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Objective: This study aimed to investigate the feasibility of utilizing CytoSorter® system to
detect circulating tumor cells (CTCs) and clinical value of CTCs in patients with locally
advanced head and neck squamous cell carcinoma (LAHNSCC).

Methods: 31 patients with LAHNSCC, 12 healthy volunteers, and 6 patients with benign
tumor serving as controls were enrolled in this study. CTCs were enriched with the
CytoSorter®, a microfluidic based immune capture system. CTC detection was performed
before and after induction chemotherapy, as well as after surgery and/or radiotherapy.
Correlations between CTC enumerations at different time points and survival outcome and
recurrence risk were evaluated. The correlation between CTCs and clinicopathological
characteristics was appraised. Follow-up of patients continued until March 2019.

Results: While CTCs were not found in the controls, they were detected in 24 of 31
LAHNSCC patients. CTCs could be used to distinguish diseased people from the healthy
(P<0.0001). CTCs were statistically associated with patient age (P=0.037, >60 years old
vs<60 years old) and lymph node metastasis (P=0.034, NON1 VS N2N3). Most patients had
significantly reduced CTCs at the end of treatment. Patients with partial remission of tumor
after induction therapy had more CTCs than those with complete remission of tumor. Patients
with higher CTCs counts prior to treatment had higher chance of developing local recurrence
of tumor after treatment (P=0.0187).

Conclusion: CTCs were successfully isolated in LAHNSCC patients using CytoSorter®
system with better sensibility. CTCs can be used to differentiate LAHNSCC patients from
those with benign HNSCC tumor or healthy volunteers, and as markers to monitor patient’s
response to treatment and predict the local tumor recurrence after treatment. CTC detection
at baseline has the greatest prognostic potency in LAHNSCC patients.
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induction chemotherapy

Introduction

With more than 1.45 million newly diagnosed cases globally, head and neck
squamous cell carcinoma (HNSCC) comprises about 3% of all cancers and caused
over 494,000 deaths in 2018." Although advances in comprehensive therapy (such
as surgery, chemotherapy, and radiotherapy) have led to improvements in therapeu-
tic efficacy and life quality of HNSCC patients, most patients still eventually
develop locoregional recurrences of tumors or distal metastases, and the 5-year

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2019:11 5857-5869 5857
© 2019 Theng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BYNe

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Zheng et al

Dove

survival rate is <50%.>* Currently, a competent marker to
identify effectively patients with refractory HNSCC is
lacking.

Circulating tumor cells (CTCs) are TCs that are
released from a primary tumor or metastasis sites into
circulation, either spontaneously or during medical proce-
dures. CTCs surviving in circulation can colonize a distal
site in the body. The 7th edition of the American Joint
Committee on Cancer (AJCC) staging manual introduced
a new premetastasis stage, cMO(i+), where CTCs are
found in the blood or bone marrow without any symptom
or sign of metastasis was observed. Furthermore, the 8th
edition of the AJCC cancer guidelines said CTCs can be
used as a prognostic marker in breast cancer to predict
patients’ survival outcome, i.e progression free survival
and overall survival. Studies have shown that CTCs have
prognostic values not only in breast cancer, but also in
colorectal cancer, prostate cancer, and lung cancer.’™®
CTCs can be used as a monitoring tool to evaluate patient
response to treatment and to see whether tumor recurrence
occurs.” ! Dynamic monitoring of CTCs and subtyping of
CTCs
accordingly.

allow doctors to treatment

12,13

adjust regimen

CTCs are rare in the blood and thus, many methods have
been developed to enrich CTCs from the blood based on
their physical or biological properties.'* Currently,
CellSearch is still the only US Food and Drug
Administration (FDA)-approved CTC-detection system.
However, studies have shown CTC-detection rate in locally
advanced HNSCC (LAHNSCC) patients with CellSearch
system was <40%.'>"'® Preliminary data with CytoSorter®
(Hangzhou Watson Biotech, Hangzhou, China) CTC-capture
system in LAHNSCC patients showed a CTC-detection rate
of >70%. Therefore, we decided to use CytoSorter® system
in this study. CytoSorter® is a noninvasive system for the
capture, enumeration, isolation, and retrieval of CTCs.
CytoSorter® technology employs the positive selection uti-
lizing a streptavidin nanoarray, CytoChipNano, which can be
coated with biotin-labelled CTCs capture antibody, and
immunofluorescence staining, in order to capture and iden-
tify CTCs for cell enumeration. Capture and identification
antibodies used here are antiepithelial cell adhesion mole-
cules (EpCAM) and pan-cytokeratin (PanCK), respectively.
CytoSorter® system has been used to capture CTCs in
patients with breast, liver, lung, colorectal, and pancreatic
cancers (unpublished data).'® However, utilization of
CytoSorter® system to identify CTCs in patients with
HNSCC has not yet been investigated.

31 patients with LAHNSCC, 6 patients with benign
HNSCC, and 12 healthy volunteers as controls were
enrolled in this study. For the patients with LAHNSCC,
CTC enumerations were performed before and after induc-
tion chemotherapy and once more after whole procedure
was completed (surgery or/and radiotherapy). For those
with benign HNSCC and healthy volunteers, CTC enu-
meration was performed only once. The aims of this study
were to assess the feasibility of CTCs detection in
LAHNSCC patients using CytoSorter® system, to correlate
CTCs to LAHNSCC patients’ clinicopathological findings,
to evaluate CTCs as a marker to monitor LAHNSCC
patients’ response to the treatment, and to evaluate CTCs
as a prognostic marker for survival outcome, local recur-
rence of tumors, and distal metastasis.

Materials and methods

Ethics

The study followed the principles established in the
Declaration of Helsinki and approved by both ethics com-
mittees of Zhejiang Cancer Hospital and Zhejiang Jinhua
Guangfu Hospital. All patients and healthy volunteers
involved provided written informed consent to participate
in this research and to publication of their case details.

Cell lines

The human-tongue squamous cell carcinoma cell line, UT-
SCC-24A (RRID:CVCL 7826), was obtained from the
ATCC (Manassas, VA, USA). UT-SCC-24A cells were main-
tained in DMEM (Thermo Fisher Scientific, Waltham, MA,
USA), supplemented with 10% fetal bovine serum (Thermo
Fisher Scientific, Waltham, MA, USA) in the presence of
penicillin and streptomycin. UT-SCC-24A cells were housed
in 37°C incubators with 5% CO, saturation.

Patients

Between March 2016 and December 2017, 31 patients with
LAHNSCC — 27 males and 4 females — median age of
57.64 years (range: 45-71 years) were enrolled in this study.
Inclusion criteria were pathologically or cytologically diag-
nosed with LAHNSCC at the hypopharynx, oropharynx,
larynx or mouth (including LAHNSCC with concomitant
esophageal cancer), tumor staged at III-IV (III, IVA and
IVB) according to the TNM-staging system of the AJCC
(seventh edition), age -OBrk-75 years, no prior chemother-
apy, radiotherapy, or surgery for LAHNSCC, no other
malignant tumors (except cervical carcinoma in situ,
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cutaneous basal carcinoma, SCC, and other cancers that had
been cured by surgery and no recurrence within 5 years), and
compliance with treatments and examinations. Exclusion
criteria were pregnant or breast-feeding, prior or concomi-
tant disease, unstable heart disease after treatment, myocar-
dial infarction within prior 6 months, history of mental
illness (such as dementia or seizures), active or uncontrol-
lable infection, active gastrointestinal ulcer, and chronic
obstructive pulmonary disease requiring hospitalization
within prior 1 year. Hypopharyngeal carcinoma was found
in 17 patients, oropharyngeal carcinoma in 13, laryngeal
cancer in 2 and concomitant esophageal cancer in 5. In
addition, peripheral blood was also collected from 12
healthy volunteers and 6 patients with benign HNSCC for
the detection of CTCs.

Blood collection and preparation

A 23G needle was used to collect vein-blood sample. The
first 2 mL of collected blood was discarded to avoid
potential skin cell contamination from venipuncture.
Collected blood was stored in a heparin tube (BD) at
room temperature before use. Blood has a maximum
preservation time of 6 hrs at room temperature. CTCs
were enriched by CytoSorter® system. Blood preproces-
sing procedure was as per the manufacture protocol
described. In brief, 4 mL peripheral blood sample was
diluted at 1:1 ratio with 1X PBS to final volume of 8 mL,
then transferred equally into 2 separate Leucosep® tubes
containing 3 mL of Histopaque®-1077 (Sigma-Aldrich)
density-gradient media. After density-gradient centrifu-
gation, peripheral blood mononuclear cell (PBMCs)
layer was isolated and washed twice with washing med-
ium (WM, 5% FBS DMEM). Final cell pellets were
resuspended in 190 pL of WM and ready to use.

CTC enrichment

CTCs were enriched by CytoSorter® epithelial cell detection
kit. In brief, The CytoChipNano was first rinsed with 95%
ethanol, followed by 2 times 1X PBS wash, and then incu-
bated with EpCAM capture antibody working solution for 1
hr at room temperature. The CytoChipNano was washed 3
times with 1X PBS to remove the residual capture antibody
working solution, and then incubated with blocker working
solution for 1 hr at room temperature. The CytoChipNano
was washed 3 times with 1X PBS to remove the residual
blocker working solution before placing onto CytoSorter®
system. PBMC sample solution was transferred into SCx

Spiral sample tube. Instruction of CTC capture was as
described in CytoSorter® user manual.

CTC identification

The CytoChipNano was incubated with staining blocking
solution for 20 mins, followed by 3 times washes with 1X
PBS, and then incubated with CTC detection antibody
cocktail (PanCK-FITC & CD45-PE) for 1 hr at room
temperature washed 3 times with 1X PBS to remove the
residual detection-antibody cocktail, then incubated with
DAPI solution for 30 mins, then washed another 3 times
with 1X PBS to remove the residual DAPI solution.
Olympus scanning microscope (Olympus BX61, Tokyo,
Japan) and CytoView™ software were used to scan
CytoChipNano for potential CTCs, and then Nikon micro-
scope (Nikon ECLIPSE Ti) was used to confirm CTC
staining and localization.

Assessment of therapeutic efficacy and

statistical analysis

Therapeutic efficacy was evaluated according to the
Response Evaluation Criteria in Solid Tumor (RECIST
1.1 edition). Measurement of the tumor response by
imaging was qualitatively classified into four categories:
complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD). Imaging
methods used here were computed tomography, posi-
tron-emission tomography—computed tomography, mag-
netic resonance imaging, and laryngoscopy. Responsive
was defined as CR and PR, while nonresponsive was
defined as stable disease and PD. Dominant response
was defined as a very small residual lesion after induc-
tion chemotherapy, but absence of measurable lesion on
imaging examination. Statistical analysis was performed
with SPSS version 19.0.

Results and analysis
Identification of CTCs in LAHNSCC

patients

UT-SCC-24A cell line was used as a quality control to
evaluate the efficiency of CytoSorter® system. Using the
CytoSorter® epithelial cell-detection kit, a capture rate of
88% was achieved for UT-SCC-24A cells (data not shown).
CTC detection was performed on 31 LAHNSCC patients, 6
patients with benign tumor, and 12 healthy volunteers.
A summary of patients’ clinicopathological characteristics,
including age, gender, tumor site, TNM classification,
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tumor stage, treatment received, and CTC count before
treatment, is provided in Table 1. Upon capture, CTCs
were stained for PanCK, CD45, and DAPI to identify
epithelial type of cells, white blood cells (WBCs), and
nuclei, respectively, and defined as PanCK-positive, CD45-
negative, and DAPI-positive cells (Figure 1). CTCs were
detected in 24 of 31 patients with prior LAHNSCC treat-
ment and the average CTCs count per 7.5 mL blood
was 20.71. As no CTCs were found in patients with benign
tumor or healthy volunteers, this result indicated that CTC
enumeration is able to differentiate LAHNSCC patients
from healthy volunteers and patients with benign tumors
(P<0.0001), as shown in Figure 1.

Correlation of CTCs with patients’

clinicopathological characteristics

In order to assess whether CTCs were associated with any
clinicopathological characteristic, patients were divided
into groups according to their age, gender, TNM stages,
tumor location, or tumor differentiation state. Analysis
results showed CTCs were related with patients’ age and
lymph node metastasis as shown in Table 2. More CTCs
were found in aged patients (P=0.037, >60 years old) and
in patients at advanced nodal stage (P=0.0287, N2N3). No
significant correlation of CTCs with gender, or tumor
tumor differentiation state found.

stage, or was

Interestingly, CTCs were slightly inversely proportional

Table | LAHNSCC patient clinicopathological characteristics and CTC enumerations before treatment

Patient Sex Age (years) | Tumor location TNM CS | DS | CTCs before treatment
number

| Male 55 | Hypopharynx T2N2MO | IVA | MeL 16
2 Male 58 | Oropharynx T4N2MO | IVA | HMe 0
3 Male 70 | Hypopharynx T4N2MO | IVA | L 28
4 Male 58 | Oropharynx, Esophagus T4N2MO | IVA | HMe 46
5 Male 49 | Hypopharynx T3NIMO | I Me 0
6 Male 70 | Hypopharynx T3N2MO | IVA | L 26
7 Male 58 | Hypopharynx T2N2MO | IVA | MeL 22
8 Male 68 | Larynx T2N2MO | IVA | HMe 6
9 Male 68 | Hypopharynx TIN3MO [ IVB | L 44
10 Male 66 | Oropharynx T2N2MO | IVA | Me 68
I Male 58 | Hypopharynx T4N2MO | IVA | H 22
12 Male 70 | Oropharynx T2N2MO | IVA | Me 45
13 Male 51 | Oropharynx T2N2MO | IVA | MeL 15
14 Female 56 | Oropharynx T2NIMO | 1l Me

15 Male 47 | Oropharynx T4NOMO [ IVA | Me 0
16 Male 49 | Hypopharynx T4N2MO | IVA | MeL 0
17 Male 62 | Hypopharynx TIN2MO | IVA | MeL 14
18 Male 56 | Hypopharynx, Esophagus T4N2MO | IVA | HMe 34
19 Male 45 | Hypopharynx, Esophagus T3N2MO | IVA | HMe 26
20 Male 61 | Oropharynx, Hypopharynx, T2N2MO | IVA | HMe 36

Esophagus

21 Male 48 | Larynx T2N2MO | IVA | HMe 4
22 Female 55 | Hypopharynx T2N2MO | IVA | N/A 18
23 Male 70 | Hypopharynx T4N2MO | IVA | N/A 0
24 Male 58 | Hypopharynx T4N2MO | IVA | N/A 24
25 Male 49 | Hypopharynx T4N2MO | IVA | MeL 28
26 Male 49 | Hypopharynx T3NIMO | M 27
27 Female 51 | Oropharynx T2N2MO | IVA | MelL 25
28 Female 56 | Oropharynx T2NIMO | 1l N/A 0
29 Male 71 | Oropharynx T4N2MO | IVA | Me 45
30 Male 58 | Oropharynx, Esophagus T4N2MO | IVA | HMe 6
31 Male 47 | Oropharynx T4NOMO | IVA | Me 17

Abbreviations: LAHNSCC, locally advanced head and neck squamous cell carcinoma; CTC, circulating tumor cells; CS, cancer stage; DS, tumor differentiation state; MelL,
medium-low; HMe, high-medium; L, low; Me, medium; H, high; N/A, not available; TNM, tumor node metastasis.
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Figure | CTC detection in LAHNSCC patients. (A) Immunofluorescent staining of CTCs detected by the CytoSorter® system. CTCs are identified as DAPI (blue) positive,
PanCK (FITC, green)-positive, and CD45 (PE, orange)-negative cells. CTCs are indicated by the yellow arrow, while WBCs are marked by white arrows. (B) CTC
enumeration differentiated LAHNSCC patients from healthy/patients with benign tumors (P<0.0001).

Abbreviations: LAHNSCC, locally advanced head and neck squamous cell carcinoma; CTC, circulating tumor cells.

to the tumor T stage, although there was no statistical
significance. More CTCs were detected in LAHNSCC
patients at T1T2 stage compared to those at T3T4 stage
as shown in Figure 2.

CTGCs can be used as a marker to
monitor patients’ response to the

treatment
LAHNSCC patients are usually treated with surgery, che-
motherapy, and radiotherapy. In this study, most patients
were treated first with induction chemotherapy, followed
by surgery and/or radiotherapy, as shown in Table 3. To
evaluate whether CTCs could be used as an indicator of
treatment efficacy, CTC enumerations were performed
before and after induction chemotherapy and after the
whole treatment, and results are listed in Table 3. Follow-
up was up until March 2019, by which time 8 patients had
died, 5 had developed distal metastasis, and 12 had local
recurrences. For the 5 patients without induction chemother-
apy, CTC detection was performed before surgery and after
surgery or radiotherapy. 7 patients had no CTCs detected
before treatment, and none developed local recurrence or
metastasis, or died. These 7 patients were excluded from the
following analysis. As shown in Figure 3, all patients had
CTCs decreased after induction chemotherapy/surgery and
decreased even more after the treatment had been com-
pleted. The highest number of CTCs detected in the end of
treatment was 5 CTCs per 7.5mL blood.

Image analysis showed that most patients were
responsive to the treatment, ie, CR or PR of tumor in

the end of treatment, as shown in Figure 3. Only 2
patients had PD when the treatment was finished.
Between these 2 patients, 1 had CTCs decreased from
44 to 25, while the other patient had CTCs decreased
from 24 to 4 after induction chemotherapy. Although
patients proceed further to surgery or radiotherapy,
both patients died within 4 months after treatment.
Most patients without any evidence of disease in the
end of treatment had only 0-2 CTCs detected. Even for
the patient with 5 CTCs detected in the end of treat-
ment, imaging examination showed CR of disease. For
patients who underwent induction chemotherapy, the
average CTC count dropped from 28.42 to 8. 16 patients
showed PR, with average CTC count of 9, while 5
patients showed CR, with average CTC count of 4.6.
However, there was no statistical significance
(P=0.281). One patient had CTC count drop from 4 to
0 after induction chemotherapy and did not take any
further treatment. Image examination showed no sign
of disease in this patient in the end of treatment. As
such, CTCs can be served as a marker to monitor
response to the treatment.

CTCs can be used as a prognosis marker
for local recurrence of tumor after
treatment

Based on results in pancreatic cancer and the unpublished
data of breast cancer and physical examinations for cancer

screening, a CTC-cutoff value of 2 can be used to distin-
guish diseased people from the healthy.'” When the CTC

Cancer Management and Research 2019:11

submit your manuscript

5861

Dove


http://www.dovepress.com
http://www.dovepress.com

Zheng et al

Dove

Table 2 Correlation of CTC enumerations with LAHNSCC
clinicopathological characteristics

n CTCs (mean % SD) P

Age, years

<60 21 1571%13.4

>60 10 31.2+20.72 0.0372*

<50 8 12.75+13.05

>50 23 23.48+13.09 0.2116
Gender

Male 27 22.19+17.69

Female 4 11.44+12.73 0.2024
N stage

NO+N 6 7.33x11.79

N2+N3 25 23.92+17.14 0.0287*
T stage

TI 2 29+21.21

T2 12 21.25+20.21

T3 4 19.75+13.18

T4 13 19.23+16.94 0.9618
DS

H HMe 9 20x16.64

Me Mel L 18 23.33+18.56 0.8967
DS

H HMe Me 16 19.62+17.74

MelL L I 26x17.76 0.3679
Tumor location

Hypopharynx 17 21.47+12.55

Oropharynx 13 18.07+22.73

Esophagus 5 29.6+£14.99

Larynx 2 5141 0.3475

Note: *Statistically significant.

Abbreviations: LAHNSCC, locally advanced head and neck squamous cell carci-
noma; CTC, circulating tumor cells; n, number of patients; DS, tumor differentiation
state; H, high; HMe, high-medium; Me, medium; MeL, medium-low; L, low.

cutoff was set at 1, the ROC curve of CytoSorter® CTC-
detection system in LAHNSCC patients gave an AUC
value of 0.887 as shown in Figure 4. Therefore, both
CTC cutoffs of 1 and 2 were used to see whether CTCs
were correlated with survical outcome, the local recur-
rence risk, and distant metastasis after treatment. One
patient's death was not tumor related and was thus
excluded from the survival analysis. As shown in
Figure 4 and Table 4, LAHNSCC patients with higher
CTC counts tend to have higher chances of developing
local recurrence of tumor or distal metastasis, or die, and
CTC enumeration at baseline (prior treatment) has the
highest prognostic potency with the lowest P-values com-
pared to CTC enumerations after induction chemotherapy

or treatment. Statistical analysis showed CTC counts at
baseline can be used to predict the local recurrence risk of
tumor after treatment in LAHNSCC patients (P=0.0187).
There was no statistical significance regarding CTC enu-
meration at baseline with distal metastasis or survival out-
come of LAHNSCC patients after treatment.

Discussion
Although advances in diagnosis and treatment procedures
have resulted in improved local control for HNSCC
patients, overall survival of patients has not
changed much in the past few decades.” Most patients
pass away due to distant metastases. LAHNSCC patients
who tend to have symptoms, such as local invasion,
accompanied by cervical lymph node metastasis, are
often at higher risk for distant metastases. LAHNSCC
patients usually have poor prognostic outcomes and are
more difficult to treat for it is hard to identify microme-
tastases at early stage using traditional imaging methods.
A reliable alternative that allows identification of patients
with higher risk of disseminated diseases prior to the
development of distinguishable metastasis would have
clear clinical relevance.

Metastases develop when detached TCls invade and
migrate into circulation, then colonize distant sites and
start to proliferate. CTCs represent the process of metas-
tasis. Studies have shown that CTCs may be used as
to reflect the

tumors.'*2! Even more, assessment of CTCs is an earlier,

markers invasion and metastasis of
more reproducible indication of disease status than the
current imaging methods.*> Monitoring of CTCs provides
valuable information for evaluation of disease progression,
therapeutic efficacy, and prognosis. Studies of CTCs in
HNSCC patients have shown that CTC enumeration is
correlated with patient survival.>® A high level of CTCs
indicate reduced disease-free survival, reduced progression
free survival, and overall survival.?®

There are more than 50 techniques available to
enrich CTCs from millions of blood cells, by either
physical parameters (size or density) or biological char-
acteristics (cell surface markers) or combining both
properties."* Microfluidic based methods are the most
advanced technique for CTCs enrichment with high
efficiency. Microfluidic methods allow for gentle captur-
ing of live CTCs so that further downstream analysis
can be performed using cellular, microscopic, or mole-
cular approaches, to meet the clinical or research need.
Microfluidic based CTC-capture

devices can be
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Figure 2 CTCs were related to patient age and lymph node metastasis. (A) More CTCs were found in patients at T| and T2 stage than those at T3 and T4 stage. (B) More
CTCs were found in patients at advanced nodal stage (P=0.0287, N2N3). (C) More CTCs were found in patients >60 years old (P=0.037).

Abbrevaition: CTCs, circulating stem cells.

modified to exploit physical and/or biological properties
between CTCs and the background cells, thus enabling
isolation.?* On the basis of microfluidic technique,
CytoSorter® CTC-capture system employs an antibody-
immobilized chip for immune capture of CTCs, which
are then verified by immunofluorescence staining for
PanCK, CD45, and DAPI. The detection rate of CTCs
in HNSCC patients is 15-71%, depending on the detec-
tion method used.”® As for LAHNSCC, Nichols et al
used CellSearch system to detect CTCs in 15 patients,
and CTCs were identified in 6 patients (40%; 1-2 CTCs/
7.5 mL blood)."> Moreover, Tinhofer et al conducted
a prospective study to investigate the CTCs in 144
LAHNSCC patients, and CTCs were detected in 42
(29%).%¢ In this study, CTC detection was performed
in 31 LAHNSCC patients, and the detection rate of
CTCs was 77% (24/31), which is much higher than
previous studies.'>2°

While no CTCs were found in either patients with
benign tumor or healthy volunteers, CTCs were detected
in 24 of 31 LAHNSCC patients with an average CTC
count of 20.71 per 7.5 mL blood. The results indicated
that CTC enumeration could be used as a tool to differ-
entiate LAHNSCC patients from healthy/patients with
benign tumors. A recent study in pancreatic tumor with
CytoSorter® CTC capture system also showed that CTC
enumeration could be used to distinguish patients with
malignant tumors from patients with benign tumors or
healthy volunteers.'® It implied that CTC enumeration
should be able to reflect tumor stages. Therefore, the
relationship of CTCs with clinicopathological characteris-
tics of LAHNSCC patients was evaluated. CTCs were
found to be correlated with patients’ age and lymph node

metastasis. Patients with lymph node metastasis at N2N3
stage had more CTCs compared to those at NON1 stage
(23.73 vs 7.73). In addition, our results indicated CTCs
were associated with age: more CTCs were detected in
patients over 60 years old compared to those younger than
60 years old (31.2 VS 15.71). Theoretically, higher CTC
counts usually indicated more invasive tumor. Therefore,
patients with advanced lymph node metastasis should have
more CTCs. Currently, there is no study supporting our
finding that aged patients have more CTCs. Tumors tend
to occur in older people, especially for those >50 years
old."* The effect of aging renders the immune system less
effective in killing abnormal/TCs.?” Therefore, older peo-
ple might have more severe symptoms or more CTCs
when they have cancers. There might be some confound-
ing factors or statistical bias as well due to the small
sample size. Lymph node metastasis often predicts a high
risk for distal metastasis; therefore, more CTCs detected in
patients over 60 years old might indicate they were at
higher risk for distal metastasis, which needs to be further
confirmed in more studies with large sample size and
longer follow up.

Although there is no statistical significance, our results
show that quantities of CTCs were associated negatively
with tumor stages in accordance with a recent study which
evaluated 109 patients with lung cancer.®® It has been
reported that CTCs undergoing epithelial-mesenchymal
transition (EMT) had a greater potential for metastasis
and patients with late-stage tumor usually have more
mesenchymal CTCs.*® In this study, EpCAM antibodies
were used to capture CTCs, and recognized only epithelial
type of cells. The reason that fewer CTCs were detected in
LAHNSCC patients at later tumor stage is that few of the
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Figure 3 Imaging examination of regressing tumor in LAHNSCC patients after treatment. (A and B) CT images of tumor before and after induction chemotherapy (IC).
After IC, the tumor occupying the hypopharyngeal cavity had shrunk (B). The yellow arrow indicates the tumor location. (C and D) Laryngoscope images of the same
patient as in A and B before IC and after surgery (Sx) and radiotherapy (RT). Before IC, the tumor was occupying the hypopharyngeal cavity (C). After Sx and RT, the tumor
was cut and edema was improved (D). (E and F) PET-CT images shows that the hypermetabolism region at left tonsil before IC as shown in E disappeared after IC (F).
(G and H) PET-CT images shows that the hypermetabolism region at the left swollen lymph node before IC (G) was still there after IC as shown in H. (I and K) MRI images
of tumor before IC, after IC, and after RT, showing that the swollen left lymph nodes as indicated by the yellow arrow in I had regressed after IC (J). After RT, the swollen
lymph node disappeared (K). (L) CTC enumeration before treatment, after induction therapy, and after treatment. All patients had reduced CTCs after induction therapy,
and CTCs decreased even more when the treatment was completed.

Abbreviations: LAHNSCC, locally advanced head and neck squamous cell carcinoma; CTC, circulating tumor cells.
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Figure 4 Survival curves of different groups of LAHNSCC patients according to different CTC cutoff value at different time points. (A—C) Patients were divided into two
groups by CTC cutoff at 2. Before treatment, lowest number of CTCs detected among patients with detectable CTCs was 4. Therefore, the survival curve was the same for
CTC cutoff value set to 2 or | as shown in A. (B, C) Survival curves with CTC cutoff value set to 2 after induction chemotherapy and whole treatment, respectively. (D) ROC
curve of CytoSorter® CTC-detection system when CTC cutoff value of | was used. (E) Survival curve with CTC cutoff value set to | after induction chemotherapy. (F) Survival
curve with CTC cutoff value set to | after treatment.

Abbreviations: LAHNSCC, locally advanced head and neck squamous cell carcinoma; CTC, circulating tumor cells.
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Table 4 Local recurrence rate, distant metastasis rate, and death
rate of LAHNSCC patients based on different CTC cutoff value

CTC enumeration before treatment

CTC cutoff 22 <2 2| <l
n 24 7 24 7
Local recurrence (%) 50 0 50 0
P=0.0187* P=0.0187*
Distant metastssis (%) 20.8 0 20.8 0
P=0.1945 P=0.1945
Death (%) 29.2 0 29.2 0
P=0.1199 P=0.1199

CTC enumeration after induction chemotherapy

CTC cutoff 22 <2 2| <l
n 19 3 21 |
Local recurrence (%) 63.2 0 57.1 0
P=0.0461%* P=0.2733
Distant metastssis (%) 21.1 0 19 0
P=0.3907 P=0.6374
Death (%) 31.6 0 28.6 0
P=0.2799 P=0.5964

CTC enumeration after treatment

CTC cutoff 2 <2 >| <l
n 10 8 13 5
Local recurrence (%) 50 50 46.2 40
=1 P=0.6091
Distant metastssis (%) 20 25 23.1 20
P=0.8054 P=0.8913
Death (%) 30 12.5 30.8 0
P=0.5719 P=0.2402
Notes: Follow-up until March 2019. n = number of patients. *Statistically
significant.

Abbreviations: LAHNSCC, locally advanced head and neck squamous cell carci-
noma; CTC, circulating tumor cells.

mesenchymal CTCs were captured by the EpCAM anti-
body. One advantage of CytoSorter® system is that any
choice of biotin-labeled capture antibody can be used to
isolate desired cells in the blood. Studies have shown cell-
surface vemintin (CSV) antibody can be used to specifi-
CTCs.**3!  CytoSorter®
mesenchymal cell-capture kit which uses CSV antibody

cally capture mesenchymal

should be used next time to capture EMT type of CTCs
and to confirm whether CTCs are correlated with tumor
stages in LAHNSCC patients.

Winter et al used immunomagnetic bead—based CTC
enrichment and RT-PCR for CTC detection and reported that
CTCs were detectable in 68% of LAHNSCC patients receiv-
ing surgery, and they had no relationship with overall and
disease-free survival.** Jatana et al employed immunomag-
netic bead—based CTCs enrichment and immunocytochemical
staining for CTCs detection.®® Their results showed CTCs
were closely related to the development and metastasis of
HNSCC. Hristozova et al used flow cytometry and RT-PCR
to detect the EpCAM+/CK+/CD45- CTCs and found CTCs
were not related to the T stage of primary cancer.** Buglione
et al found the change in CTC number before and after treat-
ment could be used for the prediction of therapy response and
disease progression.>> Meta analysis conducted by Harris et al
showed CTCs could be used as a marker for the evaluation of
therapeutic efficacy in patients with HNSCC.*® Grisanti et al
used CellSearch technique to detect CTCs in 53 patients with
recurrent/metastatic head and neck cancer, and multivariate
analysis showed that one or more CTCs before treatment
predicted poorer disease-free survival and poorer overall
survival.'® Therefore, CTCs can be used as a potent predictor
of therapeutic efficacy in HNSCC patients.

To assess whether CTCs could be used as an indicator
of therapeutic efficacy as well in LAHNSCC patients,
CTC detection was performed before and after induction
chemotherapy, as well as after surgery or/and radiotherapy.
Results showed that patients with detectable CTCs at base-
line had reduced CTCs after induction chemotherapy, and
CTCs decreased even more after surgery or/and radiother-
apy. Patients with CR of tumors after induction had fewer
CTCs than those with PR (4.6 vs 9). Imaging results
showed that patients with CTCs less than 5 in the end of
treatment were responsive to the treatment. Among the 9
patients who had CTCs reduced to below 5 after induction
chemotherapy, 2 patients continued to surgery and radio-
therapy, 3 patients took only radiotherapy, and 3 patients
had only surgery afterward. The last patient had no
CTCs detected after induction chemotherapy, and did not
take any further treatment. Only one patient with radio-
therapy following induction chemotherapy in this group
showed PD, while the others showed CR in the end of
treatment. For the 12 patients with CTC counts higher than
5 after induction chemotherapy, 3 patients undergoing
radiotherapy had CTCs drop from 6-8 to 2, 8 patients
undergoing surgery and radiotherapy had CTCs drop
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from 7-18 to 0-3, and all showed CR or PR of tumor. The
last patient who had 25 CTCs after induction therapy died
within 2 months after surgery due to tumor progression.

Wang et al used flow cytometry to isolate CTCs in
LAHNSCC patients before and after chemoradiotherapy
and found that CTC counts were significantly reduced
within 2-4 weeks in the therapy-responsive patients.’’”
CTCs can be used as a marker to monitor patients’ response
to treatment. To avoid an overtreatment effect after induc-
tion chemotherapy, CTCs can assist the doctors in adjusting
the successive treatment plans for patients based on CTC
enumeration. This idea was actually adopted by Goodman
et al who proposed CTC-based management for radiother-
apy after breast-conserving surgery in women with early-
stage breast cancer.'> Dynamic monitoring of CTCs during
treatment would allow doctors to identify refractory patients
and change their treatment regimen accordingly.

Studies in HNSCC and LAHNSCC patients have
shown CTCs were associated with patients’ survival out-
come. Patients with higher CTC counts would have
reduced disease free survival, progression-free survival,
or overall survival. To assess whether CTCs could be
used as a prognostic marker and CTCs detection at
which time point would give the greatest prognostic
potency, correlations of CTC enumerations with survival,
locoreginal recurrence risk, and distal metastasis were
evaluated. Results showed CTC enumeration at baseline
had the greatest prognostic power, with the lowest
P-values on survival, local recurrence risk, and metastasis
analysis. Although there was no statistical significance
regarding CTCs with paitents’ survival outcome and distal
metastasis risk in our study, a tendency was still observed
that patients with higher CTC counts had poor survival
and higher chance for distal metastasis. The reason for the
lack of statistical significane might have been the small
sample size and short follow-up. In accordance with stu-
dies in lung, breast, and liver cancers, our results showed
that CTC detection at baseline could predict local recur-

rence of tumor after treatment.'!-383°

Conclusion

The results of this study showed that CytoSorter® system
can successfully isolate CTCs in LAHNSCC patients with
better sensibility and that CTCs can serve as markers to
monitor response to treatment and predict local recurrence
of tumor after treatment. However, the relationship of
CTCs to long-term therapeutic efficacy, metastasis, and
survival still need to be evaluated. More studies on larger

patient population with longer follow-up are needed to
confirm our findings and to elucidate the clinical value of
utilizing CTCs as a diagnostic, therapeutic and prognostic
indicator in LAHNSCC patients.

Bullet Point Summary

e CTC enumeration could be used as a tool to differenti-
ate LAHNSCC patients from healthy/patients with
benign tumors.

e CytoSorter® system can be used to isolate CTCs in
LAHNSCC patients.

e CTCs can be used as a monitoring marker for
LAHNSCC patient response to the treatment.

e CTCs can be used as a predicting marker for
LAHNSCC local recurrence after treatment.
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