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Abstract 
Purpose: The aim of the study was to evaluate the association between clinicopathological and 
prognostic significance and circulating tumor cells (CTCs) in patients with head and neck cancer. 
Methods: We searched PubMed, MEDLINE, BioMed, and EMbase databases for studies that as-
sessed the association between clinicopathological and prognostic significance and CTCs in pa-
tients with head and neck cancer. Studies obtained from search strategy were screened using 
pre-specified criteria, and necessary data were retrieved for meta-analysis. Results: Seventeen 
studies with 816 patients were eligible for combined analysis. Presence of CTCs in peripheral 
blood was significantly associated with N stage (OR 0.50, 95%CI [0.30, 0.81], n = 10, P = 0.005). Pa-
tients in the high-CTC group were significantly associated with poorer disease-free survival (DFS; 
HR = 1.73, 95%CI [1.01 - 2.96], P = 0.050) and poorer overall survival (OS; HR = 2.53, 95%CI [1.37 - 
4.69] P = 0.003). Further analyses indicated strong prognostic powers of CTCs in non-RT-PCR 
group and pre-treatment group. Conclusion: Our meta-analysis indicates that presence of CTCs is 
associated with higher N stage and poorer prognosis in patients with head and neck cancer. The 
potential for further clinical application may be needed for further investigation. 
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1. Introduction 
Cancer of the head and neck is the 6th most common cancer worldwide contributing 600,000 new cases of can-
cer every year and more than 95% of those cases are squamous cell carcinomas [1]. The majority of patients 
with head and neck cancer (H&N cancer) are diagnosed as locally advanced diseases which are treated with 
combined surgery, radiotherapy and chemotherapy. Although recent advances in diagnosis and cancer therapy 
have improved 5-year survival rates by 10% in patients with H&N cancer, locoregional recurrence and distant 
metastasis are the main causes of treatment failure which occurs in 30% - 40% of the patients.  

In clinical practice, patients with H&N cancer who have the same TNM stage and undergo similar treatments 
have various clinical outcomes due to the heterogeneity of the tumor, suggesting that the TNM staging system might 
be inadequate for prognostic prediction for H&N cancer. Therefore, development of new biomarkers as an adjunct to 
traditional staging system would facilitate establishing more appropriate patient-specific treatment strategies. 

Recent researches have revealed that circulating tumor cells (CTCs) in peripheral blood may serve as a poten-
tial biomarker. CTCs, which were first reported by Ashworth in 1869 [2], are tumor cells circulating in blood 
vessels and sheltered subsets with metastasis-initiating ability [3]. CTCs have been detected in various cancers 
and the relationship between CTCs, and clinicopathological and prognostic significance have been reported in 
breast cancer [4] [5], gastric [6] and colorectal cancer [7]. However, there still remains controversial regarding 
clinical significance of CTCs in patients with H&N cancer. 

The aim of this study was to use a meta-analysis to comprehensively investigate the relationship between the 
presence of CTCs and clinicopathological significance of CTCs in H&N cancers, and to explore its potential 
prognostication impact. 

2. Methods 
2.1. Search Strategy 
PubMed, Embase, the Science Citation Index, Cochrane databases and the Ovid Database were systematically 
searched for studies investigating the tumor clinicopathological and prognostic relationship between CTCs and 
H&N cancer, with no restrictions on language, place of publication or date of publication (up to November 
2015). The main search terms used were “circulating tumor cells”, “disseminated tumor cells”, “head and neck 
cancer”, “nasopharyngeal”, “nasal”, “oral”, “oropharyngeal”, “hypopharyngeal”, “laryngeal”, and “larynx”. 

2.2. Eligibility Criteria 
To make our analysis reliable, we screened the titles and abstracts for all searched papers, and full text was pe-
rused for potential eligible studies according to the following inclusion criteria: 1) containing patient cases of 
H&N cancer; 2) measuring the presence of CTCs in peripheral blood (PB); 3) investigating the clinicopatholog-
ical and prognostic significance of CTCs in H&N cancer patients with at least one of the outcome measures of 
interest. Studies were excluded in our study: 1) duplicated publications; 2) no outcomes of interest that were 
provided or can’t be calculated for prognostic evaluation.  

2.3. Data Extraction 
Two reviewers (Chen RW and Zhou Y) independently evaluated each papers and extracted data, and any disa-
greements were resolved via discussion, with a third investigator if necessary. The following information was 
extracted: first author, publication year, population characteristics (i.e., country, number, sex and age), tumor 
clinicopathological characteristics (i.e. anatomical sites, pathologic differentiation and TNM stage), sampling 
times (preoperative or postoperative), detection methods (RT-PCR array, Non-RT-PCR array including Cell 
Search system or immunocytochemistry), CTCs positive rate, detection markers, endpoints and survival data. 
For studies with multiple markers or detect methods, each of the cohorts was considered an independent data set. 
However, for those studies with multiple sample times (i.e. pre-treatment and intra/post-treatment), we use data 
from pre-treatment samples because those data were usually dependent from various treatment regimens.  

2.4. Statistical Approaches 
Statistical analysis was performed using Review Manager 5.2 (Copenhagen: The Nordic Cochrane Centre; The 
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Cochrane Collaboration, 2012). To evaluate the association between CTCs and clinicopathological characteris-
tics, the estimated odd ratios (ORs) were extracted from enrolled publications. To statistically assess the prog-
nostic significance (DFS and OS), we extracted the estimated hazard ratios (HRs) and associated 95% CIs when 
available. If the HR and its variance were not reported directly in the original study, these values were calculated 
from available reported data using software designed by Tierney JF [8]. When HRs was presented by both un-
ivariate and multivariate analyses, the multivariate ones were employed due to adjustment for confounding fac-
tors. Heterogeneity among the studies was tested using the χ2 test and I2 statistic. A value of I2 < 25%, within 
25% - 50% or more than 50% was regarded as low, moderate, or significant heterogeneity, respectively. The 
random-effects mode was explored to perform the analyses, because this model obtained more conservative re-
sults than the fixed-effect model [9]. A two-sided P < 0.05 was considered statistically significant. Furthermore, 
subgroup analyses were made to explore the inherent heterogeneity. Lastly, the potential publication bias was 
evaluated using the funnel plot. All of the studies included in this research were assessed by referring to the 
Newcastle-Ottawa quality assessment scale (NOS) for cohort studies. 

3. Results 
3.1. Baseline Characteristics 
The primary literature research initially yielded 2320 articles. After screening the titles, abstracts, language and 
other information, 2161 studies were excluded and 159 potential studies were reviewed further. An additional 
137 studies were then excluded which were reviews (n = 18), laboratory studies (n = 97) or studies of other tu-
mors (n = 22). Upon detailed evaluation of the remaining 22 studies, 5 studies had to be excluded because the 
outcome of interest could not be calculated. Finally, a total of 17 articles were considered to be appropriate for 
the meta-analysis (Figure 1).  

The eligible 17 studies comprising 816 patients diagnosed as head and neck squamous cell carcinoma were 
published between 1999 and 2014 [10]-[26]. RT-PCR arrays were used to evaluate CTCs status in 6 studies, 
Cell Search system in 6 studies and immunocytochemistry (ICC) and other methods in the remaining studies. 
One study from the United Kingdom applied both RT-PCR and ICC and compared the agreement between these 
two methods, which was considered as two independent cohorts in the analysis. The samples for CTCs array 
were collected pre-treatment in 14 studies, only 2 studies [11] [21] were collected post-treatment and 1 study not 
reported. The main characteristics of the included studies are summarized in Table 1. The quality of the in- 

 

 
Figure 1. Selection of studies. Flow diagram showing the selection process for the enrolled studies. 



R. W. Chen et al. 
 

 
141 

 



R. W. Chen et al. 
 

 
142 

cluded studies was evaluated with the NOS and is summarized in Table 2. 

3.2. Correlation between CTCs and Clinicopathological Parameters 
3.2.1. T Stage and CTCs 
A total of 10 studies reported the relationship between CTCs and T stage included in this meta-analysis. The χ2 
test showed low to moderate heterogeneity among the studies (T1 vs. T2-4: P = 0.27; I2 = 19%; T1-2 vs. T3-4: P 
= 0.14; I2 = 35%). The data suggested modest association in CTCs and T stage [T1 vs. T2-4: OR 1.24, 95%CI 
(0.48, 3.21), n = 10, P = 0.66; T1-2 vs. T3-4: OR 0.70, 95% CI (0.31, 1.58), n = 9, P = 0.39] (Figure 2). 

3.2.2. N Stage and CTCs 
A total of 10 studies reported the difference of CTCs in N stage in this meta-analysis. Considering different 
combination of N stage, we divided into two situations: N negative vs. N positive and N0-1 vs. N2-3.  

When considering N0-1 vs. N2-3, there were 10 studies included and the χ2 test showed no significant hete-
rogeneity among the studies (P = 0.50; I2 = 0%). The result suggested that the presence of CTCs was signifi-
cantly correlated with advanced N stage [OR 0.50, 95%CI (0.30, 0.81), n = 10, P = 0.005]. 

When considering N negative vs. N positive, there were 12 studies included and the χ2 test showed moderate 
heterogeneity among the studies (P = 0.18; I2 = 27%). The result suggested a trend of association in CTCs and N 
stage without statistical significance [OR 0.59, 95%CI (0.30, 1.18), n = 11, P = 0.13] (Figure 3). 

3.2.3. Clinical Stage and CTCs 
A total of 10 studies reported the difference of CTCs in the clinical stage in this meta-analysis. The χ2 test 
showed moderate heterogeneity among the studies (I vs. II-IV: P = 0.35; I2 = 10%; I-II vs. III-IV: P = 0.11; I2 = 
37%). The result suggested no statistically association in CTCs and clinical stage [I vs. II-IV: OR 2.03, 95%CI 
(0.78, 5.27), n = 10, P = 0.14; I-II vs. III-IV: OR 0.68, 95%CI (0.30, 1.54), n = 10, P = 0.35] (Figure 4). 

 
Table 2. Assessment of study quality using the Newcastle-Ottawa scale. 

References 
Selection (0 - 4) Comparability (0 - 2) Outcome (0 - 3) 

Total 
REC SNEC AE DO SC AF AO FU AFU 

Grisanti S 201413 0 1 1 1 0 0 1 0 1 5 

Tinhofer I 201414 0 1 1 1 0 0 1 0 1 5 

Hsieh JC 201415 0 1 1 1 0 0 1 0 0 4 

Gröbe A 201416 0 1 1 1 0 0 1 0 1 5 

Bozec A17 0 1 1 1 0 0 1 0 0 4 

He S18 0 1 1 1 0 0 1 0 1 5 

Buglione M19 1 1 1 1 0 0 1 0 1 6 

Nichols AC 201120 0 1 1 1 0 0 1 0 1 5 

Hristozova T 201121 0 1 1 1 0 0 1 0 0 4 

Jatana KR 201022 1 1 1 1 0 0 1 0 1 6 

Winter SC 200923 1 1 1 1 0 0 1 0 1 6 

Toyoshima T 200924 1 1 1 1 0 0 1 1 1 7 

Guney K 200725 1 1 1 1 0 0 1 1 1 8 

Partridge M 200326 0 1 1 1 0 0 1 1 1 6 

LIN JC 200227 0 1 1 1 0 0 1 0 1 5 

Wirtschafter A 200228 1 1 1 1 0 0 1 0 0 5 

Brakenhoff RH 199929 1 1 1 1 0 0 1 0 1 6 

Abbreviations: REC: representativeness of the exposed cohort; SNEC: selection of the non-exposed cohort; AE: ascertainment of exposure; DO: 
demonstration that outcome of interest was not present at start of study; SC: study controls for age, sex; AF: study controls for any additional factors 
(chemoradiotherapy, curative resection); AO: assessment of outcome; FU: follow-up long enough for outcomes to occur; AFU: adequacy of fol-
low-up of cohorts (≥90%). ‘1’ means that the study is satisfied the item, and ‘0’ means the opposite situation. 
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Figure 2. Estimated odds radios (OR) for T stage. (a) Forest plot of the relationship in T1 group relative to T2-4 group; (b) 
Forest plot of the relationship in T1-2 group relative to T3-4 group. 

 

 
Figure 3. Estimated odds radios (OR) for N stage. (a) Forest plot of the relationship in N0-1 group relative to N2-3 group; 
(b) Forest plot of the relationship in N negative group relative to N positive group. 
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Figure 4. Estimated odds radios (OR) for total stage. (a) Forest plot of the relationship in I-II stage group relative to III-IV 
stage group; (b) Forest plot of the relationship in I stage group relative to II-IV stage group. 

3.2.4. Other Clinical Parameters and CTCs 
The difference between CTCs and age, sex, alcohol abuse, smoking history, anatomical sites and tumor grades 
was not statistically significant (data not shown). 

3.3. Correlation between CTCs and Treatment Outcomes 
3.3.1. DFS and CTCs 
There were 5 studies presenting relationship between CTCs and DFS with only 1 study which gave the HR and 
95%CI for DFS directly [11], and other 4 studies with HR and 95%CI of DFS which were calculated using the 
survival curves and the P values [19] [21] [23] The χ2 test showed low heterogeneity among the above studies (P 
= 0.43; I2 = 0%). The combined pooled HR of the above studies by a random-effects model was 1.73 (95%CI 
1.01 - 2.96, P = 0.050), indicating that high CTCs level was significantly associated with a poor DFS in patients 
with H&N cancer (Figure 5(a)). 

3.3.2. OS and CTCs 
Similarly, HR and 95%CI for OS was directly extracted from the above 2 articles [10] [11], and HRs and 95%CI 
for the remaining 1 study [23] was calculated using the survival curves and the P values. The χ2 test showed 
moderate heterogeneity among the above studies (P = 0.16; I2 = 43%). The pooled HR with a random-effects 
model was 2.53 (95%CI 1.37 - 4.69, P = 0.003), suggesting a significant lower OS in H&N cancer patients with 
CTCs positivity (Figure 5(b)). 

3.4. Subgroup Analysis 
3.4.1. Detect Methods: RT-PCR and Non-RT-PCR 
In RT-PCR group, the OR and 95%CI for T stage and N stage was 0.34 (95%CI 0.10 - 0.1.10, P = 0.07) and 
0.44 (95%CI 0.23 - 0.87, P = 0.02). The HR and 95%CI for DFS and OS was 1.55 (95%CI 0.77 - 3.13, P = 0.22) 
and 1.58 (95%CI 0.83 - 3.02, P = 0.17), respectively. Whereas, in the non-RT-PCR group, there is no significant 
relationship between T stage and N stage with CTCs detection. The HR and 95%CI for DFS (3.70, 95%CI 0.96 -  
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Figure 5. Estimated hazard ratios (HR) for DFS and OS. (a) Forest plot of disease-free survival (DFS) in all patients; (b) 
Forest plot of overall survival (OS) in all patients. 

 
14.30, P = 0.06) and OS (4.02, 95%CI 1.70 - 9.51, P = 0.002) were relatively higher than the RT-PCR group. 

3.4.2. Sampling Time: Pre- and Post-Treatment 
The relationship between T/N stage and the time of CTCs detection remains no statistical significance in both 
subgroups. In pre-treatment group, the HR and 95%CI for DFS and OS were 3.03 (95%CI 1.38 - 6.63, P = 
0.0006) and 3.19 (95%CI 1.73 - 5.90, P = 0.0002) respectively. However, if the sampling time was post treat-
ment, the HR and 95%CI for DFS and OS were 1.05 (95%CI 0.50 - 2.20, P = 0.09) and 1.36 (95%CI 0.60 - 3.10, 
P = 0.46), respectively. The more detailed data are shown in Table 3. 

3.4.3. Sensitivity Analysis and Publication Bias 
There was no obvious publication bias seen in this meta-analysis (Figure 6(a), Figure 6(b)). 

4. Discussion 
Comprehensive multidisciplinary strategies have widely been applied in the primary treatment of locally ad-
vanced H&N cancer. Whereas the occurrence of local recurrence and distant metastasis still remains the leading 
cause of cancer-related deaths. There is an urgent demand to explore simple and reliable prognostic biomarkers 
for individualized cancer treatment. Among various biomarkers, detection of CTCs in PB may be a promising 
method and its correlation with clinicopathological features and prognostic significance has been investigated in 
breast cancer, gastrointestinal cancer and prostate cancer for many years. The clinical significance of CTCs in 
H&N cancer has not been thoroughly investigated. Therefore, we performed this pooled study and demonstrated 
presence of CTCs was significantly associated with higher N stage and poorer prognosis in patients with H&N 
cancer. 

It is well known that survival of patients with H&N cancer is associated with several clinicalpathological fac-
tors, including tumor grade and TNM stage and so on. Liao et al. reported in a meta-analysis that presence of 
CTCs was significantly associated with tumor size, tumor grade, ER and PR status in patients with breast cancer 
[4]. Similar findings were reported in gastric cancer, showing a correlation of positive CTCs detection with high 
tumor stage, lymph node involvement, Lauren diffuse group and poorly differentiation [27]. In our pooled study, 
we found that significantly higher detection rate of CTCs in lymph node positive group, which again confirmed 
the emerging evidence that presence of CTCs in PB is associated with more aggressive clinicopathological fea-
ture of malignancies.  

The prognostic significance of CTCs in H&N cancer has been controversial in a series of studies. In our 
enrolled studies, Grisantis S et al. prospectively reported that pre-treatment detection of CTCs was associated 
with poorer PFS and OS [10]. Controversially, Tinhofer I et al. showed that there was no correlation between 
post-operative CTCs positivity and overall survival [11]. This discrepancy between studies may be due to hete- 
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Table 3. Results of subgroup analyses on TNM stage, DFS and OS. 

Variables Overall 
Detect method Sampling time 

RT-PCR Non-RT-PCR Pre-treatment Post-treatment 

T stage 
(T1-2: T3-4) 

n 9 4 5 8 1 

OR 0.70 0.34 1.27 0.86 0.25 

95%CI 0.31 - 1.58 0.10 - 1.10 0.54 - 3.00 0.36 - 2.06 0.06 - 1.02 

I2 35% 33% 0% 30% / 

P 0.39 0.07 0.58 0.73 0.05 

N stage 
(N0-1: N2-3) 

n 10 4 6 9 1 

OR 0.50 0.44 0.52 0.48 0.52 

95%CI 0.30 - 0.81 0.23 - 0.87 0.21 - 1.32 0.25 - 0.92 0.23 - 1.14 

I2 0% 0% 32% 4% / 

P 0.005 0.02 0.17 0.03 0.10 

Clinical stage 
(I-II: III-IV) 

n 10 6 4 9 1 

OR 0.68 0.69 0.76 0.73 0.55 

95%CI 0.30 - 1.54 0.17 - 2.85 0.31 - 1.87 0.27 - 1.94 0.13 - 2.20 

I2 37% 57% 0% 44% / 

P 0.35 0.61 0.56 0.53 0.39 

DFS 

n 5 3 2 3 2 

HR 1.73 1.55 3.70 3.03 1.05 

95%CI 1.01 - 2.96 0.77 - 3.13 0.96 - 14.30 1.38 - 6.63 0.50 - 2.20 

I2 0% 16% 0% 0% 0% 

P 0.05 0.22 0.06 0.006 0.90 

OS 

n 4 2 2 3 1 

HR 2.53 1.58 4.02 3.19 1.36 

95%CI 1.37 - 4.69 0.83 - 3.02 1.70 - 9.51 1.73 - 5.90 0.60 - 3.10 

I2 43% 0% 34% 18% / 

P 0.003 0.17 0.002 0.0002 0.46 

 

 
Figure 6. Funnel plots of the enrolled studies. (a) N stage; (b) Overall survival (OS). 

 
rogeneity of study design, tumor stage, sampling time and detect methods of the enrolled studies, suggesting the 
necessity of a meta-analysis on this issue. In the present pooled study, we revealed that CTCs showed significant 
prognostication in terms of DFS and OS in patients with H&N cancer. Further analyses demonstrated that DFS 
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and OS maintained statistically significant with detection array with Non-RT-PCR and pre-treatment sampling 
of CTCs. 

Various approaches have been reported to detect CTCs in PB including RT-PCR, Cell Search System and 
ICC staining. For convenience we classified these arrays into RT-PCR and Non-RT-PCR. Our research sug-
gested that positive CTCs detected by RT-PCR array may be associated with advanced T stage and N stage 
whereas Non-RT-PCR methods, mainly Cell Search system seemed to be superior to RT-PCR array in predict-
ing DFS and OS. The Cell Search System is the unique method of CTC identification approved in metastatic 
breast cancer, prostate cancer and colorectal cancer, by the Food and Drug Administration in the United States. 
The inferiority of RT-PCR methods may be due to the relatively high rate of false positive cases from 
non-neoplastic and contaminated samples [28] [29]. Of note, there are still problems in the sensitivity, reprodu-
cibility and reliability of various detect approaches and much effort should be put in applying of standardized 
methods to decrease the intra-study inconsistencies.  

Interestingly, we also observed heterogeneity from different detect time in predicting OS and DFS, with more 
prominent HRs from pre-treatment subgroup. This is reasonable that CTCs detection before any interventions 
actually indicates baseline information of CTCs burden and should be more pathologically meaningful to esti-
mate the patient survival. Meanwhile, CTCs detection as a prognostic biomarker may develop a maximal value 
in a pre-treatment setting for more individualized therapy. Other researchers believed that post-treatment CTCs 
may incorporate the pretreatment status of CTCs and also estimate the number of tumor cells released during 
surgical operation for patients with pancreatic cancer patients [30]. The actual underlying meaning for different 
effects of CTCs before and after treatment remains ambiguous which deserves to be investigated in future stu-
dies. 

Certain limitations still existed in the present study. Firstly, the individual information of enrolled studies was 
not available. Secondly, although the clinical significance was further discussed in subgroup analysis, the intra- 
and inter-study heterogeneity with regard to patient characteristics, detect methods and sampling time still re-
mains inevitable. Thirdly, the optimal CTCs cutoff value for predicting the outcomes in H&N cancer is still un-
der investigation and there is no uniform cutoff value to define high level of CTCs. Despite these limitations, 
our meta-analysis demonstrated the clinicopathological and prognostic significance of circulating tumor cells 
(CTCs) in periphery blood for patients with H&N cancer. 

5. Conclusion 
Our meta-analysis has indicated that the presence of CTCs in peripheral blood is associated with higher N stage 
and poorer prognosis in patients with H&N cancer. Detection of pre-treatment CTCs using Non-RT-PCR arrays 
might serve as a prognostic biomarker to guide individualized treatment. High-qualified, well-designed and 
large-scaled multicenter studies are urgently demanded to explore its potential as a biomarker for clinicopatho-
logical and prognostic significance in patients with H&N cancer.  
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