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Abstract: Patients with locally advanced oropharyngeal carcinoma treated with neoadjuvant
chemotherapy are reassessed both radiologically and clinically to adapt their treatment after the
first cycle. However, some responders show early tumor progression after adjuvant radiotherapy.
This cohort study evaluated circulating tumor cells (CTCs) from a population of locally advanced
oropharyngeal carcinoma patients treated with docetaxel, cisplatin, and 5-fluorouracil (DCF) induc-
tion chemotherapy or DCF with a modified dose and fractioned administration. The counts and
phenotypes of CTCs were assessed at baseline and at day 21 of treatment, after isolation using the
RosetteSep™ technique based on negative enrichment. At baseline, 6 out of 21 patients had CTCs
(28.6%). On day 21, 5 out of 11 patients had CTCs (41.6%). There was no significant difference in the
overall and progression-free survival between patients with or without CTCs at baseline (p = 0.44 and
0.78) or day 21 (p = 0.88 and 0.5). Out of the 11 patients tested at day 21, 4 had a positive variation of
CTCs (33%). Patients with a positive variation of CTCs display a lower overall survival. Our findings
suggest that the variation in the number of CTCs would be a better guide to the management of
treatment, with possible early changes in treatment strategy.

Keywords: circulating tumor cells; predictive biomarker; HNSCC

1. Introduction

Head and neck squamous cell cancer (HNSCC) is the sixth most common cancer
worldwide [1]. Current therapeutic strategies are multimodal and use either a combina-
tion of surgery followed by radiochemotherapy, neoadjuvant chemotherapy followed by
radiotherapy, or radiochemotherapy, depending on the tumor location and stage. These
strategies have not demonstrated any superiority to date, and locoregional recurrences
and/or metastases lead to therapeutic failure with a less than 50% overall survival (OS)
at 5 years. Moreover, the onset of metastasis within 12 months following diagnosis is
responsible for nearly 88% of deaths [2].

Circulating tumor cells (CTCs) represent a heterogeneous population with wide plas-
ticity and include epithelial cancer cells, cells in the process of epithelial-to-mesenchymal
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transition, mesenchymal cells, and cancer stem cells (CSCs). CSCs are demonstrated to be
responsible for self-renewal and tumor growth in HNSCC [3,4]. In addition, the number of
circulating CTCs is correlated with poor prognoses in lung, colorectal, prostate, and breast
cancers [5-9].

In HNSCC, and in oropharyngeal carcinoma, few studies have explored the role of
CTCs before, during, or after treatments. Despite CTCs having been found in 18% to
33% of HNSCC patients [10,11], their impact on progression-free survival (PFS) and OS
remains to be established. Some studies have reported that the presence of CTCs correlates
with a poor prognosis [11-13], i.e., lower PES and OS; however, other studies did not
find any correlation [10,14]. Therefore, further investigation is needed to determine if the
identification and numeration of CTCs could help with the management of patients with
oropharyngeal carcinoma.

Patients with locally advanced oropharyngeal carcinoma who are treated with neoadju-
vant chemotherapy are currently reassessed both radiologically and clinically after the first
cycle of chemotherapy. Patients with a response of more than a 50% response are referred
for adjuvant radiotherapy with or without surgery, whereas patients with less than a 50%
response or with tumor progression are directed to a palliative chemotherapeutic strategy.

Currently, except for HPV-driven oropharyngeal carcinoma [15,16], there are no bio-
logical markers to identify the response to neoadjuvant chemotherapy upon reassessment.
Furthermore, some responders at clinical and radiological re-evaluation show early tumor
progression after the end of adjuvant radiotherapy.

In this prospective pilot study, 21 patients with locally advanced oropharyngeal
carcinoma treated with neoadjuvant chemotherapy were enrolled, and the evolution of
CTCs during treatment was explored, both in terms of their cell number and morphological
characteristics. Our primary objective was to define whether the number of CTCs before
and after the first cycle of neoadjuvant chemotherapy could be a predictive biomarker of
therapeutic response. The secondary objective was to determine whether a variation in
the number of CTCs between the beginning and the end of the first cycle of neoadjuvant
chemotherapy could be predictive of survival.

2. Materials and Methods

Study population and sample collection. Twenty-one patients displaying a histo-
logically proven squamous cell carcinoma from the oropharynx were recruited between
May 2016 and November 2018 from the Head and Neck Department at Croix-Rousse
Hospital (Lyon, France). Tumors were not resectable. The HPV status was obtained by
PCR on a tissue biopsy analyzed by the HPV DNA test Clinical® Array Human Papil-
lomavirus Genomica (R-Biopharm, Lyon, France). All HPV-positive patients were p16
positive, except one who was p26 positive. According to our therapeutic protocol, the pa-
tients were treated with either neoadjuvant docetaxel, cisplatin, and 5-fluorouracil (DCF) or
with docetaxel, cisplatin, 5-fluorouracil, with modified dose and fractioned administration
(mDCF) chemotherapy. Some patients later received adjuvant radiotherapy. This study
(NCT02714920) was conducted in compliance with French legislation and was approved by
the local independent ethics committee in November 2015. Written consent was obtained
from each patient. The patients were followed up for 24 months, and the last follow-up
was conducted in November 2020. Blood samples were collected from every patient at
baseline, i.e., before treatment. On day 21, blood samples were collected only from patients
who received DCF chemotherapy due to the schedule of the chemotherapy administration.
Blood from one patient who received mDCF chemotherapy was also collected on day 21.
The patients” characteristics are summarized in Table 1.
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Table 1. Patients’ characteristics.
Patients” Characteristics Number of Patients n CTC+ at Baseline p-Value
Age (years)
<65 16 (76.2%) 5 1
>65 5 (23.8%) 1
Gender
Male 18 (85.7%) 5 1
Female 3 (14.3%) 1
T stage
T2 2 (9.5%) 0 0.57
T3 8 (38.1%) 3
T4 11 (52.4%) 3
N stage
NO 3 (14.3%) 2 0.18
N+ 18 (85.7%) 4
Tobacco
Exposed 19 (90.5%) 6 1
None 2 (9.5%) 0
Alcohol
Exposed 7 (33.3%) 3 0.29
None 14 (61.9%) 3
HPYV status
Positive 5 (23.8%) 0
Negative 13 (61.9%) 4 0.12
Unknown 3 (14.3%) 2

n CTC+ at Baseline: number of patients with CTC at baseline.

Classification of patients and change in CTCs. Patients were clinically stratified into
early responders or early nonresponders according to their clinical response at 4 months
follow-up. The group of responders corresponded to clinical and radiological RECIST
remission, while the nonresponders corresponded to disease progression. Changes in CTC
number were classified into two categories, positive variation and no positive variation (i.e.,
stable and negative variation). An absence of CTCs at baseline compared with a presence
of CTCs at day 21 was considered as a positive variation. The presence of CTCs at baseline
compared with an absence of CTC at day 21 was considered as a negative variation. An
absence of CTC at baseline and day 21 was considered as stable. A positive CTC count
at baseline and day 21 with an increase in CTC was considered as a positive variation,
whereas a decrease was considered as a negative variation.

Isolation of CTCs by RosetteSep™. Blood samples were collected in two EDTA tubes
of 10 mL and centrifuged in a 50 mL tube at 1200x g for 10 min at room temperature.
Plasma was then replaced by phosphate-buffered saline (PBS) at an equivalent volume
without mixing. A small volume of residual plasma was left on the surface of the red
blood cells to avoid collecting CTCs at the interface. The sample was then incubated with
the RosetteSep reagent (Stemcell Technologies, Vancouver, Canada) [17] at 50 uL/mL for
30 min at room temperature under slight agitation. Thereafter, the cellular separation
was achieved in SepMate 50 mL tubes containing 17 mL of Lymphoprep density gradient
medium (Stemcell Technologies). Samples were centrifuged at 1200x g for 20 min at room
temperature. The upper phase was transferred to a 50 mL tube and reconstituted to 50 mL
with PBS with 2% fetal bovine serum (FBS). After centrifugation at 1200x ¢ for 10 min
at room temperature, the cell pellet was rinsed twice with 50 mL of PBS and 2% FBS.
Finally, the enriched cellular suspension was resuspended in 2 mL of PreservCyt (Hologic,
Marlborough, MA, USA) and transferred to a cryotube for storage at 4 °C until analysis.

Detection of CTCs. The cells stored in the PreservCyt were cytospined on a slide at
18 g for 4 min at room temperature. A droplet of blocking solution (100 pL; PBS with
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0.1% bovine serum albumin (BSA), 1% FBS) was dropped onto the slide. After 30 min
incubation at room temperature, blocking solution was replaced by 100 uL antibody
solution (PBS, 0.1% BSA, 1% FBS), 1:100 anti-cytokeratin-FITC (Miltenyi Biotec, 130-080-
101), 1:100 anti-CD44-APC (Miltenyi Biotec, 130-113-338), 1:100 anti-CD45-PE (Miltenyi
Biotec, 130-110-632), 1:100 anti-N-Cadherin-Cy5 (Abcam, Cambridge, UK) and 0.1 mg/mL
of 4 ,6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich, St Louis, MO, USA). The slide
was then maintained at 4 °C overnight. The next day, the solution containing antibodies
was removed and 100 pL of 1:1000 AlexaFluor 594 anti-mouse antibody was added and
incubated for one hour in the dark. Then, after four washes with 200 uL. PBS followed
by 5 min of drying at room temperature, the slide was mounted under a coverslip with
Fluoromount (Sigma-Aldrich) and polymerized overnight at room temperature before
analysis by fluorescence microscopy (Microscope Axio Imager Z2, Zeiss, Marly-Le-Roi,
France; Metafer, MetaSystems, Altlussheim, Germany). CTCs were defined based on
their morphology and specific staining. Expression of N-cadherin is associated with
mesenchymal phenotype, cytokeratin is associated with epithelial phenotype, and CD44
is associated with HNSCC stem cell phenotype. Antibody specificity was validated on
5Q20-CD44+ cells [18], a subpopulation of CSCs isolated from the HNSCC cell line, SQ20B,
that expresses N-cadherin, cytokeratin, and CD44 (Figure 1A). Morphological studies
enabled elimination of apoptotic bodies, cell debris, and neutrophilic polynuclear cells.
Moreover, CTC is a cell with a round nucleus and a diameter around 20 pm without a real
cut-off that can be defined. The use of anti-CD45 antibody specific for leukocytes enabled
CD45-free cells to be the focus of our analysis. The combination of both evaluations allowed
us to eliminate this population considered as false positive in contrast to the other cells
considered as CTCs. CTCs could be positive for one marker and for DAPI and associated
with the corresponding phenotype, or positive only for DAPI with an undefined phenotype.
Representative images of immunostaining of CTCs are presented in Figure 1B and 1C. Two
slides per patient per time point were analyzed. Results were reported as the number of
CTCs identified per mL of whole blood. When more than three CTCs were aggregated,
they were considered as a cluster, and each cell was counted.

Statistical analysis. Statistical analyses were performed using GraphPad Prism (v.8.4.2,
GraphPad Software, San Diego, CA, USA). The association between CTC count and clinical
characteristics described in Table 1 was evaluated using Fisher’s exact test. PFS and OS
were assessed in the groups stratified according to their clinical response to treatment at
24 months, and the association between changes in CTC count, treatment response, and
prognosis were evaluated. Survival rates were assessed using the Kaplan-Meier method.
The minimum level of significance was set at p < 0.05.
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Figure 1. Immunofluorescence stainings (X20): (A) SQ20B-CD44+ cancer stem cells expressing
cytokeratin, N-cadherin and CD44; (B) Representative CTC observed in patient #12, expressing
cytokeratin at baseline; (C) Representative CTCs observed in patient #1, expressing N-Cadherin
at baseline.

3. Results
3.1. Counting and Characterization of CTCs

Before any treatment, 6 out of 21 patients were found to have CTCs (28.6%) (Table 2).
The minimum, maximum, and median CTC counts were 0.07 CTC/mL, 3.34 CTC/mL, and
0.22 CTC/mL, respectively. No significant associations were observed between the number
of CTCs at baseline and clinical characteristics of the patients, including sex, age, clinical
stage (tumor and nodes), tobacco use, alcohol intake, and human papillomavirus status
(Table 1). On day 21, before the second course of DCF treatment, CTCs were collected from
11 patients who received DCF chemotherapy, as well as from 1 patient who received mDCF
chemotherapy. Among the 12 patients from whom blood was collected at day 21, 5 (41.6%)
had CTCs (Table 2).

The characterization of CTCs at baseline identified two patients with an epithelial CTC
phenotype (cytokeratin expression), three patients with a mesenchymal CTC phenotype (N-
cadherin), but no patients displaying stem cell CD44 expression. The six patients with CTCs
also exhibited CTCs with undefined phenotypes. The characterization of CTCs at day 21
identified one patient with an epithelial CTC phenotype, two patients with a mesenchymal
CTC phenotype, and one patient with a stem cell phenotype. The five patients with CTCs
also exhibited CTCs with undefined phenotypes, including two patients with clusters
(Table 2). No significant associations were observed between CTC phenotype at baseline or
day 21 and OS or PFS (data not shown).
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Table 2. Identification and characterization of CTC patients according to treatment protocol.

Baseline (Number of Cells)

Day 21 (Number of Cells)

Patients Variation
Epithelial Mesenchymal SéZﬁl Undefined Cr;I\f / Epithelial Mesenchymal sctzﬁl Undefined CIIE /
#1 0 1 0 2 0.315 0 0 0 0 0 -
#2 0 1 0 2 0.255 1 1 0 20* 1.505 +
#3 0 0 0 1 0.190 0 0 0 6 0.315 +
#4 0 0 0 0 0 0 0 0 0 0 =
#5 0 0 0 0 0 0 3 1 15 1.190 +
3 #6 0 0 0 0 0 0 0 0 0 0 =
=) #7 0 0 0 0 0 0 0 0 0 0 =
#14° 0 0 0 0 0 0 0 0 38* 2.375 +
#15° 0 0 0 3 0.880 0 0 0 1 0.055 -
#16° 0 0 0 0 0 0 0 0 0 0 =
#17° 0 0 0 0 0 0 0 0 0 0 =
#18° 0 0 0 0 0 / / / / / NA
#8 0 0 0 0 0 / / / / / NA
#9 0 0 0 0 0 / / / / / NA
#10 0 0 0 0 0 0 0 0 0 0 =
Bo#L 0 0 0 0 0 / / / / / NA
) #12 1 0 0 1 0.125 / / / / / NA
g #13 0 0 0 0 0 / / / / / NA
#19° 0 0 0 0 0 / / / / / NA
#20° 1 1 0 8 3.335 / / / / / NA
#21° 0 0 0 0 0 / / / / / NA

DCEF: Docetaxel, Cisplatine, 5-Fluorouracil. mDCF: DCF modified (dose adapted). Variation: increase (+), decrease
(-) or stable (=) variation in CTCs between baseline and day 21. *: cluster of CTCs. °: early nonresponder patient.
/: unmeasured. NA: not applicable.

3.2. Association between the Presence of CTCs at Baseline or Day21 and the Survival Rate

Of the 21 patients, 8 were considered as early nonresponders at 4 months follow-up.
The PFS was significantly lower for early nonresponders compared to responders (p <
0.0001, hazard ratio (HR) 30.4; confidence interval (CI), 6.6-139.3), and the OS was not
statistically different (p = 0.11) (Figure 2A). Regarding CTCs, 4 early responders (patients
#1, #2, #3, and #12) and 2 early nonresponders (patients #15 and #20) had CTCs at baseline.
On day 21, 3 early responders (patient #2, #3, and #5) and 2 early nonresponders (patients
#14 and #15) had CTCs (Table 2). Regardless of responder classification, there was no
significant difference in the OS and PFS between patients with or without CTCs at baseline
(p = 0.44 and 0.78, respectively) or day 21 (p = 0.88 and 0.5, respectively) (Figure 2B,C).

A. 10t>g 10t>g

50

50
] p<0.0001

Overall survival rate

Progression-free survival rate

Figure 2. Cont.
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Figure 2. Survival curves: (A) Overall survival and progression-free survival of early responder. (R4:
responder at 4 months post treatment, NR4: nonresponder at 4 months post treatment). (B) Overall
survival and progression-free survival of patients depending on CTC at baseline. (C) Overall survival
and progression-free survival of patients depending on CTC at day 21 (D21).

3.3. Variation in the Number of CTCs between Baseline and D21 and the Survival Rate

Of the 11 DCF patients who had a blood sample collected at day 21, 4 patients (33%)
(patients #2, #3, #5, and #14) had a positive variation of CTCs (an increase in CTCs between
baseline and day 21) and 2 had clusters at day 21 (patient #3, early responder and patient #14,
early nonresponder). Two patients (16.7%) (patients #1 and #15) had a negative variation
(decreased CTCs between baseline and day 21). There was no significant association
between a positive variation in the CTC number and CTC phenotype or cluster. Despite
the absence of a significant difference in the OS and PFS between patients with a positive
variation and negative variation in CTCs (p = 0.48 and 0.75, respectively) (Figure 3), we
observed a clear tendency in patients with a positive variation to have a lower OS.
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Figure 3. Survival curves. Overall survival and progression-free survival of patients depending
on CTC’s variation between baseline and day 21. Var +: positive variation of CTCs, Var -: no
positive variation.

4. Discussion

We conducted a prospective pilot study to explore the potential role of CTCs during
neoadjuvant chemotherapy to predict PFS and OS in patients with oropharyngeal cancer.
We showed that there was no significant difference in PFS or OS between patients with and
without CTCs at either baseline or day 21, but we observed a variation in the number of
detected CTCs in some patients during the first 3 weeks of treatment. Despite the positive
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variation in CTCs, meaning an increase in CTCs during chemotherapy treatment, the
change was not statistically significant because of the relatively low number of patients.
Even so, a clear tendency to poor prognosis emerged from the results.

CTCs have already been evaluated in various cancers, and some studies showed that
increased CTCs are correlated with a poorer prognosis [19,20]. A meta-analysis of CTCs
in breast cancer indicated that CTC-positive patients (>5 CTCs/7.5 mL) displayed an
increased risk of both tumor progression and death [21]. In a recent review concerning
lung cancer, non-small cell lung cancer, and small cell lung cancer, it was shown that an
increase in CTCs correlated with a poor prognosis [22]. In a study of 216 patients with
ovarian cancer, patients exhibiting > 2 CTCs at baseline presented a decreased PFS and
OS [23,24].

For HNSCC, few studies explored the role of CTCs before, during, and after treatment,
and unfortunately, they are based on small cohorts and different methods for both isola-
tion and counting CTCs. In a cohort of 73 patients with hypo- and oropharynx tumors,
Buglione et al. demonstrated that a partial or complete response to chemotherapy was
associated with the absence or disappearance of CTCs during treatment. In addition, a
decrease in the number of CTCs or their absence during treatment also appeared to be
associated with non-progressive disease. Unfortunately, in this study, the authors examined
different anatomic subsites of cancer and different histopathological types of cancers such
as squamous cell carcinoma or sinonasal undifferentiated carcinoma, which have different
clinical outcomes [25]. Another study showed that the presence of CTCs expressing mark-
ers such as, cytokeratin, vimentin, EGFR, CD44, or N-Cadherin was correlated with a poor
prognosis [26]. In a cohort of 25 patients with oropharynx cancer treated with neoadjuvant
chemotherapy, Inhestern et al. showed that there was no correlation between the presence
of CTCs and agge, sex, tumor site, stage, or lymph node involvement. Furthermore, a high
number of CTCs at baseline and after the treatment was proposed as a prognostic marker
for OS [12], but an analysis of the correlation between the variations in the numbers of
CTCs and PFS and OS was not addressed in this study.

The results concerning the number of CTCs often vary between studies due to the
techniques used. The previously cited studies used CellSearch and flow cytometric assays
based on a positive epithelial cell adhesion molecule (EpCAM) expression to isolate CTCs.
Currently, only the CellSearch technique from Veridex has received approval from the Food
and Drug Administration for clinical use in colorectal, lung, prostate, and breast cancers.
The analysis is based on an immunological method that counts CD45-, cytokeratin+, and
EpCAM+ cells. However, the EpCAM protein is an epithelial marker normally found in
most carcinomas, but is weakly expressed in HNSCC tumors [27]. This explains why few
experiments that used this device mention the presence of CTCs in patients with HNSCC.

Three isolation techniques were compared by Kulasinghe et al. in patients with ad-
vanced HNSCC: the CellSearch system, ScreenCell (microfiltration device), and RosetteSep
(negative enrichment). They found that CellSearch detected CTCs in 8 out of 43 cases
(18.6%), ScreenCell in 13 out of 28 cases (46.4%), and RosetteSep in 16 out of 25 cases
(64.0%), the latter being able to also detect CTC clusters [28]. These results confirm that
RosetteSep is an appropriate tool for the isolation of CTCs in HNSCC.

Concerning the kinetics of CTCs during treatment, the French multicenter CIRCUTEC
study focused on patients with nonoperable or metastatic tumor relapse. Sixty-five patients
treated with cetuximab chemotherapy were included. CTCs were isolated and detected by
three methods: CellSearch, EPISPOT, and flow cytometry. Patients were tested at baseline
and on days 7 and 21. Median PFS time was significantly lower in patients with increasing
or stable CTC counts (36/54) from baseline to day 7 with EPISPOT and in patients with
one CTC detected with a combination of 2 tests at day 7 [29]. For patients with curative
intent, Wang et al. analyzed CTC counts before and during radiochemotherapy treatment
in patients with locally advanced HNSCC. CTCs were detected using a negative selection
strategy and a flow cytometry protocol. The positive variation in the number of CTCs
correlated with lower PFS (and OS) [30].
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Our results suggest the use of CTC kinetics during treatment is much more relevant
than the detection of CTC levels alone. Our results are encouraging because it is important
to develop predictive biomarkers for responses to neoadjuvant chemotherapy. Indeed, these
treatments are associated with complications (e.g., hematological, renal, and auditory side
effects). Thus, the early identification of nonresponding patients through an analysis of the
variation in the number of CTCs may allow an early adjustment of the therapeutic strategy.
This would improve survival while limiting the side effects of unnecessary treatments.
Moreover, we observed that responding patients at 4 months after the end of treatment
had significantly better OS and PFS. Four responder patients at 4 months (patients #2, #9,
#12, and #20) showed tumor progression in the following weeks. Patient #2 was a clinical
and radiological responder but showed tumor progression and died at 12 months. This
patient had CTCs at baseline and a positive variation in CTCs on day 21. The variation
in CTCs could not be assessed for the other three patients because they received mDCF
treatment. Adding the CTC count to clinical and radiological investigations could help to
earlier orientate the management of patients.

5. Conclusions

Our pilot study offers preliminary results that should be consolidated using a larger
prospective study. The results suggest that the evaluation of variations in CTCs could be
used as a predictive biomarker during treatment, particularly at the time of the morphologi-
cal and clinical evaluations performed to assess the response to neoadjuvant chemotherapy.
When patients show a good response to the clinical and morphological evaluation, they are
referred to adjuvant radiotherapy. Unfortunately, some patients will show tumor progres-
sion after radiotherapy with worse survival. Thus, the study of the variation in the number
of CTCs and their appearance or disappearance would be useful during treatment to better
guide management decisions with possible early changes in strategy.
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