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Abstract
Background and aim  Solid tumors, including pediatric malignancies, depend on angiogenesis for tumor growth, invasion, 
and metastases. We aimed to evaluate the prognostic impact of circulating endothelial cells (CECs) and endothelial progeni-
tor cells (EPCs) on treatment response and survival of pediatric patients with solid tumors.
Methods  A prospective study included 70 patients with different pediatric solid tumors treated with different types of 
chemotherapy and 20 age and sex-matched healthy children as controls. Blood samples collected at diagnosis then on day 
7 and day 21 after chemotherapy. CECs and EPCs were evaluated using flow cytometry.
Results  The mean levels of CECs and EPCs of patients at diagnosis were significantly higher than controls (85.29 ± 24.78 
and 26.1 ± 9.11 versus 20.08 ± 6.65; and EPCs; 2.78 ± 1.48, respectively; P < 0.001 for both). The highest levels of CECs 
were observed in patients with rhabdomyosarcoma (RMS). An overall increase was reported in CECs, and after the first 
cycle of chemotherapy, that was significantly correlated to treatment response and overall survival.
Conclusion  Pediatric patients with solid tumors have elevated levels of CECs and EPCs with more elevation after chemo-
therapy. The magnitude of increase of CECs occurred on day 7 after chemotherapy may be considered as an early predictor 
of response to therapy and outcome in pediatric patients with solid tumors.
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Abbreviations
CECs	� Circulating endothelial cells
EPCs	� Endothelial progenitor cells
ES	� Ewing sarcoma
HB	� Hepatoblastoma
NB	� Neuroblastoma
RB	� Retinoblastoma
RMS	� Rhabdomyosarcoma

OS	� Osteosarcoma
WT	� Wilms’ tumor

Introduction

Pediatric solid tumors have an overall better survival and 
outcome compared with adult cancers [1]. However, despite 
aggressive multimodal therapy, the prognosis remains poor 
for patients with metastatic or relapsed solid malignancies. 
To improve prognosis in these groups of patients, Oncolo-
gists need validated therapeutic approaches [2]. Among the 
common factors of poor prognosis is that pediatric solid 
malignancies display evident angiogenic potential, thus 
blocking tumor angiogenesis represented a new therapeutic 
stratification for these patients [3].

Angiogenesis is the process of new blood vessel forma-
tion from preexisting vasculature that plays a major role in 
the growth, development, and metastatic spread of solid 
malignancies [4]. Circulating endothelial cells (CECs) 
are mature endothelial cells that have been shed into the 
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circulation from damaged tumor vessels [5, 6]. High levels 
of these cells are observed in different diseases with vascu-
lar insult [7]. The ability to quantify CECs and endothelial 
progenitor cells (EPCs) in peripheral blood has provided 
novel ways to assess vascular function in cancer [8, 9]. Some 
studies have demonstrated elevated CECs count in adults 
with malignant diseases [10]. Other studies have found that 
rare circulating cells with endothelial features contribute to 
tumor neovascularization and have shown the principle role 
of bone marrow-derived progenitor in metastatic dissemi-
nation [5, 11, 12]. In addition, it has been experimentally 
demonstrated that chemotherapy induces a rapid induction 
of EPCs into the peripheral circulation of mice, irrespective 
of the presence of tumors [13].

Thirty years ago, CECs were first described using light 
microscopy. Currently, they were determined by several 
novel assay systems, including the flow cytometry and 
immunomagnetic detection system using endothelial cell 
markers, including CD31, CD34, and CD146, and progenitor 
cell markers including CD133 [14]. However, the markers 
and method of assay differ among studies [5, 15].

Few published studies evaluated the levels of CECs and 
EPCs in pediatric patients with solid tumors. Here we aimed 
to quantify CECs and EPCs in newly diagnosed pediatric 
patients with solid tumors receiving different types of sys-
temic therapy at South Egypt Cancer Institute(SECI) and 
correlating them to other factors related to patients (age, sex) 
and tumor ( type, metastases).

In addition, we investigated the relevance of changes 
reported in CECs and EPCs after the first cycle of chemo-
therapy to the type of chemotherapy used in treatment, clini-
cal response and survival outcome.

Patients and methods

Patients

This prospective case–control study included 70 patients 
with de novo solid tumors presented to the Pediatric Oncol-
ogy Department, South Egypt Cancer Institute (SECI), 
Assuit University, during the period from January 2018 
to May 2019. The study was approved by the Institutional 
Review Board of SECI, Assuit University. Informed written 
consent was obtained from parents of all enrolled cases and 
controls.

Patients were included in the study if they have histo-
logically confirmed newly diagnosed malignant solid tumor 
(either localized or metastatic), and had not yet received 
anticancer therapy. Age ranges from12 months to 18 years. 
All patients with previous chemotherapy or surgery (other 
than tumor biopsy) within 4 weeks were excluded.

Patients’ groups

For diagnosis of different types of solid tumors, standard 
histopathologic, immunohistochemical, radio-imaging, and 
tumor markers policies were used. Patients were categorized 
according to diagnosis into three groups: embryonal tumors 
[Neuroblastoma (NB), Wilms’ tumor (WT), Retinoblastoma 
(RB) and Hepatoblastoma (HB)], sarcomas [Rhabdomyosar-
coma (RMS), Osteosarcoma (OS) and Ewing sarcoma (ES)] 
and other rare tumors.

Control group

Twenty age and sex-matched healthy children, 12 boys and 
8 girls were included as a control group to determine the 
normal count of CECs and EPCs. They were recruited from 
siblings of patients attending the Pediatric Oncology Out-
patient Clinic, SECI, Assiut University, Egypt.

Methods:

Blood samples were prospectively collected from patients 
with cancer at diagnosis before the first cycle of chemother-
apy, seven days thereafter and immediately before the sec-
ond cycle (day 21). The patients have received chemotherapy 
in a thrice-weekly schedule as neoadjuvant chemotherapy.

Routine laboratory tests as complete blood count, liver 
function test, and renal chemistry were done for all patients 
and controls.

Flow cytometric detection of CECs and EPCs

Blood samples were obtained within the first 48 h after the 
diagnosis of cancer and before starting chemotherapy. Blood 
samples were taken from freshly placed, flushed venous can-
nula as venipuncture associated trauma may increase the 
yield of endothelial cells in the blood sample.

CECs and EPCs were evaluated using a panel of mono-
clonal antibodies; fluorescein isothiocyanate (FITC) labeled 
-CD144 (Becton Dickinson (BD) Biosciences, San Jose, 
USA), phycoerythrin (PE) conjugated -CD133 (AC133) 
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany); and 
peridinium-chlorophyll-protein (Per-CP)-conjugated CD34 
(BD Biosciences) and allophycocyanin (APC)- conjugated 
CD45 (BD Biosciences).

Fifty µl of the blood sample was incubated with 5 µl of 
CD144, CD133, CD34 and CD45 for 15 min in the dark. 
After incubation; RBC lysis, washing, the cells were resus-
pended in phosphate buffer saline (PBS).

Flow cytometric analysis was done by FACSCalibur 
flow cytometry with Cell Quest software (BD Biosciences). 
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Fifty thousand events were analyzed and anti-human IgG 
isotype-matched negative control was used with each sam-
ple. The gating strategy to detect CECs and EPCs was based 
on CD45 staining to exclude hematopoietic cells. CECs 
were identified as cells lacking CD45 expression, posi-
tive for CD144, positive for CD34 and negative for CD133 
(CD45–/CD144 + /CD34 + /CD133–) and EPCs were negative 
for CD45, positive for CD144, positive for CD34 and CD133 
(CD45–/CD34 + CD144 + /CD133 +) (Fig. 1). The number 
of CECs and EPCs were expressed as absolute count per 
50,000 cells. CEC/EPC levels were normalized to the base-
line values and expressed as percent change to minimize 
variability due to a large variation in baseline CEC and EPC 
levels.

Response evaluation

Response evaluation was performed after the third cycle of 
chemotherapy and was defined into categories of progressive 
disease (PD), stable disease (SD), or partial remission (PR) 
according to Response Evaluation Criteria in Solid Tumors 
(RECIST) [16]

Statistical analysis

The follow-up of the patients was ended in May 2019. Over-
all survival (OS) is defined as the time from start chemo-
therapy to the date of patients’ death or last follow-up. 
Event-free survival (EFS) is defined as the time that patients 
remain free of any events, including relapse, progression or 
death.

Data analysis was performed with the Statistical Pack-
age for Social Sciences (SPSS version 21). Statistical com-
parisons were performed using the Independent Sample 
T test, paired t test and Pearson correlation. To associate 
changes in CEC and EPC levels (separately or combined) 

for EFS and OS, variables were both tested as continuous 
variables applying univariable Cox regression proportional 
hazard (PH) analysis and dichotomized for Kaplan–Meier 
estimation. Differences were evaluated using the log-rank 
test, and hazard ratios were obtained. A p-value of 0.05 
was considered significant in all statistical analyses.

Results

Patients’ characteristics.

Seventy patients (39 males and 31 females) were 
enrolled in this study. Their median age at diagnosis was 
8 years ± 5.01 (ranged between 14 months and 16 years).

Embryonal tumors were the most predominant solid 
tumors amongst patients in this study reported in nearly 
half of patients, followed by sarcomas in 36%. Forty-seven 
percent of patients had metastatic disease at presentation. 
The patients were treated with various types of chemo-
therapy. We categorized them according to treatment 
received into two groups: patients treated with platinum-
based chemotherapy (58.5%) and those treated with other 
chemotherapeutic agents. Table 1 shows the baseline clini-
cal characteristics of patients with pediatric solid tumors 
enrolled in the study and their correlation to CECs and 
EPCs mean levels at initial diagnosis.

Among the 70 patients enrolled in the study, the mean 
CECs and EPCs levels during their initial diagnosis were 
(85.29 ± 24.78 and 26.1 ± 9.11, respectively). That was 
significantly high compared to the levels reported in the 
control group (CECs; 20.08 ± 6.65; P < 0.001 and EPCs; 
2.78 ± 1.48; P < 0.001). The mean levels of CECs and EPC 
sin pediatric patients with solid tumors versus the control 
group were shown in Table 1.

Fig. 1   Flow cytometric detection of circulating endothelial cells (CECs), and circulating endothelial progenitor cells (EPCs). a The analy-
sis gate (R1) included CD34+ CD45– cells. b The expression of CD144 and CD133 in R1 gate was detected. CECs were defined as 
CD45 – CD34 + CD144 + and CD133 −. EPCs were identified as CD45– CD34 + CD144 + and CD133 + 
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Correlation of CECs and EPCs at initial diagnosis 
with characteristics of patients with pediatric solid 
tumors

Baseline CECs levels were not correlated with the gender 
(P = 0.63) of the study group. However, a significant cor-
relation was observed between CEC levels and the types 
of tumors (P = 0.049), the highest levels reported among 
patients with sarcomas (94.26 ± 20.03). No statistically 
significant difference was reported in the mean levels of 
CECs between patients with localized or metastatic disease 
(P < 0.292) at diagnosis. Regarding EPCs, their levels were 
not correlated to any clinical or pathological characteristics 
of patients during their initial diagnosis Table 2.

In this study, we also monitored our patients for changes 
that occurred in the levels of both CECs and EPCs during 
the first cycle of chemotherapy. Table 1 shows the reported 
changes in CECs and EPCs on day 7 and day 21. Only 65 
patients out of the whole study group were evaluable for the 
analysis of these changes. The remaining 5 patients did not 
finish their blood sampling. Then, we studied the associa-
tion between these changes and the type of treatment used, 
the response to treatment, and the survival outcomes of the 
patients.

An overall increase was reported in CECs and EPCs 
levels after the first cycle of chemotherapy. At day 7 after 

chemotherapy, CECs were significantly increased (mean, 
100.27%; 95% confidence interval [CI], 88%–112%; P < 0 
0.01) compared to baseline. On day 21, further significant 
increase in these cells were reported (mean; 228%; 95% 
confidence interval [CI], 206%–250%; P < 0 0.01) com-
pared to day seven.

Similarly, a significant increase in EPCs levels were 
observed at day 7 (mean, 62%, 95% CI, 53%–71%; 
P = 0.02), and further increase at day 21 (mean, 85.8% 
(95% CI, 72%–99%; P < 0.01) were reported.

Among the studied factors, the response to treat-
ment was the only significant factor that inversely cor-
related to the reported increased CECs levels one week 
after chemotherapy (mean, 122.4 ± 50.9, 144.72 ± 45.8, 
and 173.46 ± 44.76 for PR, SD and PD, respectively, 
P = 0.045). The reported increase in EPCs level both in 
days 7 and 21 did not show significant difference consid-
ering the type of tumor, presence of metastasis at initial 
diagnosis or type of treatment received.

As regard EPCs, the changes reported in their levels at 
day 7 found to be significantly related only to the tumor 
type, patients with sarcoma showed the highest values of 
increase in EPCs levels (mean, 81% (95% CI, 32%–130%; 
P < 0.002) compared to other types of tumors. At day 21, 
the reported increase in EPCs levels was comparable for 
all types of tumors at day 21.

Table 1   Mean levels of CECs and EPCs in the control group and pediatric patients with solid tumor at diagnosis, on day 7 and day 21 after 
chemotherapy

CECs circulating endothelial cells, EPCs endothelial progenitor cells

Controls Patients at diagnosis P-value Patients on day 7 after 
chemotherapy

P-value Patients on day 
21 after chemotherapy

P-value

CECs 20.08 ± 6.65 85.29 ± 24.78  < 0.001 163.75 ± 48.77  < 0.001 286.72 ± 45.88  < 0.001
EPCs 2.78 ± 1.48 26.1 ± 9.11  < 0.001 39.45 ± 12.54  < 0.001 45.69 ± 16.08  < 0.001

Table 2   Characteristics of patients with pediatric solid tumors enrolled in the study (N = 70) and their correlation to circulating endothelial cells 
(CECs) and endothelial progenitor cells (EPCs) at initial diagnosis

CECs circulating endothelial cells, CEPs endothelial progenitor cells
a Other: neuroblastoma, nephroblastoma, hepatoblastoma, and primitive neuroectodermal tumor

Patients Number (%) CECs P EPCs P

Sex  Male 39 (55.7) 87.4 ± 24.2 0.63 24.35 ± 6.8 0.58
 Female 31 (44.3) 84.5 ± 24.8 25.29 ± 7.4

Age  Median 8 yr ± 5.01
 Range 14 month-16 year

Type of tumor  Embryonal tumors 36 (51) 80.23 ± 24.9 0.049 25.7 ± 6.8 0.68
 Sarcomas 25 (36) 94.26 ± 20.03 24.18 ± 6.9
 Othera 9 (13) 87.37 ± 23.8 23.58 ± 8.9

Metastasis  Present 33 (47.2) 82.8 ± 24.7 0.292 25.4 ± 6.5 0.45
 Absent 37 (52.8) 89.08 ± 23.95 24.16 ± 7.6
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Changes in CEC and EPC Levels and relation 
to outcome

At the time of survival analysis, 47 patients were alive, 
with a median follow-up of 22 ± 9.56  months (range 
3–34 months), while 18 patients died within 6–30 months 
after diagnosis. Estimated OS and EFS of the all patients 
with malignant solid tumors were 72.3 and 67.6%, 
respectively.

The baseline levels of CECs and EPCs did not show any 
significant effect on the outcome of the study group (OS 
and EFS), as shown in Table 3. However, a significant cor-
relation was found between changes reported in the CECs 
level after chemotherapy and the OS of the patients. At day 
7, patients with low CECs changes had a higher survival 
rate compared to patients with high changes in the level 
of CECs (71.4% versus 56.5%, respectively; P = 0.011) 
(Fig. 2). Similarly, on day 21; OS was 76.7% versus 57.1% 
for the patients with low and high changes in the CECs 
levels, respectively; P = 0.002 (Fig. 3).

Regarding EFS, it did not correlate to the changes 
reported in CECs level at day 7 after chemotherapy; EFS 
for those with low CECs changes was 66.7% versus 52.2% 
for patients with high change; P = 0.28. However, the cor-
relation approached significance between EFS and changes 
reported on day 21; EFS was 73.1% versus 51.4% for the 
patients with low and high changes in the CECs levels, 
respectively; P = 0.051. Neither changes reported in EPC 
at day 7 nor day 21 after chemotherapy found to be cor-
related either to OS (P = 0.29 and 0.43, respectively) or 
EFS (P = 0.4 at day 7 and P = 0.39 at day 21).

Discussion

The progress in the treatment of childhood malignan-
cies is a true success story, and survival rates are cur-
rently approaching 80% in developed countries. Advances 
reported in both diagnostic and management approaches 
have contributed equally to this success [17].

In spite of that, the prognosis remains inferior for some 
groups of patients. This diversity in clinical behavior of 
pediatric malignancies mandates searching for new prog-
nostic factors that may shed new light on the behavior of 
pediatric malignancies and give rise to novel therapeutic 
approaches appropriately adjusted to improve the progno-
sis in this pediatric population [2].

Pediatric solid tumors possess a strong angiogenic 
activity. In the present study, we investigated the role of 
two angiogenic markers (CECs and EPCs) in pediatric 
patients with newly diagnosed various solid tumors.

The increased levels of CECs and EPCs in the study 
group with pediatric solid tumors may indicate the role of 
angiogenesis in the pathogenesis of pediatric solid tumors 
in association with widespread vascular damage and dis-
ruption that occurred in the endothelium of these tumors. 
Angiogenesis plays a key role in the growth, development, 
and metastatic dissemination of solid malignancies [4]. 
Interestingly, we reported a significant association between 
baseline levels of CECs and type of tumor with the high-
est levels reported in patients with sarcomas. Our finding 
is supported by several reports [10, 18–20]. In contrast, 
DuBois et al., 2012 [19] found no difference in CEC levels 
between patients with osteosarcoma in their study and the 
controls.

Fig. 2   Overall survival (OS) for pediatric patients with solid tumors 
had low versus high changes of CECs levels at day 7 after chemo-
therapy; (P = 0.011)

Fig. 3   Overall survival for pediatric patients with solid tumors had 
low versus high changes of CECs levels at day 21 after chemother-
apy; (P = 0.002)
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Here, we noticed that differences in the levels of CECs 
were independent of gender and the used chemotherapeutic 
agents. Our results came in agreement with Taylor et al., 
2009 [18] and DuBois et al., 2012 [19]who reported similar 
results amongst their patients.

Despite the increased level of CECs and EPCs in our 
patients, we did not find any relation between CECs and 
EPCs elevations and metastatic disease at presentation or 
metastatic progression. This was reported by El-Housieni 
et al., 2004 [21]. However, others reported that EPCs play a 
role in the tumor progression by promoting the progression 
of avascular micrometastasis to vascularized macrometas-
tases [22, 23]. Other studies have demonstrated that CECs 
elevations were associated with tumor stage and prognosis 
[8, 11, 24]. This discrepancy between our results and other 
studies could be explained by the heterogeneity and the 
small number of enrolled patients.

The changes that occurred in the levels of CECs and 
EPCs after chemotherapy could be due to bone marrow 
depression and recovery that results with chemotherapy. 
This might be of importance when considering these cells 
as a potential goal for therapy [25]. We reported a significant 
increase in CECs and EPCs in the blood of patients after the 
induction treatment, which was not limited to specific types 
of chemotherapeutic agents. This is comparable to other sim-
ilar studies including adult population with different types 
of cancer [13, 25] CECs and EPCs may release after chemo-
therapy as a part of reactive host response independent of 
tumor type and chemotherapy regimen (Roodhart et al., [25]. 
CECs and EPCs have been found to stimulate tumor growth, 
metastasis formation, and limit chemotherapeutic efficacy 
by prevention of necrosis [13, 22] In our study, we found 
increased levels of CECs and EPCs in our patients with can-
cer treated with different chemotherapeutic regimen with 
no significant difference between types of chemotherapeutic 
agents. However, significant changes in the mean levels of 
CECs were reported among different tumor types, again the 
sarcoma reported the highest levels of change in EPCs after 
chemotherapy

We also found a correlation between CECs levels after 
one week of chemotherapy and the response to treatment 
(P = 0.045). This finding could be of interest because this 
is the earliest time point that could be used as a predictor 
for treatment response. Subsequently, a significant correla-
tion was reported between changes in CECs on day 7 and 
day 21 after receiving chemotherapy, and the outcome of 
our patients with a more increase of CEC levels at 7 days 
showed a significant association toward poor OS (P = 0.01). 
Equally, on day 21, a large change in CEC levels was cor-
related with the poor OS as well (P = 0.002). This is sup-
ported by several studies including adult patients [25–27] In 
addition, Roodhart et al.[25]in a study on adults’ population 
with cancer reported that “The magnitude of the increase 

in CEC levels after chemotherapy correlates with response 
and survival”. In contrast, DuBois et al. [19] reported that 
there is no effect of angiogenic markers on the outcome of 
patients with osteosarcoma.

Conclusions

Pediatric patients with solid tumors have elevated levels of 
CECs and EPCs with more elevation after chemotherapy. 
The magnitude of increase of CECs occurred on day 7 after 
chemotherapy may be considered as an early predictor of 
response to therapy and outcome in pediatric patients with 
solid tumors.
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