
Enumeration and molecular characterization of circulating tumor
cell using an in vivo capture system in squamous cell carcinoma
of head and neck

Haidong  Zhang,  Shanchun  Gong,  Yaqun  Liu,  Longjun  Liang,  Shuangba  He,  Qingxiang  Zhang,
Mingyuan Si, Zhenkun Yu

Otorhinolaryngology and Head and Neck Surgery Department, Nanjing Tongren Hospital, School of Medicine, Southeast University, Nanjing

211100, China

Correspondence to: Zhenkun Yu. Otorhinolaryngology and Head and Neck Surgery Department, Nanjing Tongren Hospital, School of Medicine,

Southeast University, Nanjing 211100, China. Email: yuzk@njtrh.org.

Abstract

Objective: Detection rate and isolation yield of circulating tumor cell (CTC) are low in squamous cell carcinoma

of head and neck (SCCHN) with in vitro approaches due to limited sample volumes. In this study, we applied the

CellCollector to capture CTC in vivo from peripheral blood.

Methods: In total,  the study included 22 cases  with 37 times of  detection.  All  of  the patients  were newly

diagnosed  with  locally  advanced  or  metastatic  SCCHN,  including  laryngocarcinoma  (40.9%,  9/22)  and

hypopharyngeal carcinoma (59.1%, 13/22). All patients received CTC analysis before treatment. Three patients

received induction chemotherapy.  Sixteen patients  received surgical  therapy,  of  which 13 patients  received

postoperative detection. Two patients received both induction chemotherapy and surgery treatment. Patients

underwent two successive CellCollector applications 24 h before and 7 d after surgical therapy. Nine healthy

volunteers were enrolled as the control group. Epidermal growth factor receptor variant type III (EGFRVIII)

expression was analyzed with fluorescent dye labeled antibody.

Results: With CellCollector isolation, 72.7% (16/22) of the patients were positive for ≥1 CTC (CTC; range,

1–17 cells) before treatments and 46.7% (7/15) of patients were CTC positive for ≥1 CTC (CTC; range, 1–29

cells) after surgical therapy. Moreover, the detection rate of CellCollector (82.4%, 14/17; CTC count range, 0–17)

in advanced SCCHN (stage III–IV) was much higher than that in early stages (stage I–II, 40.0%, 2/5; CTC count

range,  0–2)  (P<0.05).  EGFRVIII  expression  of  CTC  was  also  analyzed  with  fluorescence  staining.  One

CTCEGFRVIII-positive  patient  was  detected  from six  CTC-positive  patients,  and  the  positive  expression  of

EGFRVIII was also found in the tumor tissue of this patient.

Conclusions:  In  vivo  detection  of  CTCs  had  high  sensitivity  in  SCCHN,  which  might  improve  CTC

application in clinic.
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Introduction

Although circulating tumor cell (CTC) has been reported
almost 150 years ago, efficiency detection and molecular
assay  have  only  gained  attention  recently.  Technology

improvement makes CTC isolation possible for clinical

application and more and more CTC detection methods

have been reported recently (1). However, it is still a great

challenge to detect CTC from peripheral blood of cancer
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patients. Due to rarity of CTC and high unspecific cells
background,  with 6×106  leukocytes,  2×108  platelets  and
4×109  erythrocytes  per  mL  of  patient-derived  blood
sample,  isolation and downstream molecular analysis  of
CTC  are  still  a  challenge  (2).  High  detection  rate,
sufficient  amounts  of  CTC and downstream molecular
analysis are needed to satisfy clinical utility (3-5).

Squamous cell carcinoma of head and neck (SCCHN) is
one of the frequently occurring and deadly diseases. CTC
is a  promising blood biomarker for  “liquid biopsies”  to
improve individual treatment regimens for cancer patients
(6-8), So far, several studies have shown that the sensitivity
of CTC isolation is low and insufficient to satisfy clinical
requirement  in  SCCHN  (9-13).  Although  molecular
characterization  analysis  could  provide  more  clinical
information  for  individual  treatment,  CTC  isolation
method with little unspecific white blood cells still needs to
be improved (14,15).

More than 40 different methods for CTC detection have
been reported (16). Various detection strategies have been
developed to  increase  detection sensitivity  and yield  of
CTC  (2,17).  To  our  best  knowledge,  a  few  of  those
methods had qualification for clinical utility (18,19). In this
study, we used a new strategy to capture CTC in vivo with
CellCollector (GILUPI CellCollector, GILUPI GmbH,
Germany) (20). During 30 min incubation in the arm vein
of cancer patients, functional domain of CellCollector was
exposed to 2–3 L of blood, which significantly improved
CTC  detection  sensitivity.  CellCollector  has  high
detection rate in lung cancer and neuroendocrine tumor
(21,22). Monitoring treatment response with changes in
CTC counts detected with CellCollector shows promising
potential in clinic (21). This study will support the use of in
vivo CTC capture as a new diagnostic principle for future
clinical study testing the relevance of “liquid biopsies” to
cancer treatments.

Materials and methods

Clinical information

This  prospective,  CTC observer  blinded,  single-center
clinical  study  investigated  the  detection  and  molecular
characterization  of  CTC from the  peripheral  blood  of
SCCHN patients using the CellCollector. The study was
conducted at the Nanjing Tongren Hospital in November
2016 to April 2017, and included 22 cases with 37 times of
detection.  All  of  them were  newly  diagnosed  SCCHN.

Most  patients  were  male  (21/22)  aged  47–82 years  old,
including  laryngocarcinoma  (40.9%,  9/22)  and
hypopharyngeal  carcinoma (59.1%, 13/22).  All  patients
were  received  CTC detection  before  treatment.  Three
patients received induction chemotherapy after the first
CTC  detection.  One  case  died  of  cancer-related
complications before further treatment. Sixteen patients
received  surgical  therapy,  13  of  whom  received
postoperative CTC detection. Two patients received both
induction chemotherapy and surgery treatment. Patients
underwent two successive CellCollector detections 24 h
before and 7 d after surgical therapy. A detailed summary
of  all  patient  data,  including  CTC counts,  is  shown in
Table 1.  At the same time, 9 healthy volunteers with no
evidence of  cancer disease were included as  the control
group. This study is registered in ClinicalTrials.gov (No.
NCT03071900),  and  was  approved  by  the  Ethics
Committee of Nanjing Tongren Hospital.

In vivo application of CellCollector

The GILUPI CellCollector is based on a sterile stainless
steel medical wire, covered with a gold layer and a hydrogel
layer at its functionalized tip. Before the application of the
device, a 20 G peripheral venous catheter was placed into
the median cubital vein of the patient. The CellCollector
was inserted into the vein through the catheter until the tip
of the device was extended 2 cm into the vein.  After 30
min, the CellCollector was removed from the vein, cleaned
and fixed for further examination.

CTC identification and epidermal growth factor receptor
variant type III (EGFRVIII) staining

This  function  domain  of  CellCollector  is  covalently
coupled with epithelial cell adhesion molecule (EpCAM)
(humanized  HEA  125,  GILUPI  GmbH,  Potsdam,
Germany) (Figure 1A).  After the in vivo  application, the
CellCollector  was  washed  three  times  and  fixed  with
acetone for 10 min at room temperature. Captured cells
were stained with EpCAM (Acris, New York, USA; clone
HEA125-FITC) and pan-keratins (Exbio, Vestec, Czech
Republic; clone C11-Alexa488; Millipore, Massachusetts,
USA; clone LP5K-FITC; Exbio, Vestec, Czech Republic;
clone A53-B/A2-Alexa488). CD45 (also called leukocyte
common  antigen)  staining  was  performed  to  identify
unspecific leucocytes (Exbio, Vestec, Czech Republic; clone
MEM-28-Alexa647). Nuclear staining was performed with
Hoechst33342  (Invitrogen,  California,  USA)  at  a
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concentration of 1 mg/mL for 2 min. A cell was counted as
positive CTC when its morphological features (4 μm, intact
nucleus) and staining patterns were consistent with those of
an  epithelial  cell  (Hoechst33342/pan-keratin  and/or
EpCAM-positive/CD45-negative;  Figure  1B).  Specific
antibody  against  EGFRVIII  was  used  in  EGFRVIII
staining.  The  EGFRVIII  antibody  was  labeled  with
phycoerythrin (PE) fluorescent dye. EGFRVIII expression
was analyzed by immunohistochemical (IHC) method as
described in published references.

Statistical analysis

Statistical  analyses were performed with SPSS Statistics
(Version 17.0; SPSS Inc., Chicago, IL, USA) for Windows,
and  figures  were  generated  using  Prism  6  (GraphPad
Software, Inc., La Jolla, CA, USA). Normal distribution
was analyzed. Nonparametric tests (Kolmogorov-Smirnov
test)  were  used.  CTC  counts  in  preoperative  and
postoperative groups were analyzed with Wilcoxon rank

sum test. P<0.05 was considered statistically significant.

Results

Patient characteristics

We enrolled 22 SCCHN patients and 9 healthy volunteers
as the control group. Table 1 shows the clinicopathological
characteristics of patients with laryngocarcinoma (n=9) and
hypopharyngeal  carcinoma  (n=13).  The  median  age  of
SCCHN patients was 65.5 (range, 47–82) years, and the
patients were in different stages, including stage I (n=1),
stage II (n=4), stage III (n=4) and stage IV (n=13).

In this study, 16 patients underwent surgical treatment, 3
patients underwent induction chemotherapy, and 2 patients
received  both  induction  chemotherapy  and  surgical
treatments. One case died of cancer-related complications
before further treatment. Fifteen patients received CTC
detection before and after surgical treatment respectively.

Table 1 Clinicopathological data of all patients and number of captured CTCs

Case Gender Age (year) Tumor site TNM stage Pre-treatment
capture (n) Treatment method Post-treatment

capture (n)

  1 Male 52 Larynx IVa 11 Surgery 0

  2 Male 62 Hypopharynx IVa 10 – –

  3 Male 66 Larynx IVa 17 Surgery 1

  4 Male 67 Larynx I   1 Surgery –

  5 Male 56 Larynx II   2 Surgery 7

  6 Male 59 Larynx II   0 Surgery 0

  7 Male 48 Larynx II   0 Surgery –

  8 Male 58 Hypopharynx IVa   0 Induction chemotherapy –

  9 Male 53 Larynx IVa   3 Surgery 0

10 Male 81 Larynx III   1 Surgery 0

11 Male 47 Hypopharynx IVa   5 Induction
chemotherapy+Surgery 29  

12 Male 65 Hypopharynx IVa   0 Induction
chemotherapy+Surgery 6

13 Male 69 Larynx IVb   0 Surgery 2

14 Male 74 Larynx III   5 Surgery 2

15 Male 82 Hypopharynx III   4 Induction chemotherapy –

16 Male 70 Larynx IVa   2 Surgery 0

17 Male 69 Larynx III   2 Surgery 0

18 Male 50 Hypopharynx IVa   3 Surgery 0

19 Female 70 Hypopharynx II   0 Surgery 0

20 Male 66 Hypopharynx IVa   4 Induction chemotherapy –

21 Male 73 Hypopharynx IVa   2 Surgery 4

22 Male 50 Larynx IVa   2 Surgery –
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CTC  counts  and  correlations  to  clinicopathologic
characteristics

For analyzing clinical  correlation to CTC enumeration,
CTC  detection  rate  and  CTC  counts  were  used  in
multivariate analysis. The repeatability and stabilization of
CTC  analysis  method  that  we  used  in  this  study  were
verified before (21). Representative images of CTC from
spiking experiments are show in Figure 1C. In total, 72.7%
(16/22) of the patients were positive for ≥1 CTC (range,
1–17 cells;  Figure  2A).  Most  of  the  analyzed  cells  were
single CTC. However, CTC clusters (range, 2–8) were also
detected  in  8  of  37  observed  CellCollector  results.  No
CTC-like events were observed on the CellCollector used
in  control  group  (Figure  2A).  CTC  detection  rate  was
higher in patients with late stage than in patients with early
stage (P<0.05). In total, 5 patients were detected with stage
I and II,  two of whom had CTC-positive results,  while,
82.4% (14/17)  of  stage  III  and  IV patients  have  CTC-
positive  detection  results,  indicating  CellCollector  has
high detection rate  in  SCCHN, especially  in  late  stage
(Figure  2B).  CTC  detection  rates  were  not  different
between laryngocarcinoma and hypopharyngeal carcinoma
(Figure 2C).

Monitoring of CTC during surgical therapy

To  evaluate  CTC  number  changes  as  a  marker  for
analyzing surgical  response in six  patients  with surgery,
CTC detection was performed with CellCollector 24 h
before and 7 d after surgical therapy. The detection rate of
positive CTC decreased from 72.7% (16/22) with median
CTC number  of  2  before  surgical  treatment  to  46.7%
(7/15)  with  median  CTC  number  of  0  after  surgical
treatment  (P<0.05),  indicating  that  changes  of  CTC
counts may have potential value to show treatment effect
(Figure 2D).

EGFRVIII expression assay in CTC and tissue

To analyze EGFRVIII expression, CTC from six patients
were  analyzed  with  EGFRVIII  fluorescence  antibody
staining  during  CTC  identification  process.  PE  was
covalently  linked  to  EGFRVIII  antibody  to  observe
EGFRVIII at orange channel by fluorescence microscope.
EGFRVIII positive and negative CTC are shown in Figure
3A.  EGFRVIII  expression  level  was  calculated  with
peripheral blood mononuclear cell (PBMC) as a negative
control. Cut-off value is a ratio that was calculated with
PBMC  fluorescence  value  divided  by  background

 

Figure 1 Circulating tumor cells (CTC) capture and identification in vivo. (A) Schematic overview of CellCollector and in vivo application.
The CellCollector wire is coated with anti-epithelial cell adhesion molecule (anti-EpCAM) antibodies and placed into the arm vein of
cancer patients for 30 min to bind EpCAM-positive cells to the CellCollector; (B) The tumor cells are stained for EpCAM and keratins.
Nuclear counterstain is done using Hoechst33342. CD45 staining is necessary to classify false positive events (leukocytes). Scale bars, 10
μm; (C) Images of CTCs isolated with the CellCollector. Tumor cells were identified as EpCAM and/or pan-keratin-positive (green) and
CD45-negative (red) events. Hoechst33342 (blue) was used for nuclear counterstain. Scale bars, 10 μm.
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(unstaining area) fluorescence value. The cut-off value is
0.8  here.  Base  on calculation results,  two patients  were
found  EGFRVIII-positive  CTC,  one  case  positive
boundary,  and  three  negative  among  those  analyzed
patients  (Figure  3B).  The expression of  EGFRVIII  was
detected in the primary tumor and metastatic tumor of a
patient with IHC staining (Figure 4).

Discussion

In vivo analysis

Here,  we  reported  that  in  vivo  detection  of  CTC  is  a
promising method for clinical utilization. In vivo detection
methods  show  high  CTC  isolation  rate  (11,23).
CellCollector has been shown high detection rate in lung
cancer and neuroendocrine tumor (21,22). Increasing of
blood volumes may overcome ex vivo limitation to increase
detection rate (3). Although CellCollector was used in an in
vivo way, it is user-friendly for clinical application. The 30-
min incubation in peripheral vein is acceptable for the most

of tested patients. With immunofluorescence technique,
which  was  proved  by  clinical  evidence,  CTC  could  be
identified under a fluorescence microscope (20).

CTCEGFRVIII expression

EGFRVIII  is  important  for  growth  of  tumor  cells  and
specifically  expressed  in  tumor  cells  (24,25).  Here,  we
reported EGFRVIII expression on CTC. In total, 33.3%
(2/6)  patients  were  found  CTCEGFRVII I  positive.
Interestingly,  we  found  that  in  this  patient  with
EGFRVIII-positive CTC, EGFRVIII expression in both
primary  and  metastatic  tumor  tissues  was  positive,
indicating EGFRVIII expression level may be coordinated
between CTC and tumor tissue. CTC-based EGFRVIII
analysis  may be important for SCCHN especially when
tumor tissue is not available. The comparison of CTC and
tumor tissue shows that EGFRVIII expression may have
consistency, indicating CTC is a potential biomarker for
analyzing EGFRVIII expression.

 

Figure 2 Analysis of circulating tumor cells (CTCs) detection rate. (A) Detection rate of CellCollector in squamous cell carcinoma of head
and neck (SCCHN) and control group. Kolmogorov-Smirnov test, P<0.05; (B) CTC enumeration in stage I–II and III–IV patients.
Kolmogorov-Smirnov test, P<0.05; (C) CTC enumeration in laryngocarcinoma and hypopharyngeal carcinoma. Kolmogorov-Smirnov test,
P>0.05; (D) The changes of CTC counts before and after therapy. Wilcoxon rank sum test, P>0.05.
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Molecular analysis of CellCollector

It already has been approved that gene mutations of CTC
captured by CellCollector could be detected with digital
polymerase chain reaction (PCR) (21).  Next generation
sequencing  (NGS)  could  provide  much  more  genetic
information compared with digital PCR or amplification
refractory mutation system-quality PCR (ARMS-qPCR)
(26). CTC on functional domain was easy to separate from

CellCollector with little unspecific cells by using a special
cutter. Isolated CTC and CellCollector fragment together
were collected into one Eppendorf (EP) tube to amplify the
whole CTC genomic DNA for NGS analysis. Due to this
isolation  process,  the  sensitivity  of  NGS  was  greatly
increased for detecting CTC genomic mutations. Next, we
will focus on the work of CTC sequencing in SCCHN.

Clinical value of CellCollector in SCCHN

Base  on  high  detection  rate  and  high  yield  of  CTC,
monitoring of  therapy effect  with  the  changes  of  CTC
counts before and after treatment could give more clinical
information (21,27,28). Chemotherapy response of CTC
counts  have  been  reported  for  years  (29).  Additionally,
CTC number sharply decreased after surgery compared
with pre-operation CTC detection (30-32). In this study,
two  successive  CTC  detections  have  been  carried  out
during surgical and/or induction chemotherapy process.
After treatment, many patients had no CTC observed. In 5
of  15 patients,  increased CTC number  was  found after

 

Figure 3 Analysis of epidermal growth factor receptor variant type III (EGFRVIII) expression. (A) Circulating tumor cells (CTCs) are
stained for epithelial cell adhesion molecule (EpCAM) and keratins. Nuclear counterstain is done using Hoechst33342. CD45 staining is
necessary to classify false positive events (leukocytes). EGFRVIII positive and negative CTCs were shown. Bar, 10 μm; (B) Relative
fluorescence analysis of EGFRVIII expression. EGFRVIII expression level of CTCs from six patients was analyzed. Cut-off value is 0.8.

 

Figure 4 Expression of epidermal growth factor receptor variant
type III (EGFRVIII) in squamous cell carcinoma of head and neck
(SCCHN) by immunohistochemical (IHC) staining (400×). (A)
Primary  carcinoma;  (B)  Metastatic  carcinoma;  (C)  Control.
EGFRVIII was expressed mainly on the cell membrane (yellow
staining) and blue staining was the nuclei.
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treatment.  The  follow-up  of  those  patients  may  be
important to analyze different progression-free survival or
overall  survival  compared  with  patients  with  decreased
CTC number.

Conclusions

Low detection rate is  the most important limitation for
CTC  study  in  SCCHN.  In  this  study,  CellCollector
showed high sensitivity to CTC isolation from SCCHN
patient’s  peripheral  vein  blood,  especially  in  advanced
SCCHN patients.  Moreover, CTC was easy to separate
f r o m  C e l l C o l l e c t o r  a f t e r  i d e n t i f i c a t i o n  w i t h
immunofluorescence staining. Molecular analysis of CTC
may push “liquid biopsy” to a new level to apply and study.
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