
Abstract. Background/Aim: Circulating tumor cells (CTCs)
may be affected by the environment encountered during blood
circulation. We aimed to explore the association between the
molecular phenotype of CTCs and systemic inflammatory
markers. Patients and Methods: CTCs isolated from patients
with recurrent/metastatic head and neck squamous cell
carcinoma by CD45-negative selection were analyzed for the
expression of multiple genes. The correlations between gene
expression levels in CTCs and systemic inflammation markers
were examined. Results: Thirty-five (83.3%) of the 42 patients
were positive for CTCs. No significant differences in systemic
inflammatory markers were observed between CTC-positive and
CTC-negative patients. Notably, VIM or ZEB2 expression was
strongly correlated with that of CD44 or ALDH1. PIK3CA,
CD44, ALDH1A1, and PDCD1LG2 expression in CTCs was
correlated with lymphocyte- and/or albumin-related systemic
inflammatory markers. Conclusion: CTCs acquire a survival
advantage through phenotypic alterations in the hostile blood
environment, and evade circulatory immune surveillance. 

Similar to primary tumors and metastatic lesions, circulating
tumor cells (CTCs) that have detached from a primary tumor into
the bloodstream are also heterogeneous tumor cell populations
(1, 2). CTC migration to the bloodstream exposes them to a
hostile environment; in response, some subpopulations may
undergo necrosis, anoikis, or apoptosis by physical forces and/or

immune surveillance, while others survive by acquiring resistance
mechanisms. Travelling into the blood circulation may affect
CTC characteristics through direct and/or indirect interactions
with various blood cells and their secreted humoral factors (3).
For instance, the association between neutrophils and CTCs
drives cell cycle progression within the bloodstream and expands
the metastatic potential of CTCs (4). Similarly, platelets can
protect CTCs against not only physical stress but also antitumor
immune responses (3, 5). Moreover, platelet-CTC interactions
induce an epithelial-mesenchymal-like transition and promote
metastasis by platelet activation and the release of soluble
mediators (6). Thus, in the blood environment, the phenotypic
heterogeneity and plasticity of CTCs could be shaped by complex
interaction networks between CTCs and circulating blood cells.

Cancer-related inflammation is a hallmark of cancer (7).
With disease progression and/or selective pressure due to
cancer treatment, the blood environment, specifically the
systemic inflammation status, is drastically altered. Tumor
cells can activate or inhibit a variety of blood cells and form
complicated patient-specific inflammatory states in both the
tumor microenvironment and systemic circulation, which are
related to clinical outcomes including disease progression,
treatment response, and prognosis (8-10).

The clinical significance of systemic inflammation
markers based on counts, ratios, or the scores of circulating
blood cells or acute-phase proteins, such as neutrophil-to-
lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio
(LMR), and a measure based on elevated serum C-reactive
protein (CRP) level and decreased serum albumin level, has
been extensively investigated (10). Similar to other types of
cancers, inflammatory markers may be useful markers for
predicting the clinical outcomes of patients with head and
neck squamous cell carcinoma (HNSCC). Rassouli et al.
showed that the platelet-to-lymphocyte ratio (PLR) and NLR
are independent predictors of mortality and recurrence,
respectively (11). Similarly, LMR is an independent
prognostic factor for HNSCC (12).
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We previously reported that 24 (80.0%) of 30 patients
with recurrent/metastatic (R/M) HNSCC were positive for
CTCs and measured the expression of immune-regulatory
molecules in the 24 CTC-positive patients (13). In the
present study, we molecularly characterized the CTCs in 42
patients including those of 12 who were newly diagnosed
with R/M HNSCC. Finally, we investigated the association
between the CTC molecular phenotype and systemic
inflammation in patients with R/M HNSCC.

Patients and Methods
Patients. This study enrolled a total of 42 patients with R/M
HNSCC, including 30 patients described previously (13). Their
characteristics are shown in Table I. The median age of the patients
was 69 years (range=48-86 years). The tumor origins included the
oral cavity (n=5), nasopharynx (n=1), oropharynx [n=5 (2 were p16
positive; 3 were p16 negative)], hypopharynx (n=19), larynx (n=5),
paranasal sinuses (n=6), and parotid gland (n=1). Recurrences in all
patients, including the overlapping cases, were observed in 17
(40.5%), 25 (59.5%), and 23 (54.8%) local, regional, and distant
sites, respectively. This study was approved by the Ethical
Committee of the Gunma University Hospital (No.12-12), and
written informed consent was obtained from each patient. 

Circulating tumor cell (CTC) isolation and gene expression analysis.
CTC isolation and gene expression analysis were performed as
described previously (13). In brief, peripheral blood mononuclear cells
(PBMCs) were isolated by Ficoll-Hypaque density gradient
centrifugation of blood samples (7.5 ml) obtained from patients. The
contaminating erythrocytes were further lysed with red blood cell lysis
buffer (Roche Diagnostic GmbH, Mannheim, Germany). The cell
suspension was incubated with a human CD45 depletion cocktail for
15 min and subsequently with magnetic particles for 10 min
(EasySep™ Human CD45 Depletion Kit, Stemcell Technologies).
Tubes containing the PBMCs were placed in a magnet for 10 min
twice, and the unbound cells (CTCs) were transferred to new tubes.

Total RNA from the CTCs was extracted using a RNeasy Micro
kit (QIAGEN, Hilden, Germany) according to the manufacturer’s
instructions. cDNA synthesis was performed using the QuantiTect
Reverse Transcription kit (QIAGEN) with 14 cycles of pre-
amplification using the TaqMan™ PreAmp Master Mix kit (Applied
Biosystems). The pre-amplified products were subsequently analyzed
by real-time quantitative polymerase chain reaction (Applied
Biosystems, Waltham, MA, USA) for the 16 target genes. Sixteen
primers for the 15 targets [epithelial cell adhesion molecule
(EPCAM), MET, keratin 19 (KRT19), epidermal growth factor
receptor (EGFR), phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha (PIK3CA), cyclin D1 (CCND1), snail family
transcriptional repressor 1 (SNAI1), vimentin (VIM), zinc finger E-
box binding homeobox 2 (ZEB2), CD44, nanog homeobox (NANOG),
aldehyde dehydrogenase 1 family member A1 (ALDH1A1), CD47,
CD274, and programmed cell death 1 ligand 2 (PDCD1LG2)] and
ACTB (β-actin) as control were purchased from Applied Biosystems
(TaqMan™ Gene Expression Assays). All samples were analyzed in
triplicate. The primer sequences for the 16 genes included in this
study are shown in Table II. Target gene expression in CTCs was
determined using a relative quantification method. Detection of at
least one of the four epithelial-related genes (EPCAM, MET, KRT19,

and EGFR) was defined as CTC positivity. Since samples obtained
by negative selection are invariably contaminated with leukocytes,
the average threshold cycle (Ct) value of the CTC-negative samples
was used as the baseline for the control group. The Ct values of the
target genes were normalized to a reference gene (ACTB), and the
expression levels of the target genes in CTCs were estimated as fold
changes compared to those in the CTC-negative samples by the
relative quantification 2-delta-delta Ct method.

Data acquisition and systemic inflammatory markers. Laboratory
data including platelet, neutrophil, lymphocyte, and monocyte
counts and serum CRP and albumin levels were collected from
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Table I. Patient characteristics.

Characteristics                                                             Value

Total patients (Male/Female)                                   42 (37/5)
Age (yrs): Median (range)                                      69 (48-86)
Tumor site                                                                        
   Maxillary sinus                                                            6
   Oral cavity                                                                   5
   Nasopharynx                                                                1
   Oropharynx                                                                  5
   (p16 status)                                        (p16 positive, 2; p16 negative, 3)
   Hypopharynx                                                              19
   Larynx                                                                          5
   Parotid                                                                          1
Recurrence/metastasis                                                      
   Local recurrence                                                         17
   Regional lymph node recurrence                                25
   Distant metastasis                                                       23
Circulating tumor cells                                                    
   Positive                                                                       35
   Negative                                                                       7

Table II. Polymerase chain reaction primers used in this study.

Gene signature                                    Gene symbol             Assay ID

Epithelial                                                 EPCAM           Hs00158980_m1
                                                                   MET             Hs01565576_m1
                                                                 KRT19            Hs00761767_s1
                                                                 EGFR            Hs01076090_m1
Cell growth                                             PIK3CA          Hs00907957_m1
                                                                CCND1           Hs00765553_m1
Epithelial-mesenchymal transition           SNAI1            Hs00195591_m1
                                                                   VIM              Hs00958111_m1
                                                                  ZEB2             Hs00207691_m1
Cancer stemness                                       CD44             Hs01075861_m1
                                                                NANOG           Hs04399610_g1
                                                              ALDH1A1         Hs00946916_m1
Immune regulatory                                   CD47            Hs00179953_m1
                                                                 CD274            Hs01125301_m1
                                                             PDCD1LG2       Hs01057777_m1
Reference                                                  ACTB             Hs01060665_g1



patients’ clinical records within 2 weeks of blood collection for CTC
isolation. NLR, PLR, and LMR were calculated by dividing the
absolute values of the corresponding hematological parameters. The
systemic immune-inflammation index (SII), prognostic nutrition
index (PNI), and CRP/albumin ratio (CAR) were calculated as
follows: SII=platelet count × neutrophil/lymphocyte count (14),
PNI=10× serum albumin+ 0.005× lymphocyte count (15), and
CAR=CRP/albumin (16).

Statistical analyses. GraphPad Prism version 8.0 for Windows
(GraphPad Software, San Diego, CA, USA) was used to perform
the statistical analyses. Mann–Whitney U-tests were  used  to
examine the differences in continuous variables. The correlations of
two continuous variables, gene expression levels in CTC and
systemic inflammatory markers, were determined by Spearman’s
rank tests. The Kaplan–Meier curves were plotted and compared
using the log-rank tests to compare survival curves between
subgroups. The optimal cut-off values of systemic inflammatory
markers for overall survival were determined based on receiver
operating characteristics curve analysis. Two-sided p-values <0.05
were considered statistically significant.

Results
Detection of CTCs and systemic inflammatory markers in
patients with R/M HNSCC. Thirty-five (83.3%) of the 42
patients with R/M HNSCC, including 30 patients reported in
our previous study (13), were positive for at least one
epithelial-related gene. The expression levels of epithelial-
related markers in 35 CTC-positive patients are summarized
in Figure 1. Among the 35 CTC-positive patients, EPCAM
was detected in 15 (35.7%), KRT19 in 29 (69.0%), EGFR in
14 (33.3%), and MET in 21 (50.0%) patients, respectively.
Next, we compared systemic inflammatory markers
including blood cell counts between CTC-positive and CTC-
negative patients and observed no significant differences
between the two groups (data not shown).

Molecular characterization of CTCs. The CTCs obtained from
35 R/M HNSCC patients were subsequently investigated for
the expression of 11 genes grouped into four gene signatures:
cell growth (PIK3CA and CCND1), epithelial-mesenchymal
transition (EMT) (SNAI1, VIM, and ZEB2), cancer stemness
(CD44, NANOG, and ALDH1A1), and immune regulation
(CD47, CD274, and PDCD1LG2). The expression of each
gene in CTCs varied according to R/M HNSCC patients
(Figure 2), confirming our previous report of phenotypic
heterogeneity of CTCs among patients (17). Furthermore, we
also analyzed the correlations between gene expression levels
and observed a significant correlation between the same gene
signatures (Figure 3). VIM or ZEB2 expression was strongly
correlated with that of CD44 or ALDH1, suggesting a
significant role of these CTC subpopulations in the metastatic
process (VIM and CD44, r=0.9328, p<0.001; VIM and ALDH1,
r=0.8602, p<0.001; ZEB2 and CD44, r=0.8098, p<0.001;
ZEB2 and ALDH1, r=0.7062, p<0.001).

Prognostic significance of systemic inflammatory markers in
patients with R/M HNSCC. The Kaplan–Meier survival
analyses were performed to evaluate the prognostic
significance of systemic inflammatory markers in patients
with R/M HNSCC (Figure 4). R/M HNSCC patients with
higher platelet counts, higher CRP levels, lower albumin
levels, higher NLR, lower PNI, or higher CAR had
significantly shorter survival  than those in the pair groups
for each systemic inflammatory marker (platelet count,
p=0.036; CRP level, p=0.001; albumin level, p=0.041; NLR,
p=0.038; PNI, p=0.020; CAR, p=0.002).

Correlation between gene expression levels of CTCs and
systemic inflammatory markers. Finally, we examined the
correlations between gene expression levels in CTCs and
systemic inflammation markers in patients with R/M
HNSCC (Figure 5A and B). PIK3CA expression in CTCs
was correlated with lymphocyte-related systemic
inflammatory markers including lymphocyte count, NLR,
and LMR, while CD44 and ALDH1A1 expression in CTCs
was correlated with lymphocyte- and albumin-related
markers (lymphocyte count, albumin level, and PNI) and
lymphocyte-related markers (lymphocyte count, NLR, PLR,
and PNI), respectively. Moreover, PDCD1LG2 expression in
CTCs was correlated with nine of the 12 markers tested
(positive correlation: lymphocyte count, albumin level,
LMR, and PNI; negative correlation, neutrophil count, NLR,
PLR, SII, and CAR).

Discussion

Accumulating evidence has shown an association between
the existence or enumeration of CTCs and various clinical
factors in HNSCC (18-20); however, CTC heterogeneity and
longitudinal changes within the same patient are substantial
hurdles to understanding the biology and clinical potential of
CTCs. This study aimed to molecularly characterize CTCs
and their association with systemic inflammation in HNSCC.
Since CTCs are more frequently detected and show extensive
heterogeneity in patients with more advanced disease
compared to those in patients with early disease (21), we
enrolled patients with R/M HNSCC. As expected, CTCs
were detected in approximately 80% of patients. We
performed molecular characterization of CTCs based on four
gene signatures, cell growth, EMT, cancer stemness, and
immune regulation. Although the pattern of gene expression
levels in CTCs varied among patients, the overall gene
expression levels in CTCs revealed a strong positive
correlation with those in the same gene signature group,
except for genes regulating cell growth. Of note, the
expression levels of EMT-related genes were highly
correlated with those of cancer stemness. Previous reports
have indicated that two CTC phenotypic characteristics,

Tada et al: Survival of CTCs in the Blood Microenvironment

887



EMT and cancer stemness, are closely related and essential
for metastasis. Most CTCs of metastatic breast cancer
possess EMT and stem cell characteristics (22). Similarly,
Papadaki et al. reported that high CTC expression levels of

EMT and stemness markers were more frequently detected
in patients with metastatic breast cancer (23). As the subjects
in the present study had already developed a locoregional
recurrence and/or distant metastasis, they may have had an
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Figure 1. Heatmap depicting the presence of circulating tumor cells and expression of four epithelial-related genes in patients with
recurrent/metastatic head and neck squamous cell carcinoma. The red square indicates positive gene expression.

Figure 2. Gene expression of circulating tumor cells (CTCs) in patients with recurrent/metastatic head and neck squamous cell carcinoma. Heatmap
depicting fold changes of expression of 11 genes in CTCs compared to those in CTC-negative samples.

Figure 3. Correlation heatmap with correlation coefficients based on gene expression levels in circulating tumor cells. 



enriched subpopulation of CTCs with both EMT and
stemness phenotypes. During tumor blood dissemination,
CTCs in the blood not only encounter various host cells,
including leukocytes, platelets, and other CTCs but also
interact with the blood environment. Thus, CTCs may
acquire survival and metastatic potential through phenotypic
alterations due to environmental exposure.

The blood environment comprises several factors.
Systemic inflammatory markers are associated with disease

progression, treatment responses, and prognosis in various
cancers, including HNSCC (11, 12, 24-26). Our results
indicated that platelet count, CRP level, albumin level, NLR,
PNI, and CAR were prognostic markers in patients with R/M
HNSCC, suggesting that these markers might be useful for
evaluating life expectancy in R/M HNSCC.

In this study, lymphocyte- and albumin-related markers
were associated with PIK3CA, CD44, ALDH1A1, and
PDCD1LG2 expression in CTCs. Both peripheral blood
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Figure 4. Continued



lymphocytes and serum levels of albumin, a parameter of
nutritional status, influence immune cell function (27, 28);
therefore, high lymphocyte counts and high serum levels of
albumin may contribute to antitumor immune responses. As
they have left the immune-suppressive tumor micro-
environment, CTCs in the bloodstream are more vulnerable
to antitumor immune responses in the peripheral blood
compared to primary tumors and metastatic lesions. Thus,
the circulatory immune system might select for CTCs with

immune-resistant phenotypes. The immune escape
mechanisms employed by CTCs in the peripheral blood
include human leukocyte antigen down-regulation and Fas
ligand, CD47, and programmed death-ligand 1 (PD-L1)
expression (29-31). Additionally, our findings suggest that
molecular alterations in CTCs allow them to escape immune
surveillance. Growing evidence supports the association
between immunosuppressive phenotypes and the gene
signatures tested in this study. Using a model of pancreatic
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Figure 4. Kaplan–Meier survival analysis in recurrent/metastatic head and neck squamous cell carcinoma patients according to systemic
inflammatory makers. The optimal cutoff values of systemic inflammatory markers for overall survival were determined based on receiver operating
characteristics curve analysis.



cancer, Sivaram et al. showed that PIK3CA-AKT signaling
in tumors reduced major histocompatibility complex class I
and CD80 expression on the cell surface to promote immune
evasion (32). In contrast, CD44+ tumor-initiating cells in
HNSCC not only have an EMT phenotype but are also less
immunogenic, and selectively express PD-L1 compared to
CD44 cells (33). Similarly, EMT is strongly associated with
an inflammatory tumor microenvironment in lung cancer,
with increased levels of multiple immune checkpoint
molecules (34). Although these findings were based on

tumor tissues or xenografts and these phenomena might be
mirrored within the tumor microenvironments, CTCs in the
blood likely exhibit similar biological behaviors to acquire
immune-suppressive properties.

The main limitations of the present study are its small
sample size and heterogeneous population comprising
different primary sites and recurrence patterns. We are
currently conducting a large-scale study in pretreated
HNSCC patients to assess the molecular phenotypic
alterations of CTCs under blood environmental stress
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Figure 5. Correlations between gene expression levels in circulating tumor cells and systemic inflammatory markers in patients with
recurrent/metastatic head and neck squamous cell carcinoma. (A) Correlation coefficient (upper row) and significance levels (lower row). (B)
Correlation heatmap with correlation coefficients.



including antitumor immunity. Taken together, the present
study investigated CTCs from patients who had received
various treatments and had recurrent and/or metastatic
lesions; therefore, it was difficult to determine the molecular
mechanism of CTCs within the cascade of metastasis.
However, our results suggest the potent survival advantage
of CTCs through various phenotypic alterations in the hostile
blood environment, specifically against immune functions
defined by lymphocyte counts and serum albumin levels.

Conflicts of Interest

The Authors declare that they have no conflicts of interest in
relation to this study.

Authors’ Contributions

Kazuaki Chikamatsu conceived and designed the study. Hiroe Tada,
Shota Ida, Ikko Mito, and Toshiyuki Matsuyama performed the
experiments, and collected data. Hideyuki Takahashi and Kazuaki
Chikamatsu analyzed and interpreted the data. All Authors read and
approved the final manuscript.

Acknowledgements

This work was supported in part by KAKENHI (Grants-in-Aid for
Scientific Research) from the Ministry of Education, Culture,
Sports, Science and Technology, Japan. The Authors would like to
thank Editage (www.editage.com) for English language editing.

References

1 Keller L and Pantel K: Unravelling tumour heterogeneity by
single-cell profiling of circulating tumour cells. Nat Rev Cancer
19(10): 553-567, 2019. PMID: 31455893. DOI: 10.1038/s41568-
019-0180-2

2 Lim SB, Di Lee W, Vasudevan J, Lim WT and Lim CT: Liquid
biopsy: One cell at a time. NPJ Precis Oncol 3: 23, 2019.
PMID: 316023991. DOI: 10.1038/s41698-019-0095-0

3 Heeke S, Mograbi B, Alix-Panabieres C and Hofman P: Never
travel alone: The crosstalk of circulating tumor cells and the
blood microenvironment. Cells 8(7): 714, 2019. PMID:
31337010. DOI: 10.3390/cells8070714

4 Szczerba BM, Castro-Giner F, Vetter M, Krol I, Gkountela S,
Landin J, Scheidmann MC, Donato C, Scherrer R, Singer J,
Beisel C, Kurzeder C, Heinzelmann-Schwarz V, Rochlitz C,
Weber WP, Beerenwinkel N and Aceto N: Neutrophils escort
circulating tumour cells to enable cell cycle progression. Nature
566(7745): 553-557, 2019. PMID: 30728496. DOI: 10.1038/
s41586-019-0915-y

5 Gay LJ and Felding-Habermann B: Contribution of platelets to
tumour metastasis. Nat Rev Cancer 11(2): 123-134, 2011. PMID:
21258396. DOI: 10.1038/nrc3004 

6 Labelle M, Begum S and Hynes RO: Direct signaling between
platelets and cancer cells induces an epithelial-mesenchymal-like
transition and promotes metastasis. Cancer Cell 20(5): 576-590,
2011. PMID: 22094253. DOI: 10.1016/j.ccr.2011.09.009

7 Hanahan D and Weinberg RA: Hallmarks of cancer: The next
generation. Cell 144(5): 646-674, 2011. PMID: 21376230. DOI:
10.1016/j.cell.2011.02.013

8 Qu X, Tang Y and Hua S: Immunological approaches towards
cancer and inflammation: A cross talk. Front Immunol 9: 563,
2018. PMID: 29662489. DOI: 10.3389/fimmu.2018.00563

9 Roxburgh CS and McMillan DC: Cancer and systemic
inflammation: Treat the tumour and treat the host. Br J Cancer
110(6): 1409-1412, 2014. PMID: 24548867. DOI: 10.1038/
bjc.2014.90

10 Dupre A and Malik HZ: Inflammation and cancer: What a
surgical oncologist should know. Eur J Surg Oncol 44(5): 566-
570, 2018. PMID: 29530345. DOI: 10.1016/j.ejso.2018.02.209

11 Rassouli A, Saliba J, Castano R, Hier M and Zeitouni AG:
Systemic inflammatory markers as independent
prognosticators of head and neck squamous cell carcinoma.
Head Neck 37(1): 103-110, 2015. PMID: 24339165. DOI:
10.1002/hed.23567

12 Kano S, Homma A, Hatakeyama H, Mizumachi T, Sakashita T,
Kakizaki T and Fukuda S: Pretreatment lymphocyte-to-
monocyte ratio as an independent prognostic factor for head and
neck cancer. Head Neck 39(2): 247-253, 2017. PMID:
27617428. DOI: 10.1002/hed.24576

13 Chikamatsu K, Tada H, Takahashi H, Kuwabara-Yokobori Y, Ishii
H, Ida S and Shino M: Expression of immune-regulatory
molecules in circulating tumor cells derived from patients with
head and neck squamous cell carcinoma. Oral Oncol 89: 34-39,
2019. PMID: 30732956. DOI: 10.1016/j.oraloncology.2018.12.002

14 Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, Zhang X, Wang
WM, Qiu SJ, Zhou J and Fan J: Systemic immune-inflammation
index predicts prognosis of patients after curative resection for
hepatocellular carcinoma. Clin Cancer Res 20(23): 6212-6222,
2014. PMID: 25271081. DOI: 10.1158/1078-0432.CCR-14-
0442

15 Onodera T, Goseki N and Kosaki G: [prognostic nutritional
index in gastrointestinal surgery of malnourished cancer
patients]. Nihon Geka Gakkai Zasshi 85(9): 1001-1005, 1984.
PMID: 6438478.

16 Ranzani OT, Zampieri FG, Forte DN, Azevedo LC and Park M:
C-reactive protein/albumin ratio predicts 90-day mortality of
septic patients. PLoS One 8(3): e59321, 2013. PMID: 23555017.
DOI: 10.1371/journal.pone.0059321

17 Tada H, Takahashi H, Kuwabara-Yokobori Y, Shino M and
Chikamatsu K: Molecular profiling of circulating tumor cells
predicts clinical outcome in head and neck squamous cell
carcinoma. Oral Oncol 102: 104558, 2020. PMID: 32044652.
DOI: 10.1016/j.oraloncology.2019.104558

18 Sun T, Zou K, Yuan Z, Yang C, Lin X and Xiong B:
Clinicopathological and prognostic significance of circulating
tumor cells in patients with head and neck cancer: A meta-
analysis. Onco Targets Ther 10: 3907-3916, 2017. PMID:
28831265. DOI: 10.2147/OTT.S136530

19 Kulasinghe A, Hughes BGM, Kenny L and Punyadeera C: An
update: Circulating tumor cells in head and neck cancer. Expert
Rev Mol Diagn 19(12): 1109-1115, 2019. PMID: 31680565.
DOI: 10.1080/14737159.2020.1688145

20 Tinhofer I and Staudte S: Circulating tumor cells as biomarkers
in head and neck cancer: Recent advances and future outlook.
Expert Rev Mol Diagn 18(10): 897-906, 2018. PMID:
30199647. DOI: 10.1080/14737159.2018.1522251

ANTICANCER RESEARCH 41: 885-893 (2021)

892



21 Tellez-Gabriel M, Heymann MF and Heymann D: Circulating
tumor cells as a tool for assessing tumor heterogeneity.
Theranostics 9(16): 4580-4594, 2019. PMID: 31367241. DOI:
10.7150/thno.34337

22 Aktas B, Tewes M, Fehm T, Hauch S, Kimmig R and Kasimir-
Bauer S: Stem cell and epithelial-mesenchymal transition
markers are frequently overexpressed in circulating tumor cells
of metastatic breast cancer patients. Breast Cancer Res 11(4):
R46, 2009. PMID: 19589136. DOI: 10.1186/bcr2333

23 Papadaki MA, Kallergi G, Zafeiriou Z, Manouras L,
Theodoropoulos PA, Mavroudis D, Georgoulias V and Agelaki S:
Co-expression of putative stemness and epithelial-to-mesenchymal
transition markers on single circulating tumour cells from patients
with early and metastatic breast cancer. BMC Cancer 14: 651,
2014. PMID: 25182808. DOI: 10.1186/1471-2407-14-651

24 Rosculet N, Zhou XC, Ha P, Tang M, Levine MA, Neuner G and
Califano J: Neutrophil-to-lymphocyte ratio: Prognostic indicator
for head and neck squamous cell carcinoma. Head Neck 39(4):
662-667, 2017. PMID: 28075517. DOI: 10.1002/hed.24658

25 Tham T, Wotman M, Chung C, Ahn S, Dupuis H, Gliagias V,
Movsesova T, Kraus D and Costantino P: Systemic immune
response in squamous cell carcinoma of the head and neck: A
comparative concordance index analysis. Eur Arch
Otorhinolaryngol 276(10): 2913-2922, 2019. PMID: 31312922.
DOI: 10.1007/s00405-019-05554-x

26 Yang L, Huang Y, Zhou L, Dai Y and Hu G: High pretreatment
neutrophil-to-lymphocyte ratio as a predictor of poor survival
prognosis in head and neck squamous cell carcinoma:
Systematic review and meta-analysis. Head Neck 41(5): 1525-
1535, 2019. PMID: 30597654. DOI: 10.1002/hed.25583

27 Alwarawrah Y, Kiernan K and MacIver NJ: Changes in
nutritional status impact immune cell metabolism and function.
Front Immunol 9: 1055, 2018. PMID: 29868016. DOI: 10.3389/
fimmu.2018.01055

28 Chandra RK and Sarchielli P: Nutritional status and immune
responses. Clin Lab Med 13(2): 455-461, 1993. PMID: 8319429.

29 Gruber I, Landenberger N, Staebler A, Hahn M, Wallwiener D
and Fehm T: Relationship between circulating tumor cells and
peripheral t-cells in patients with primary breast cancer.
Anticancer Res 33(5): 2233-2238, 2013. PMID: 23645781.

30 Steinert G, Scholch S, Niemietz T, Iwata N, Garcia SA, Behrens
B, Voigt A, Kloor M, Benner A, Bork U, Rahbari NN, Buchler
MW, Stoecklein NH, Weitz J and Koch M: Immune escape and
survival mechanisms in circulating tumor cells of colorectal
cancer. Cancer Res 74(6): 1694-1704, 2014. PMID: 24599131.
DOI: 10.1158/0008-5472.CAN-13-1885

31 Mazel M, Jacot W, Pantel K, Bartkowiak K, Topart D,
Cayrefourcq L, Rossille D, Maudelonde T, Fest T and Alix-
Panabieres C: Frequent expression of PD-L1 on circulating
breast cancer cells. Mol Oncol 9(9): 1773-1782, 2015. PMID:
26093818. DOI: 10.1016/j.molonc.2015.05.009

32 Sivaram N, McLaughlin PA, Han HV, Petrenko O, Jiang YP,
Ballou LM, Pham K, Liu C, van der Velden AW and Lin RZ:
Tumor-intrinsic PIK3CA represses tumor immunogenecity in a
model of pancreatic cancer. J Clin Invest 129(8): 3264-3276,
2019. PMID: 31112530. DOI: 10.1172/JCI123540

33 Lee Y, Shin JH, Longmire M, Wang H, Kohrt HE, Chang HY
and Sunwoo JB: CD44+ cells in head and neck squamous cell
carcinoma suppress t-cell-mediated immunity by selective
constitutive and inducible expression of PD-L1. Clin Cancer Res
22(14): 3571-3581, 2016. PMID: 26864211. DOI: 10.1158/1078-
0432.CCR-15-2665

34 Lou Y, Diao L, Cuentas ER, Denning WL, Chen L, Fan YH,
Byers LA, Wang J, Papadimitrakopoulou VA, Behrens C,
Rodriguez JC, Hwu P, Wistuba, II, Heymach JV and Gibbons
DL: Epithelial-mesenchymal transition is associated with a
distinct tumor microenvironment including elevation of
inflammatory signals and multiple immune checkpoints in lung
adenocarcinoma. Clin Cancer Res 22(14): 3630-3642, 2016.
PMID: 26851185. DOI: 10.1158/1078-0432.CCR-15-1434

Received December 21, 2020
Revised January 6, 2021
Accepted January 7, 2021

Tada et al: Survival of CTCs in the Blood Microenvironment

893


