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Abstract. The present study aimed to investigate the clinical 
relevance of circulating tumor cells (CTCs) in patients with 
locally advanced head and neck squamous cell carcinoma 
(LA‑HNSCC), particularly in patients with nasopharyngeal and 
hypopharyngeal squamous cell carcinoma. CTCs were isolated 
using negative immunomagnetic bead enrichment and were 
identified by fluorescence in situ hybridization. Youden's index 
and the receiver operating characteristic (ROC) curve were used 
to select the optimal CTC baseline value. χ2 test or Fisher's test 
were used to determine the association between CTC counts 
and clinical parameters, curative effects and prognosis. The 
Kaplan‑Meier estimator was used to analyze overall survival 
(OS) and progression‑free survival (PFS). In the present study, 
356 peripheral blood samples (178 pretreatment samples and 178 
post‑treatment samples) from 178 patients were examined. The 
results revealed that the pretreatment CTC detection rate was 
73.8%. The minimum, maximum and median CTC counts were 
1, 22 and 2/3.2 ml, respectively. The number of polyploid CTCs 
was associated with distant metastasis (P=0.026). In addition, 
patients with undetectable CTCs, and decreasing or negative 
CTCs post‑treatment tended to have a good prognosis (P<0.05). 
For nasopharyngeal squamous cell carcinoma, the PFS of patients 
with increased CTCs and CTCs ≥2/3.2 ml after treatment was 
significantly lower (P<0.05). For hypopharyngeal squamous cell 
carcinoma, it was suggested that CTCs with a cutoff value of 3 

may be used to evaluate PFS and OS before and after treatment. 
In conclusion, CTCs may be used to monitor disease progres-
sion and the response to chemoradiotherapy for patients with 
LA‑HNSCC. Furthermore, CTCs are a better predictor of the 
prognosis of hypopharyngeal squamous cell carcinoma than that 
of nasopharyngeal squamous cell carcinoma.

Introduction

Globally, head and neck cancers account for 5‑10% of all malig-
nancies and >500,000 new cases are diagnosed each year (1,2). 
Among them, ~95% of head and neck cancers are classified as 
squamous cell carcinoma. The poor prognosis associated with 
this type of cancer is related to local recurrence and distant metas-
tasis. It has previously been reported that 50‑60% of patients 
exhibit recurrence and regional lymph node metastasis following 
treatment, and 20% of patients exhibit distant metastasis (3). 
Even if the surgical margin appears negative, as determined by 
histopathology, recurrence still occurs in 20% of patients (2,4,5).

In the past, the diagnosis of recurrence and metastasis was 
mainly based on imaging, serum tumor marker levels and histo-
pathology. However, these methods are often limited by tumor 
size and location, low compliance rate, and the inability to 
achieve real‑time monitoring. Previous studies have revealed 
that circulating tumor cells (CTCs) are reliable indicators 
that may be used for the early prediction of tumor recurrence 
and metastasis, thereby facilitating clinical intervention, and 
improving patient survival and quality of life (6‑10).

Liquid biopsies, specifically for CTC detection, can 
make up for the deficiencies of tissue biopsy. For example, 
tissue biopsy specimens must be solid lesions, which are 
unable to respond to the current state of the disease; however, 
CTC specimens are obtained from peripheral blood and can 
reflect the current state of the disease. The advantages of CTC 
detection are its safety, non‑invasiveness and reliability (11). 
Numerous studies have reported the usefulness of CTCs in the 
evaluation of recurrence, metastasis and prognosis of breast 
cancer (12,13), prostate cancer (14), colorectal cancer (15), 
esophageal cancer (16), etc.; therefore, CTCs may be used 
as an independent predictor of tumor prognosis (12,17‑23). 
In addition, CTCs were defined as a tumor marker by the 
American Society of Clinical Oncology in 2007 (24), and in 
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2010, the American Joint Committee on Cancer designated 
CTCs as a novel M‑segment (remote metastasis) standard, 
which appeared between M0 and M1 as cM0 (i+)  (25). In 
2017, CTCs were included in the TNM staging system in 
accordance with the breast cancer guidelines of the National 
Comprehensive Cancer Network (26).

Tumor recurrence and metastasis are the leading causes 
of death in patients with head and neck squamous cell carci-
noma (HNSCC). To date, only a few studies have focused 
on the detection of CTCs in this type of cancer (1,2,27‑32). 

Furthermore, these studies have several limitations, including 
few cases analyzed  (1,2,27), low technical detection 
rate (2,28‑31) and difficulty in obtaining specimens (32). To 
investigate the prognostic effect of CTCs on locally advanced 
HNSCC (LA‑HNSCC), as well as the association between 
CTCs and clinical tumor features, the CTCs detection rate of 
patients with LA‑HNSCC was studied and changes in CTC 
detection before and after treatment were analyzed.

Materials and methods

Study population and sample collection. Between October 
2015 and September 2018, 264 patients that were admitted to 
the Chinese PLA General Hospital (Beijing, China), and were 
histopathologically diagnosed with LA‑HNSCC via an endo-
scopic biopsy, were recruited to the present study. Notably, 
86  patients were excluded; therefore, 178  patients were 
assessed. All patients had an Eastern Cooperative Oncology 
Group performance status score (33) of 0‑1. A complete review 
of their medical history, as well as a thorough physical exami-
nation, was conducted for each patient prior to treatment. CTC 
counts were determined within 3 days prior to chemoradio-
therapy and 1 month after radiotherapy (at first follow‑up). All 
patients were followed prospectively, and all patients read and 
signed informed consent forms.

Inclusion and exclusion criteria. Initially, 264 patients were 
recruited and 86 patients were excluded, including patients 
that had undergone relevant treatment before CTC detec-
tion and patients with some types of cancer of which there 
were few cases (including 5  patients that had undergone 
chemoradiotherapy, 27 postoperative patients, 12  patients 
with non‑squamous cell carcinoma,6 patients with unknown 
primary sites, 13 patients with laryngeal squamous cell carci-
noma, 12 patients with nasal sinus squamous cell carcinoma 
and 11 patients with oropharyngeal squamous cell carcinoma). 
Finally, 178 patients were included in the present analysis. 
Inclusion criteria were as follows: i) Squamous cell carci-
noma; ii) expected survival of >3 months; and iii) no treatment 
prior to CTC detection. Exclusion criteria were as follows: 
i)  Non‑squamous cell carcinoma; ii)  cachexia or serious 
medical disease; and iii) treatments were performed prior to 
CTC detection.

Treatment protocols. All patients received induction chemo-
therapy with concurrent chemoradiotherapy. The induction 
chemotherapy regimen consisted of cisplatin + docetaxel + 
5‑fluorouracil/cisplatin + docetaxel. The concurrent chemo-
radiotherapy regimen consisted of cisplatin (nidaplatin) 
+ nimotuzumab (cetuximab)/docetaxel + nimotuzumab. 

Patients with increased CTCs and patients whose CTCs 
changed from negative to positive post‑treatment, and who 
did not exhibit disease progression or succumb to the disease 
were treated with thymopentin (TP5). Subsequently, CTCs 
were reanalyzed.

Detection of CTCs. The CTCs were enriched and identified as 
described previously (34). Briefly, a 3.2‑ml peripheral blood 
sample was drawn into an acid citrate dextrose anticoagulant 
tube (BD Biosciences) and centrifuged (650 x g; 5 min; room 
temperature) to separate the cells from the plasma. The red 
blood cells were lysed with CS2 buffer (Cyttel), followed by 
resuspension of cell particulates in CS1 buffer (Cyttel) and 
incubation with an anti‑CD45 antibody conjugated to magnetic 
beads (Cyttel) for 20 min at 15‑30˚C. The immunomagnetic 
beads were collected using a magnetic stand (Promega 
Corporation) and the resulting CTC sample was applied to a 
glass microscope slide for observation.

The enriched cells (30‑100 CTCs/µl) were then fixed in 
CF1 buffer (Cyttel) for 8 min at 15‑30˚C. The slides were 
immersed in saline‑sodium citrate buffer for 10 min at 37˚C 
and dehydrated in a gradient series of ethanol baths (75, 
85 and 100%) for 2 min each. The slides were then incu-
bated with hybridization solution containing chromosome 
8 centromere probe (200‑1,000 bp; Abbott Laboratories) at 
76˚C for 5 min and 37˚C for 1.5 h, and placed in a hybrid-
izer (Dako; Agilent Technologies, Inc.) for 1.5 h at 37˚C. The 
CTCs were then immunostained for 1 h at room temperature 
with an anti‑CD45 antibody conjugated to Alexa Fluor® 594 
(Invitrogen; Thermo Fisher Scientific, Inc.). After staining 
the nuclei with 4,6‑diamidino‑2‑phenylindole (DAPI; 
Invitrogen; Thermo Fisher Scientific, Inc.), the slides were 
mounted for image analysis under a fluorescence micro-
scope. For image analysis, samples underwent double‑probe 
staining with fluorescence in situ hybridization (FISH)‑probe 
A and FISH‑probe B (Abbott Laboratories) at 76˚C for 5 min 
and 37˚C for 1.5 h. This protocol was conducted by Cyttel 
Biosciences, Inc. All assessments were performed by investi-
gators who were blinded to the clinical characteristics of the 
patients (Fig. 1).

Comparison of the enrichment and identification methods 
adopted in this study with other methods. The negative 
immunomagnetic bead enrichment method used in the 
present study can enrich all CTCs, whereas other enrich-
ment methods, such as positive immunomagnetic bead 
enrichment and two‑dimensional electrophoresis, are unable 
to capture CTCs that no longer possess epithelial cell adhe-
sion molecules after undergoing epithelial‑mesenchymal 
transition. In addition, centrifugation may result in loss of 
CTCs that have migrated to the plasma, red cell and granu-
locyte layers, and filtration is not advisable to detect tumor 
cells <8 µm.

The FISH identification methods adopted in this study are 
non‑radioactive, safe, fast and sensitive, and can be used for 
analysis of metaphase chromosomes and interphase cells. In 
addition, the probes used can be detected simultaneously on 
the same specimen and stored for a long time. Conversely, other 
identification methods are radioactive, the probes used must be 
relabeled for each test and the labeled probe is unstable. In 
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addition, when observing the results, more cell divisions are 
required for statistical analysis.

Follow‑up. Follow‑up was conducted through outpatient inter-
views. In some cases, telephone interviews were conducted. 
Survival was defined as the interval from the time of diagnosis 
to the time of death or last follow‑up. The last follow‑up was 
conducted in November 2018.

Classification of changes in CTC counts. Changes in the CTC 
counts were classified into three categories: Increasing, stable 
and decreasing. A positive CTC count (above the threshold) 
at first follow‑up compared with a negative CTC count at 
baseline was considered an increase in CTCs. A negative CTC 
count (below the threshold) at first follow‑up compared with a 
positive CTC count at baseline was considered a decrease in 
CTCs. A negative CTC count at baseline and at first follow‑up 
was considered stable. A positive CTC count at baseline and 
at first follow‑up with an increase in CTC count >2/ml was 
considered increasing, whereas a decrease in CTC count >2/ml 
was considered decreasing, and a change in CTC count <2/ml 
was considered stable (35).

Statistical analysis. Statistical analysis was performed 
using SPSS software (version 22; IBM Corp.). Youden's 
index and the receiver operating characteristic (ROC) curve 
were used to determine the best diagnostic cutoff value. 
The associations between CTC detection rate, CTC ploidy 
number at different cutoff values (CTCs ≥1, CTCs ≥2, CTCs 
≥3, CTCs ≥4 and CTCs ≥5), CTC count (tumor load) and 
clinical characteristics were evaluated. Progression‑free 

survival (PFS) and overall survival (OS) was assessed in the 
groups stratified according to selected CTC cutoff values for 
all patients with different types of cancer, and the associa-
tion between changes in CTC count and treatment response 
and prognosis was evaluated. χ2 test or Fisher's exact test 
was used to analyze associations. The log‑rank test and Cox 
proportional hazards model were used to identify prognostic 
factors independently associated with survival. Survival 
rates were assessed using the Kaplan‑Meier method. PFS and 
OS were defined as the time from the collection of blood to 
the time of confirmed disease progression or last follow‑up, 
respectively. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Identification of CTCs. The clinical characteristics of the 
patients, including cancer type, differentiation and clinical 
stage are shown in Table  I. Abnormally proliferating and 
CD45‑negative CTCs with ≥3 nuclear chromosome enumera-
tion probe signals were identified. The nuclei of CTCs were 
stained with DAPI (Fig. 2).

CTC detection rate in patients with LA‑HNSCC. Before 
treatment, the CTC detection rate was 73.8%. The minimum, 
maximum and median CTC counts were 1, 22 and 2/3.2 ml, 
respectively. The overall distribution was skewed.

Association between CTCs or the CTC detection rate and 
clinicopathological variables. No significant associations 
were observed between CTC count or CTC detection rate 

Figure 1. Flow chart of the Cyttel™‑circulating tumor cell negative enrichment procedure. PB, peripheral blood.
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and clinical characteristics, including sex, age, clinical stage, 
cancer type and degree of differentiation (data not shown). 
However, an association was observed between polyploid CTC 
number and metastasis (P<0.05; Table II).

Association between CTCs and the survival rate of patients 
with LA‑HNSCC. Five patients were lost during follow‑up; 
therefore, a total of 173 patients were followed‑up, with a 
follow‑up rate of 97.2%. The median follow‑up time was 
16 months (range, 2‑37 months); over the follow‑up period, 
30 cases exhibited recurrence or metastasis and 12 patients 
died. According to Youden's index and the receiver operating 
characteristic (ROC) curve, the best diagnostic cutoff value was 
determined (Figs. S1 and S2; Tables SI and SII). All patients 
had a cutoff value of 2 before treatment and 3 after treatment. 
There was no significant difference in the PFS and OS of all 
patients with CTCs above the cutoff value compared to those 
with CTCs below the cutoff value (P>0.05; Figs. S3 and S4). 
For patients with nasopharyngeal squamous cell carcinoma, 
the PFS was significantly lower for those with ≥2 CTCs than 
those with <2 CTCs after treatment (P<0.05 for a threshold of 
2 CTCs/3.2 ml blood; Fig. 3), but the OS before and after treat-
ment were not statistically significant (P>0.05; Fig. S5). For 
patients with hypopharyngeal squamous cell carcinoma, the 
PFS and OS of patients with ≥3 CTCs were significantly lower 
than those with <3 CTCs before and after treatment (P<0.05 
for a threshold of 3 CTCs/3.2 ml blood; Figs. 4 and 5).

Association between CTC changes and the survival rate of 
patients with LA‑HNSCC before and after treatment. Blood 
samples were obtained from 178 patients following treatment. 
The CTCs of 140 out of 178 patients decreased or remained 
unchanged after treatment, whereas the CTCs of 38 out of 
178 patients increased. In addition, the CTCs of 90 patients 
were positive before and after treatment, 46 patients were 
positive before treatment but negative after treatment, and 
42 patients were negative before and after treatment. The results 
revealed that patients with negative CTCs after treatment lived 
longer than those with positive CTCs after treatment (P<0.05; 
Figs. S6 and S7). The PFS of these patients was 1.21‑fold higher 
than that of patients with positive CTCs (93.31 vs. 77.40%). 
The 3‑year OS was also significantly reduced by 1.17 times 
(95.75 vs. 81.70%). In addition, PFS and OS were shorter in 
patients whose CTCs increased after treatment compared with 
in patients whose CTCs decreased or remained unchanged 
(P<0.0001 and P=0.0301; Figs. S8 and S9).

Association between CTCs and survival in patients with 
nasopharyngeal squamous cell carcinoma and hypopha‑
ryngeal squamous cell carcinoma. The CTC counts of 
114 patients with nasopharyngeal squamous cell carcinoma 
were decreased or remained unchanged after treatment; 
of these 114  patients, disease progression occurred in 
eight patients and three patients died. The CTC counts of 
21 patients with nasopharyngeal squamous cell carcinoma 

Figure 2. FISH was used to detect circulating tumor cells (magnification, x400). DAPI, 4,6‑diamidino‑2‑phenylindole; FISH, fluorescence in situ hybridization.

Table I. Clinical characteristics of the patients recruited to the present study.

	 Clinical
	 staging
	 type
	 Ratio of	 Most common	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	  Total number
Cancer type	 male to female	 degree of differentiation	 III	 IV	 of cases

Nasopharyngeal squamous cell carcinoma	 2.65:1	 Low	 75	 60	 135
Hypopharyngeal squamous cell carcinoma	 42:1	 Medium and high	 12	 31	 43
Total	 3.68:1	 Medium and low	 87	 91	 178
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were increased; of these 21 patients, disease progression 
occurred in seven patients and two patients died. Compared 
with patients with decreased or unchanged CTC counts 
following treatment, the PFS of patients with increased 
CTC counts was significantly decreased (P=0.0043; 
Fig.  6), whereas no significant change was observed for 
OS (P=0.1951; Fig. 6). In addition, the CTCs of 67 patients 
were positive post‑treatment; of these 67 patients disease 
progression occurred in nine patients and three patients 
died. The CTCs of 68 patients were negative post‑treatment; 
of these 68 patients, six exhibited disease progression and 
two patients died. No differences were observed in the PFS 
(P=0.0737) and OS (P=0.8695; Fig. 6).

The CTC counts of 26 patients with hypopharyngeal squa-
mous cell carcinoma were decreased or remained unchanged 
after treatment; no disease progression was observed in this 
group and one patient died. The CTC counts of 17 patients 
with hypopharyngeal squamous cell carcinoma were increased; 
of these 17 patients, six exhibited disease progression and 
five patients died. Compared with patients with decreased or 
unchanged CTC counts post‑treatment, the PFS (P=0.0033) and 
OS (P=0.0333) of patients with increased CTCs was signifi-
cantly decreased (Fig. 7). In addition, the CTCs of 23 patients 
were positive after treatment; of these 23 patients, six exhib-
ited disease progression and five patients died. The CTCs of 
20 patients were negative after treatment; no disease progres-
sion was observed in this group and one patient died. Compared 
with patients with negative CTCs or whose CTCs changed 
from positive to negative post‑treatment, PFS was significantly 
decreased (P=0.0174) in patients whose CTCs were positive 
after treatment, whereas OS was not (P=0.1451) (Fig. 7).

Multivariate analysis of predictors of overall survival for 
patients with nasopharyngeal and hypopharyngeal squamous 
cell carcinoma. Univariate analysis revealed that clinical stage, 
baseline CTC counts, and CTC count at first follow‑up were 
clinical factors affecting OS. Multivariate analysis revealed 
all of these factors to be independent prognostic markers of 
OS in patients with hypopharyngeal squamous cell carcinoma 
(Table III), but not for patients with nasopharyngeal squamous 
cell carcinoma (data not shown).

Figure 5. Overall survival of patients with hypopharyngeal squamous cell 
carcinoma with ≥3 CTCs before and after treatment compared with those 
with <3 CTCs. CTC, circulating tumor cell.

Figure 4. Progression‑free survival of patients with hypopharyngeal squa-
mous cell carcinoma with ≥3 CTCs before and after treatment compared with 
those with <3 CTCs. CTC, circulating tumor cell.

Figure 3. Progression‑free survival of patients with nasopharyngeal squa-
mous cell carcinoma with ≥2 CTCs before and after treatment compared with 
those with <2 CTCs. CTC, circulating tumor cell.

Table  II. Clinical association between the number of polyploid CTCs before treatment and locally advanced head and neck 
squamous cell carcinoma.

	 Trisomic CTCs	 Tetrasomic CTCs	 Multibody CTCs
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
	 No	 Yes	 No	 Yes	 No	 Yes
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑     
Variable	 n	 %	 n	 %	 P‑value	 n	 %	 n	 %	 P‑value	 n	 %	 n	 %	 P‑value

M stage					     0.777					     0.705					     0.026a

  M0	 75	 44.9	 92	 55.1		  115	 68.9	 52	 31.1		  158	 94.6	 9	 5.4
  M1	 4	 50.0	 4	 50.0		  5	 62.5	 3	 37.5		  6	 75.0	 2	 25.0

aP<0.05. CTC, circulating tumor cell.
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TP5 treatment. TP5 is a synthetic pentapeptide that corre-
sponds to position 32‑36 of thymopoietin, and exhibits similar 
biological activity to thymopoietin, which is responsible for 
phenotypic differentiation of T cells and regulation of the 
immune system. TP5 has been clinically used for the treat-
ment of patients with immunodeficiency diseases, including 
rheumatoid arthritis, cancer, hepatitis B virus infection, and 
acquired immunodeficiency syndrome (36).

Patients with increased CTCs or patients whose CTCs 
changed from negative to positive post‑treatment, and did not 
exhibit disease progression or succumb to the disease were 
treated with TP5. Subsequently, CTCs were measured again 
and were decreased (data not shown). These findings indicated 

that increased CTCs or positive CTCs post‑treatment, which 
did not result in disease progression, were caused by low 
immunity.

Discussion

In the present study, the number of polyploid CTCs was 
associated with distant metastasis (P=0.026). Furthermore, 
patients with undetectable CTCs, and decreasing CTCs 
or negative CTCs after treatment tended to have a good 
prognosis (P<0.05). For nasopharyngeal squamous cell carci-
noma, the PFS of patients with increased CTCs and CTCs 
≥2/3.2 ml after treatment was significantly lower (P<0.05). 

Figure 7. Association of CTCs with the PFS and OS of patients with hypopharyngeal squamous cell carcinoma. PFS and OS of patients with hypopharyngeal 
squamous cell carcinoma whose CTC counts increased was compared with those whose CTC counts decreased or remained unchanged (P=0.0033 and 0.0333). 
PFS and OS of patients with hypopharyngeal squamous cell carcinoma who presented with negative CTCs or whose CTCs changed from positive to negative 
compared with those who presented with positive CTCs or whose CTCs changed from negative to positive (P=0.0174 and 0.1451). CTCs, circulating tumor 
cells; OS, overall survival; PFS, progression‑free survival.

Figure 6. Association of CTCs with the PFS and OS of patients with nasopharyngeal squamous cell carcinoma. PFS and OS of patients with nasopharyngeal 
squamous cell carcinoma whose CTC counts increased was compared with those whose CTC counts decreased or remained unchanged (P=0.0043 and 0.1951). 
PFS and OS of patients with nasopharyngeal squamous cell carcinoma who presented with negative CTCs or whose CTCs changed from positive to negative 
compared with those who presented with positive CTCs or whose CTCs changed from negative to positive (P=0.0737 and 0.8695). CTC, circulating tumor 
cell; OS, overall survival; PFS, progression‑free survival.
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For hypopharyngeal squamous cell carcinoma, CTCs with a 
cutoff value of 3 may be used to evaluate PFS and OS before 
and after treatment. The present findings suggested that CTCs 
may be used to monitor disease progression and the response 
to chemoradiotherapy for patients with LA‑HNSCC. Notably, 
the results indicated that CTCs are a better predictor of the 
prognosis of hypopharyngeal squamous cell carcinoma than 
nasopharyngeal squamous cell carcinoma.

During tumor metastasis, tumor cells interact with their 
surrounding microenvironment and undergo epithelial to 
mesenchymal transition (EMT). EMT causes epithelial 
cells to lose their epithelial cell phenotype and to acquire 
a mesenchymal cell phenotype, leading to various morpho-
logical and functional changes, thereby promoting the 
migration and invasion of tumor cells. Tumor cells can leave 
the primary site, and enter vascular or lymphatic systems 
as CTCs to induce metastasis (37). CTCs can also return 
to the bone marrow reserve pool in a resting state; under 
certain conditions, CTCs can again enter the vascular or 
lymphatic systems, and travel to other organs to form distant 
metastases (38,39).

CTCs are tumor cells that can be used to screen and classify 
high‑risk tumors (40). Studies have shown that CTC counts are 
variable in different subtypes and stages of breast cancer, and 
that CTCs are more frequently observed in advanced stages 
compared with in early stages (41,42). In addition, CTC counts 
in patients with non‑small cell lung cancer are significantly 
increased from stages I‑II to III‑IV (43). Conversely, this study 
demonstrated that there was no association between CTC 
count or CTC detection rate and clinical stage in LA‑HNSCC.

CTC counts are lower in patients with LA‑HNSCC than 
other types of cancer. Notably, there are few comparative 
studies on the clinical relevance of CTCs in LA‑HNSCC, and 
these studies have reported different conclusions (1,2,27‑32) 
(Table  IV). It may be hypothesized that the relevance of 
CTCs is associated with cancer type, number of cases and the 
technology used.

CellSearch is the most common method used to isolate 
CTCs from the blood samples of patients with epithelial 
carcinoma, using epithelial cell adhesion molecule (EpCAM) 
as the target for cell capture. However, this technique cannot 
capture CTCs that no longer express EpCAM after they 
undergo EMT, resulting in a reduced CTC detection rate (44). 
Buglione et al (27) studied 73 patients with oropharyngeal, 
hypopharyngeal, nasopharyngeal, laryngeal and nasal sinus 
cancer using the CD45‑ + CellSearch approach. The results 
revealed that the CTC detection rate was 15.1%, and more 
CTCs were detected at stage  IV than at stages  I‑III. The 
decrease or complete disappearance of CTCs during treat-
ment meant that the progression of the disease was halted. 
The present results revealed that decreased or unchanged CTC 
counts after treatment was associated with a good prognosis, 
which was consistent with the aforementioned study. However, 
CTC detection rate was not associated with clinical stage, 
which may due to the fact that only stage III and IV cases 
were studied; therefore, the difference in detection rate was 
not apparent.

Jatana et al (1), studied 48 patients with oral, oropharyngeal, 
laryngeal and hypopharyngeal carcinoma at stages I‑IV using 
the CD45‑ + DAPI approach with a detection rate of 70.8%. The 

Table III. Multivariate Cox regression analysis for overall survival prediction of patients with hypopharyngeal squamous cell 
carcinoma.

Variable	 Univariate P‑value	 Multivariate P‑value	 Hazard ratio	 95% CI

Sex				  
  M	 0.770			 
  F				  
Age, years				  
  ≥60	 0.240			 
  <60				  
PS, n				  
  0 or 1	 0.372			 
  ≥2				  
Stage at diagnosis				  
  Limited	 0.027a	 0.031a	 1.021	 1.004
  Extensive				  
CTC count at baseline				  
  ≥3 	 0.010a	 0.014a	 0.127	 0.016
  <3				  
CTC count at first follow‑up				  
  ≥3	 0.009a	 0.010a	 6.992	 3.781
  <3				  

aP<0.05. CTC, circulating tumor cell.
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results revealed that the CTC detection rate was not associated 
with clinical stage, tumor site and lymphatic metastasis, which 
was consistent with this study. Wollenberg et al (32) studied 
176 patients with stage I‑IV HNSCC using the immunohisto-
chemistry‑alkaline phosphatase‑anti‑alkaline phosphatase + 
cytokeratin 19 (CK19) method. The results revealed that indi-
vidual CK19‑expressing tumor cells were detected in the bone 
marrow of 30.7% of patients, and there was an association 
between occult tumor cells in the bone marrow and recurrence. 
Univariate and multivariate analyses indicated that metastases 
in locoregional lymph nodes and disseminated tumor cells in 
the bone marrow were all important predictors of prognosis. 
Notably, none of the aforementioned studies investigated the 
association between CTC counts and prognosis of different 
HNSCC subtypes. In the present study, polyploid CTCs were 
associated with distant metastases, indicating that highly 
proliferating tumor cells may be more likely to metastasize.

In this study, CTC detection rate was increased, compared 
with in other studies (1,27‑32), by increasing the number of 
cases and improving the detection technology used. The best 
diagnostic threshold value for the different types of cancer 
was determined according to the ROC curve. An increase in 
CTCs post‑treatment was associated with a poor prognosis, 
which often indicates drug resistance and the use of ineffective 
treatments, whereas a decrease or no change in the CTCs was 
associated with a better prognosis, which often indicates the use 
of effective treatments. The 3‑year PFS of patients with posi-
tive CTCs post‑treatment was significantly lower than that of 
patients with negative CTCs post‑treatment. The PFS of patients 
with negative CTCs was 1.21‑fold higher than that of patients 
with positive CTCs (93.31% vs. 77.40%). The 3‑year OS was also 
significantly reduced by 1.17 times (95.75% vs. 81.70%).

Notably, there were still patients with increased CTCs 
or patients whose CTCs changed from negative to positive 
post‑treatment that did not exhibit disease progression or 
succumb to the disease. After TP5 was administered to these 
patients, CTCs were measured again and were decreased. This 
finding may be associated with a decline in immunity; after using 
TP5 to improve immunity, the CTC counts may decrease (45).

For patients with nasopharyngeal carcinoma, CTC counts 
<2/3.2 ml post‑treatment were associated with a significantly 
higher PFS than in patients with CTC counts ≥2/3.2  ml 
(P=0.0044). For patients with hypopharyngeal carcinoma, 
CTC counts ≥3/3.2 ml before and after treatment were associ-
ated with a significantly reduced PFS and OS compared with 
patients with CTC counts <3/3.2 ml (P<0.05). CTCs were 
related to PFS and OS before and after treatment for hypo-
pharyngeal squamous cell carcinoma; however, CTCs were 
only associated with PFS after treatment for nasopharyngeal 
squamous cell carcinoma.

The PFS of patients with nasopharyngeal squamous cell 
carcinoma and decreased or unchanged CTCs post‑treatment 
was 1.64  times higher than that of patients with increased 
CTCs (93.62% vs. 87.18%); however, no difference was 
observed with regards to OS. In addition, PFS and OS were 
significantly lower in patients with nasopharyngeal squamous 
cell carcinoma whose CTCs remained positive after treat-
ment than those whose CTCs remained negative. The PFS of 
patients with hypopharyngeal squamous cell carcinoma and 
decreased or unchanged CTCs post‑treatment was 3.08 times 
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higher than that of patients with increased CTCs (100% vs. 
32.47%), and the OS was 3.27 times higher (95% vs. 29.07%); 
these findings were significant. When CTCs changed from 
positive to negative or remained negative, the PFS of patients 
with hypopharyngeal squamous cell carcinoma was 2.46 times 
higher than that of patients whose CTCs changed from nega-
tive to positive or remained positive after treatment (100% 
vs. 40.7%); however, the OS was not significantly decreased. 
These findings indicated that CTCs may be a better predictor 
of the prognosis of hypopharyngeal squamous cell carcinoma 
than nasopharyngeal squamous cell carcinoma.

Notably, the present study had many novel aspects 
compared with previous studies; in particular: i) This study 
used negative enrichment of immunomagnetic beads, meaning 
all CTCs could be enriched, combined with fluorescence 
in situ hybridization, which is a non‑radioactive, safe, fast 
and sensitive technique, the probe for which can be stored for 
a long time, to detect CTCs. The detection rate was 73.8%. 
ii) This study investigated the clinical significance of CTCs 
in patients with nasopharyngeal squamous cell carcinoma 
and hypopharyngeal squamous cell carcinoma with different 
prognoses. iii) Youden's index and the ROC curve were used 
to select the optimal CTC baseline value. iv) The associations 
between increased/decreased CTCs, positive/negative CTCs 
and prognosis before and after treatment were analyzed. v) It 
was demonstrated that after using TP5 to improve immunity, 
the CTC counts were decreased; thus, the present study 
analyzed the relationship between immunity and CTCs. 
vi) Polyploid CTCs were revealed to be associated with distant 
metastases, indicating that highly proliferating tumor cells are 
more likely to metastasize. This study provided an explanation 
as to why CTCs are associated with metastasis.

Conversely, in previous studies: i) The detection rate was 
6.0‑89.0% (46,47), and in the majority of studies the detection 
rate was <40%. ii) Numerous cancer species were studied with 
no separate subtype analysis (1,2,27‑32). iii) Youden's index 
and the ROC curve were not used to select the optimal CTC 
baseline value (1,2,27‑32). iv) Only the relationship between 
increased/decreased CTCs and prognosis was analyzed (28). 
v)  The relationship between immunity and CTC was not 
assessed (1,27‑32). vi) The fact that CTCs are related to metas-
tasis was mentioned, but the underlying mechanism was not 
discussed (34).

In conclusion, this study revealed that the number of poly-
ploid CTCs was associated with distant metastasis (P=0.026). 
In addition, patients with undetectable CTCs, and decreasing 
or negative CTCs post‑treatment tended to have a good prog-
nosis (P<0.05). For nasopharyngeal squamous cell carcinoma, 
the PFS of patients with increased CTCs and CTCs ≥2/3.2 ml 
after treatment was significantly lower (P<0.05). For hypo-
pharyngeal squamous cell carcinoma, it was suggested that 
CTCs with a cutoff value of 3 may be used to evaluate PFS 
and OS before and after treatment. These findings indicated 
that CTCs may be used to monitor disease progression and the 
response to chemoradiotherapy for patients with LA‑HNSCC. 
Furthermore, CTCs are a better predictor of the prognosis 
of hypopharyngeal squamous cell carcinoma than that of 
nasopharyngeal squamous cell carcinoma.

In future research, lymphocyte subsets will be examined 
and the changes in immune function will be evaluated by 

changes in CD4, CD8, B cells and T cells prior to chemoradio-
therapy and 1 month after radiotherapy. In conclusion, a large 
prospective multi‑institutional validation study is required to 
confirm these results.
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