGF, and VEGF 7 d&iPsequently, with univariable Cox PH regression, we determined
after chemotherapy. At day 21, all growth factors returned to badéigteer CEC and EPC levels, at baseline and/or consecutive time

level. For all patients, a significant inverse correlation betweenPSibts after chemotherapy could predict PFS and OS. At baseline
and 4 hours after chemotherapy, no association between PFS/OS

and CEC/EPC was observ@d>(.15; data not shown). Further-
The results from four of six patients were already published in Shaked et al.rm®re, tumor type or chemotherapy regimen could not predict PFS
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Figure 1. Kinetics of CECs, EPCs, and growth factors during the first cycle of chemotherapy. Overall, a significant increase was seen in
CECs (A), EPCs (B), G-CSF (C), and SDF-1a (D) (n = 71, P < .01). The increase in CECs (E) and EPCs (F) seems also present in patients

treated with adjuvant chemotherapy (n = 9, P = .08 and P = .18).



Neoplasia Vol. 12, No. 1, 2010 CEC and EPC after Chemotherapy Predict Prognosis  Rdodhart et

or OS in univariable analysts>(.5; data not shown). Interestinglypw EPC levels) and a poor risk group with both high CEC and

a large increase of CEC levels 7 days after chemotherapy shioigled=®C levels were defined. This combination revealed an accu-
significant association with poor PES (007) and a trend towardrate risk model for PFS and @S=(.006 andP = .02, respectively).

poor OS P =.09). Equally, at day 21, a large change in CEC levetsPFS, median survival times were 16, 11, and 5 months, respec-
was correlated with poor PFS and OS asArelD02 and” = .008, tively, for the favorable, intermediate, and poor risk groups. OS was
respectively). However, we focused on day 7 because this is thg samths for the poor risk group. For the favorable and interme-
liest time point that could be used as predictor for PFS/OS. Tedigés risk groups, median survival times were not reached at the enc
were chosen as objective cutoff points to dichotomize variablesfédiow-up (Figure G and Table 2).

Kaplan-Meier analysis. For CEC levels, the 67th tertile was chosen

as cutoff to divide patients into two risk groups with distinct survival

rates. Seven days after chemotherapy, a change in CEC levelDaddesssion

than 193% (67th tertile) was asated with a significantly proHere, we showed that CECs and EPCs were increased in the blooc
longed PFS(= .01) and OSK = .006; Figure 34 and B, and of cancer patients after treatment with various chemotherapeutic reg:
Table 2). In univariate analysis, EPC levels were not significanilgeass. This increase already started a few hours after chemotherap
sociated with PFS or OS at days 7 and 21. However, becaus§lbptbut the changes after 7 and 21 days after the start of chemo-
CECs and EPCs may play an important role in tumor progressienapy exceeded the change immediately after chemotherapy an
we investigated whether combining CEC and EPC levels in onwaiskot limited to specific types of chemotherapy. The increase in
model could improve the predictive accuracy. Therefore, we dich@s and EPCs is seemingly unrelated to the presence of a tumoi
omized the EPC levels at day 7 using a similar cutoff point dsefmuse adjuvant chemotherapy showed similar kinetics. This sug
CEC (33rd tertile). After dichotomization, EPC levels at day 7 \gests that EPC and CEC release after chemotherapy is part of a re
(borderline) significantly associated with PFS an8l ©946 and active host response independent of tumor type and chemotherapy
P = .06, respectively; Figu@ @hd Table 2). Subsequently, patientsgimen. This response may very well be an important factor in de-
were stratified in three risk groups with distinct survival rates bexseihing the outcome of patients because EPC and CEC have beer
on CEC or EPC levels above or below their cutoff point. A fafmrad to stimulate tumor growth, metastasis formation, and limit
able group without risk factors (low CEC and low EPC levelsghamotherapeutic efficacy by @néion of necrosis [3,15]. Here,
intermediate group with one risk factor (either low CEC levelweoshowed that the magnitude of the increase of CECs and EPCs
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Figure 2. Significant correlation between the changes in CECs (A) and EPCs (B) 7 days after chemotherapy and the percent tumor
shrinkage according to RECIST. n = 53, Pearson R = 0.5 and 0.4, respectively (P < .01). CEC levels, but not EPC levels, after 7 and
21 days discriminated between patients with PD (n = 5) and SD/PR (P < .05) (C and D).
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Figure 3. PFS (upper panels) and OS (lower panels) of 33 patients by CECs (A) and EPCs (B) levels 7 days after chemotherapy individually and
combined into three groups (C): (1) low CEC and low EPC levels, (2) either low CEC or low EPC levels, and (3) both high CEC and EPC levels.

after chemotherapy was associated not only with response to chdine-chemotherapy-induced host response is likely to be mediatec
therapy after three cycles but also with PFS and OS. Althoughythtse up-regulation of various cytokines that are known to be in-
is the first prospective analysis of the correlation between the chialvgesin progenitor cell recruitment, such as SDWHEAGF, PIGF,

in CECs/EPCs during the first cycle of MTD chemotherapy and G-CSF [1,2,15,18,21;38)]. Especially SDFeds known for its
response and survival, the correlation between CECs/EPCs an#igyragle in both the release and the homing of EPC [38]. Previously,
nosis of patients is supported by others [23432 it was shown that certain types of chemotherapy can cause an acu

Table 2. Changes in CEC and EPC Levels 7 Days after Chemotherapy Associated with PFS and OS.

Cut Point Used Median PFS, months Log-rank  HR (95% CI) Median OS, months Log-rafk HR (95% CI)

CEC day 7

Lowest two tertiles* 193% 9.6 0.01 - Not reached 0.006 -

Highest tertile 4.6 2.9 (1.2-7.0) 12.7 4.5 (1.4-14.6)
EPC day 7

Lowest tertile* 30% 11.5 0.046 - Not reached 0.06 -

Highest two tertiles 6.2 2.4 (1.0-5.9) 14.6 3.8 (0.8-17.6)
EPC + CEC day 7

Favorable* Low EPC and CEC 11 0.006 - Not reached 0.02 -

Intermediate Either low EPC or low CEC 7 1.7 (0.6-4.7) Not reached 5.3 (0.6-45.1)

Poor High EPC and CEC 4 5.5 (1.7-17.4) 12.8 11.7 (1.4-98.4)

HR indicates hazard ratio.
*Risk group used as reference.
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up-regulation of SDFedl VEGF, and G-CSF [14,15,21,35,40]. |,Refere_nces _ o
addition, inhibition of SDFel by neutralizing antibodies could ind1! Rafii S, Lyden D, Benezra R, Hattori K, and Heissig B (2002). Vascular and

L . . haematopoietic stem cells: novel targets for anti-angiogenesiSih&ragy
hibit the release of EPC and enhanced the antitumor efficacy of the goe gy verarg rangiog Ofcer

chemotherapy [15]. We found a significant increase indSBE1 [2] asahara T, Murohara T, Sullivan A, Silver M, van der ZR, Li T, Witzenbichler B,
G-CSF 7 days after chemotherapy. The very consistent increase Sohatteman G, and Isner JM (1997). Isolation of putative progenitor endothelial
G-CSF is not surprising given the important role in hematopoiesisells for angiogenesisence 275, 964-967.

and the recovery of the bone marrow after chemotherapy. No correldidf° D: Nolan DJ, Mellick AS, Bambino K, McDonnell K, and Mittal V (2008).

._Endothelial progenitor cells control the angiogenic switch in mouse lung metastasis.
could be found between G-CSF and CEC or EPC. However, a SI95, e 319 1‘)95198 919 9

nificant correlation between CEC and EPC with SDWels shown, (4] Lyden D, Hattori K, Dias S, Costa C, Blaikie P, Butros L, Chadburn A, Heissig B,
suggestive for a role for SFH1 the recruitment and/or homing of ~ Marks W, Witte L, et al. (2001). Impaired recruitment of bone-marecwed
these cells. In contrast, it should be noted that plasmaxS&Fels endothelial and hematopoietic precursor cells blocks tumor angiogenesis and growth
already returned to baseline levels after 21 days, whereas the CE¥Me!7, 1194-1201. .
and EPCs continued to increase. This may suggest that other gll‘rgwﬁiv.'dc’ﬁ AM. Ng CY, Brown P, Leary MA, Spurbeck WW, Zhou J, Horwitz £,
- . - nin EF, and Nienhuis AW (2001). Bone mard®rived cells contribute to

factors are involved in the continued release of CECs and CEPS.  tymor neovasculature and, when modified to express an angiogenesis inhibitor,

Preclinical evidence shows that antiangiogenic therapy could blunin restrict tumor growth in mic@in Cancer Res 7, 2870-2879.
the release of EPCs by (chemo)therapy [14,15]. Whether this iffth#&sahara T, Masuda H, Takahashi T, Kalka C, Pastore C, Silver M, Kearne M,
case in patients is presently unclear: however, it has been shown tN&gner M, and Isner JM (1999). Bone marrow origin of endothelial progenitor

. S . . cells responsible for postnatal vasculogenesis in physiological and pathological nec
metronomic chemotherapy does inhibit the release of EPCs in patlerﬁgscular‘i)zaﬁomm Re?SS 221228 9 physiolog P 9

[41]. Perhaps this inhibition of CECs and EPCs release providgg| ageyes M, Dudek A, Jahagirdar B, Koodie L, Marker PH, and Verfaillie CM (2002).

additional explanation for the synergistic efficacy of bevacizumatrigin of endothelial progenitors in human postnatal bone myawinvest
dditional explanation for the synergistic efficacy of b abx

and chemotherapy. Conceptually, these findings point to an array dp9, 337-346. '

new therapeutic strategies by combining chemotherapy with agerts %95'”9 H, Schuler T, Amold B, Hammerling GJ, and Ganss R (2005). Chemo-

L . nes direct endothelial progenitors into tumor neovBaséas/ Acad Sci USA
pable of inhibiting the release of progenitor cells, such as/SDF-1 (o> ja11118116 " s

CXCR-4 antagonists, to enhance the therapeutic potential of conyemeters BA, Diaz LA, Polyak K, Meszler L, Romans K, Guinan EC, Antin JH,

tional chemotherapy. Myerson D, Hamilton SR, Vogelstein B, et al. (2005). Contribution of bone
A potential limitation of this study is the heterogeneous popu|amarr0wderived endothelial cells to human tumor vasculafuréfed 11,

tion of chemotherapy and cancer types. However, we intended to ]e%?l‘%z' .

e 10] Duda DG, Cohen KS, Kozin SV, Perentes JY, Fukumura D, Scadden DT, and
whether the hOSt bone marrow response was a SpeCIfIC effect o':]é% RK (2006). Evidence for incorporation of bone maeawed endothelial
more generalized effect independent of the type of chemotherapyis into perfused blood vessels in tumiass.107, 2774-2776.
and found evidence for the latter. Furthermore, certain types ofiaheruzinova MB, Schoer RA, Gerald W, Egan JE, Pandolfi PP, Rafii S, Manova K,
motherapy with a high response rate in certain forms of cancer couldittal V, and Benezra R (2003). Effect of angiogenesis inhibition by Id loss and
be a confounder in the analysishaugh, in univariate analysis, the contribution of bone-marrederived endothelial cells in spontaneous murine

. .. mors.Cancer Cell 4, 277-289.
tumor type and chemotherapy regimen were both not predlchﬁ]o uD, Sun X, Qiu Y, Zhou J, Wu Y, Zhuang L, Chen J, and Ding Y (2007). Iden-

survival, suggesting that our results are not influenced by a specifigation and clinical significance of mobilized endothelial progenitor cells in tumor
subgroup. There is still controversy on the definition of an EPC andasculogenesis of hepatocellular carci@ém@ancer Res 13, 3814-3824.

CEC. No unique identifying markers have yet been reported,[’@hd<aplan RN, Riba RD, Zacharoulis S, Bramley AH, Vincent L, Costa C,
functional characterization of the rare putative populations based ojf2cPonald b, Jin DK, Shido K, Kerns SA, et al. (2005). VEGFRI-positive

. . . haematopoietic bone marrow progenitors initiate the pre-metastatic niche.
FACS phenotypes will be difficult to realize for a large data set. Herey . . 435 820-827 prog P

we did not distinguish between viable and apoptotic CECs and ER{Sshaked Y, Ciarrocchi A, Franco M, Lee CR, Man S, Cheung AM, Hicklin DJ,
The true biologic meaning of the cells we quantified based on the s&haplin D, Foster FS, Benezra R, etal. (2006). Therapy-induced acute recruitment
lected phenotypes needs to be evaluated. However, using the selectigiculating endothelial progenitor cells to turfigsce 313, 1785-1787.
phenotypical definitions, the data presented here support a general rgigaked Y, Henke E, Roodhart JM, Mancuso P, Langenberg MH, Colleoni M,

. . . Daenen LG, Man S, Xu P, Emmenegger U, et al. (2008). Rapid chemetherapy
of CECs and EPCs in the prognosis of cancer patients after Chemf?foluced acute endothelial progenitor cell mobilization: implications for anti-

therapy and asa potential target for therapy. angiogenic drugs as chemosensitizing agents.Cel/ 14, 263-273.
In conclusion, we showed that chemotherapy evokes both angutrace F, Massard C, Borghi E, Bidart JM, and Soria JC (2007). Vascular dis-
and a late systemic host response composed of the release of CE@%ing therapy-induced mobilization of circulating endothelial progenitor cells.

EPCs, growth factors, and chemokines. The extent of this release cdf </ 18, 1421-1422. _
Beerepoot LV, Mehra N, Vermaat JS, Zonnenberg BA, Gebbink MF, and Voest

relates Wlth the response to therapy. f';md the prognosis Of_pa[tllélmtSE (2004). Increased levels of viable circulating endothelial cells are an indicator
These findings provide new opportunities for further enhancing chegt progressive disease in cancer patient€ncol 15, 139-145.

motherapy efficacy by inhibition of the released factors by combdnasertolini F, Paul S, Mancuso P, Monestiroli S, Gobbi A, Shaked Y, and Kerbel
tion treatment. Furthermore, this study paves the way for a prospectiv&s (2003). Maximum tolerable dose and low-dose metronomic chemotherapy
study ina uniformly treated patient population to determine Whetherhave opposite effects on the mobilization and viability of circulating endothelial

. . rogenitor cellsCancer Res 63, 4342-4346.
CECs and EPCs might be used as a very early predictor of reﬁg?r%gaudry P. Force J, Naumov GN, Wang A, Baker CH, Ryan A, Soker S,
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