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Simple Summary: Head and neck squamous cell carcinoma (HNSCC) consists of a group of hetero-
geneous tumors that are diagnosed comparatively late and often have a poor prognosis. Current
head and neck research is motivated to find biomarkers for early detection, diagnosis, and therapy
monitoring. Extravesicular (EV)-microRNA obtained by liquid biopsy of blood offers a promising
approach here since the respective target mRNAs and their function in tumor neogenesis are partly
already known. In this study, blood sera from 50 HNSCC patients and 16 controls treated between
2020–2023 at the Department of Otorhinolaryngology, Head and Neck Surgery of the University
Hospital of Münster, were obtained by liquid biopsy. A specific EV-miRNA panel consisting of
EV-miR-21, -1246, -200c, -let-7a, -11a, and -26a was determined. The expression of the analyzed
EV-microRNA of the patients was then examined for correlation with clinical parameters regarding
the diagnostic and prognostic value and suitability for therapy monitoring.

Abstract: Background: Biomarkers for HNSCC are still lacking. Biomolecules obtained via liquid
biopsy are being investigated for diagnosis, prognosis, and therapy monitoring, including extracellu-
lar vesicles (EVs) and EV-cargo, e.g., proteins, RNA, and microRNA. This study aims to understand
localization-dependent EV-microRNA expression in blood sera, their dynamics over time (12 months
FU), and insights into their potential in diagnostics and therapy monitoring. Methods: Via liquid
biopsy, blood serum was taken from 50 patients with HNSCC and 16 controls. Extracellular vesicles
were isolated from serum by precipitation, and the contained microRNA-21, -1246, -200c, -let-7a, -181a,
and -26a were amplified by reverse transcription and determined with real-time PCR. Expression
ratios (HNSCC to healthy controls) were collated with the patients’ clinical parameters. A second
liquid biopsy was carried out avg. 12 months later in the tumor aftercare. A sub-analysis with the
Oropharynx subsite was implemented. Results: EV-mir-21, -let-7a, and -181a were 2.5–3-fold higher
expressed in HPV/p16+ than in HPV/p16- HNSCC. Different expressions of EV-mir-181a and -26a
could be demonstrated depending on the therapy modality. Conclusions: EV-microRNA could be a
promising biomarker in the diagnosis and therapy monitoring of HNSCC. A systematic comparison
of EV- and tissue microRNA expression in different HNSCC-subsites is needed.

Keywords: liquid biopsy; biomarkers; microRNA; extracellular vesicles; head and neck squamous
cell carcinoma (HNSCC); HPV; oropharyngeal carcinoma; oncology

1. Introduction

Head and neck squamous cell carcinomas (HNSCCs) are one of the seven most com-
mon tumors, with incidence and mortality varying in different regions of the world [1].
The combination of high regular alcohol and tobacco consumption increases the risk of
developing HNSCC 14-fold compared to non-smokers and non-alcoholics [2]. On the
other hand, there is another group of HNSCC associated with high-risk human papilloma
virus (HPV), which has now become the second main risk factor for HNSCC in general
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and can be detected in more than half of cases of oropharyngeal squamous cell carcinoma
(OPSCC) [3]. HPV-positive OPSCC is a distinct disease entity compared to HPV-negative
OPSCC, exhibiting a more favorable response to treatment and better overall survival
(OS) [4].

Nevertheless, about one-third of patients diagnosed with and treated for locally
advanced HNSCC develop a recurrence of the tumor in the follow-up period [5]. Taken
together, markers for HNSCC could help in diagnosis and tumor after-care and potentially
reduce mortality of the malignancy.

Up to today, reliable biomarkers for the early detection of HNSCC are lacking. It is
crucial to gain a more in-depth understanding of the molecular mechanisms that under-
lie and characterize HNSCC to improve disease outcomes through advanced molecular
diagnostics and more effective treatments. Recent findings have identified microRNAs
within extracellular vesicles (EV-miRNAs) as significant regulatory molecules in HNSCC.
These EV-miRNAs present promising potential as biomarkers for the disease and as new
therapeutic targets [6].

MicroRNA are RNA molecules with a length of ~22 nucleotides, which have no genetic
coding function but interfere with gene regulation at the mRNA level. They can prevent
translation through mRNA binding or lead to its degradation [7].

Extracellular vesicles (EVs) are particles enclosed by a phospholipid bilayer, released
by a variety of cell types, and present in blood, saliva, and other bodily fluids. EVs
are categorized into exosomes (30–150 nm, originating from endosomes), microvesicles
(100–1000 nm, originating from the plasma membrane), and apoptotic bodies (50–5000 nm,
also derived from the plasma membrane), distinguished by their origin, size, and surface
molecules [8]. They carry proteins, mRNA, non-coding RNA (such as microRNAs and long-
noncoding-RNAs), DNA, and lipids, physiologically facilitating cell-to-cell communication.
However, EVs are implicated in cancer progression, too. In patients with HNSCC, plasma
is enriched in EVs, which can contribute to tumor progression in different ways, e.g., by
promoting angiogenesis, metastasis, TME reprogramming, immune tolerance, and therapy
resistance [9–11]. The terms “EV” and “exosome” are sometimes used synonymously.
MISEV guidelines recommended cautious use of the term “exosome” and reaffirmed this
in the update published in 2024 [12,13]. On this basis, the term “extracellular vesicle (EV)
micro-RNA” is used in the following sections for the research presented by our working
group. Results from other research groups that use the term exosomal miRNA, cited in this
paper, remain unchanged.

MiRNAs in EVs can have an oncogenic effect on the recipient cell, delivered by tumor
cells, but also by cells of the immune system and promote tumorigenesis and progression;
at the same time, it has also been shown that immune cells can package and deliver
tumor-suppressive microRNAs in EVs [9].

Different tumor-suppressive and oncogenic miRNAs have shown pathological up-
or downregulation in HNSCC. We chose a panel of six EV-miRNAs (miR-21, -1246, -200c,
-let-7a, -181a, -26a) that are already known to show comparatively sensitive dysregulated
EV expression in patients with HNSCC. In several studies, EV-miR-21 overexpression
correlates with tumor stage, lymph node metastasis, and poorer prognosis in HNSCC. In
addition, EV-miR21 also appears to have potential as a monitoring marker, as expression
decreases after surgery in patients with a good prognosis, while patients with a poor
prognosis continue to have high levels [10].

MiR-1246 is upregulated in tumor tissue as well as in the serum (exosomes) of patients
with HNSCC of laryngeal origin [14]. Huang et al. were also able to demonstrate a
correlation between high expression of miR-1246 in extracellular vesicles in patients with
LSCC and a poorer prognosis. MiR-1246 is best studied in laryngeal HNSCC.

MiR-200c has diagnostic and prognostic value, it is downregulated in HNSCC tumor
tissue compared to healthy controls [15], and patients with recurrence of laryngeal car-
cinoma have lower miR-200c levels in tumor tissue than those without recurrence [16].
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In HPV-negative OPSCC specifically, however, upregulated miR-200c has already been
detected in tumor tissue in vitro and in vivo [17].

MiR-let-7a belongs to the let-7 family, which are tumor-suppressive micro-RNAs and
can be detected downregulated in the serum of patients with HNSCC [10,18]. Studies
on miR-let-7a levels in serum are still rather limited, but let-7a also appears to be ex-
pressed lower in serum in laryngeal carcinomas; the miRNA causes an inhibition of LSCC
proliferation and promotes apoptosis in in vitro experiments [19].

MiR-181a is considered tumor-suppressive and is downregulated in HNSCC [10]. It
has also been shown that in vitro infection with HPV16 in (HPV-negative) OSCC cells
increases tumor stem cell potential via downregulation of miR-181a [20]. However, EV-
miRNA does not appear to have an exclusively tumor-suppressive effect in HNSCC; rather,
it is increasingly characterized as “pleiomorphic”. In the plasma of OSCC patients, its
serum expression correlated with TNM status and overexpression in the tissue of ESCC
correlated with advanced TNM status [10].

MiRNA-26a has tumor-suppressive properties and is expressed at reduced levels
in HNSCC tissue [10]. In HNSCC of oral origin, low expression correlated with poorer
prognosis through negative correlation with tumor size and lymph node metastasis, while
overexpression of miRNA in vitro promoted apoptosis and inhibited tumor cell progres-
sion [21]. Most of the findings relate to expression behavior in tissues, and their expression
behavior in EVs seems to be poorly studied.

Current research on EV-miRNA and liquid biopsy and their differences in the different
tumor locations of HNSCC is still sparse, and many studies consider a tumor entity or
undifferentiated HNSCC in general. The aim of this study is to understand the dynamic
of EV-miRNA expression, find miRNAs that correlate with parameters in diagnosis, and
further qualify for therapy monitoring and even prognosis. Additionally, we want to
explore the differences in EV-miRNA expression in HNSCC of different subsites with a
focus on OPSCC and its HPV association.

2. Materials and Methods
2.1. Patient Acquisition

Patients for this study were recruited at the Department of Otorhinolaryngology, Head
and Neck Surgery, University Hospital Münster, Germany. This study was approved by
the local ethics committee of the Westphalia Lippe Medical Association and the Münster
University of Applied Sciences (AZ 2021-210-f-S). When a malignant disease was suspected,
the patient’s consent to participate in this study was obtained during the preparation for
surgery, and the blood was then taken before surgery. If HNSCC was detected, depending
on the staging and feasibility of surgery, primary radio-chemotherapy or primary surgery
with adjuvant radio-chemotherapy or primary radiotherapy was planned and carried out
based on the decision of an interdisciplinary tumor board. Follow-up care for HNSCC
was carried out according to the standard at intervals of three months in the first year
after diagnosis. For the follow-up examination (FU), blood was taken from the patients
earliest at 6 months FU and at least twelve months after the initial diagnosis (<12 M FU).
The control group consisted of 16 patients, eight male and eight female, that underwent
surgery for either benign or suspected malign lesions that afterward were classified as
benign lesions (e.g., fibromas, cysts) in the pathological examination.

A summary of the following steps in the lab can be seen in Figure 1.
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Figure 1. Summary of the isolation and expression analysis of the EV-miRNA.

2.2. Serum Preparation

Isolation of EVs and the characterization of the miRNA cargo were based on the
minimal experimental guidelines of the International Society for Extracellular Vesicles
(MISEV 2018) [12] at the time of the start of the investigations. Whole blood was collected
in Sarstedt S-Monovettes, and serum was separated by centrifugation (1900× g, 10 min,
4 ◦C). Separated serum was centrifuged (3000× g, 15 min, 4 ◦C) to remove additional
cellular nucleic acids attached to cell debris.

2.3. EV Isolation

A total of 500 µL of cleared serum was used for precipitation of exosomes and other
EVs with polyethylene glycol using the miRCURY Exosome Serum/Plasma Kit (Qiagen,
Hilden, Germany) according to manufacturer’s instructions. Demonstration of suitability
of the kit regarding size, surface markers and quantity of recovered EVs is given by Helwa
et al. [22]. Particle size recovered by the kit ranges between 40–150 nm.

2.4. Micro-RNA Isolation from EVs

Total RNA including miRNA was isolated from EVs using the miRNeasy Micro Kit
(Qiagen, Hilden, Germany). In brief, isolated EVs including exosomes were lysed by the
QIAzol method, and total RNA including miRNA was isolated using spin column-based
centrifugation according to the manufacturer’s instructions. We added synthetic RNA
Spike-ins (UniSp2, UniSp4, UniSp5) to the QIAzol lysis buffer to control the quality of
RNA isolation, cDNA synthesis, and PCR amplification. A table listing the Ct-values of
the investigated miRNAs and Uni-Spike-In controls can be found in the Supplementary
Material (Table S1). Isolated RNA was eluted from RNeasy MinElute Spin Columns with
14 µL RNAse-free water. Isolated RNA was of high purity (OD260/OD280 = 1.8–2.0) and
moderate to high quality (RIN ≥ 6).

2.5. Reverse Transcription (cDNA Synthesis)

Isolated total RNA including miRNA was reversely transcribed using the miRCURY
LNA RT Kit (Qiagen, Hilden, Germany) according to the miRCURY LNA miRNA SYBR
Green PCR Biofluid Samples Handbook instructions. Because of limited RNA amount in
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serum, calculation of the volume of template RNA used for cDNA synthesis for a total
reaction volume of 10 µL was as follows:

Template RNA [µL] = (elution volume [µL]/original sample volume used [µL] × 8 [µL]).
In brief, the following components were added to 10 µL of reaction mixture: 2 µL
5 × miRCURY Reaction buffer, 1 µL miRCURY RT Enzyme Mix, 0.5 µL UniSP6 RNA
Spike-in, 6 µL 1:10 diluted total RNA (~1.8 ng), and 0.5 µL RNAse-free water. cDNA
synthesis was carried out at 42 ◦C for 60 min, following 95 ◦C for 5 min in a thermocycler.
Synthetic UniSp6 RNA Spike-in was used in the reverse transcription reaction to check for
cDNA synthesis efficiency.

2.6. Quantitative Real-Time PCR Amplification

Real-time PCR amplification of cDNA was carried out using miRCURY LNA SYBR
Green PCR Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions.
The following miRCURY LNA miRNA PCR Assays (Qiagen, Hilden, Germany) were
used for amplification of 8 miRNAs and 4 RNA Spike-in controls: hsa-miR-181a-5p
(YP00206081), hsa-miR-26a-5p (YP00206023), hsa-let-7a-5p (YP00205727), hsa-miR-16-5p
(YP00205702), hsa-miR-1246 (YP00205630), hsa-miR-200c-3p (YP00204482), hsa-miR-196a-
5p (YP00204386), hsa-miR-21-5p (YP00204230), UniSp5 (YP00203955), UniSp4 (YP00203953),
UniSp2 (YP00203950), UniSp6 (YP00203954).

The reaction mixture (10 µL) consisted of 5 µL 2 × miRCURY SYBR Green Master
Mix, 0.5 µL 20 × ROX reference dye, 1 µL miRCURY LNA miRNA PCR assay, 3.0 µL 1:30
diluted cDNA Template, and 0.5 µL RNAse-free water. Real-time PCR was carried out
on ABI 7900 HT thermal cycler at the following conditions: 95 ◦C for 2 min, followed by
40 cycles at 95 ◦C for 10 s and 56 ◦C for 1 min. Following PCR, a melting curve analysis
was carried out to check for the presence of nonspecific amplification products. Each
sample was analyzed in triplicate. As a suitable reference gene (endogenous control) for
qPCR analysis of serum, miRNA-16 was chosen. MiRNA-16 is often used as endogenous
reference in similar studies on miRNA in HNSCC, e.g., by Piao et al. in OSCC [23].

2.7. Data Analysis and Statistics

EV-miRNA levels were quantified by measuring the value of the cycle threshold (∆CT)
with miR16 as an endogenous control (∆CT = mean CTmiRNA − mean CTmir16). Fold change
(FC) expression of each miRNA was calculated using the 2−∆∆CT-method and presented as
log2FC. IBM SPSS Statistics software, Version 28.0.0.0 (Armonk, NY, USA) was used for
statistical analysis of the micro-RNA expression examined, and calculations were made
using general linear models with two measurement times. p values < 0.05 were considered
significant. To investigate the relationship between UICC stage, HPV status, tobacco use,
and alcohol consumption, planned therapy and tumor location with the EV-microRNA
load of the microRNAs miR-21, miR-1246, miR-200c, miR-let7a, miR-181a, and miR-26a
at initial diagnosis of the tumor disease, general linear models with two measurement
time points are used in this study. A prognostic model was created for each microRNA.
As an example, a fictional patient based on the EV-miR-21 prognostic model with the
following clinical parameters: laryngeal carcinoma, T1, N0, UICC I, HPV-negative, treated
with surgery, tobacco consumption, and occasional alcohol consumption or active alcohol
abuse would have the following Log2 expression ratio compared to the normal collective:
0.684 (see Appendix A, Table A1). Back-transformed (20.684), this would be a 1.61-fold
higher expression of EV-microRNA-21 in this fictional patient than the average expression
of EV-microRNA-21 in the healthy cohort. Using paired t-tests, the expression ratios of the
six miRNAs in relation to the clinical parameters examined at the time of surgery and at
the follow-up (avg. 12 months) were analyzed for significant changes over this period.
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3. Results
3.1. Description of the Patient Cohort

The total sample size of the tumor cohort comprises n = 50 patients. Of these, 24%
(n = 12) are female patients, and 76% (n = 38) are male patients. The age range varies
between 36 and 84 years; the mean age is M = 63.94 (SD = 10.23) years. In Table 1, clinical
parameters of the staging of the tumor patients are listed. In Table 2, further aspects of the
oncological anamnesis, HPV association, and recurrence situation are displayed.

Table 1. TNM stages and localization of the tumor in the HNSCC patients. Absolute numbers and
no. (%) of n = 49 *. NPSCC = nasopharyngeal squamous cell carcinoma, OPSCC = oropharyngeal
squamous cell carcinoma, OSCC = oral squamous cell carcinoma, HPSCC = hypopharyngeal squa-
mous cell carcinoma, LSCC = laryngeal squamous cell carcinoma. * one patient with CUP syndrome,
therefore without complete staging.

Characteristics NPSCC OPSCC OSCC HPSCC LSCC Total

T-Stage
T1 0 5 (10) 0 1 (2) 5 (10) 11 (22)
T2 0 6 (12) 2 (4) 1 (2) 7 (14) 16 (33)
T3 1 (2) 8 (16) 2 (4) 1 (2) 3 (6) 15 (31)
T4 0 3 (6) 0 2 (4) 2 (4) 7 (14)

N-Stage
N0 0 11 (22) 2 (4) 2 (4) 11 (22) 26 (53)
N1 0 6 (12) 0 1 (2) 1 (2) 8 (16)
N2 1 (2) 5 (10) 0 2 (4) 5 (10) 13 (27)
N3 0 0 2 (4) 0 0 2 (4)

M-Stage
M0 0 22 (45) 4 (8) 5 (10) 17 (35) 48 (98)
M1 1 (2) 0 0 0 0 1 (2)

UICC
I 0 7 (14) 0 1 (2) 4 (8) 12 (24)
II 0 5 (10) 2 (4) 1 (2) 4 (8) 12 (24)
III 1 (2) 6 (12) 0 0 3 (6) 10 (20)
IV 0 4 (8) 2 (4) 3 (6) 6 (12) 15 (31)

Total 1 (2) 22 (45) 4 (8) 5 (10) 17 (35) 49 *

Table 2. Clinical parameters and localization of the tumor in the HNSCC patients. Absolute numbers
and no. (%) of n = 50.

Characteristics NPSCC OPSCC OSCC HPSCC LSCC Total

Viral status
p16+, HPV+ 0 11 (22) 0 2 (4) 1 (2) 14 (28)
p16-, HPV- 0 11 (22) 4 (8) 3 (6) 16 (32) 34 (68)

EBV+ 1 (2) 1 (2) 0 0 0 2 (4)

Therapy 1

Sx + RC 0 8 (16) 0 0 6 (12) 14 (28)
Sx + R 0 9 (18) 0 1 (2) 0 10 (20)

Sx 0 4 (8) 3 (6) 3 (6) 11 (22) 21 (42)
RC 1 (2) 2 (4) 1 (2) 1 (2) 0 5 (10)

Tobacco
Smoker 0 9 (18) 4 (8) 3 (6) 10 (20) 26 (52)

Former smoker 0 8 (16) 0 2 (4) 6 (12) 16 (32)
No 1 (2) 6 (12) 0 0 1 (2) 8 (16)
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Table 2. Cont.

Characteristics NPSCC OPSCC OSCC HPSCC LSCC Total

Alcohol
Active 0 14 (28) 3 (6) 3 (6) 9 (18) 29 (58)
Former

C2-abuse 0 3 (6) 0 0 1 (2) 4 (8)

No 1 (2) 6 (12) 1 (2) 2 (4) 7 (14) 17 (34)

Recurrence
Recurrence-free 0 21 (42) 2 (4) 2 (4) 11 (22) 36 (72)

Recurrence 2 1 (2) 2 (4) 2 (4) 3 (6) 6 (12) 14 (28)

Total 1 (2) 23 (46) 4 (8) 5 (10) 17 (34) 50
1 Sx = surgery, RC = combined radiation and chemotherapy, R = adjuvant radiation. 2 includes recurrence, stable
disease, and progressive disease at 12 months follow-up examination.

3.2. Results of Interference Statistical Analysis of Clinical Parameters and EV-microRNA
Expression

At the time of initial diagnosis, EV-miR-21 expression was 2.89 times higher (Log2
regression coefficient: 1.533, p = 0.005) in the group of patients with N0 stage (n = 25)
compared to the group of patients with positive lymph node status (n = 22) (Figure 2a).
In patients with HPV/p16 positive tumors (n = 14), the EV expression of EV-miR-21
was 2.88 times higher (Log2 regression coefficient: 1.525, p = 0.003) than in patients with
HPV/p16-negative tumors (n = 33) (Figure 2b and Table A1). The expression ratios of
the EV-miRNAs also were examined for a significant change over the 12-month period
using paired t-tests. The EV expression of micro-RNA-21 showed a significant increase
in patients with positive lymph node status (pt-test = 0.032) and with HPV/p16 negative
tumors (pt-test < 0.001) over the 12-month follow-up period compared to the first liquid
biopsy at initial diagnosis (Figure 2a,b).
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Figure 2. Higher EV-miR-21 expression in patients with negative lymph node status and in pa-
tients with HPV/p16 positive tumors. (a) EV-miR-21 expression of the tumor cohort in relation
to the lymph node involvement. Significantly higher expression in N0 patients (p = 0.005) and
significantly increased expression in N1 and >N1 patients over the course of 12 months (p = 0.032)
(* p < 0.05, ** p < 0.01). (b) EV-miR-21 expression of the tumor cohort in relation to HPV status.
Significantly higher expression in HPV/p16 positive tumor patients (p = 0.003) and significantly
increased expression in patients with HPV/p16 negative tumors over the course of 12 months
(p < 0.001) (* p < 0.05, *** p < 0.001).

For EV-microRNA-1246, the prognostic model also revealed significant differences
between the lymph node involvement in the HNSCC tumor group. Patients without lymph
node metastases (n = 25) showed 3.46 times higher (Log2 regression coefficient: 1.791,
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p = 0.035) EV-miR-1246 expression than patients with positive lymph node status (Figure 3a
and Table A2). The group of patients with positive lymph node status (pt-test = 0.029)
also recorded a significant increase in miR-1246 EV expression over the observed period
(Figure 3a). In the sub-analysis with the OPSCC patients, similar results could be observed.
A negative lymph node status (n = 11) correlated significantly with a 7.8-fold higher (Log2
regression coefficient: 2.963, p = 0.002) expression of EV-miR-1246 compared to a positive
lymph node status (n = 11) (Figure 3b and Table A3). The group with lymph node metastases
(pt-test = 0.049) showed a significant increase in EV-miR-1246 over the 12 months (Figure 3b).
There was no significant result found regarding a correlation between EV-miR-21 and
OPSCC-patients.
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Figure 3. (a) EV-miR-1246 expression ratio of the tumor cohort in relation to the lymph node stage.
Significantly higher expression in patients with N0 (p = 0.035) and significant increase of miR-1246
expression in patients with lymph node metastasis (p = 0.029) (* p < 0.05). (b) EV-miR-1246 expression
ratio of the OPSCC cohort in relation to the lymph node stage. Significantly higher expression in
patients with N0 (p = 0.002) and significant increase over 12 months of EV-miR-1246 expression in
patients with lymph node metastasis (p = 0.049) (* p < 0.05, ** p < 0.01).

Looking at the HNSCC cohort, the HPV/p16 positive patients (n = 13) showed a
2.5-fold higher expression (Log2 regression coefficient: 1.321, p = 0.028) of EV-miR-let-
7a (Figure 4a) and, for EV-miR-181a, the HPV/p16 positive (n = 14) showed a 2.91-fold
higher (Log2 regression coefficient: 1.544, p = 0.005) expression than the HPV/p16 negative
patients (n = 33) (Figure 4b, Tables A4 and A5).
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Figure 4. Higher expression of miR-let-7a and—181a in HPV/p16 positive patients. (a) Significant
differences between the expression ratios of EV-miR-let-7a in patients with and without HPV as-
sociation (p = 0.028) (* p < 0.05). (b) Significantly higher EV-miR-181a expression in patients with
HPV/p16 positive tumors in the HNSCC cohort (p = 0.005) (** p < 0.01).
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Taken together, EV-miR-21, -181a, and -let-7a are significantly higher expressed in
HPV/p16+ HNSCC (Figure 5) at the time of initial diagnosis.
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Figure 5. Relative EV expression ratios of miR-21, -let-7a, and -181a comparing the HPV association of
the tumor cohort. Significantly higher expression could be seen in HPV/p16 positive tumor patients
at initial diagnosis in contrast to HPV/p16 negative patients (* p < 0.05, ** p < 0.01).

Furthermore, the type of therapy showed a significant correlation with the expres-
sion of EV-miR-181a at the time of the follow-up examination in the HNSCC cohort. In
comparison to the patients treated with definitive combined radio-chemotherapy (n = 4),
the group that received surgery and adjuvant radiotherapy (n = 10) showed 2.61 times
higher (Log2 regression coefficient: 1.383, p = 0.02) EV expression levels of miR-181a at the
time of follow-up (Figure 6a). Similarly, the patients that received only surgery (n = 20)
showed 3.2 times higher (Log2 regression coefficient: 1.679, p = 0.008) EV expression levels
of miR-181a in comparison to the group of patients that were treated with surgery and
adjuvant radiotherapy (n = 10) at the time of follow-up (Figure 6a). Again, in the follow-
up examination, patients who had been treated with surgery and adjuvant radiotherapy
(n = 10) showed a 2.17 times higher expression (Log2 regression coefficient: 1.117, p = 0.044)
and patients who had only been treated with surgery (n = 20) showed a 2.64 times higher
(Log2 regression coefficient: 1.402, p = 0.017) expression of EV-miR-26a than patients who
had received definitive radio-chemotherapy (n = 4) (Figure 6b and Table A6). Similar
results were found for the OPSCC cohort. The expression levels of EV-microRNA-181a in
the follow-up showed a significant correlation with the treatment modality: Patients who
had been treated with surgery and adjuvant radio-chemotherapy (n = 7) had 2.92 times
higher (Log2 regression coefficient: 1.546, p = 0.046) and patients treated with surgery and
adjuvant radiotherapy (n = 9) had 3.04 times higher (Log2 regression coefficient: 1.604,
p = 0.026) expression levels of EV-miR-181a compared to patients treated with definitive
radio-chemotherapy (n = 2) (Figure 6c and Table A7). For micro-RNA-26a, similar sig-
nificant correlations were found in the OPSCC patients with the form of therapy used.
Compared to patients treated with definitive radio-chemotherapy (n = 2), the group treated
with surgery and adjuvant radio-chemotherapy (n = 7) expressed EV-miR-26a 3.34 times
higher (Log2 regression coefficient: 1.741, p = 0.035), and the group that had received
surgery and adjuvant radiotherapy (n = 9) expressed EV-miR-26a 3.82 times higher (Log2
regression coefficient: 1.934, p = 0.013) (Figure 6d and Table A8).
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Figure 6. Different expression levels of EV-miR-181a and -26a in relation to therapy modality applied.
(a,b) EV-miR-181a and EV-miR-26a expression ratios of the HNSCC cohort comparing the therapy
applied (* p < 0.05, ** p < 0.01). (a) Significantly higher expression of EV-miR-181a in the surgery
(p = 0.008) and surgery and radiotherapy (p = 0.02) groups compared to definitive radio-chemotherapy
at time of follow-up. (b) The surgery (p = 0.017) and the surgery and radiotherapy (p = 0.044) groups
showed significantly higher EV-miR-26a levels at follow-up. (c,d) EV-miR-181a and EV-miR-26a
expression ratios of the OPSCC cohort comparing therapy applied (* p < 0.05, ** p < 0.01). (c) At
follow-up, EV-miR-181a is significantly higher in the groups with surgery and radio-chemotherapy
(p = 0.046) and surgery and radiation (p = 0.026) than in definitive radio-chemotherapy. (d) EV-miR-
26a is significantly higher in the groups with surgery and radio-chemotherapy (p = 0.035) and in
surgery and radiation (p = 0.013) than in definitive radio-chemotherapy at follow-up.

No significant relation between disease-free survival nor recurrence of the HNSCC
and the analyzed EV-microRNA could be found in our study.

4. Discussion

This study combines several current research approaches in oncological head and neck
research: the method of liquid biopsy for non-invasive sampling and the examination of
EV-miRNA. However, we do investigate one tumor localization alone, but for HNSCC in
general and at the same time, we carry out a sub-analysis for OPSCC. The findings of this
work shall complement and enrich the knowledge about EVs in HNSCC, differences in
EV-miRNA expression depending on the localization in the head and neck region, and
particularly the knowledge about the change in EV-miRNA expression during a follow-
up examination.

We were able to show that when looking at EV-miRNA at baseline, significant differences
were found in three miRNAs (EV-miR-21, -181a, -let-7a) with regard to HPV/p16 status.

The upregulation of both oncogenic and tumor-suppressive miRNA in HPV+ HNSCC
is not necessarily a contradiction; HPV+ tumors have a much better prognosis [24], but they
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are regularly clinically apparent due to early lymphogenous metastasis [3]. Comparing
HPV16+ cell lines, Iuliano et al. showed that miR-21 is downregulated in the cells but
upregulated in the EVs they deliver [25]. Nevertheless, our findings underline that certain
EV-miRNAs could serve as markers for HPV associated HNSCC.

Further, a significant increase in EV-miR-21 expression over 12 months was recorded
in the group of HPV/p16 negative patients. MiR-21 seems to decrease after successful
surgery for HNSCC, while the persistence of elevated levels indicates a rather unfavorable
prognosis [26]. EV-microRNA-21 showed no significant correlation with the occurrence
of recurrence in the follow-up period of about 12 months, but the significant increase in
EV-miR-21 in the HPV/p16-negative group yet could correlate with the commonly poorer
prognosis of these tumors and reflect the poorer OS after 40 months, the higher risk of
progression, and the higher mortality compared to HPV+ HNSCC [27,28].

So far, only a reduced tissue expression of EV-miR-181a in vitro and in the examination
of resected HPV-positive OPSCC have been described [10], but since EV expression can
deviate from this, further studies should investigate EV-miR-181a and HPV status. MiR-let-
7a and its expression behavior depending on HPV status is currently mostly investigated
in studies with HPV-associated cervical carcinomas, while data regarding EV-miR-let-7a
in HPV/p16 positive HNSCC are currently still lacking. Nevertheless, aligning with our
results, free plasma concentrations of miR-let-7a are higher in patients with HPV+ cervical
carcinomas than in HPV- patients [29].

EV-miR-21 and EV-miR-1246 were higher expressed in patients with N0-stage than in
patients with positive lymph node status at initial diagnosis. However, for both EV-miR-21
and -1246, an increase in expression could be seen in the group of patients with lymph
node metastasis in the follow-up examination. Despite the oncogenic nature of miR-21
mentioned in the literature and the exosomal miR-21 levels correlating with increased
N-stage in studies with hypoxic OSCC [30], the results observed by us are in line with
several studies that could not show a significant correlation between the expression of
miR-21 in tumor tissue and the N-stage in OPSCC [31,32], as we could not find significant
correlation of EV-miR-21 or N-stage in OPSCC. In the sub-analysis with OPSCC, again, the
patients with N0-stage had higher EV expression levels of miR-1246 at the time of diagnosis
than patients with positive N-stage. Studies describe an oncogenic effect of miR-1246 in the
majority of tumor types, including LSCC and OSCC, but miR-1246 also appears to play a
tumor-suppressive role in lung cancer, hepatocellular carcinoma, and cervical cancer [33].
EV-miR-1246, its molecular effects in OPSCC, and its correlation with lymph metastasis
should be continuously explored, as possible pleiotropic properties of this EV-miRNA
should not be overlooked.

Our study on the EV expression of miRNAs depending on the form of therapy and
including a follow-up examination is among the first. In the HNSCC cohort, the key factor
resulting in different expression of EV-miR-181a and -26a depending on therapy modality
appears to be the use of chemotherapy. In vitro studies with HNSCC cell lines showed
deregulation of various miRNAs upon exposure to cisplatin; among others, miR-181a was
downregulated [34]. The effect of cisplatin on miR-181a and the effect of miR-181a in
the HNSCC cell lines reflect the pleiotropic properties of the microRNA. Yet the balance
between oncogenic and tumor suppressive effects could yet already differ between the
localizations of the tumors summarized under HNSCC. Nevertheless, these results indicate
potential for EV-miR-181a as a marker for therapy monitoring, independent of its actual
molecular effect. Further research on EV-miR-181a as a therapeutic marker in relation to
the different tumor entities of HNSCC and the type of therapy could further elucidate
the potential of EV-miR-181a in monitoring. Given that various immune cells package
tumor-suppressive microRNAs in EVs [9], the effect of chemotherapy on miRNAs in EVs
in HNSCC patients could be of particular interest in the search of a monitoring marker.
Immune cell-derived exosomes (IEXs) are already being researched as biomarkers for the
immunocompetence of the patient with regard to the tumor disease and are an interesting
and complementary approach to research on TEX [11].
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Regarding a change depending on the therapy modality of miR-26a in tissue, free in
serum, or in EVs, there is currently a lack of comparative literature.

As in the overall cohort, in the OPSCC sub-analysis, EV-miR-181a and EV-miR-26a
were differently expressed depending on the therapy applied. However, in OPSCC, the
performance of surgery and adjuvant therapy seems to make the difference. The changes
in EV-miR-181a and EV-miR-26a seen in the OPSCC collective are among the first results
documented, and an interpretation is therefore difficult; nonetheless, the results support
further research into the suitability of EV-mir181a and -26a for therapy monitoring.

Our study is limited by the observed follow-up period of 12 months on average,
being aware that possible recurrence after this period cannot be considered. Furthermore,
the EV-miRNA expression was only examined at two points throughout the process of
diagnosis, treatment, and follow-up, and especially potentially dysregulated expression
right after therapy was not determined.

A challenge in the search for biomarkers for HNSCC is the heterogeneity of the tumors,
as, despite the common epithelial origin and close anatomical proximity, some investigated
miRNAs either act tumor-suppressive or oncogenic depending on the localization. For
this reason, further research on HNSCC and EV-miRNA is necessary, which separately
considers the localization.

5. Conclusions

In summary, the changes in EV-miR-21 found in this study support the existing
literature on its potential as a tumor marker and, at the same time, supplement the still
basic knowledge about EV-miR-181a and EV-miR-let-7a in HPV dependence. With an
increasing proportion of HPV-associated HNSCC, these two miRNAs should also be
further investigated regarding their suitability for the early detection of an HPV association.
Additionally, new findings on EV-miR-181a and -26a correlating with the therapy modality
either in the HNSCC and in the OPSCC cohort each give reason to investigate both EV-
microRNAs as biomarkers for therapy monitoring.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers16223793/s1, Table S1: Supplementary table listing all
Ct-values of investigated microRNAs: miR-21, miR-1246, miR-200c, miR-let-7a, miR-181a, miR-26a,
and internal controls (Uni-Spike-In).

Author Contributions: Conceptualization, M.O. and C.R.; methodology, M.O., C.A. and F.S.; soft-
ware, C.A. and M.O.; validation, C.R. and M.O.; formal analysis C.A, M.O. and F.S.; investiga-
tion, C.A., M.O., F.S. and A.R.; resources, C.A., F.S. and M.O.; data curation, C.A., F.S. and M.O.;
writing—original draft preparation, C.A. and M.O.; writing—review and editing, all authors.; visual-
ization, C.A.; supervision, C.R.; project administration, M.O.; funding acquisition, M.O. All authors
have read and agreed to the published version of this manuscript.

Funding: This research was funded by Stiftung Tumorforschung Kopf-Hals.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the local ethics committee of the Westphalia Lippe Medical Association
and the Münster University of Applied Sciences (AZ 2021-210-f-S, 29 April 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Material; further inquiries can be directed to the corresponding author/s.

Acknowledgments: We thank Selma Andrea Sondern for English language proof reading and editing.
We acknowledge the support from the Open Access Publication Fund of the University of Muenster.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

https://www.mdpi.com/article/10.3390/cancers16223793/s1
https://www.mdpi.com/article/10.3390/cancers16223793/s1


Cancers 2024, 16, 3793 13 of 21

Appendix A

Table A1. Prognostic model for log2 expression ratio of EV-microRNA-21.

Parameter Estimates

Parameter B Std. Error T Sig.

95% Confidence Interval Partial
Eta-SquaredUpper Bound Lower Bound

Log2EV-miR-21 Constant Term 0.089 0.749 0.119 0.906 −1.437 1.616 0.000
[Oropharynx,
Oral cavity]

−0.054 0.351 −0.155 0.878 −0.769 0.660 0.001

[Larynx,
Hypopharynx]

0 a . . . . . .

[T1] −0.699 0.636 −1.098 0.280 −1.995 0.597 0.036
[T2, T3] −0.721 0.475 −1.518 0.139 −1.689 0.246 0.067
[T4] 0 a . . . . . .
[N0] 1.533 0.507 3.022 0.005 0.500 2.567 0.222
[N1, >N1] 0 a . . . . . .
[HPV positive] 1.525 0.480 3.179 0.003 0.548 2.503 0.240
[HPV negative] 0 a . . . . . .
[T: Sx + RC] 0.776 0.613 1.267 0.214 −0.472 2.024 0.048
[T: Sx + R] 0.664 0.613 1.083 0.287 −0.585 1.912 0.035
[T: Sx] 1.192 0.642 1.855 0.073 −0.117 2.500 0.097
[T: RC] 0 a . . . . . .
[Tobacco] −0.287 0.517 −0.557 0.582 −1.340 0.765 0.010
[Ex-Tobacco] 0.058 0.500 0.115 0.909 −0.961 1.077 0.000
[non-Smoker] 0 a . . . . . .
[C2 active] −0.074 0.359 −0.206 0.838 −0.805 0.657 0.001
[Ex-C2] −0.935 0.715 −1.307 0.200 −2.392 0.522 0.051
[no C2] 0 a . . . . . .
[UICC I] −1.871 0.791 −2.365 0.024 −3.482 −0.259 0.149
[UICC II, III] −0.682 0.576 −1.185 0.245 −1.856 0.491 0.042
[UICC IV] 0 a . . . . . .

Log2EVmiR-21 FU Constant Term 0.363 0.599 0.606 0.549 −0.858 1.584 0.011
[Oropharynx,
Oral cavity]

0.068 0.280 0.241 0.811 −0.503 0.639 0.002

[Larynx,
Hypopharynx]

0 a . . . . . .

[T1] 0.906 0.509 1.781 0.084 −0.130 1.943 0.090
[T2, T3] 0.049 0.380 0.130 0.897 −0.724 0.823 0.001
[T4] 0 a . . . . . .
[N0] 0.321 0.406 0.792 0.434 −0.505 1.148 0.019
[N1, >N1] 0 a . . . . . .
[HPV positive] 0.449 0.384 1.171 0.250 −0.332 1.231 0.041
[HPV negative] 0 a . . . . . .
[T: Sx + RC] −0.447 0.490 −0.912 0.369 −1.444 0.551 0.025
[T: Sx + R] 0.290 0.490 0.592 0.558 −0.708 1.288 0.011
[T: Sx] 0.441 0.514 0.859 0.397 −0.605 1.488 0.023
[T: RC] 0 a . . . . . .
[Tobacco] −0.276 0.413 −0.669 0.509 −1.117 0.565 0.014
[Ex-Tobacco] 0.847 0.400 2.118 0.042 0.032 1.662 0.123
[non-Smoker] 0 a . . . . . .
[C2 active] 0.397 0.287 1.382 0.176 −0.188 0.981 0.056
[Ex-C2] −0.005 0.572 −0.009 0.993 −1.170 1.160 0.000
[no C2] 0 a . . . . . .
[UICC I] −1.608 0.633 −2.542 0.016 −2.896 −0.319 0.168
[UICC II, III] −0.107 0.461 −0.233 0.817 −1.045 0.831 0.002
[UICC IV] 0 a . . . . . .

a This parameter is set to zero because it is redundant.
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Table A2. Prognostic model for log2 expression ratio of EV-microRNA-1246.

Parameter Estimates

Parameter B Std. Error T Sig.

95% Confidence Interval Partial
Eta-SquaredUpper Bound Lower Bound

Log2EV-miR-1246 Constant Term 1.467 1.199 1.224 0.230 −0.974 3.908 0.045
[Oropharynx,
Oral cavity]

−0.245 0.561 −0.436 0.666 −1.387 0.898 0.006

[Larynx,
Hypopharynx]

0 a . . . . . .

[T1] −1.770 1.018 −1.739 0.092 −3.843 0.303 0.086
[T2, T3] −1.615 0.760 −2.126 0.041 −3.162 −0.067 0.124
[T4] 0 a . . . . . .
[N0] 1.791 0.811 2.207 0.035 0.138 3.443 0.132
[N1, >N1] 0 a . . . . . .
[HPV positive] 0.232 0.767 0.302 0.765 −1.331 1.794 0.003
[HPV negative] 0 a . . . . . .
[T: Sx + RC] 1.051 0.980 1.073 0.291 −0.944 3.047 0.035
[T: Sx + R] 1.317 0.980 1.344 0.188 −0.679 3.314 0.053
[T: Sx] 1.340 1.027 1.304 0.202 −0.753 3.432 0.050
[T: RC] 0 a . . . . . .
[Tobacco] −0.808 0.826 −0.978 0.335 −2.491 0.874 0.029
[Ex-Tobacco] −0.349 0.800 −0.436 0.666 −1.978 1.281 0.006
[non-Smoker] 0 a . . . . . .
[C2 active] −0.314 0.574 −0.547 0.588 −1.483 0.855 0.009
[Ex-C2] −2.676 1.144 −2.339 0.026 −5.006 −0.346 0.146
[no C2] 0 a . . . . . .
[UICC I] −1.652 1.265 −1.306 0.201 −4.229 0.925 0.051
[UICC II, III] −0.937 0.921 −1.017 0.317 −2.813 0.940 0.031
[UICC IV] 0 a . . . . . .

Log2EVmiR-1246
FU

Constant Term 0.330 1.027 0.321 0.750 −1.762 2.422 0.003
[Oropharynx,
Oral cavity]

0.115 0.481 0.239 0.813 −0.864 1.094 0.002

[Larynx,
Hypopharynx]

0 a . . . . . .

[T1] 0.776 0.872 0.890 0.380 −1.001 2.553 0.024
[T2, T3] 0.204 0.651 0.313 0.756 −1.122 1.530 0.003
[T4] 0 a . . . . . .
[N0] −0.406 0.695 −0.583 0.564 −1.822 1.011 0.011
[N1, >N1] 0 a . . . . . .
[HPV positive] 0.025 0.658 0.039 0.969 −1.314 1.365 0.000
[HPV negative] 0 a . . . . . .
[T: Sx + RC] 0.292 0.840 0.348 0.730 −1.418 2.002 0.004
[T: Sx + R] 0.302 0.840 0.360 0.721 −1.409 2.013 0.004
[T: Sx] 1.222 0.880 1.388 0.175 −0.571 3.016 0.057
[T: RC] 0 a . . . . . .
[Tobacco] −0.408 0.708 −0.577 0.568 −1.850 1.034 0.010
[Ex-Tobacco] 0.463 0.686 0.675 0.504 −0.934 1.859 0.014
[non-Smoker] 0 a . . . . . .
[C2 active] 0.409 0.492 0.831 0.412 −0.593 1.411 0.021
[Ex-C2] −0.441 0.980 −0.450 0.656 −2.438 1.556 0.006
[no C2] 0 a . . . . . .
[UICC I] −1.149 1.084 −1.060 0.297 −3.357 1.060 0.034
[UICC II, III] 0.279 0.789 0.354 0.726 −1.329 1.887 0.004
[UICC IV] 0 a . . . . . .

a This parameter is set to zero because it is redundant.
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Table A3. Prognostic model for log2 expression ratio of EV-microRNA-1246 (oropharynx).

Parameter Estimates

Parameter B Std. Error T Sig.

95% Confidence Interval Partial
Eta-SquaredLower Bound Upper Bound

Log2EVmiR-1246
(Oropharynx)

Constant Term 0.249 1.169 0.213 0.835 −2.277 2.775 0.003
[T1] −3.052 1.051 −2.905 0.012 −5.322 −0.782 0.394
[T2, T3] −3.687 0.930 −3.965 0.002 −5.697 −1.678 0.547
[T4] 0 a . . . . . .
[N0] 2.963 0.781 3.796 0.002 1.277 4.649 0.526
[N1, >N1] 0 a . . . . . .
[T: Sx + RC] 2.121 1.102 1.924 0.077 −0.261 4.503 0.222
[T: Sx + R] 1.322 1.000 1.323 0.209 −0.837 3.482 0.119
[T: Sx] 1.382 1.591 0.869 0.401 −2.055 4.819 0.055
[T: RC] 0 a . . . . . .
[UICC I] −0.328 0.995 −0.330 0.747 −2.476 1.821 0.008
[UICC II, III] 0.253 0.816 0.310 0.761 −1.509 2.015 0.007
[UICC IV] 0 a . . . . . .

Log2EVmiR-1246
FU
(Oropharynx)

Constant Term 0.578 1.506 0.384 0.707 −2.675 3.831 0.011
[T1] 1.182 1.353 0.874 0.398 −1.741 4.105 0.055
[T2, T3] 1.485 1.198 1.240 0.237 −1.103 4.072 0.106
[T4] 0 a . . . . . .
[N0] −0.693 1.005 −0.689 0.503 −2.864 1.478 0.035
[N1, >N1] 0 a . . . . . .
[T: Sx + RC] −0.374 1.419 −0.263 0.797 −3.440 2.693 0.005
[T: Sx + R] −0.753 1.287 −0.585 0.569 −3.533 2.028 0.026
[T: Sx] 0.490 2.048 0.239 0.815 −3.935 4.915 0.004
[T: RC] 0 a . . . . . .
[UICC I] −1.098 1.280 −0.858 0.407 −3.864 1.668 0.054
[UICC II, III] 0.543 1.050 0.517 0.614 −1.726 2.812 0.020
[UICC IV] 0 a . . . . . .

a This parameter is set to zero because it is redundant.

Table A4. Prognostic model for log2 expression ratio of EV-microRNA-let-7a.

Parameter Estimates

Parameter B Std. Error T Sig.

95% Confidence Interval Partial
Eta-SquaredUpper Bound Lower Bound

Log2EV-miR-let-7a Constant Term 0.409 0.820 0.499 0.621 −1.263 2.081 0.008
[Oropharynx,
Oral cavity]

−0.752 0.388 −1.938 0.062 −1.544 0.040 0.108

[Larynx,
Hypopharynx]

0 a . . . . . .

[T1] −0.609 0.695 −0.876 0.388 −2.026 0.809 0.024
[T2, T3] −1.016 0.520 −1.954 0.060 −2.076 0.044 0.110
[T4] 0 a . . . . . .
[N0] 1.182 0.567 2.085 0.045 0.026 2.337 0.123
[N1, >N1] 0 a . . . . . .
[HPV positive] 1.321 0.572 2.310 0.028 0.155 2.488 0.147
[HPV negative] 0 a . . . . . .
[T: Sx + RC] 0.512 0.669 0.766 0.450 −0.852 1.877 0.019
[T: Sx + R] 0.646 0.669 0.964 0.342 −0.720 2.011 0.029
[T: Sx] 0.597 0.705 0.847 0.403 −0.840 2.034 0.023
[T: RC] 0 a . . . . . .
[Tobacco] −0.387 0.570 −0.679 0.502 −1.550 0.776 0.015
[Ex-Tobacco] 0.233 0.547 0.427 0.673 −0.882 1.348 0.006
[non-Smoker] 0 a . . . . . .
[C2 active] 0.134 0.394 0.339 0.737 −0.670 0.937 0.004
[Ex-C2] −0.786 0.782 −1.005 0.323 −2.382 0.809 0.032
[no C2] 0 a . . . . . .
[UICC I] −0.916 0.882 −1.039 0.307 −2.714 0.882 0.034
[UICC II, III] −0.514 0.634 −0.811 0.423 −1.807 0.779 0.021
[UICC IV] 0 a . . . . . .
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Table A4. Cont.

Log2EVmiR-let-7a
FU

Constant Term −0.291 0.762 −0.382 0.705 −1.845 1.263 0.005
[Oropharynx,
Oral cavity]

−0.032 0.361 −0.089 0.929 −0.768 0.704 0.000

[Larynx,
Hypopharynx]

0 a . . . . . .

[T1] 0.635 0.646 0.984 0.333 −0.682 1.952 0.030
[T2, T3] −0.243 0.483 −0.504 0.618 −1.229 0.742 0.008
[T4] 0 a . . . . . .
[N0] 0.366 0.526 0.696 0.492 −0.707 1.440 0.015
[N1, >N1] 0 a . . . . . .
[HPV positive] 1.039 0.531 1.956 0.060 −0.044 2.123 0.110
[HPV negative] 0 a . . . . . .
[T: Sx + RC] −0.044 0.622 −0.071 0.944 −1.312 1.224 0.000
[T: Sx + R] 0.599 0.622 0.963 0.343 −0.670 1.867 0.029
[T: Sx] 0.917 0.655 1.402 0.171 −0.418 2.252 0.060
[T: RC] 0 a . . . . . .
[Tobacco] 0.023 0.530 0.043 0.966 −1.058 1.103 0.000
[Ex-Tobacco] 1.043 0.508 2.053 0.049 0.007 2.079 0.120
[non-Smoker] 0 a . . . . . .
[C2 active] 0.498 0.366 1.362 0.183 −0.248 1.245 0.056
[Ex-C2] 0.385 0.727 0.529 0.601 −1.098 1.867 0.009
[no C2] 0 a . . . . . .
[UICC I] −1.075 0.819 −1.312 0.199 −2.745 0.596 0.053
[UICC II, III] −0.575 0.589 −0.977 0.336 −1.777 0.626 0.030
[UICC IV] 0 a . . . . . .

a This parameter is set to zero because it is redundant.

Table A5. Prognostic model for log2 expression ratio of EV-microRNA-181a.

Parameter Estimates

Parameter B Std. Error T Sig.

95% Confidence Interval Partial
Eta-SquaredUpper Bound Lower Bound

Log2EV-miR-181a Constant Term −0.892 0.801 −1.114 0.273 −2.523 0.739 0.037
[Oropharynx,
Oral cavity]

−0.083 0.375 −0.222 0.825 −0.846 0.680 0.002

[Larynx,
Hypopharynx]

0 a . . . . . .

[T1] −0.709 0.680 −1.043 0.305 −2.094 0.676 0.033
[T2, T3] −1.099 0.508 −2.165 0.038 −2.132 −0.065 0.128
[T4] 0 a . . . . . .
[N0] 1.251 0.542 2.308 0.028 0.147 2.355 0.143
[N1, >N1] 0 a . . . . . .
[HPV positive] 1.544 0.513 3.012 0.005 0.500 2.588 0.221
[HPV negative] 0 a . . . . . .
[T: Sx + RC] 0.922 0.654 1.408 0.169 −0.411 2.255 0.058
[T: Sx + R] 1.074 0.655 1.640 0.111 −0.260 2.408 0.078
[T: Sx] 1.798 0.686 2.620 0.013 0.400 3.196 0.177
[T: RC] 0 a . . . . . .
[Tobacco] 0.046 0.552 0.083 0.934 −1.078 1.170 0.000
[Ex-Tobacco] 0.344 0.534 0.643 0.525 −0.745 1.432 0.013
[non-Smoker] 0 a . . . . . .
[C2 active] 0.391 0.383 1.019 0.316 −0.390 1.172 0.031
[Ex-C2] −0.284 0.764 −0.371 0.713 −1.840 1.273 0.004
[no C2] 0 a . . . . . .
[UICC I] −1.735 0.845 −2.053 0.048 −3.457 −0.013 0.116
[UICC II, III] −1.206 0.615 −1.960 0.059 −2.459 0.047 0.107
[UICC IV] 0 a . . . . . .
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Table A5. Cont.

Log2EVmiR-181a
FU

Constant Term −1.581 0.689 −2.296 0.028 −2.984 −0.179 0.141
[Oropharynx,
Oral cavity]

−0.174 0.322 −0.539 0.593 −0.830 0.482 0.009

[Larynx,
Hypopharynx]

0 a . . . . . .

[T1] 0.431 0.585 0.737 0.466 −0.760 1.622 0.017
[T2, T3] −0.306 0.436 −0.701 0.488 −1.195 0.583 0.015
[T4] 0 a . . . . . .
[N0] 0.406 0.466 0.870 0.391 −0.544 1.355 0.023
[N1, >N1] 0 a . . . . . .
[HPV positive] 0.890 0.441 2.019 0.052 −0.008 1.788 0.113
[HPV negative] 0 a . . . . . .
[T: Sx + RC] 0.826 0.563 1.468 0.152 −0.320 1.973 0.063
[T: Sx + R] 1.383 0.563 2.456 0.020 0.236 2.530 0.159
[T: Sx] 1.679 0.590 2.844 0.008 0.476 2.881 0.202
[T: RC] 0 a . . . . . .
[Tobacco] 0.076 0.475 0.160 0.874 −0.890 1.043 0.001
[Ex-Tobacco] 0.465 0.460 1.011 0.320 −0.471 1.401 0.031
[non-Smoker] 0 a . . . . . .
[C2 active] 0.598 0.330 1.812 0.079 −0.074 1.269 0.093
[Ex-C2] 0.557 0.657 0.847 0.403 −0.782 1.895 0.022
[no C2] 0 a . . . . . .
[UICC I] −0.761 0.727 −1.047 0.303 −2.241 0.720 0.033
[UICC II, III] −0.144 0.529 −0.272 0.788 −1.222 0.934 0.002
[UICC IV] 0 a . . . . . .

a This parameter is set to zero because it is redundant.

Table A6. Prognostic model for log2 expression ratio of EV-microRNA-26a.

Parameter Estimates

Parameter B Std. Error T Sig.

95% Confidence Interval Partial
Eta-SquaredUpper Bound Lower Bound

Log2EV-miR-26a Constant Term 0.619 1.082 0.572 0.571 −1.584 2.822 0.010
[Oropharynx.
Oral cavity]

−0.041 0.506 −0.080 0.936 −1.071 0.990 0.000

[Larynx.
Hypopharynx]

0 a . . . . . .

[T1] −1.070 0.918 −1.165 0.253 −2.941 .801 0.041
[T2. T3] −1.176 0.686 −1.716 0.096 −2.573 .220 0.084
[T4] 0 a . . . . . .
[N0] 1.000 0.732 1.366 0.182 −0.491 2.491 0.055
[N1. >N1] 0 a . . . . . .
[HPV positive] 0.799 0.692 1.155 0.257 −0.611 2.210 0.040
[HPV negative] 0 a . . . . . .
[T: Sx + RC] 0.459 0.884 0.519 0.607 −1.342 2.259 0.008
[T: Sx + R] 0.711 0.884 0.804 0.427 −1.090 2.513 0.020
[T: Sx] 1.300 0.927 1.403 0.170 −0.588 3.189 0.058
[T: RC] 0 a . . . . . .
[Tobacco] −0.482 0.745 −0.647 0.522 −2.001 1.036 0.013
[Ex-Tobacco] 0.366 0.722 0.507 0.616 −1.105 1.836 0.008
[non-Smoker] 0 a . . . . . .
[C2 active] 0.115 0.518 0.222 0.826 −0.940 1.170 0.002
[Ex-C2] −1.459 1.032 −1.413 0.167 −3.562 0.644 0.059
[no C2] 0 a . . . . . .
[UICC I] −1.275 1.142 −1.117 0.273 −3.600 1.051 0.037
[UICC II. III] −0.735 0.831 −0.884 0.383 −2.428 0.958 0.024
[UICC IV] 0 a . . . . . .
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Table A6. Cont.

Log2EVmiR-26a
FU

Constant Term −0.226 0.651 −0.347 0.731 −1.551 1.099 0.004
[Oropharynx.
Oral cavity]

−0.014 0.304 −0.045 0.965 −0.634 0.606 0.000

[Larynx.
Hypopharynx]

0 a . . . . . .

[T1] 0.345 0.552 0.625 0.536 −0.780 1.471 0.012
[T2. T3] 0.069 0.412 0.166 0.869 −0.771 0.909 0.001
[T4] 0 a . . . . . .
[N0] −0.111 0.440 −0.252 0.802 −1.008 0.786 0.002
[N1. >N1] 0 a . . . . . .
[HPV positive] 0.666 .416 1.600 .119 −0.182 1.515 0.074
[HPV negative] 0 a . . . . . .
[T: Sx + RC] 0.088 0.532 0.166 0.869 −0.995 1.171 0.001
[T: Sx + R] 1.117 0.532 2.100 0.044 0.034 2.201 0.121
[T: Sx] 1.402 0.558 2.513 0.017 0.266 2.537 0.165
[T: RC] 0 a . . . . . .
[Tobacco] −0.157 0.448 −0.351 0.728 −1.070 0.756 0.004
[Ex-Tobacco] 0.884 0.434 2.036 0.050 0.000 1.769 0.115
[non-Smoker] 0 a . . . . . .
[C2 active] 0.545 0.312 1.748 0.090 −0.090 1.179 0.087
[Ex-C2] 0.628 0.621 1.011 0.320 −0.637 1.893 0.031
[no C2] 0 a . . . . . .
[UICC I] −0.855 0.687 −1.246 0.222 −2.254 0.543 0.046
[UICC II. III] −0.431 0.500 −0.861 0.396 −1.449 0.588 0.023
[UICC IV] 0 a . . . . . .

a This parameter is set to zero because it is redundant.

Table A7. Prognostic model for log2 expression ratio of EV-microRNA-181a (oropharynx).

Parameter Estimates

Parameter B Std. Error T Sig.

95% Confidence Interval Partial
Eta-SquaredLower Bound Upper Bound

Log2EVmiR-181a
(Oropharynx)

Constant Term −0.545 1.111 −0.491 0.632 −2.945 1.855 0.018
[T1] −2.036 0.998 −2.039 0.062 −4.192 0.121 0.242
[T2, T3] −1.635 0.884 −1.850 0.087 −3.544 0.274 0.208
[T4] 0 a . . . . . .
[N0] 0.936 0.742 1.262 0.229 −0.667 2.538 0.109
[N1, >N1] 0 a . . . . . .
[T: Sx + RC] 1.804 1.047 1.723 0.109 −0.458 4.067 0.186
[T: Sx + R] 1.398 0.950 1.473 0.165 −0.653 3.450 0.143
[T: Sx] 2.619 1.511 1.733 0.107 −0.646 5.884 0.188
[T: RC] 0 a . . . . . .
[UICC I] −0.159 0.945 −0.168 0.869 −2.200 1.882 0.002
[UICC II, III] −0.185 0.775 −0.239 0.815 −1.859 1.489 0.004
[UICC IV] 0 a . . . . . .

Log2EVmiR-181a
FU
(Oropharynx)

Constant Term −1.708 0.745 −2.294 0.039 −3.317 −0.099 0.288
[T1] 0.080 0.669 0.119 0.907 −1.366 1.525 0.001
[T2, T3] −0.447 0.592 −0.755 0.464 −1.727 0.833 0.042
[T4] 0 a . . . . . .
[N0] 0.338 0.497 0.680 0.509 −0.736 1.412 0.034
[N1, >N1] 0 a . . . . . .
[T: Sx + RC] 1.546 0.702 2.203 0.046 0.030 3.063 0.272
[T: Sx + R] 1.604 0.636 2.521 0.026 0.229 2.979 0.328
[T: Sx] 1.523 1.013 1.503 0.157 −0.666 3.711 0.148
[T: RC] 0 a . . . . . .
[UICC I] 0.878 0.633 1.386 0.189 −0.490 2.246 0.129
[UICC II, III] 0.629 0.519 1.212 0.247 −0.493 1.752 0.101
[UICC IV] 0 a . . . . . .

a This parameter is set to zero because it is redundant.
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Table A8. Prognostic model for log2 expression ratio of EV-microRNA-26a (oropharynx).

Parameter Estimates

Parameter B Std. Error T Sig.

95% Confidence Interval Partial
Eta-SquaredLower Bound Upper Bound

Log2EVmiR-26a
(Oropharynx)

Constant Term −0.495 1.530 −0.324 0.751 −3.801 2.810 0.008
[T1] −3.107 1.375 −2.260 0.042 −6.077 −0.137 0.282
[T2, T3] −2.688 1.217 −2.209 0.046 −5.317 −0.059 0.273
[T4] 0 a . . . . . .
[N0] 0.951 1.021 0.932 0.369 −1.255 3.158 0.063
[N1, >N1] 0 a . . . . . .
[T: Sx + RC] 1.905 1.442 1.321 0.209 −1.211 5.021 0.118
[T: Sx + R] 1.332 1.308 1.019 0.327 −1.493 4.158 0.074
[T: Sx] 3.409 2.081 1.638 0.125 −1.088 7.906 0.171
[T: RC] 0 a . . . . . .
[UICC I] 0.624 1.301 0.479 0.640 −2.187 3.435 0.017
[UICC II, III] 1.515 1.067 1.420 0.179 −0.790 3.821 0.134
[UICC IV] 0 a . . . . . .

Log2EVmiR-26a
FU
(Oropharynx)

Constant Term −0.928 0.783 −1.185 0.257 −2.619 0.764 0.097
[T1] −0.573 0.704 −0.815 0.430 −2.093 0.947 0.049
[T2, T3] −0.365 0.623 −0.586 0.568 −1.710 0.981 0.026
[T4] 0 a . . . . . .
[N0] 0.091 0.523 0.173 0.865 −1.039 1.220 0.002
[N1, >N1] 0 a . . . . . .
[T: Sx + RC] 1.741 0.738 2.358 0.035 0.146 3.336 0.300
[T: Sx + R] 1.934 0.669 2.890 0.013 0.489 3.380 0.391
[T: Sx] 1.971 1.065 1.850 0.087 −0.330 4.272 0.208
[T: RC] 0 a . . . . . .
[UICC I] 0.988 0.666 1.483 0.162 −0.451 2.426 0.145
[UICC II, III] 0.576 0.546 1.054 0.311 −0.604 1.755 0.079
[UICC IV] 0 a . . . . . .

a This parameter is set to zero because it is redundant.
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