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Abstract. Pancreatic cancer (PC) is a highly malignant 
tumor type with a high early metastasis rate and no obvious 
symptoms. Gemcitabine is a first‑line chemotherapeutic 
drug for PC. Since there is no distinct method to determine 
the efficacy of chemotherapy with gemcitabine in patients 
with PC, the purpose of the present study was to determine 
whether positivity for circulating tumor cells  (CTCs) in 
patients with advanced PC is associated with response to 
gemcitabine chemotherapy and to explore whether CTCs may 
be used as a predictor of prognosis of patients with advanced 
PC undergoing chemotherapy. First, immunomagnetic 
microspheres (magnetic beads; MIL) were prepared to detect 
CTCs. The patients' clinical characteristics and survival data, 
as well as efficacy and adverse effects of chemotherapy, were 
prospectively obtained and their association with CTCs was 
analyzed. The results indicated that CTC‑positive patients 
with advanced PC had a higher probability of developing 
resistance to gemcitabine chemotherapy than CTC‑negative 
patients. Survival in the CTC‑negative group was significantly 
higher than in the CTC‑positive group (χ2=14.58, P<0.001). 
CTC‑positive patients with advanced PC also had shorter 
progression‑free survival  (PFS) after chemotherapy with 
gemcitabine (P=0.01). In conclusion, CTC‑positive patients 
with PC are more likely to develop gemcitabine resistance, 
have poor PFS and low incidence of thrombocytopenia. CTCs 
are expected to become a prognostic indicator for chemo‑
therapy response in patients with PC.

Introduction

Pancreatic cancer (PC) is a digestive system malignancy and 
the most common pathologic type is pancreatic ductal adeno‑
carcinoma (PDAC). In 2018, an estimated 458,918 patients 
were newly diagnosed with PDAC worldwide, accounting 
for ~2.5% of the total new cases in all cancer types, and 
~432,242 PDAC‑associated mortalities occurred, accounting 
for ~4.5%  of the total cancer‑associated deaths  (1,2). 
Furthermore, PC is often diagnosed at an advanced stage and 
the only treatment available is palliative care, such as chemo‑
therapy and radiotherapy (3). PC is not sensitive to palliative 
treatment during the late stage in the majority of cases (3). 
Complete surgical resection is the only effective method for 
the treatment of PDAC (4). However, only 15‑20% of patients 
with PDAC may have the opportunity to undergo curative 
surgical tumor resection, while the remaining patients can 
only receive adjuvant therapies. In this case, adjuvant therapies 
refer to chemotherapy or radiation therapy alone, as extensive 
metastasis and advanced tumor stage means surgery is no 
longer an option (5).

Gemcitabine is a first‑line chemotherapy drug approved 
by the Food and Drug Administration for PDAC (6,7). The 
development of gemcitabine resistance during chemotherapy 
affects the prognosis of advanced PDAC and has become 
an increasingly common phenomenon (8). Although PDAC 
is not sensitive to chemotherapy, gemcitabine may still 
alleviate the symptoms of patients with PDAC and prolong 
their survival time (9). However, it has been reported that 
PDAC is gradually becoming resistant to gemcitabine and its 
efficacy declines (10,11). As patients with advanced PDAC 
cannot be treated with surgery, they may only be treated with 
gemcitabine chemotherapy; however, a considerable number 
of patients develop resistance. Therefore, it is important to 
predict whether patients will develop gemcitabine resistance 
through certain methods.

Circulating tumor cells (CTCs) may be used as a predictor 
of advanced metastasis of malignant tumors (12). Previous 
studies have indicated that the amount of CTCs in the blood 
may predict the prognosis of breast cancer and PC (13‑15). 
PC subtypes with CTCs are more aggressive and meta‑
static (16,17). In addition, an increase in the number of CTCs 
in the portal vein blood may reduce the survival of patients 
with PDAC (18,19). CTCs have been determined to be an 
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independent prognosticfactor of PDAC; however, the rela‑
tionship between CTCs and gemcitabine resistance has been 
rarely studied (20). In the present study, it was hypothesized 
that CTCs may be used as an independent prognostic factor 
for patients with PDAC and to be related to gemcitabine 
resistance in patients with advanced PC. The immunomag‑
netic microsphere used for sorting CTC in this study were 
EpCAM (12). The purpose of the present study was to test the 
above hypothesis by detecting changes in CTCs during PDAC 
treatment.

Materials and methods

Patients and clinical samples. The clinicopathological factors 
and blood samples in the present study were obtained from 
87 patients with advanced PDAC who underwent chemo‑
therapy with gemcitabine between June 2013 and June 2017 
at the Second Affiliated Hospital of Jiaxing University 
(Jiaxing, China). The patient inclusion criteria were as 
follows: i) Accurate pathological diagnosis of primary PDAC; 
ii) complete clinicopathological and follow‑up data; iii) lack 
of opportunity of surgery and tumor‑node‑metastasis (TNM) 
stage of III or IV. The patient exclusion criteria were as follows: 
i) The patient had undergone surgery and chemotherapy prior 
to admission; ii) the diagnosis was not clear; iii) presence of 
more than two primary tumors.

All patients were tested with serum tumor markers prior to 
chemotherapy, such as carcinoembryonic antigen (CEA) and 
carbohydrate antigen 199 (CA199). Patients were classified and 
staged based on the TNM classification for PDAC established 
by the Union for International Cancer Control (21). The clinico‑
pathological data are provided in Table I. The present study was 
approved by the Ethics Committee of the Second Affiliated 
Hospital of Jiaxing University (Jiaxing, China) and performed in 
accordance with the Declaration of Helsinki. Informed consent 
was obtained from each participant. All patients had advanced 
PC and no chance of surgery. Endoscopic ultrasound‑guided 
fine‑needle aspiration was used for pathological examination 
and 5 patients had squamous cell carcinoma. CT and MRI were 
used to examine vascular invasion.

Chemotherapy and clinical evaluation. All 87 patients were 
treated with gemcitabine as a first‑line chemotherapy drug. 
Each patient was treated with gemcitabine 1,000  mg/m2 
administered as an intravenous drip for 30 min. This medica‑
tion was given on the 1st, 8th and 15th days of the course of 
treatment with a rest period for 14 days and every course of 
treatment lasted 28 days. This was repeated until progression 
or adverse reactions of chemotherapy became intolerable. 
All 87 patients received chemotherapy for >8 weeks. As the 
evaluation standard for adverse reactions, the grading standard 
(CTCAE3.0) established by the National Cancer Center of the 
United States was used (22). Progression‑free survival (PFS) 
was defined as the time from the date of the diagnosis to the 
date of progression or death. Overall survival (OS) was defined 
as the time from the date of the diagnosis to the date of death 
or the last follow‑up examination.

Preparation of immunomagnetic microspheres. To perform 
modification of epithelial cell adhesion molecule (EpCAM) 

by glycidylhexadecylamine (GHDC), 57.1  µg of EpCAM 
(cat.  no.  ab223582; Abcam), dissolved 100  µg of GHDC 
(cat. no. 30‑CG‑049; Huzhou Liyuan Medical Laboratory 
Co., Ltd.) and 3.0 ml PBS (pH 7.4) was reacted with magnetic 
stirring at 4˚C overnight. The molecules to be retained in 
the dialysis bag with a molecular weight of 8,000‑14,000 Da 
were used the next day for 12 h and the buffer (PBS) was 
changed every 2 h. The antibody derivative EpCAM‑GHDC 
obtained by dialysis and lyophilization was weighed. GHDC, 
immunomagnetic microspheres and dialysis bags were 
purchased from Huzhou Liyuan Medical Laboratory Co., 
Ltd. The preparation procedure of EpCAM immunomagnetic 
microspheres is displayed in Fig. 1A. During the prepara‑
tion of immunomagnetic microspheres, GHDC was able to 
interact with transferrin antibodies. Hexadecyl‑quaternized 
(carboxymethyl) chitosans (cat.  no.  30‑CG‑050; Huzhou 
Liyuan Medical Laboratory Co., Ltd.) increased the grafting 
quantities of magnetic microspheres and antibodies through 
reactive groups and exerted emulsification, dispersion and 
surface activation functions (23,24).

Characterization of EpCAM magnetic spheres. The size 
distribution and zeta potential of the EpCAM magnetic 
spheres were measured by a Zetasizer (Nano‑ZS 90; Malvern 
Instruments, Ltd.). The molecular morphology of folic acid 
magnetic spheres was determined via atomic force micros‑
copy (BioScope SPM; Bruker Corporation). The magnetic 
properties of EpCAM magnetic spheres were measured via 
a vibrating sample magnetometer (Model 7407; Lake Shore 
Cryotronics, Inc.) and the ultraviolet absorption spectrum of 
EpCAM magnetic spheres was measured using a UV‑2501PC 
UV‑Vis spectrophotometer (Shimadzu Corporation).

CTC detection. The CTC detection procedure for PC is 
displayed in Fig. 1B. EpCAM immunomagnetic microspheres, 
prepared according to Fig. 1A, were added to the peripheral 
blood of patients with PDAC and the captured CTCs were 
identified and counted by immunofluorescence. Peripheral 
blood (4  ml) from 87  patients with advanced PDAC was 
collected in anticoagulation tubes prior to any treatment, and 
subsequently, 14 ml of red blood cell lysate from the same 
patient was added within 2 h. The sample was mixed gently 
by pipetting, placed in a refrigerator at 4˚C for 15 min and 
then centrifuged at 111 x g for 5 min at 4˚C. The superna‑
tant was discarded and to the cell pellet, 10 ml buffer [PBS 
500 ml + EDTA 0.375 g + BSA (Thermo Fisher Scientific, 
Inc.) 2.5 g] was added using the Nextctc FS100 Nano micro‑
fluidic chip (Wuxi Nao Biomedical Co., Ltd.). Obtained CTCs 
were evenly poured onto the slide. Sections were fixed with 
2% paraformaldehyde for 10 min at room temperature and 
0.25% Triton X‑100 for 10 min. Subsequently, sections were 
washed with PBS for 15 min (three times for 5 min), and incu‑
bated with 2% BSA for 30 min at room temperature to block 
nonspecific binding. The sample was then incubated for 20 min 
at room temperature with EpCAM antibody (1:200 dilution; 
cat.  no.  ab223582; Abcam), cytokeratin (CK)‑18 antibody 
(1:200 dilution; cat. no. ab181597; Abcam) or CD45 antibody 
(1:200 dilution; cat. no. SAB4502541; Sigma‑Aldrich; Merck 
KGaA). Subsequently, the samples were rinsed with PBS 
for 15 min (3 times for 5 min). The sections were incubated 
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with DyLight 488‑conjugated donkey anti‑mouse IgG (H+L) 
(1:200 dilution; cat. no. ab150105; Abcam) and anti‑rabbit 
IgG (1:200 dilution; cat. no. ab150073; Abcam) for 2 h at 
room temperature. Subsequently, the sections were washed 
with PBS for 15 min, mounted with mounting medium and 
examined under a fluorescence microscope (Olympus BX51; 
Olympus Corporation). CTCs were characterized by lacking 
CD45 expression and expressing EpCAM. CK immunocyto‑
fluorescence staining was also assessed on detected CTCs.

PFS follow‑up. The 87 patients with advanced PDAC were 
followed up. The deadline for follow‑up was June 1, 2017. 
Patients who had regular follow‑up visits were followed up 
by outpatient clinics, while those who were not able to be 
followed up on time were followed up by telephone. The PFS 
rate was defined as the proportion of patients with no disease 
progression from enrollment to follow‑up. The patients were 
divided into CTC‑positive (≥1 cell) and CTC‑negative groups 
according to their circulating immune cell test results.

Statistical analysis. SPSS statistical analysis software 22.0 
(IBM Corp.) was used for statistical analysis. The χ2 test and 
t‑test were utilized to determine the association between the 
presence of CTCs with chemotherapy adverse reactions, 
chemotherapeutic efficacy of gemcitabine and different clinical 
characteristics (if the sample size was <40 or the minimum theo‑
retical frequency was <1, Fisher's exact test was used). For the 
OS and PFS analysis, Kaplan‑Meier curves were drawn and 
the log‑rank test was applied to compare differences between 
CTC‑positive and CTC‑negative patients. Univariate analysis 
of the relationship between CTCs and clinicopathological 
characteristics was performed by the χ2 test/t‑test. Multivariate 
analysis was conducted with multivariate logistic regression 
using the Cox proportional hazards model for analysis. P<0.05 
was considered to indicate statistical significance.

Results

Characterization and performance evaluation of immu‑
nomagnetic microspheres. In order to examine the 

performance of the constructed CTC capture system, a 
series of functional tests were used to analyze the character‑
istics of the magnetic beads constructed. The UV spectrum 
proved that the EpCAM antibody had a broad absorption 
peak at 278  nm (Fig.  2A). For EpCAM‑magnetic beads 
(MIL), an absorption peak was present at 281  nm. This 
indicated that EpCAM was indeed attached to the surface 
of the magnetic spheres. The UV spectrum of EpCAM‑MIL 
had diffraction peaks at 31.5, 36.7, 42.9, 53.2, 58.2 and 61.5 ,̊ 
respectively, which corresponded to the (219), (312), (401), 
(420), (509) and (439) crystal plane structures of Fe3O4, 
respectively (Fig. 2B). The above results indicated that the 
magnetic beads were composed of Fe3O4 and that EpCAM 
was successfully attached to the surface of the magnetic 
beads. The immunomagnetic beads exhibited the crystal 
characteristics of magnetic nanoparticles. The magnetiza‑
tion curve indicated that the Fe3O4‑MIL and EpCAM‑MIL 
had no hysteresis at room temperature, but were super‑
paramagnetic, and the magnetizing curve was displayed at 
302 Kelvin. In addition, these results also proved that the 
saturation magnetization of the MIL was 27.75 Am2/kg and 
the synthetic saturated magnetization of EpCAM‑MIL was 
10.03 Am2/kg, indicating the saturation magnetization of the 
magnetic beads on the surface of the antibody and protein 
coating was immunomagnetic (Fig. 2C). The atomic force 
microscopy image of EpCAM‑MIL illustrated that the size 
of the EpCAM‑MIL was spherical and no agglomeration 
was present, which indicated that the microspheres had 
good stability and shape (Fig. 2D). As presented in Fig. 2E, 
the particle size test results of EpCAM‑MIL suggested that 
the size of the spheres was ~400 nm and the average particle 
size was 323.9 nm, which indicated liposome‑like vesicle 
properties. At the same time, the zeta potential analysis 
results of EpCAM‑MIL suggested that the zeta potential 
was +23.9 mV (Fig. 2F). In summary, the magnetic beads 
prepared in the present study have smaller particle size 
and higher stability than those described in a in previous 
study (25).

Detection results of CTCs and efficacy of chemotherapy. 
The present study included 87 patients with PDAC treated 
between June 2013 and June 2017. As indicated in Table I, the 
age ranged between 45 and 86 years (mean age, 61.8 years), 
the cohort contained 50 males and 37 females, 22 tumors 
were located in the tail of the pancreas and 65 cases were 
located in the head and neck of the pancreas. Among 
them, 49 patients (56%, 49/87) had one or more CTCs/4 ml 
blood detected, with CTC numbers ranging from 2 to 298 
(mean  ±  standard deviation,  109.2±71.6) (Fig.  3A). The 
Kaplan‑Meier plots for PFS and OS for patients with PC 
were drawn and it was indicated that CTC positivity was 
associated with poor PFS compared with CTC negativity 
(P=0.01). However, the OS rate of CTC‑positive patients 
was not significantly different from that of CTC‑negative 
patients (P=0.091; Fig. 3B and C).

Relationship between CTCs and clinicopathological char‑
acteristics of patients with advanced PC. The relationship 
between CTCs and the clinicopathological characteristics of 
87 patients with advanced PDAC was analyzed by the χ2 test 

Table I. Characteristics of patients with advanced pancreatic 
cancer (n=87).

Parameter	 Value

Age, years	 61.8 (45‑86)
Sex (male/female)	 50/37
Pathological type (adenocarcinoma/squamous	 79/8
cell carcinoma)
Serum CA199, U/l (positive/negative)	 52/35
Serum CEA, U/l (positive/negative)	 24/53
TNM stage (III/IV)	 40/47
Tumor location (head and neck/tail)	 65/22
Tumor size, cm	 3.9 (2‑7)

Values are expressed as the mean (range) or n. CEA, carcinoembryonic 
antigen; CA199, carbohydrate antigen 199.

https://www.spandidos-publications.com/10.3892/etm.2021.10574
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and presented in Table II. Univariate analyses demonstrated 
that CTCs were closely associated with vascular inva‑
sion (P<0.001), TNM stage (P=0.005) and liver metastasis 
(P=0.005). However, there was no significant difference 
between CTCs and other clinical parameters, including age, 
sex, symptoms, tumor size, tumor location, pathological type, 
lymph node metastasis, neurological invasion, CA199 and 
CEA. Multivariate regression analysis indicated that vascular 
invasion (P<0.001) and liver metastasis (P=0.002) were 
independent predictors of CTCs.

Relationship between chemotherapy effect and CTCs. 
According to the analysis, 77.5% of the CTC‑positive patients 
were resistant to gemcitabine, while 47.4% of CTC‑negative 
patients developed resistance to gemcitabine. The detailed 
data for the association between peripheral blood CTC and 
chemotherapeutic efficacy of gemcitabine are displayed in 
Fig. 4, which indicated that the efficacy of gemcitabine was 
also affected by CTCs (χ2=8.501, P=0.004). The sensitivity 
and specificity of CTC detection for gemcitabine resis‑
tance was calculated as follows: Sensitivity,  67.86% and 

Figure 1. Preparation of immunomagnetic microspheres and flow chart for the detection of CTCs in patients with PC. (A) Flow diagram of EpCAM‑MIL 
particle preparation. (B) Detection of CTCs in patients with PC by the MILs. CTC, circulating tumor cell; EpCAM, epithelial cell adhesion molecule; 
MIL, magnetic microspheres; GHDC, glycidylhexadecylamine; PC, pancreatic cancer; HQCMC, hexadecyl‑quaternized (​carboxymethyl) chitosans.
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specificity, 64.52%. However, there was no significant asso‑
ciation between the chemotherapy effect and other clinical 
parameters, including age, sex, symptoms, tumor size, tumor 
location, CA‑199, CEA, liver metastasis and TNM stage 
(Table III).

Relationship between chemotherapy adverse reactions and 
CTCs. All 87 patients with advanced PDAC were able to 
tolerate adverse reactions to gemcitabine chemotherapy and 
no chemotherapy‑related death occurred. The major adverse 
reactions were digestive tract reactions, myelosuppression 

Figure 2. Material characterization and performance evaluation of immunomagnetic microspheres. (A) Ultraviolet absorption spectrum of EpCAM antibody 
and EpCAM‑MIL. (B) X‑ray diffraction spectrum of MIL and EpCAM‑MIL. (C) Magnetization curves of Fe3O4 MIL and EpCAM‑MIL. M, ratio of satura‑
tion magnetization to the density of the material; H/T, the saturated magnetization of the magnetic beads. (D) Atomic force microscopy image of EpCAM‑MIL 
(scale bar, 500 nm). (E) Particle‑size‑distribution based intensity of EpCAM‑MIL. (F) Zeta potential of EpCAM‑MIL. EpCAM, epithelial cell adhesion 
molecule; MIL, magnetic microspheres; d, diameter.

https://www.spandidos-publications.com/10.3892/etm.2021.10574
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and flu‑like symptoms. The incidence of thrombocytopenia in 
the CTC‑negative and ‑positive groups was 57.8 and 18.4%, 
respectively, and that in the CTC‑negative group was 
significantly higher than that in the‑positive group (χ2=14.58, 
P<0.001), but other adverse reactions, including digestive tract 
reactions, myelosuppression, anemia, liver damage and flu‑like 
symptoms were not associated with CTCs (Table IV).

Discussion

In the present study, it was confirmed that patients with 
advanced PDAC with positive CTCs have poor prognosis 
and short survival. Furthermore, CTC‑positive patients 
with advanced PDAC had a higher ratio of resistance to 
gemcitabine and lower efficacy of chemotherapy. The use 
of CTC count statistics and related research is of great 
significance for the dynamic monitoring of PDAC clinical 
samples (26,27).

PDAC is the fourth leading cause of death worldwide. The 
lack of early symptoms and screening usually results in late 
diagnosis and poor prognosis. CTCs have been a promising 
novel biomarker in solid tumors. Over the past two decades, 
>100 articles have been published on this topic. Most of the 
studies evaluated the use of CTCs as a prognostic marker and 
its association with the survival of patients with PDAC (28). 
Patients with advanced PDAC may exhibit multiple compli‑
cations associated with distant metastasis  (29,30). The 
present study indicated that the positive rate of peripheral 
blood CTCs in 87 patients with advanced PDAC was 56%. 
Han  et al  (17) combined nine articles in a meta‑analysis, 
revealing a CTC‑positive rate of 43% in 623 patients with 
PDAC. The meta‑analysis suggested that CTC‑positive 
patients with pancreatic cancer exhibited worse levels of 
PFS and OS, compared with CTC‑negative patients (17). Of 
note, the CTC data of patients with metastatic PDAC using 
the CellSearch® system indicated that the detection rate of 
CTCs is ~50% (18‑20). The higher CTC‑positive rate in the 
present study was likely due to the patients having advanced 
PDAC and the limited sample size. This still indicated that 
the self‑assembled lipid beads used had a good CTC capture 
ratio.

Pancreatic adenocarcinoma has a moderate response to 
gemcitabine‑based chemotherapy, which is the most widely 
used monotherapy for PDAC. Tadros et al (31) discovered a 
marked increase in gemcitabine resistance in patients with 
pancreatic cancer following the orlistat‑induced inhibition of 
fatty acid biosynthesis. Using the Cancer Genome Atlas dataset, 
Tadros et al indicated that fatty acid biosynthetic pathway 
manipulation may help overcome the stress and regulation 
of gemcitabine in PDAC (31). Furthermore, Shukla et al (32) 
declared that targeting HIF‑1 cells or de novo pyrimidine 
biosynthesis, combined with gemcitabine, may significantly 

Figure 3. Influence of CTCs on the efficacy of chemotherapy. (A) Immunofluorescence observation of CTCs in clinical blood samples captured by EpCAM 
immunomagnetic particles (scale bar, 10 µm). (B and C) Kaplan‑Meier plots of (B) PFS and (C) overall survival in patients with pancreatic cancer. The survival 
time of patients who died within 1 month was recorded as 0, thus, the red and green lines initially overlapped. CTC, circulating tumor cell; EpCAM, epithelial 
cell adhesion molecule; PFS, progression‑free survival; m, months; CK18, cytokeratin 19.

Figure 4. Association between chemotherapeutic efficacy of gemcitabine and 
CTCs in patients with advanced pancreatic cancer. CTC, circulating tumor 
cell.
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reduce the tumor burden and decrease the expression of 
transketolase and cytidine triphosphate synthase 1. In addi‑
tion, Mehla and Singh (33) revealed that a glycolytic subtype 
indicates poor survival in patients with PDAC, whereas 

the holesterogenic subtype correlates with more favorable 
outcomes, potentially due to a higher energy expenditure.

The detection of CTCs may be of important clinical value 
for the prognosis of PC. The purpose of the present study 

Table II. Association between CTC status and clinicopathological characteristics of patients with pancreatic cancer.

	 Peripheral blood CTCs	 Univariate	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 analysis	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical characteristic	 Positive (n=49)	 Negative (n=38)	 P‑value	 OR (95% CI)	 P‑value

Sex			   0.612		
  Male	 27	 23			 
  Female	 22	 15			 
Age, years	 61.29±9.00	 62.61±8.57	 0.491		
Symptoms			   0.069		
  Present	 25	 12			 
  Absent	 24	 26			 
Tumor location			   0.489		
  Head and neck	 38	 27			 
  Tail	 11	 11			 
Tumor size, cm	 4.00 (3.00,5.00)	 3.00 (3.00,4.00)	 0.203		
Pathological type			   1.000a		
  Adenocarcinoma	 44	 35			 
  Squamous cell carcinoma	   5	   3			 
Lymph node metastasis			   0.163		
  Present	 16	 18			 
  Absent	 33	 20			 
Vascular invasion			   <0.001	 Reference 57.321 (7.138‑460.297)	 <0.001
  Present	 37	   9			 
  Absent	 12	 29			 
Neurological invasion			   0.093		
  Present	 32	 18			 
  Absent	 17	 20			 
TNM stage			   0.005	 Reference 2.202 (0.411‑11.804)	 0.357
  III	 16	 24			 
  IV	 33	 14			 
Liver metastasis			   0.005	 Reference 27.285 (3.380‑220.272)	 0.002
  Present	 29	 11			 
  Absent	 20	 27			 
CA199			   0.450		
  Normal	 18	 17			 
  Elevated	 31	 21			 
CEA			   0.463		
  Normal	 37	 26			 
  Elevated	 12	 12			 

Hypothesis testing was carried out on the whole model, that is, testing whether the relationship between the dependent variable and the 
independent variable can be expressed by the established regression equation. It has been tested whether the single regression coefficient is 0, 
that is, whether the influence of a single independent variable on the dependent variable exists. The variables with statistically significant 
differences in univariate analysis were taken as independent variables and included in the Logistic regression model. The stepwise forward 
regression method was adopted for analysis. The inclusion standard was 0.05 and the exclusion standard was 0.1. aFisher's exact test. Values 
are expressed as the mean ± standard deviation, median (range) or n. CTC, circulating tumor cell; CEA, carcinoembryonic antigen; CA199, 
carbohydrate antigen 199; OR, odds ratio.

https://www.spandidos-publications.com/10.3892/etm.2021.10574
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was to evaluate the role of CTCs in recurrence, metastasis 
and treatment efficacy by detecting the differences in CTCs 

between patients with PDAC. Most previous studies have 
explored the association between CTC detection and PC 

Table III. Association between efficacy of chemotherapy and CTCs.

	 Chemotherapeutic efficacy of gemcitabine
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical characteristic	 Efficacious (n=31)	 Resistance (n=56)	 t or χ2	 P‑value

Sex			   0.287	 0.592
  Male	 19	 31		
  Female	 12	 25		
Age, years	 65.83±10.94	 68.64±10.88	 ‑1.007	 0.318
Symptoms			   0.007	 0.934
  Present	 13	 24		
  Absent	 18	 32		
Tumor location			   0.187	 0.666
  Head and neck	 24	 41		
  Tail 	   7	 15		
Tumor size, cm	 3.45±1.36	 4.31±1.78	 ‑1.158	 0.251
CA‑199, U/l			   0.001	 0.974
  ≥37	 21	 31		
  <37	 10	 25		
CEA, U/l			   0.05	 0.822
  ≥5	   9	 15		
  <5	 22	 41		
Liver metastasis			   2.653	 0.103
  Present	 17	 23		
  Absent	 11	 32		
TNM stage			   1.024	 0.312
  III	 12	 28		
  IV	 19	 28		
CTC status			   8.501	 0.004
  Positive	 11	 38		
  Negative	 20	 18		

Values are expressed as the mean ± standard deviation or n. CTC, circulating tumor cell; CEA, carcinoembryonic antigen; CA199, carbohy‑
drate antigen 199.

Table IV. Association between adverse reactions to chemotherapy and CTCs.

	 CTC status
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Chemotherapy adverse reaction	 Positive (n=49)	 Negative (n=38)	 t or χ2	 P‑value

Nausea, emesis	 27	 17	 0.920	 0.338
Diarrhea	 5	 3	 0.000	 1.000a

Leukocytopenia	 23	 17	 0.042	 0.838
Thrombocytopenia	 9	 22	 14.580	 <0.001
Anemia	 9	 6	 0.100	 0.752
Hepatic function damage	 8	 7	 0.066	 0.798
Rash	 4	 3	 0.000	 1.000a

Flu‑like symptoms	 27	 18	 0.513	 0.474

aFisher's exact test. CTC, circulating tumor cell.
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diagnosis. Both Earl et al (34) and Liu et al (35) reported that 
CTCs are a promising marker for the management of patients 
with PDAC; however, the correlation between CTCs and 
gemcitabine resistance in patients with PDAC has remained 
largely elusive. The present study not only confirmed that 
CTCs are a prognostic marker in patients with advanced PC 
undergoing chemotherapy, but also that CTC‑positive patients 
with PC are more likely to develop gemcitabine resistance. 
In the present study, all 87 patients with advanced PDAC 
received gemcitabine monotherapy. Among them, 56 patients 
were resistant to gemcitabine and the drug resistance rate 
was 64%. The resistance rate of gemcitabine in CTC‑positive 
patients with PDAC was as high as 77.6% (28/39). Previous 
studies have indicated that the resistance rate of patients 
with PDAC to gemcitabine is gradually increasing, and the 
efficacy of gemcitabine is also reduced by >20%, compared 
to the results established ~10 years prior (5,6). The present 
clinical study confirmed that positivity for CTCs prior to 
chemotherapy in patients with PC indicates drug resistance, 
but the mechanisms have remained elusive. Based on the 
combination of results of previous studies, it may be hypoth‑
esized that epithelial to mesenchymal transition (EMT) may 
be associated with changes in CTCs and gemcitabine resis‑
tance (16,36). This is a process associated with the separation 
of cancer cells from the primary tumor, which may lead to 
CTCs that metastasize, contributing to cancer progression. 
Thus, the number of CTCs can be used as an indicator for 
cancer progression and its degree of malignancy. The further 
the cancer has progressed, the worse the prognosis, and the 
poorer the efficacy of gemcitabine. Although the expression 
of EpCAM was detected and the relevant literature was 
reviewed, it was determined that the mechanism of action 
underlying CTCs in pancreatic cancer may be associated 
with EMT. In the present study, the method used was not 
able to detect the expression of E‑cadherin and vimentin 
due to the use of peripheral blood primary cells of patients 
for CTC detection. Furthermore, peripheral blood samples 
cannot easily be stored for long periods of time, thus, relevant 
substances in the blood are lost over time. This is also the 
difficulty of CTC detection at present. Previous methods 
have also failed to do this, for example, Xie et al (37) used 
an in vivo CellCollector® method to detect the number of 
CTC in patients. In the future, more convenient and sensitive 
testing methods will be applied (37). Previous studies have 
indicated that gemcitabine combined with nab‑paclitaxel 
chemotherapy may optimize the chemotherapy effect of 
PDAC and prolong the survival time  (38,39). Therefore, 
improving the sensitivity of PDAC cells to gemcitabine and 
combined chemotherapy may improve the chemotherapy effect 
and prolong the survival time of patients. In the present study, 
the median PFS was 8.0  months in CTC‑positive patients 
compared to 7.0 months in CTC‑negative patients. However, 
OS did not differ significantly between CTC‑positive and 
CTC‑negative patients with PDAC. In general, the median 
survival time of PDAC is low, but a minority of patients with 
PDAC have undergone complete surgical resection, so their 
survival time is particularly long (40). In those patients eligible 
for surgery, the cancer was at an early stage without metastasis, 
and the associated prognosis was improved. Furthermore, the 
present study determined that patients with advanced PDAC 

with CTCs were less likely to develop thrombocytopenia after 
receiving gemcitabine, but the reason for this remains elusive.

The present study has certain limitations that are worth 
mentioning. Due to the limited number of patients included, 
the results of related studies should also be considered. The 
present study is a retrospective study and the results obtained 
require to be verified by larger prospective studies. In addi‑
tion, the patients of the present study were not monitored for 
CTCs after treatment due to cost considerations. In subsequent 
studies, a comparative study evaluating CTCs prior to and 
after treatment may be performed.

In conclusion, CTC‑positive patients with PC are more 
likely to develop gemcitabine resistance, and these patients 
have poor PFS and low incidence of thrombocytopenia. 
Thus, CTCs may be considered as a prognostic marker for 
chemotherapy in patients with advanced PC.
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