Cancer Management and Research

Dovepress
open access to scientific and medical research

Cancer Management and Research downloaded from https://www.dovepress.com/ by 172.114.130.36 on 02-Jun-2021
For personal use only.

Open Access Full Text Article

ORIGINAL RESEARCH

CD44+ Circulating Tumor Endothelial Cells
Indicate Poor Prognosis in Pancreatic Ductal
Adenocarcinoma After Radical Surgery: A Pilot
Study

Cheng Xing
Yatong Li
Cheng Ding
Shunda Wang
Hanyu Zhang
Lixin Chen
Pengyu Li
Menghua Dai
Department of General Surgery, Peking
Union Medical College Hospital, Chinese
Academy of Medical Sciences & Peking
Union Medical College, Beijing, 100730,
People’s Republic of China

Background: Circulating tumor endothelial cells (CTECs) are cells that originate from
tumor endothelial cells (TECs) of blood vessels and are shed into peripheral blood. Some
studies have shown that CTECs are associated with tumor angiogenesis, growth and indicate
prognosis in patients with malignant solid tumor. However, the role of CTECs especially the
phenotype of CTECs in pancreatic adenocarcinoma (PDAC) is still not clear. We investigated
the relationship between CTECs and patients’ prognosis.
Methods: A total of 73 patients with resectable PDAC were enrolled in our research and
underwent radical surgery. Peripheral venous blood samples were collected before surgery,
on postoperative day (POD) 7 and on postoperative month (POM) 1, respectively. We used
integrated subtraction enrichment and immunostaining-fluorescence in situ hybridization
(SE-iFISH) platform to identify and enumerate CTECs. Immunofluorescence was used to
identify CTECs expressing CD44 and vimentin.
Results: In patients with early tumor recurrence (DFS< 6 months), the preoperative CD44+
CTEC levels showed significantly higher (P = 0.023). Univariate and multivariate analysis
showed that history of diabetes [HR 2.656 (1.194–5.908), P = 0.017], numbers of positive
lymph nodes [HR 1.871 (1.388–2.522), P < 0.001], preoperative numbers of CD44+ CTECs
[HR 1.216 (1.064–1.390), P = 0.004], and POM1 CA19-9 level [HR 1.002 (1.001–1.002),
P < 0.001] were independent prognostic factors for DFS.
Conclusion: The detection of CD44+CTECs in patients with resectable PDAC preopera
tively could be an independent predictor of shorter DFS after radical surgery.
Keywords: circulating tumor endothelial cells, pancreatic adenocarcinoma, prognostic
factor, CD44
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Pancreatic ductal adenocarcinoma (PDAC) is one of the primary causes of cancerrelated mortality worldwide.1,2 The only potentially curative treatment for PDAC is
surgical resection. While patients with localized disease have been treated with
integrated therapy based on radical surgery, the 5-year survival rate still remains
7%-8%.3 Many of these patients developed early postoperative metastatic recur
rences due to micrometastatic foci occurred at the time of surgery. Many patients
are understaged at diagnosis for the reason that these micrometastatic foci are not
identified preoperatively.
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Circulating tumor endothelial cells (CTECs)4,5 are cells
that originate from tumor endothelial cells (TECs)6,7 of
blood vessels and are shed into peripheral blood. It has
been extensively investigated that TECs shows clinical
significance in tumor growth and metastasis.8–10 Previous
studies demonstrated that CTECs may play a part in tumor
angiogenesis.11,12 CTECs have been recently reported to
express multiple biomarkers such as tumor or stemness
markers in patients with breast cancer13 and non-small-cell
lung cancer (NSCLC).14,15
Several recent studies indicated that some circulating
tumor cells (CTCs) have characteristics similar to circulat
ing tumor stem cells (CTSCs).16 Since cancer growth
depends on cancer stem cells (CSCs), which are com
monly chemoresistant, CTSCs might be a more sensitive
prognostic factor comparing to CTCs.17 Cluster of differ
entiation 44 (CD44) was a useful stemness marker as
reported previously.18 A study demonstrated that gastric
cancer patients with CTCs expressing CD44 were more
inclined to develop disease recurrence and metastasis.19
Furthermore, another study showed that CTCs labeled
with CD44 were independent prognostic factor of
decreased disease-free survival (DFS) and overall survival
(OS).20 A hypothesis has been proposed that CD44+ CTCs
represent a more aggressive subset of CTCs with a more
stem cell-like phenotype. Vimentin was considered as an
important epithelial–mesenchymal transition (EMT) mar
kers, and was correlated with cancer recurrence as well as
decreased overall survival.21,22 Some studies found that
CTCs expressing vimentin were more invasive and could
promote metastases.23 However, the role of the stemness
phenotype or mesenchymal phenotype of CTECs in
patients with PDAC is still unclear.
The aim of the present study was to detect different
phenotypes of CTECs in the peripheral blood of patients
with PDAC, and to determine the prognostic value of
CTECs.

Methods
Patients and Samples
From November 2017 to October 2020, patients with
resectable PDAC who underwent radical surgery including
pancreaticoduodenectomy, distal pancreatectomy with
splenectomy, or total pancreatectomy were considered eli
gible for this study. 6 mL of peripheral venous blood
samples were collected 1 day before surgery,
postoperative day (POD) 7 and in postoperative month
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(POM) 1, respectively. All enrolled patients signed con
sent forms before blood sample collection. The study was
approved by the Ethics Review Committees of Peking
Union Medical College Hospital (PUMCH), and per
formed in compliance to the Declaration of Helsinki
Principles. Inclusion criteria: (1) patients who underwent
radical pancreatectomy (pancreaticoduodenectomy, distal
pancreatectomy with splenectomy or total pancreatect
omy); (2) patients’ postoperative pathological diagnosis
was PDAC; (3) patients gave informed consented, com
plied with sample collection and follow-up. Exclusion
criteria: (1) tumor was found unresectable or distal metas
tasis preoperatively or intraoperatively; (2) patients’ post
operative pathological diagnosis was not PDAC; (3)
patients withdrawn informed consent, or patients were
unable to comply with sample collection or follow-up.
We collected the data regarding patients’ demographics,
perioperative factors, pathologic details, surgical out
comes, survival, neoadjuvant or adjuvant therapy. The
diagnosis of PDAC was confirmed by 2 independent
pathologists. Pathological information including tumor
size, differentiate degree, nodal status, margin status, peri
neural and perivascular invasion was recorded. Patients
were followed up every 3–6 months postoperatively by
the outpatient department. Contrast computed tomography
of chest, abdomen and pelvis were routinely performed
every 3–6 months to monitor the recurrence of tumor. The
physicians were blinded to CTCs or CTECs information to
ensure that the treatment plan was independent.

Subtraction Enrichment (SE)
We use Subtraction Enrichment Kit from Cytelligen (San
Diego, CA, USA) to collect CTCs and CTECs. The pro
cedure was performed according to the manufacturer’s
protocol. The details of procedure was described in our
previous study.24

Tumor Marker
Immunostaining-Chromosome
Fluorescence in situ Hybridization
(i-FISH)
6-channel tri-marker (CD44/vimentin/CD31)-iFISH was
used to identify CTCs or CTECs according to the manu
facture’s protocol (Cytelligen).5 The dried monolayer cells
on coated slides were rinsed and incubated with PBS for 3
minutes. Then, the cells were hybridizated with centro
mere probe 8 (CEP8) (Abbott Laboratories, Chicago, IL,
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USA) for 4 hours. S500 StatSpinThermoBrite Slide
Hybridization/Denaturation System (Abbott Molecular,
Abbott Park, IL, USA) was used to identify aneuploid
tumor cells. Samples were subsequently incubated with
the indicated post-fluorescence labeled monoclonal anti
bodies (1:200 dilution), including Alexa Fluor (AF) 594CD45 (ATCC, Manassas, VA, USA, Clone 9.4), CD44
(MiltenyiBiotec, San Diego, CA, USA), Cy5-CD31
(Abcam, Burlingame, CA, USA, Catalog No. EP3095),
and Cy7-vimentin (Abcam, Catalog No. EPR3776) for
20 min in the dark.25 After washing, we use mounting
media with DAPI (Vector Laboratories, Burlingame, CA,
USA) to mount the samples, then scanned the images of
CTCs/CTECs for analysis.

Image Scanning and Cell Counting
Metafer-iFISH system (Carl Zeiss, MetaSystems, and
Cytelligen5) was used to scan images and analyze CTCs
and CTECs. CTCs were defined as DAPI+/CD45-/CD31-/
CD44 (+ or -)/vimentin (+ or -) with aneuploid CEP8,
CTECs were defined as DAPI+/CD45-/CD31+/CD44 (+
or -)/vimentin (+ or -) with aneuploid CEP8. Circulating
tumor microemboli (CTMs) were defined as multiple
CTCs (≥3) aggregated into clusters. Circulating tumor
endothelial microemboli (CTEMs) were defined as multi
ple CTECs (≥3) aggregated into clusters. Automated CTC
classification and statistical analysis were applied upon
cell size, cell cluster, and chromosome ploidy.

Statistical Analyses
Categorical variables were expressed as a percentage and
compared using χ2 test or Fisher’s exact test. Continuous
variables were expressed as the mean ± standard deviation
or the median (interquartile range) and compared using
Student’s t-test or Mann–Whitney U-test. Kaplan–Meier
method and comparison using a Log rank test were applied
to estimate survival data. Prognostic factors for diseasefree survival (DFS) or overall survival (OS) were identi
fied using univariate and multivariate Cox proportional
hazards models. In univariate Cox regression analysis, all
variables with P value <0.10 were included in multivariate
Cox model with backward selection. Unless otherwise
specified, 2-sided statistical tests were used and a P
value less than 0.05 was considered statistically signifi
cant. The hazard ratios (HR) and their 95% confidence
intervals (95% CI) were calculated to show the variation.
Spearman correlation coefficients were used to evaluate
the correlation between pathological characteristics and
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CTEC levels. The optimal cutoff values of independent
prognostic factors were assessed by the X-Tile software
(version 3.6.1).26 SPSS version 22.0 (IBM, Armonk, NY,
USA) was used for statistical analysis.

Results
Detection of CTECs and CTCs by
SE-iFISH
CTECs and CTCs were enriched and identified in the
peripheral blood of 73 patients by applying the sorting
method. CTECs and CTCs can be classified by the plat
form with the detection of aneuploid CEP8. The CTCs
identification criteria were as follows (Figure 1A): nuclear
DAPI+, CD45-, CD31-, aneuploid CEP8 positive, and
CTCs tumor marker (CD44 and vimentin) positive or
negative. CTECs with the same aneuploidy of CEP8
were also found under the fluorescence microscope. The
definition of CTECs was similar to CTCs except the
endothelial cell marker CD31 was strongly positive
(Figure 1B).

Participant Characteristics and
Categorical Analysis of CTECs and CTCs
During the study period, we evaluated 125 patients whose
preoperative diagnosis were considered PDAC. Fifty-two
cases did not meet the inclusion criteria: 29 patients had
unresectable tumors, 19 patients’ postoperative pathologi
cal diagnosis were not PDAC, 3 patients died from post
operative complication within 1 month, 1 patient was lost
to follow-up. A total of 73 cases were enrolled into the
study. The flow diagram is presented in Figure 2. The
median (range) follow-up duration was 10.8 (1.2–31.8)
months. Patients’ demographic characteristics, surgical
details and pathological data are summarized in Table 1.
Table 2 and Figure 3 describe the dynamics of CA
19–9, CTCs and CTECs in different phases. The mean
total CA19-9 level, numbers of vimentin+ CTCs and
numbers of vimentin+ CTECs showed a decreasing trend
at POD7 and then increased at POM1, respectively. The
mean total numbers of CTCs, CD44+ CTCs, CTECs and
CD44+ CTECs increased at POD7 and then decreased at
POM1, respectively. We divided the patients into early
recurrence (ER) group (DFS<6 months) and late recur
rence (LR) group (DFS≥6 months) according to the DFS.
We compared the level of CTCs and CTECs between the
ER group and the LR group. The mean preoperative CD44
+ CTECs level was significantly higher in the ER group
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Figure 1 Detection of different subtypes of CTCs and CTECs expressing CD44 and vimentin in PDAC patients by SE-iFISH. (A) A CTC (DAPI+/CD45-/CD31-/vimentin-/
CEP8+) has a positive expression of CD44; A CTC cluster (DAPI+/CD45-/CD31-/vimentin-/CEP8+) has a positive expression of CD44; A CTC (DAPI+/CD45-/CD31-/
vimentin-/CEP8+) has a negative expression of CD44; A CTC cluster (DAPI+/CD45-/CD31-/vimentin+/CEP8+) has a negative expression of CD44. (B) A CTEC (DAPI
+/CD45-/CD31+/vimentin-/CEP8+) has a positive expression of CD44; A CTEC cluster (DAPI+/CD45-/CD31+/vimentin+/CEP8+) has a positive expression of CD44;
A CTEC (DAPI+/CD45-/CD31+/vimentin-/CEP8+) has a negative expression of CD44; A CTEC cluster (DAPI+/CD45-/CD31+/vimentin+/CEP8+) has a negative expression
of CD44.
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Figure 2 Flow diagram of patient enrollment.

than it in the LR group (3.00 vs 0.56, P = 0.023). The
mean preoperative vimentin+ CTC levels (0.06 vs 0.63,
P = 0.012) and POD7 vimentin+ CTC levels (0 vs 0.21,
P = 0.022) showed significantly lower in the ER group
than it in the LR group. The POM1 CA19-9 level was
significantly higher in the ER group than it in the LR
group (415.77U/mL vs 28.52U/mL, P = 0.002).

Detection of CD44+ CTECs Associated
with Poor DFS in Enrolled Patients
Univariate Cox regression analysis was applied to investi
gate the association between DFS or OS, as well as demo
graphic characteristics, pathological data, perioperative
details, CTCs and CTECs levels. History of smoke (P =
0.030), history of diabetes (P = 0.011), neoadjuvant che
motherapy (P = 0.020), type of operation (total pancrea
tectomy, P = 0.001), differentiation of tumor (poor, P =
0.042), positive lymph nodes numbers (P < 0.001), pre
operative CD44+ CTECs level (P = 0.001), POD7 CD44+
CTCs level (P = 0.011), POM1 CA19-9 level (P < 0.001)
were identified as statistically significant influential factors
for DFS (Tables 3 and 4). History of diabetes (P = 0.002),
neoadjuvant chemotherapy (P = 0.009), type of operation
(total pancreatectomy, P = 0.001), preoperative CD44+
CTECs level (P = 0.010), POD7 CD44+ CTCs level
(P = 0.011), POM1 CA19-9 level (P = 0.007) was identi
fied as statistically significant influential factors for OS
(Tables 5 and 6).
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According to the pre-specified criteria, potential prog
nostic factors with P values < 0.10 in the univariate ana
lysis were included in the multivariate Cox regression
model. History of diabetes [HR 2.656 (1.194–5.908), P =
0.017], positive lymph nodes number [HR 1.871 (1.388–
2.522), P < 0.001], preoperative CD44+ CTECs level [HR
1.216 (1.064–1.390), P = 0.004] and POM1 CA19-9 level
[HR 1.002 (1.001–1.002), P < 0.001] were identified as
independent prognostic factors for DFS (Table 3). We
determined the optimal cutoff value of the 3 independent
prognostic factors for DFS. The cutoff value for positive
lymph nodes number was 2 (Figure S1A). The cutoff value
for preoperative CD44+ CTECs number was 3 (Figure
S1B), and it for POM1 CA19-9 level was 89.6 U/mL
(Figure S1C). History of diabetes [HR 7.227 (1.916–
27.265), P = 0.004] and POM1 CA19-9 level [HR 1.001
(1.000–1.002), P = 0.026] were identified as independent
prognostic factors for OS (Tables 5 and 6). The cutoff
value for POM1 CA19-9 level was 131.9U/mL (Figure
S1D). Then, we estimated incidence of disease recurrence
or death in different risk-stratified subgroups using
Kaplan–Meier method. History of diabetes (11.2 months
vs 5.8 months, P = 0.009, Figure 4A), positive lymph
nodes>2 (11.3 months vs 5.3 months, P < 0.001, Figure
4B), preoperative CD44+ CTECs>3 (11.1 months vs 5.1
months, P = 0.002, Figure 4C), POM1 CA19-9>89.6 U/
mL (11.3 months vs 4.2 months, P < 0.001, Figure 4D)
were significantly associated with increased risk of tumor
recurrence. History of diabetes (16.6 months vs 11.7
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Table 1 Demographic Characteristics, Surgical Details and
Pathological Details
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Baseline Characteristics
Age (yr, ±SD)

59.41±9.62

Gender (Female)

33 (45.2%)

BMI (kg/m2)
Smoke

23.27±3.24
27 (37.0%)

Alcohol

20 (27.4%)

Pancreatitis
Diabetes

4 (5.5%)
18 (24.7%)

Cardiovascular disease
Obstructive jaundice

4 (5.5%)
21 (28.8%)

Neoadjuvant chemotherapy

11 (15.1%)

Neoadjuvant radiotherapy

0

Surgical Details
Type of operation
Pancreaticoduodenectomy

48 (65.8%)

Distal pancreatectomy
Total pancreatectomy

23 (31.5%)
2 (2.7%)

Laparoscopic

26 (35.6%)

Operation time (min)
Blood loss (mL)

330.60±94.00
678.08±548.03

Transfusion (RBCs)

27 (37%)

Postoperative complications
Adjuvant chemotherapy

29 (39.7%)
67 (91.8%)

Adjuvant radiotherapy

7 (9.6%)

Pathological Details
Tumor size
Differentiation (poor)

3.58±1.76
31 (42.5%)

Margin status (not R0)

26 (35.6%)

Vascular infiltration
Perineural infiltration

25 (34.2%)
61 (83.6%)

Carcinoma embolus

34 (46.6%)

Total lymph nodes number
Positive lymph nodes number

22.70±11.62
1.11±1.45

Abbreviation: RBCs, red blood cells.

months, P = 0.001, Figure 4E) and POM1 CA19-9 >
131.9U/mL (15.4 months vs 7.6 months, P < 0.001,
Figure 4F) were significantly associated with increased
risk of death. Spearman correlation analysis showed no
significant correlation between preoperative CD44
+CTECs and pathological characteristics (Supplemental
Material Table S1)

Discussion
In the present pilot study, we identified both CTECs and
CTCs in patients with PDAC, and investigated their poten
tial clinical impact. We found that CD44+ CTECs might
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be related to early recurrence and poor prognosis in
patients with PDAC after radical surgery. Many potential
factors may affect the prognosis of pancreatic cancer,
including patient factors (CA19-9 level, lymph nodes,
history of diabetes, etc) and treatment-related factors (sur
gical margin status, postoperative adjuvant therapy, etc).27
Our study identified 3 independent risk factors (history of
diabetes, positive lymph nodes and POM1 CA19-9 level)
associated with DFS and 1 independent risk factor (history
of diabetes) associated with OS, which is agreement with
the previous findings. Meanwhile, various studies reported
that CTCs and CTECs were associated with the prognosis
of pancreatic cancer.12–15 The present study demonstrated
preoperative CD44+ CTECs number was significantly
higher in patients whose DFS<6 months and could be an
independent factor for shorter DFS. CTECs are cells that
originate from tumor endothelial cells (TECs) of blood
vessels and are shed into peripheral blood. As indicated
in some studies, elevated CTECs count may be
a prognostic factor in adults with malignant diseases,
such as breast cancer13 and lung cancer.14,15 Some other
studies explored the role of specific phenotype CTECs in
clinical utilities, such as drug therapy effect evaluation.
PD-L1+CTECs were found to be associated with a shorter
progression-free survival in NSCLC patients receiving
PD-L1 immunotherapy, and PD-L1 therapy would facil
itate the karyotype shifting of CTECs.28 The levels of
aneuploid CTEC may be influenced by neoadjuvant che
motherapy in patients with locally advanced breast
cancer.29 CTECs expressing stemness marker of CD44 in
PDAC patients remain to be investigated.10 Poruk KE et al
proved that CTCs labeled with stemness marker such as
CD44 are independent predictors of decreased disease-free
and overall survival.20 The CD44+ CTECs might also
present a characteristics of stem cells or tumor initiating
cells (TIC), suggest a possible mechanism for metastatic
spread. Our finding based on clinical data provide funda
mental evidence for the role of CD44+ CTECs in PDAC.
In the process from TECs to CTECs, the inducible
endothelial-to-mesenchymal transition (Endo-MT) may
occur, similar to the epithelial-to-mesenchymal transition
(EMT) for CTCs.30 Cao et al proved that CTECs could
bind to metastatic cancer cells and inhibit apoptosis of
tumor cells.31 CTECs has also shown its potential in the
treatment of malignant tumors. Previous reports indicated
that CTEC levels were associated with the clinical out
come in patients of breast tumor under chemotherapy
combined with anti-VEGF treatment.32 The conclusion
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CA 19–9

CTCs

CD44+ CTCs

Vimentin+ CTCs

CTMs

CTECs

CD44+ CTECs

Vimentin+ CTECs

CTEMs

Total

DFS<6 Months (n=16)

DFS≥6 Months (n=57)

P value

Preoperative

238.45±327.35

270.87±273.99

229.35±342.47

0.657

POD 7

59.45±81.38

75.48±64.03

56.10±84.82

0.521

POM 1

117.40±427.72

415.77±846.19

28.52±84.82

0.002

Preoperative

11.49±10.72

15.44±12.12

10.39±10.14

0.096

POD 7

49.33±93.43

68.31±161.06

44.00±64.36

0.361

POM 1

30.42±53.69

49.23±84.48

25.11±41.00

0.336

Preoperative

0.33±0.80

0.50±1.09

0.28±0.70

0.336

POD 7

9.55±73.23

39.94±156.29

1.02±3.74

0.335

POM 1

0.43±1.21

0.54±1.66

0.40±1.07

0.721

Preoperative

0.51±1.43

0.06±0.25

0.63±1.59

0.012

POD 7

0.16±0.60

0.00±0.00

0.21±0.67

0.022

POM 1

0.64±1.48

0.46±1.66

0.69±1.44

0.631

Preoperative

0.52±1.40

0.56±1.54

0.51±1.37

0.894

POD 7

0.74±1.23

0.94±1.28

0.68±1.22

0.473

POM 1

0.46±0.91

0.62±1.04

0.41±0.88

0.487

Preoperative

6.90±11.13

10.13±10.57

6.00±11.21

0.193

POD 7

12.40±22.78

13.13±26.22

12.19±21.98

0.886

POM 1

6.19±12.84

10.08±19.80

5.07±10.04

0.218

Preoperative

1.10±2.27

3.00±3.81

0.56±1.19

0.023

POD 7

2.22±7.87

5.50±15.85

1.30±2.90

0.308

POM 1

1.09±3.59

1.85±6.06

0.87±2.53

0.580

Preoperative

1.33±6.21

0.88±3.50

1.46±6.80

0.744

POD 7

0.30±1.77

0.00±0.00

0.39±2.00

0.447

POM 1

0.90±3.76

0.31±0.75

1.07±4.25

0.527

Preoperative

0.74±2.93

1.94±5.93

0.40±1.03

0.320

POD 7

0.23±0.75

0.13±0.34

0.26±0.83

0.522

POM 1

0.31±1.23

0.08±0.27

0.38±1.38

0.443

Note: Bold value: P < 0.05, considered statistically significant.
Abbreviations: CTCs, circulating tumor cells; CTMs, circulating tumor microemboli; CTECs, circulating tumor endothelial cells; CTEMs, circulating tumor endothelial
microemboli.

also supports that CTEC levels may be associated with
prognosis of PDAC patients receiving gemcitabine
chemotherapy.33 However, Kindler et al proved that gem
citabine combined bevacizumab34 or axitinib (a VEGF
inhibitor)35 does not improve advanced pancreatic cancer
patients’ survival through Phase III clinical trial. Based

Cancer Management and Research 2021:13

on the present study, we speculate that the conclusion of
these clinical trials may be related to the fact that CTECs
and their various subtypes were not identified in the past.
Subgroup analysis based on CTEC may lead to
a different conclusion. Some studies36,37 also proposed
that tumor cells may become less sensitive to anti-
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Figure 3 The dynamics of (A) CA 19–9 levels, numbers of (B) CTCs, (C) CD44+ CTC, (D) vimentin+ CTC, (E) CTCM, and numbers of (F) CTECs (G) CD44+ CTEC,
(H) vimentin+ CTEC, (I) CTEM in different phases (preoperative, POD7 and POM1). The patients were divided into early recurrence (ER) group (DFS<6 months) and late
recurrence (LR) group (DFS≥6 months) according to the DFS.

angiogenic agents in hypoxia or nutrient deprivation.
Signals from the stromal compartment may play
a major role in refractoriness of anti-angiogenic therapy
and could potentially acquired resistance to VEGF
inhibitors.38 We hypothesized that CTECs especially
CD44+CTECs may lead to distant metastases, cross-talk
with the stromal cells in tumor microenvironment
(TME), then facilitate tumor growth, angiogenesis and
drug resistance. Recent studies showed that the inhibition
of CD44 signaling could lead to effective therapeutic
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responses in PDAC models.39 Detection and characteri
zation of CD44+ CTECs show potential to assist in
evaluating the efficacy of the classic chemotherapy regi
men combining angiogenesis inhibitors and anti-CD44
therapy.
It is controversial whether CTCs and CTECs can be
driven into the blood to disseminate tumor cells by surgi
cal manipulation.40 In present study, most phenotype of
CTCs and CTECs showed an increasing trend at POD7
and then decreased at POM1. But CTCs and CTECs at
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Table 3 Univariate and Multivariate Cox Regression Analyses of Prognosis Factors (Clinicopathological Factors) for Disease Free
Survival
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Univariate Analysis

Multivariate Analysis

Prognostic Factor

HR (95% CI)

P value

Age (years)

1.000 (0.968–1.033)

0.984

Gender (Female)

1.670 (0.921–3.027)

0.091

2

BMI (kg/m )

0.998 (0.915–1.089)

0.967

Obstructive jaundice

1.158 (0.613–2.186)

0.652

Smoke

2.070 (1.072–3.997)

0.030

Alcohol

1.054 (0.542–2.051)

0.876

Pancreatitis

0.825 (0.198–3.432)

0.791

Diabetes

2.422 (1.223–4.795)

0.011

Cardiovascular disease

1.693 (0.513–5.583)

0.387

Neoadjuvant chemotherapy

2.714 (1.173–6.279)

0.020

Type of operation
Pancreaticoduodenectomy

Ref.

Cutoff Value

HR (95% CI)

P value

2.656 (1.194–5.908)

0.017

1.871 (1.388–2.522)

<0.001

0.003

Distal pancreatectomy

1.314 (0.681–2.538)

0.416

Total pancreatectomy

20.262 (3.614–113.587)

0.001

Laparoscopic

0.761 (0.411–1.410)

0.385

Operation time (min)

0.999 (0.995–1.002)

0.470

Blood loss (mL)

1.000 (1.000–1.001)

0.827

Transfusion (RBCs)

1.116 (0.602–2.068)

0.727

Postoperative complication

1.057 (0.562–1.989)

0.863

Adjuvant chemotherapy

1.800 (0.431–7.511)

0.420

Adjuvant radiotherapy

0.562 (0.201–1.578)

0.274

Tumor size

1.029 (0.910–1.165)

0.647

Differentiation (poor)

1.862 (1.023–3.389)

0.042

Margin status (not R0)

1.174 (0.632–2.182)

0.611

Vascular infiltration

1.018 (0.538–1.926)

0.957

Perineural infiltration

1.852 (0.661–5.189)

0.241

Carcinoma embolus

1.048 (0.575–1.911)

0.879

Total lymph nodes (numbers)

0.992 (0.961–1.024)

0.607

Positive lymph nodes (numbers)

1.749 (1.373–2.228)

<0.001

2

Note: Bold value: P < 0.05, considered statistically significant.
Abbreviation: RBCs: red blood cells.

POD7 or POM1 did not correlate with prognosis. We
speculate that the postoperative elevation may be due to
an inflammatory response or decreased immunity of
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patients. Moreover, in the ER subgroup, the CD44+
CTECs level was significantly higher preoperatively
while the CA 19–9 levels significantly increased to
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Table 4 Univariate and Multivariate Cox Regression Analyses of Prognosis Factors (CA19-9, CTCs and CTECs) for Disease Free
Survival
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Univariate Analysis

Multivariate Analysis

Prognostic Factor

HR (95% CI)

P value

Preoperative CA19-9

1.000 (0.999–1.001)

0.686

Preoperative CTC

0.999 (0.974–1.025)

0.956

Preoperative CD44+ CTC

0.974 (0.665–1.426)

0.892

Preoperative Vimentin+ CTC

0.889 (0.630–1.254)

0.502

Preoperative CTM

1.027 (0.847–1.245)

0.786

Preoperative CTEC

0.999 (0.975–1.024)

0.940

Preoperative CD44+ CTEC

1.207 (1.077–1.353)

0.001

Preoperative Vimentin+ CTEC

1.005 (0.967–1.004)

0.810

Preoperative CTECM

1.062 (0.968–1.166)

0.203

POD7 CA19-9

1.001 (0.998–1.004)

0.633

POD7 CTC

1.000 (0.996–1.004)

0.939

POD7 CD44+ CTC

1.005 (1.001–1.008)

0.011

POD7 Vimentin+ CTC

0.738 (0.344–1.583)

0.435

POD7 CTM

0.927 (0.735–1.170)

0.523

POD7 CTEC

0.980 (0.958–1.002)

0.072

POD7 CD44+ CTEC

1.028 (0.986–1.072)

0.197

POD7 Vimentin+ CTEC

1.074 (0.922–1.236)

0.322

POD7 CTECM

0.571 (0.316–1.030)

0.063

POM1 CA19-9

1.001 (1.001–1.002)

<0.001

POM1 CTC

1.003 (0.996–1.010)

0.399

POM1 CD44+ CTC

0.889 (0.643–1.228)

0.474

POM1 Vimentin+ CTC

0.940 (0.698–1.266)

0.683

POM1 CTM

1.285 (0.940–1.755)

0.116

POM1 CTEC

0.987 (0.957–1.018)

0.420

POM1 CD44+ CTEC

0.954 (0.840–1.083)

0.463

POM1 Vimentin+ CTEC

0.868 (0.680–1.108)

0.257

POM1 CTECM

0.730 (0.445–1.199)

0.214

Cutoff Value

HR (95% CI)

P value

1.216 (1.064–1.390)

0.004

3

1.002 (1.001–1.002)

<0.001

89.6

Note: Bold value: P < 0.05, considered statistically significant.
Abbreviations: CTCs, circulating tumor cells; CTMs, circulating tumor microemboli; CTECs, circulating tumor endothelial cells; CTEMs, circulating tumor endothelial
microemboli.

a high level in POM1. CD44+ CTEC may have potential
in detecting pre-existing micrometastatic foci.
Several limitations should be taken into account when
interpreting these results in present study. Patients’ follow-up
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may be further extended to observe significant association
between CTEC levels and OS. Considering the convenience
and invasiveness for the patients in this study, the blood
samples were collected from peripheral vein instead of portal
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Table 5 Univariate and Multivariate Cox Regression Analyses of Prognosis Factors (Clinicopathological Factors) for Overall Survival
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Univariate Analysis

Multivariate Analysis

Prognostic Factor

HR (95% CI)

P value

Age (years)

0.967 (0.915–1.021)

0.226

Gender (Female)

2.325 (0.778–6.952)

0.131

BMI (kg/m2)

0.944 (0.800–1.115)

0.497

Obstructive jaundice

0.424 (0.094–1.916)

0.265

Smoke

46.586 (0.546–3976.136)

0.090

Alcohol

0.537 (0.120–2.404)

0.417

Pancreatitis

1.610 (0.206–12.596)

0.650

Diabetes

6.307 (1.917–20.758)

0.002

Cardiovascular disease

0.045 (0.000–857.323)

0.537

Neoadjuvant chemotherapy

5.083 (1.514–17.063)

0.009

Type of operation
Pancreaticoduodenectomy
Distal pancreatectomy

HR (95% CI)

P value

7.227 (1.916–27.265)

0.004

0.005
Ref.
1.368 (0.411–4.547)

0.609

18.353 (3.162–106.523)

0.001

Laparoscopic

0.212 (0.046–0.978)

0.047

Operation time (min)

0.999 (0.994–1.005)

0.823

Blood loss (mL)

1.000 (0.999–1.001)

0.605

Transfusion (RBCs)

1.601 (0.545–4.700)

0.392

Postoperative complication

0.774 (0.242–2.481)

0.667

Adjuvant chemotherapy

0.406 (0.089–1.847)

0.243

Adjuvant radiotherapy

0.451 (0.059–3.473)

0.445

Tumor size

1.131 (0.917–1.396)

0.249

Differentiation (poor)

2.460 (0.878–7.938)

0.084

Margin status (not R0)

0.997 (0.333–2.984)

0.996

Vascular infiltration

1.306 (0.435–3.914)

0.634

Perineural infiltration

2.090 (0.272–16.091)

0.479

Carcinoma embolus

0.834 (0.287–2.424)

0.739

Total lymph nodes (numbers)

1.021 (0.979–1.065)

0.331

Positive lymph nodes (numbers)

1.435 (0.993–2.073)

0.054

Total pancreatectomy

Cutoff Value

Note: Bold value: P < 0.05, considered statistically significant.
Abbreviation: RBCs, red blood cells.

vein. As a result, the count of CTCs and CTECs might be
diminished by the percolatory function of the lung capillary
bed. The present study was a retrospective study, a selection
bias may exist. High volume multicenter study should be

Cancer Management and Research 2021:13

designed to further validate the present conclusion. Future
efforts need to be focused on the origin of CTECs and its
role in tumor progression using the technique of single-cell
sequencing.
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Table 6 Univariate and Multivariate Cox Regression Analyses of Prognosis Factors (CA19-9, CTCs and CTECs) for Overall Survival
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Univariate Analysis

Multivariate Analysis

Prognostic Factor

HR (95% CI)

P value

Preoperative CA19-9

1.000 (0.999–1.002)

0.454

Preoperative CTC

1.011 (0.970–1.054)

0.603

Preoperative CD44+ CTC

1.122 (0.551–2.283)

0.751

Preoperative Vimentin+ CTC

0.506 (0.127–2.018)

0.335

Preoperative CTM

1.004 (0.725–1.391)

0.979

Preoperative CTEC

1.009 (0.971–1.049)

0.648

Preoperative CD44+ CTEC

1.204 (1.044–1.387)

0.010

Preoperative Vimentin+ CTEC

0.987 (0.904–1.079)

0.780

Preoperative CTECM

1.076 (0.985–1.175)

0.102

POD7 CA19-9

1.001 (0.996–1.007)

0.659

POD7 CTC

1.003 (0.999–1.007)

0.195

POD7 CD44+ CTC

1.005 (1.001–1.008)

0.011

POD7 Vimentin+ CTC

0.949 (0.303–2.973)

0.929

POD7 CTM

1.105 (0.768–1.590)

0.589

POD7 CTEC

1.001 (0.978–1.026)

0.915

POD7 CD44+ CTEC

1.040 (0.999–1.083)

0.058

POD7 Vimentin+ CTEC

0.977 (0.571–1.673)

0.933

POD7 CTECM

0.664 (0.230–1.918)

0.450

POM1 CA19-9

1.001 (1.000–1.002)

0.007

POM1 CTC

1.004 (0.991–1.017)

0.567

POM1 CD44+ CTC

1.030 (0.625–1.696)

0.907

POM1 Vimentin+ CTC

0.759 (0.382–1.510)

0.432

POM1 CTM

0.993 (0.511–1.930)

0.984

POM1 CTEC

1.014 (0.979–1.051)

0.435

POM1 CD44+ CTEC

1.060 (0.942–1.193)

0.335

POM1 Vimentin+ CTEC

0.825 (0.402–1.694)

0.600

POM1 CTECM

0.568 (0.074–4.334)

0.585

Cutoff Value

HR (95% CI)

P value

1.001 (1.000–1.002)

0.026

131.9

Note: Bold value: P < 0.05, considered statistically significant.
Abbreviations: CTCs, circulating tumor cells; CTMs, circulating tumor microemboli; CTECs, circulating tumor endothelial cells; CTEMs, circulating tumor endothelial
microemboli.

Conclusion

speculate that CD44+ CTECs may have association

In summary, our preliminary study demonstrated that
preoperative CD44+ CTECs could be an independent
factor for shorter DFS in patients with PDAC. We

with greater angiogenic ability, resulting in greater inva
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sive and metastasis ability of the tumor, leading to
a worse prognosis.
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Figure 4 The DFS were significantly different between two comparative groups divided by the independent prognostic factors: (A) history of diabetes, (B) positive lymph
nodes > 2, (C) preoperative CD44+ CTECs > 3, (D) POM1 CA19-9 > 89.6 U/mL. The OS showed significantly different between two comparative groups divided by (E)
history of diabetes, (F) POM1 CA19-9 > 131.9U/mL.
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