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Abstract: Head and neck squamous cell carcinomas (HNSCCs) are often diagnosed at advanced
stages, incurring significant high mortality and morbidity. Several microRNAs (miRs) have been
identified as pivotal players in the onset and advancement of HNSCCs, operating as either oncogenes
or tumor suppressors. Distinctive miR patterns identified in tumor samples, as well as in serum,
plasma, or saliva, from patients have significant clinical potential for use in the diagnosis and progno-
sis of HNSCCs and as potential therapeutic targets. The aim of this study was to identify previous
systematic reviews with meta-analysis data and clinical trials that showed the most promising miRs
in HNSCCs, enclosing them into a biomolecular signature to test the prognostic value on a cohort
of HNSCC patients according to The Cancer Genome Atlas (TCGA). Three electronic databases
(PubMed, Scopus, and Science Direct) and one registry (the Cochrane Library) were investigated,
and a combination of keywords such as “signature microRNA OR miR” AND “HNSCC OR LSCC
OR OSCC OR oral cancer” were searched. In total, 15 systematic literature reviews and 76 prognostic
clinical reports were identified for the study design and inclusion process. All survival index data
were extracted, and the three miRs (miR-21, miR-155, and miR-375) most investigated and presenting
the largest number of patients included in the studies were selected in a molecular biosignature. The
difference between high and low tissue expression levels of miR-21, miR-155, and miR-375 for OS
had an HR = 1.28, with 95% CI: [0.95, 1.72]. In conclusion, the current evidence suggests that miRNAs
have potential prognostic value to serve as screening tools for clinical practice in HNSCC follow-up
and treatment. Further large-scale cohort studies focusing on these miRNAs are recommended to
verify the clinical utility of these markers individually and/or in combination.

Keywords: microRNA; risk factor; HNSCC; oral cancer

1. Introduction

Among the main tumors of the head and neck region, oral squamous cell carci-
nomas (OSCCs) represent the sixth malignant tumor in global incidence, with about
700,000 thousand new cases each year [1].

The risk factors most associated with the onset of head and neck squamous cell
carcinoma (HNSCC) are alcohol and the consumption of smoked or chewed tobacco, and
for laryngeal squamous cell carcinoma (LSCC), positivity to HPV subtypes 16 and 18 was
considered a risk factor but with a favorable prognosis [2].
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Survival at 5 years after diagnosis remains very low, as only one of two patients
survives, and surgical resective therapy can be very debilitating, with a worsening of the
quality of life, difficulty in swallowing and speech, and in general due to a perceived
deterioration in the relationship with other people [3].

The identification of survival prognostic biomarkers remains a very open topic: In fact,
the ability to predict a disease by estimating the clinical trend and survival time remains
one of the diagnostic and prognostic objectives to be achieved. In recent decades, several
prognostic biomarkers have been investigated in an attempt to create a predictive survival
biomolecular signature.

Among the widely studied prognostic and diagnostic biomarkers associated with head
and neck cancers, we have the non-coding sequences of RNA messenger (mRNA), and
among these, microRNAs (miRNA /miRs) [4]. The latter group is a class of mature, non-
coding, single-stranded RNAs with 21-23 nucleotides, which were proposed as promising
biomarkers for patients with cancer diagnosis and follow-up [3,5].

Some previous systematic literature reviews have tried to identify individual miRs,
aggregating the prognostic survival data of multiple studies, obtaining promising results
only in some cases for HNSCCs, such as in the cases of miR-31 [6], miR-21 [7], miR-155 [8],
and miR-195 [9].

Other studies tried to identify a biomolecular signature by aggregating miRNAs in
HNSCC tissue expression, exploring their use as potential biomarkers for cancer detection
and/or prognosis [10,11].

This systematic review aims to identify retrospective and prospective clinical studies
investigating the prognostic value of miR expression in HNSCC patients, as well as includ-
ing data from previous systematic reviews with meta-analyses. From these studies, we
selected the most promising miRs, inserting them into a biomolecular signature to test the
prognostic value on a cohort of HNSCC patients according to the “The Cancer Genome
Atlas” (TCGA) [12].

2. Results
2.1. Study Selection

The following research question guided the selection of the studies: Are there biomolec-
ular signatures consisting of non-coding mRNA sequences (especially miRs) in the scientific
literature, whose differential expression in HNSCC tumor tissues was indicative of a differ-
ent prognosis in patient survival?

The research phase was carried out by consulting and extracting the bibliographic
references on three databases, SCOPUS (2455), Science Direct (1367), PubMed (2505), and
on a Cochrane Library register (5), providing a total of 6332 articles.

Filters were applied on PubMed and Scopus to selectively include literature reviews
and meta-analyses, together with clinical studies. Subsequently, the bibliographic references
of Scopus and PubMed were reported on EndNote X8, and the duplicates were removed,
while further overlapping of the references were manually removed. The articles obtained
were selected by reading the abstract and the title; this phase was also performed for
Science Direct and the Cochrane Library, and the articles selected from these two sources
were added to those chosen from PubMed and Scopus, and thus 117 potentially eligible
records were obtained.

A further search of the gray literature (Google Scholar and Open Gray) and previous
systematic reviews did not identify additional manuscripts for inclusion in the present
systematic review (Figure 1). Records were independently screened by two authors (M.D.
and A.B.), while dubious situations were addressed at the end of the selection by involving
a third author (ES.) to resolve potential conflicts.
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Figure 1. Flowchart describing the mechanisms of screening miR studies and including several
databases and records.

The last update of the literature search was conducted on 13 August 2023.

In total, 76 clinical studies and 15 systematic reviews were included at the end of the
inclusion process. We designed our strategy to be optimized for a sensitive and broad
search, and the results of this selection are reported in a flowchart (Figure 1).

2.2. Data Characteristics: Systematic Review

The systematic reviews included were the following: Dioguardi et al., 2023 [9]; Dio-
guardi et al., 2022 [13]; Dioguardi et al., 2022 [14]; Dioguardi et al., 2022 [8]; Dioguardi
et. al, 2022 [6]; Dioguardi et al., 2022 [7]; Irimie-Aghiorghiese et al., 2019 [15]; Lubov
etal., 2017 [16]; Xie and Wu, 2017 [17]; Wang et al., 2019 [18]; Li et al., 2019 [19]; Qiu et al.,
2021 [20]; Huang et al., 2021 [21]; Jamali et al., 2015 [22]; and Troiano et al., 2018 [23]. The
selected studies reported the following resulting data: overall survival (OS); disease-free
survival (DFS); recurrence-free survival (RFS); cancer-specific survival (CSS); progression-
free survival (PFS), and relative risk (RR).

On average, the selected reviews included many studies (=29.1), with a range from 1 to
36, and the number of included patients ranged from 80 to 1200. Although the systematic
review included HNSCCs, two reviews involved only OSCCs, and one study only covered
LSCCs. The most reviewed prognostic index was the HR of OS (across different miR tissue
expression levels), with thirteen reviews, followed by DFES (six studies), RFS (three studies),
CSS (two studies), and PFS (one study). Only one review evaluated the RR of OS.

The miRs subjected to meta-analyses in the 15 systematic reviews were 64 (miR-205,
miR-429, miR-21, miR-331-3p, miR-200a, miR-19a, miR-151a, miR-17, miR-18b, miR-324,
miR-96, miR-29¢, miR-200b, miR-375, miRNA-204, miR—200c, miR-130a, miR-15b, miR-
203, miR-195, miR-300, miR-146, miR-155, miR-16-2, miR-10a, miR-100, miR-101, miR-34c,
miR-125, miR-149, miR-145, miR-181a, let-7a, miR-494, miR-720, miR-675, miR-137, miR-31,
miR-9, miR-424, miR-23a, miR-196b, let-7g, miR-210, miR-20a, miR-126, miR-205, miR-134a,
let-7b, miR-153, miR-18a, miR-17a, miR-451, miR-193b, miR-455, miR-372, miR-373, miR29b,
miR-1246, miR-196a, miR-181, miR-32, miR-16, and miR-125b).

The microRNAs most reviewed and included in the signatures were miR-21 (in eight
revisions including four as a single miR), miR-155 (four times, three of which were within a
signature with multiple miRs), and miR-375 (two within a signature). In particular, miR-21
was the most studied and (taken individually) presented an HR of OS ranging from 1.29 [7]
to 1.81 [16].

All extracted data are shown in Table 1.
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Table 1. Main data sources extracted from systematic reviews: National Heart, Lung, and Blood Institute (NHLBI); The Reporting Recommendations for Tumor
Marker Prognostic Studies (REMARK); Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2); Meta-Analysis of Observational Studies in Epidemiology
(MOOSE); The Newcastle-Ottawa Scale (NOS); tongue squamous cell carcinoma (TSCC); oral squamous cell carcinoma (OSCC); oropharyngeal squamous cell
carcinoma (OPSCC); CI (confidence interval); The Cancer Genome Atlas (TCGA);\ data not reported; overall survival (OS); disease-free survival (DFS); recurrence-free

survival (RFS); cancer-specific survival (CSS); progression-free survival (PFS); relative risk (RR).

. . Studies and Patients/Sample . .
First Author, Data Country miR Reports Included Total Included HR and RR Data Extract Risk of Bias
Dlogz‘éggcﬁt al, Italy miR-195 3 81 TSCC, 304 LSCC 08, RR = 0.36 95% CI: [0.25, 0.51]; REMARK
Dloggzazrﬁ flt al, Ttaly miR-197 1+TCGA 68 OSCC 0S, HR = 1.01, 95% CI: [1.00, 1.02]; REMARK
. . 417 HNSCC (105 TSCC
Dioguardi et al., . . 4 0OS, HR = 1.67,95% CI: [1.16, 2.49];
, Ttaly miR-196a, miR-196b 5 3 OPSCC, 116 OSCC - ol i REMARK
2022 [14] and others, 192 1SCC) DFS, HR= 1.39, 95% CI: [0.33 5.52];
Dioguardi et al 08, HR = 1.40, 95% CI: [1.13, 1.75];
°g2‘532 [8? al, Ttaly miR-155 8 709 HNSCC (120 LSCC) DFS, HR = 1.36, 95% CI: [0.65 2.83]; REMARK
PFS, HR = 1.09, 95% CI: [0.53 5.15]
Dlogzgggj[lé‘]?t al, Ttaly miR-31 4 240 HNSCC 0S, HR = 1.58, 95% CL: [1.21, 2.06] REMARK
0S, HR = 1.29, 95% CI: [1.16, 1.4];
Dioguardi et al., . DFS, HR = 2, 95% CI: [1.35, 2.95];
2022 [7] Italy miR-21 8 35108CC €SS, HR = 1.19, 95% CT: [0.72, 1.97]; REMARK
RES, HR = 1.41, 95% CI: [0.48-4.15]
Irimje'A‘g’é‘ligr[gl};]ese etal, Romania miR-21 7 757 HNSCC 08, HR = 1.719, 95% CT: [1.402, 2.109] \
Lubov et al., Brazil, iR21 456 HNSCC 0S, HR=1.81, 95% CI: [0.66, 2.9 UADAS-2
2017 [16] Conda miR- 4 56 , HR= 1.81, 95% CI: [0.66, 2.95] Q -
0S, HR = 1.71, 95% CI: [1.20, 2.44];
Xie and Wu, . . CSS, HR = 2.63, 95% CI: [1.25, 5.51];
2017 [17] China miR-21 9 777 Oral Cancer RFS, HR = 2.04, 95% CI: [1.09, 3.80]: MOOSE
DFS, HR= 2.70, 95% CI: [1.08, 6.76]
V‘;%?g ﬁ;]l China miR-375 13 (5 HNSCC) 1340 patients (294 HNSCC) HNSCGC; OS, HR= 1.59, 95% CI [1.16, 2.18] NOS, MOOSE
Lietal., . . A 10 cancers . _ o .
2019 [19] China miR-146 (1 HNSCC 5 TGCA) \ HNSCC; 0S, HR = 0.734, 95% CI: [0.572, 0.941] \
miR-205, miR-429, miR-21, miR-331, miR-200a-3p,
Qiuetal., . miR-19a, miR-21-5p, miR-151a, miR-17, miR-18b, _ o .
2021 [20] China TiR-324, miR-96, iR-29c. miR.200b, miR-375, 10 1093 HNSCC RFS, HR= 2.51, 95% CI: [2.13, 2.96] NOS, QUADAS-2

miRNA-204, miR—200c, miR-130a, miR-15b
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Table 1. Cont.
. . Studies and Patients/Sample . .
First Author, Data Country miR Reports Included Total Included HR and RR Data Extract Risk of Bias
miR-203, miR-195, miR-29¢, miR-300, miR-146,
miR-155, miR-200b, miR-16-2, miR-10a, miR-100,
R T o - ’ ’ OS, HR = 1.10 95% CI: [1.00,1.20] downregolator;
Huang etal., China miR-101, miR-34¢, miR-125, miR-149, miR-145, 36 3020 LSCC 05, HR = 1.13, 95% CI: [1.06-1.20] upregolator; NHLBI
2021 [21] miR-181a, let-7a, miR-21, miR-494, miR-720, DES, HR = 2.57, 95% CT: [1.56-4.23]
miR-675, miR-137, miR-31, miR-9, miR-19a, . e o o
miR-424, miR-23a, miR-196b.
miR-34a, miR-375, mir-155, let-7g, miR-210,
Jamali et al., miR-20a, miR-126, miR-21, miR-205, miR-203, .y _ o . .
2015 [22] Iran iR 195, miR 134 miR.200¢, 17b, MiR-153, 21 HNSCC miR-21 OS, HR = 1.57, 95% CI [1.22-2.02]; MOOSE
miR-18a, miR-17a, miR-451, miR-193b.
miR-21, miR-455-5p, miiR-155-5p, miR-372,
Troiano et al. [23] Ttaly miR-373, miR29b, miR-1246, miR-196a, miR-181. 15 1200 OSCC OS, HR = 2.65 95% CI: [2.07, 3.39]; NOS

miR-204, miR-101, miR-32, miR-20a, miR-16,
miR-17, miR-125b.

DFS, HR 1.95 95% CI: [1.28, 2.98].
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2.3. Data Characteristics: Clinical study

The clinical studies included in the review were 76: Jung et al., 2012 [24]; Kawakita et al.,
2014 [25]; Hedbdack et al., 2014 [26]; Yu et al., 2017 [27]; Supic et al., 2018 [28]; Jakob et al,,
2019 [29]; Li et al., 2013 [30]; Zheng et al., 2016 [31]; Li et al., 2009 [32]; Ganci et al., 2016 [33];
Wang et al., 2018 [34]; Qiang et al., 2019 [35]; Tu et al., 2021 [36]; Hess et al., 2017 [37];
Zhao et al., 2018 [38]; Baba et al., 2016 [39]; Shi et al., 2015 [40]; Kim et al., 2018 [41];
Bersani et al., 2018 [42]; Wu et al., 2020 [43]; Shuang et al., 2017 [44]; Ding and Qi, 2019 [45];
Jia et al., 2013 [46]; Qin et al., 2019 [47]; Liu et al., 2013 [48]; Maruyama et al., 2018 [49];
Zhao et al., 2018 [50]; Luo et al., 2019 [51]; Ahn et al., 2017 [52]; Hudcova et al., 2016 [53];
Kang et al., 2021 [54]; Bonnin et al., 2016 [55]; Ganci et al., 2013 [56]; Harris et al., 2012 [57];
Ahmad et al., 2019 [58]; Rajthala et al., 2021 [59]; Song et al., 2020 [60]; Zhao et al., 2018 [61];
Lietal., 2013 [62]; de Jong et al., 2015 [63]; Fang et al., 2019 [64]; He et al., 2017 [65]; Re et al.,
2015 [66]; Xu et al., 2016 [67]; Tian et al., 2014 [68]; Zhao et al., 2018 [69]; Guan et al., 2016 [70];
Avissar et al., 2009 [71]; Wu et al., 2014 [72]; Wu, Zhang et al., 2014 [73]; Zhang et al.,
2015 [74]; Hu et al., 2015 [75]; Re et al., 2017 [76]; Shen et al., 2012 [77]; Maia et al., 2017 [78];
Ogawa et al., 2012 [79]; Pantazis et al., 2020 [80]; Childs et al., 2009 [81]; Ko et al., 2014 [82];
Arantes et al.,, 2017 [83]; Chang et al., 2013 [84]; Gee et al., 2010 [85]; Jia et al., 2014 [86];
Liao et al., 2013 [87]; Liu et al., 2013 [88]; Liu, Shen et al., 2013 [89]; Luo et al., 2014 [90];
Peng et al., 2014 [91]; Sasahira et al., 2012 [92]; Tu et al., 2015 [93]; Wu et al., 2014 [94];
Xu et al., 2013 [95]; Zhang et al., 2017 [96]; Jia et al., 2015 [97]; Hu et al., 2014 [98]; and
Gu etal., 2018 [99].

The total number of included patients affected by HNSCCs was 6848, with 3295 cases
definitely identified as OSCCs and at least 1493 presenting a localization to the tongue,
while LSCC was present in 2179 patients.

The most used prognostic indices were OS in 51 studies, DFS in 27 studies, RFS in
12 studies, and CSS in 6 studies. For risk factors, only 13 studies investigated HPV positivity,
and 31 studies investigated t-7d, Let-7g, miR-9, miR-15b, miR-17, miR-18a, miR-18b, miR-19,
miR-19a, miR-20b, miR-20a, miR-21, miR-22, miR-23a, miR-26a, miR-29b, miR-29¢, miR-31,
miR-34¢, miR-34a, miR-375, miR-331, miR-324, miR-296, miR-205, miR-203, miR-204, miR-
210, miR-1246, miR-675, miR-451, miR-452, miR-429, miR-422a, miR-134, miR-126, miR-300,
miR-372, miR-373, miR-218, miR-153, miR-155, miR-181a, miR-183, miR-200c, miR-200b,
miR-200c, miR-200a, miR-96 miR-195, miR-196a, miR-196a2, miR-196b, miR-197, miR-198,
miR-151a, miR-146a, miR-99a, miR-99b, miR-100, miR-101, miR-141, miR-143, miR-145,
miR-149, miR-130b, and miR-139.

Among these, the most studied were miR-21 (19 studies), miR-155 (8 studies), and
miR-375 (7 studies).

In miR-21, the HR of OS between high and low expression levels ranged from 5.31 95%
CI: [1.39-20.38] [24] to 1.1302 95% CI: [0.34-3.757] [98], and in poor OS, it was upregulated,
similar to miR-155, while in miR-375, the HR of OS between low and high expression levels
ranged from 12.8 95% CI: [3.4-48.6] [57] to 1.32 95% CI: [0.76-2.27] [53], and in case of
low survival, it was downregulated. All data related to the clinical studies, as well as the
survival data extrapolated from the Kaplan-Meier survival curves, are extensively reported
in Tables 2 and 3.

Analyzing the studies and the systematic reviews performed on the prognostic
biomarkers of survival, it becomes clearly evident that the miR that has been most in-
vestigated and provides the greatest number of data is miR-21, with 19 clinical studies,
followed by miR-155 (8 studies) and miR-375 (7 studies). The other miRs have fewer
studies with fewer patients included than miR-21 (1262 patients), miR-155 (706 patients),
and miR-375 (572 patients).

For this reason, we decided to use a different cohort (TCGA), which includes about
512 patients, to verify whether a biosignature with a high expression of these three miRs in
tumor tissues was correlated with low survival, and significant results were obtained for
miR-21 and miR-155, while for miR-375, low survival was associated with low expression.
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Table 2. Data extracted from the 76 studies included, providing information regarding the type of tumor, the location of the tumor, the number of patients with data
concerning the average age, the average or maximum follow-up, gender, and the common risk factors in the patients are reported to be smoking, alcohol, and
HPV positivity; TNM (T: tumor size; N: regional lymph nodes; M: distant metastasis); pTNM, pathological TNM staging; cTNM, clinical TNM staging; N/A, not
available; Ma (male); Fe (female); R (range); y (years); smoking (Sm); alcohol (Alc); SEM (standard error mean); PS (prospective study); RT (retrospective study);
HPSCC (hypopharyngeal squamous cell carcinoma); OTSCC (oral tongue squamous cell carcinoma); BOTSCC (base of tongue squamous cell carcinoma); NPC

(nasopharyngeal carcinoma). Data are not reported in a clear and explicit manner;\ data not present.

First Author, Study Tumor Type/ . Follow-Up Patient . .
Date Country Design Tumor Site miR Months (Ma, Fe) Age (Years) Smoking Alcohol HPV Staging
17 OSCC (Tongue base 6,
Tongue anterior 3, Tongue o o
];6‘{‘32"[;35 USA RT border 2, Tongue ventral, mlljnzkﬂlzli 2L 180 17 Ma 34-81 \ \ HPV +10, -7 pTI\III\\//[ gtasgi&k 15,
Mouth 1, Oropharynx 1, ’
Tongue unspecified 2)
Kawakita et al., . 44 Ma, >67y47, T1 +T247,
2014 [25] Japan RT 79 OTSCC miR-21 60 35 Fe <67y 32 \ \ \ T3 + T4 32
Hedbick et al., 86 OSCC (Tongue 21, . 63 Ma,
2014 [26] Denmark RT Mouth(ﬂoorgéS) miR-21 60 23 Fe \ Sm yes 86 \ \ ?
Yu et al 100 OSsCC 55.3,
2017 [27']’ Taiwan RT (Buccal 37, Tongue 35, miR-21 100 92 Ma, 8 Fe <55y 56, \ \ \ Stage I+ 1123, Il + IV 77
Mouth floor 12, Others 16) >55y 44
. 58,43-82, Sm
Supic ?;;‘11" Serbia RT 60 OTSCC miR-183, miR-21 80 B <5828, Never/former A\ 1o 3% \ Stage 11 15, 111 45
>58y 32 18, current 42; &
miR-21, miR-29,
miR-31, miR-99a,
Jakob et al., 36 OSCC (Mouth floor 6, miR-99b, Stage I +1I10,
2019 [29] Germany RT Tongue 25, Palate 5) miR-100, 58 27 Ma, 9 Fe 59, 23-84 Sm yes 28 Alc Yes 21 \ M +1V 26
miR-143,
miR-155
Lietal, . .
2013 [30] China RT 63 OSCC (Tongue) miR-21 150 63 Ma 54, 35-72 \ \ \ \
Zheng et al., . 84 Tongue cancer .
2016 [31] China RT (72 OTSCC) miR-21 90 \ \ \ \ \ \
Lietal, . . 56 Ma, <50y 47, Clinical Stage I + II 60,
2009 [32] China RT 103 OTSCC miR-21 70 47 Fe >50'y 56 \ \ \ T+ 1V 43
. iR-130b
Ganci et al., i g 57 Ma, <64y 48, Sm never 22, Alcno 31, T1 + T2 50,
2016 [33] taly RT 9205¢C m‘R'Ilr‘filR’_‘;R'zL 60 35 Fe >64y 44 Sm or ex 53 Alc yes 43 HPV +1 T3+ T4 42
Wang et al., . i 65 Ma, <56y 51, Sm yes 76, Alcno 46, TNM stage I + 11 33,
2018 [34] China RT 118 HNSCC miR-31 60 53 Fe >56y 67 Sm'no 42 Alc yes 71 \ I+ 1V 85
Qiang et al., . 56 HNSCC (21 . 32 Ma, >60y 29, Clinical stage T1 + T2 21,
2019 [35] China RT Hypopharynx, 25 Larynx) miR-31 60 24 Fe <60y 27 \ \ \ T3+ T4 35
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Table 2. Cont.

First Author,

Study

Tumor Type/

Follow-Up

Patient

Date Country Design Tumor Site miR Months (Ma, Fe) Age (Years) Smoking Alcohol HPV Staging
Tu et al., . . 36 Ma
2021 [36] Taiwan RT 40 OSCC miR-31 160 4Fe 5753 £158y Sm yes 30 \ \ Stage I +11112,1IV 28
Hess et al., German RT 149 HNSCC (Oropharynx 78, rIrl:li'{R—_th)%St; 61 123 Ma, 57 38-71 Ex Sm+Sm \ HPV-16 +12 \
2017 [37] y Hypopharynx 71) . ’ 26 Fe ! no 54, Sm yes 92
miR-146a
Zhao et al., . 120 LSCC (Glottic 74, i 107 Ma, >60y 63,
2018 [38] China RT Supraglottic 46) miR-155 79 13 Fe <60y 57 \ \ \ T1 + T2 67, T3 + T4 53
Baba et al., . 49 Ma, <60y 18, pTNM stage
2016 [39] Japan RT 7308CC miR-155 50 24 Fe >60'y 55 \ \ \ 141029, TIT + IV 44
Shi et al., . . 19 Ma, Sm yes 16, Alcno 16, stage
2015 [40] China RT 300scC miR-155 50 11 Fe 40-75,564 + 8.6 never Sm 14 Alc yes 14 \ I+108, 10 +1V 22
68 OSCC (Oral Tongue 39,
Kim et al., Buccal 13, Mouth floor 8, . 45 Ma, PTNM stage I +11 35,
2018 [41] Korea RT Retromolar trigone 7, miR-155 80 23 Fe 57.7,23-84 \ \ \ I +1V 33
Upper alveolar ridge 1)
. iR-155
Bersani et al., mi 4 126 Ma, Tumor stage I + 1117,
2018 [42] Sweden RT 168 OTSCC/BOTSCC mlR—lSS, 34 42 Fe 61 \ \ HPV +110 I + TV 155
miR-193b
Wu et al.,, . . 42 Ma, <50y 39, TNM stage I + 11 46,
2020 [43] China RT 6208CC miR-155 60 20 Fe >50 y 23 \ \ \ Im+1V 16
Shuang et al., . 122 LSCC (Glottis 61, - 80 Ma, <60y 69, Sm yes 99, Clinical stage
2017 [44] China PS Supraglottis 42, Subglottis 19) miR-195 60 42 Fe 60y 53 Smno 23 \ \ I+1123, T + IV 99
Ding and Qi, . 182 LSCC (Supraglottic 50, o 120 Ma, <60y 80, Clinical stage I + 11 130,
2019 [45] China Ps Glottic 95, Subglottic 37) miR-195 60 62 Fe >60y 102 \ \ \ I + IV 52
Jiaetal., . i 45 Ma, <60y 45, Clinical stage I + 1148,
2013 [46] China PS 810TSCC miR-195 48 36 Fe >60y 36 \ \ \ I + IV 33
80 OSCC (Tongue 30, Gingival
Qinetal, Chin - 24, Cheek 13 R196 % 43 Ma, >60y 39, S yes 30, Aleno 36 \ TNM stage I +11 33,
2019 [47] a Floor of Mouth 10, a 37 Fe <60y 41 ° cyes 0 + 1V 47
Oropharynx 3)
Liuetal.,, . 95 OSCC (Buccal 34, Tongue miR-196a, 90 Ma, Clinical stage I + ITI 26,
2013 [48] Taiwan PS 25, Others 36) miR-196a2 8 5 Fe 536 \ \ \ IV 69
miR-196a,
Maruyama et al., miR-10a, 24 Ma, <60y 21, Sm yes 19, Alcno 25, .
2018 [49] Japan PS 50 OSCC (OTSCC 50) miR-10b, 60 26 Fe >60'y 29 Smno 31 Alc yes 22 \ Clinical stage 132, I1 18
miR-196b
Zhao et al., . 113 LSCC (Glottic 70, . 96 Ma, <60y 42, Tumor stage 1147,
2018 [50] China PS Supraglottic 43) miR-156b 97 17 Fe >60y 71 \ \ \ 10 + IV 66




Non-Coding RNA 2023, 9, 54

9 of 32

Table 2. Cont.

First Author, Study Tumor Type/ . Follow-Up Patient . .
Date Country Design Tumor Site miR Months (Ma, Fe) Age (Years) Smoking Alcohol HPV Staging
Sm yes 52, exAlc 17,
Luoetal, China PS 79 1SCC miR-196b 60 66 Ma, 60.58 exSm21, Alcno4, \ TNM stage + 1123,
2019 [51] 13 Fe IIT+ 1V 56
Sm no 6 Alc yes 58
Ahn etal., . 45 Ma, pTNMI + 1135,
2017 [52] Korea RT 68 OSCC miR-197 443 23 Fe 57.7,23-84 \ \ \ I+ IV 33
. . miR-29¢,
Hudcova et al., Czech Republic RT 42 OSC(; (34 patlen’@ included miR-200b, 48 49 Ma 63, 47-87 \ \ \ Tumor stage T1 + T2 18,
2016 [53] in the analysis) . T3 +T422
miR-375
%g% ‘fg j]l China RT 80 0SCC miR-198 60 ? ? ? ? \ ?
75 Oropharynx (Base of
Bonnin et al., tongue 24, Soft palate 11, o > 61 Ma, Alc yes + Sm Alc yes + Sm .
2016 [55] France RT Tonsil 22, Pharyngeal wall 4, miR-422a 50-1207? 14 Fe 54,39-82 yes 56 yes 56 HPV +13 Staging 111 13, STV 62
Vallecula 9, Other 5)
miR-205,
miR-429,
miR-21,
miR-331,
miR-200a,
121 HNSCC miR-19a, Alc yes
Gandi etal., Ltali (Oral cavity 73, miR-21, 89 Ma, 32 <62y 60, Sm no 27, or ex 70, HPV +114, PTNM T1 + T2 56,
talia RT Larynx 29, miR-151a, 73 Sm yes or ex 94, -5,
2013 [56] R Fe >62y 60 Alcno 50, T3 + T4 65
Hypopharynx 9, miR-17, Unknown 1 Unknown 1 Unknown 2
Oropharynx 10) miR-18b,
miR-324,
miR-96,
miR-139,
miR-21-5p,
miR-17-3p
. Sm never 18,
Harris et al., USA PS 123 HNSCC (OSCC 43, miR-375 60 85 Ma, <58y 45, >67y 40, ex Sm 57, Alcno 89, Alc HPV +31, TNM stage I + 11 24,
2012 [57] OPSCC 37, LSCC 43) 38 Fe 59-66, 38 S yes 34 —74 IIT+ VI 99
m yes 48
94 patients, 43 cancers, (Oral
Ahmad et al., . . . . 80 Ma, TNM stage I + 1122,
2019 [55] Czech Republic RT cavity 8, Hipo-pharynx 13, miR-15b 60 14 Fo 58 \ \ \ I + VI 72
Larynx 30, Oropharynx 43)
Stage
Alc low
. 160 OSCC (Tongue 71, Stage 143,
Rajthala et al, Norway RT Gingiva 42, Buccal 20, miR-204 103 102 Ma, 65.25,27-93 Sm no 49, normal 51, HPV —160 stage 1137,
2021 [59] 58 Fe Sm yes 75 Alc moderate-
Floor of mouth 18) Hight 35 stage III 25,
18 Stage IV 57
Song et al., . 146 Ma, Smno 71, Alcno 36, TNM stage I + 11113,
2020 [60] Japan RT 204 OSCC (77 Tongue) miR-200c 40 58 Fe <60y 82, >60y 122 Sm yes 133 Alc yes 168 \ I+ 1V 91
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Table 2. Cont.

First Author,

Study Tumor Type/

Follow-Up

Patient

Date Country Design Tumor Site miR Months (Ma, Fe) Age (Years) Smoking Alcohol HPV Staging
Zhao et al., . 132 LSCC (Glottic 76, . 114 Ma,
2018 [61] China PS Supraglottic 56) miR-145 70 18 Fo <60y 48, >60 84 \ \ \ T stage T2 51, T3 + T4 81
. Clinical stage
Lietal, . . 56 Ma, Sm no 60,
2013 [62] China RT 80 LSCC miR-101 60 24 Fe >60y 48, <60y 32 Sm yes 20 \ \ HII+ 11 38,
+1vV42
. iR-452
de Jong etal., . 34 LSCC (supraglottic 18, mi a1 20 Ma, .
2015 [63] Finland RT glottic 16) miR-141, 60 14 Fe \ \ \ \ T stage 2-3 34
miR-203
Fang et al., . 66 LSCC (Supraglottic 19, o 62 Ma, <60y 26, Alcno 45, TNM stage
2019 [64] China RT Glottic 45, Subglottic 2) miR-29¢ 110 4Fe >60 y 40 \ Alc yes 21 \ 17,1113, T 14, IV 32
Heetal, . . 87 Ma, TNM stage
2017 [65] China RT 133 LSCC miR-300 60 6 e 61.33+£7.86y \ \ \ L+ 165 1 21V 68
Reetal., 99 LSCC (Supraglottic 19, . 87 Ma,
2015 [66] Ttaly RT Transglottic 66, Subglottic 5) miR-34c 120 3 Fe 66.51+8.02y \ \ \ \
. Sm Alc grams of
Xuetal., . 97 LSCC (Glottic 31, . 73 Ma, <60y 46, >60y 51, . Stages
China RT - miR-149 80 . (cigarette/day) <5045, \
2016 [67] supraglottic 19) 24 Fe 70-35, 63.8 1-20 25, >20 36 >50 52 I+1159, 1T+ 1V 38
Tian et al., . 56 LSCC (Supraglottic 26, o 40 Ma, Clinical stage
2014 [68] China RT Glottic 30) miR-203 60 16 Fe 259y 32, <59y 24 \ \ \ I+1024, 11 + IV 32
i Smno 12
Zhao et al., . 127 LSCC (Glottic 77, . 114 Ma, 4 Alcno 93, T stage
2018 [69] China RT Supraglottic 50) miR-181a 69 13 Fe 260y 79, <60y 48 Sm yes 115, Alc yes 34 \ T2 53, T3 + T4 74
Guan et al., . 65 HNSCC (Larynx 46, . 48 Ma, 63.8, T stage T1 + T2 18,
2016 [70] China RT Hypo-others 16) miR-675 72 14 Fe >64y 33, >64y 29 \ \ \ T3 + T4 44
Drinks
. . Pack-years sm, per week,
A‘;‘g‘ggrﬁflv USA RT Pharl6r91 fggfig?ril iil 19 Tﬁ(?f 60 94121}4: 615+119y No (0)22, <3675  No (0) 13, HP\Q\;Q T Stagel+146, 111 +1V 118
yngeat ot Laryng 43, >36.75 68 <1850,
>1870
Wuetal., . 103 LSCC (Supraglottic 66, o 54 Ma, TNM stage I + 11 43,
2014 [72] China Ps Glottic 37) miR-9 60 49 Fe <60y 41, 260 y 62 \ \ \ T +1V 60
Wu, Zhang et al., . . 57 Ma, T stage
2014 [73] China PS 83 LSCC miR-19a 80 26 Fe >56y 42, <56y 41 \ \ \ T1+T252, T3-T4 31
Zhang et al., . . 45 Ma, Smno7, Alcno 15, Clinical stage
2015 [74] China RT 52LSCC miR-23a 60 7Fe <60y 22,260y 30 Sm yes 45 Alc yes 37 \ 16,1112, T 31,1V 3
Huetal., . 46 LSCC (Glottic 33, miR-21, 42 Ma, Smno 12, Alcno 22, TNM stage I + 1131
2015 [75] China RT Supraglottic 11, Subglottic 2) miR-375 60 4Fe 592+784y Sm yes 31 Alc yes 19 \ 1+ 1V 15
Reetal., 43 LSCC (Supraglottic 8, miR-21, let-7a, 42 Ma, TNM stage
2017 [76] Italy RT Transglottic 33, Subglottic 2) miR-34c 557 1Fe 6651+ 802y \ \ \ M 311V 12
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Table 2. Cont.

First Author,

Study

Tumor Type/

Follow-Up

Patient

Date Country Design Tumor Site miR Months (Ma, Fe) Age (Years) Smoking Alcohol HPV Staging
Shen et al., . . TNM stage I + 11 42,
2012 [77] China RT 69 LSCC miR-34a 40 \ <60y 33, >60y 36 \ \ \ I+ 1V 27
Maia et al., Brazil, 34 LSCC (Supraglottic 7, . 30 Ma, <60y 16, Sm yes 31,
2017 [78] Singapore RT Glottic 27) miR-296 40 4 Fe >60y 18 Smno 3 \ \ Tstage 1161118
Ogawa et al., 24 HNSCC (24 Sinonasal . 16 Ma, T stage
2012 [79] Japan RT Squamous Cell Carcinomas) miR-34a 5 8 Fe >60y 14, <60y 10 \ \ \ T21,T3 10, T4a 13
Pantazis et al., . 60 Ma, TNM stage [ 15,11 16,
2020 [30] Greece RT 105 LSCC miR-20b 84 45 Fe 62,36-87 \ \ \ 111 38, IV 36
. 94 HNSCC (Oral cavity 31, Let-7, Sm current 46, -~
Childs et al., USA RT Oropharynx 32, Hypopharynx, miR-205, 60 71 Ma, <60y 41, <60y 63 Sm former 39, \ HPV\16 59, Tumor stage I + 1124,
2009 [81] - 33 Fe +37 MI 1V 80
9 Larynx 32) miR-21 Sm never 17
Ko etal., 167 HNSCC (Oropharynx 88, o 136 Ma, Smno 57, HPV —131, Stage
2014 [82] Korea RT Oral cavity 79) miR-21 72 31 Fe 56,25-90 Sm yes 109 \ +31 126, 11 35, 11 20, TVa 86
Arantes et al., . 71 HNSCC (Oropharynx 35, i 68 Ma, % Clinical stage T2 + T3 46,
2017 [83] Brazil RT Larynx,/Hypopharynx 38) miR-21 60 3 Fe 40-76 Sm yes 57 Alc yes 27 HPV +6 T425
98 OSCC (Buccal 43 . .
Chang et al., . A ’ miR-20a, 83 Ma, <50y 34, Sm yes 81, Clinical stage I + 11 42,
2013 [84] Taiwan RT tongue 29, Gingiva 21, miR-17 84 15 Fe >50'y 64 Smno 17 \ \ I + 1V 56
Floor of the mouth 5)
. . Alcno 10,
Gee et al 46 HNSCC (Oral cavity 10, miR-210, 37 Ma Sm never 6, ex never heavy
7 UK RT Oropharynx 21, Hypopharynx miR-21, 60 ’ 63,43-92 Sm 12, Sm \ Stage 12,112,116,V 35
2010 [85] . . 9 Fe 14, currently
9, Larynx 5, Paranasal sinus 1) miR-10b current 28 h
eavy 22
Jiaetal., . o 40 Ma, <60y 41, Clinical stage I+II 45,
2014 [86] China RT 76 TSCC miR-26a 48 36 Fe >60y 35 \ \ \ TI+IV 31
106 OSCC (Tongue 18 Floor
Liao etal,, . of mouth 4 Buccal 12, . 30 Ma, TNM Stage
2013 [87] China RT Hard palate 4, miR-1246 60 19 Fe <60y 21,260y 28 \ \ \ 141025, [T + 1V 24
Upper or lower gingival 11)
Liuetal., . . 206 Ma TNM stage I +II
2013 [85] China RT 280 NPC miR-451 96 74 Fe <45y 136,>45y 144 \ \ \ 91, I1 + IV 189
. 96 HNSCC Stage
Lmz'glff?ggs al, Taiwan RT (Buccal 34, Tongue 26, miR-134 80 %0 B 53.5 \ \ \ 1+1027,
Oral pharynx and Other 36) IV 69
Luoetal., . . 127 Me, Clinical stage I + 1172,
2014 [90] China PS 168 NPC miR-18a 80 Fe 41 >50y 99, <50y 69 \ \ \ T + TV 96
Peng et al miR-218,
201g4 [()1]" Taiwan RT 58 OSCC miR-125b, 60 \ \ \ \ \ \

Let-7g
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Firs:)zzrethor, Country g:::lg}; ]}ltrx:];rglt):l miR F(I)\:[lgzigp (I;Z;ieé: ) Age (Years) Smoking Alcohol HPV Staging

SaSZEE)}}inT()e;]aL, Japan RT (Tongii%é?,iiirs 54) miR-126 60 65801\12[: ’ 674, 46-91 \ \ \ I +CHH;2,CEII%ISFIg\§ 44
Rk e m ROCEmmiee  mon o ow o : U e
o ff;i] Taiwan RT 1 fséfifg(ﬁggz\e}fﬁ'tggal miR-218 9% o <55y66, >55y49 O ;1255605’ RS ;1;6% HEIery  Stagel+T161, T +1V 54
- ;*[jé] China RT 65 0SCC . 60 \ \ \ \ \ \

Zhang [89231" China RT 4408CC miR-375 60 \ \ \ \ \ \
%Bal;t[f‘);] China RT 105 TSCC miR-375 50 A <60y 65, >60 y 40 \ \ \ Clinical stage '+ 1155,
s o B
. ;t[;‘;] China 56 TSCC miR-22 60 SR ;%%yyg \ \ \ e g 46
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Table 3. The values of HR (95% confidence interval) and RR for the different prognostic indices of
survival are shown in the table; overall survival (OS); disease-free survival (DFS); recurrence-free

survival (RFS); cancer-specific survival (CSS); progression-free survival (PFS); relative risk (RR); high

versus low expression (H-L); low versus high expression (L-H); infinite (inf).

F‘“B‘tl‘:“"” miR 0s DFS css RES PFS RR
1‘216‘1‘52'3[;35 miR-21 5.31 (1.39-20.38) H-L
Kawakita
etal, miR-21 1.19 (0.71-1.9) H-L
2014 [25]
Hedbiack
etal, miR-21 270 (1.1-6.9) H-L
2014 [26]
Yu et al., .
2017 [37] miR-21 1.87 (1.21-2.87) H-L
S‘;g;g 6[358&]1 miR-21 2,002 (0.904-4.434) H-L
miR-183 5.666 (1.708-18.791) H-L  1.868 (0.924-3.776) H-L
]azlgig ‘f;;ll miR-21 2.31 (0.62-8.58) H-L 018 (0.02-1.39) H-L  0.16 (0.02-1.22) H-L
iR29b 2,7726,7353.03 4.09 4
(0-inf) H-L (0.93-17.93) H-L (0.92-17.45) H-L
miR-31 3.69 (1.07-12.79) H-L 1.82 (0.66-5.05) H-L  2.31 (0.94-5.69) H-L
miR-99a 0.31 (0.1-0.95) H-L 0.69 (0.29-1.64) H-L  0.64 (0.28-1.42) H-L
miR-99b 0.58 (0.17-1.94) H-L 0.22 (0.07-0.76) H-L  0.27 (0.09-0.79) H-L
miR-100 3.14 (0.66-39.98) H-L 249 (0.72-8.67) H-L  2.85(0.83-9.74) H-L
miR-143 0.2 (0.04-0.92) H-L 056 (0.22-145) H-L 046 (0.18-1.17) H-L
miR-155 2.94 (0.93-9.29) H-L 2,04 (0.67-62) H-L 192 (0.7-5.22) H-L
2[611?[216’] miR-21 213 (1.11-4.10) H-L
Z}z‘gi‘g ﬁf]ﬂ" miR-21 1.22 (1.09-1.36) H-L
Lietal., .
2009 [32] miR-21 2.06 (1.21-3.51) H-L
Gzaé‘fg [e;’]l miR-21 4.2 (1.1-15.98) H-L
miR-130b 2.9 (0.8-11) H-L
miR-141 4(1.26-13.9) H-L
miR-96 57 (1.52-21.3) H-L
"gaorl“g’ F; Jf‘]l miR-31 3.31 (1.42-5.36) H-L 3.86 (1.53-6.05) H-L
Qiang et al., iR-31 1.38 (1.02-1.87) H-L
2019 [35] RS 38 (1.02-1.87) H-
Tuetal., .
2021 [36] miR-31 1.68 (0.7747-3.6433) H-L
}21331576[;;} miR-155 1.9 (1.0-3.7) H-L
miR-200b 1.4 (0.8-2.6) H-L
miR-146a 22 (1.2-4.3) H-L
Zztbal% Tt%;]l miR-155  1.476 (0.983-1.916) H-L
B;‘Oblze[gg}" miR-155 5.156 H-L 1.3300 H-L
%‘i ;t[j(l)] miR-155 1.748 (0.508-6.015) H-L
Kim et al., .
2018 [41] miR-155 1.6300 p = 0.7592 H-L
Bersani et al., .
miR-155 05760 p = 0.30 H-L

2018 [42]
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F‘“B‘z‘gh"r’ miR os DFS css RES RR
Wuetal, RS 1.6600 1.4900
2020 [43] p=0.6780 H-L p=0.7861 H-L
Shuang et al., . RR 0.358
2017 [44] miR-195 (0.134-0.959)
Ding and Qi, i RR 0.3616
2019 [45] miR-195 (0.2409-0.5428)
Jia etal,, ) RR 0.322
2013 [46] miR-195 (0.120-0.865
Qinetal., .
5019 [47] miR-196a  2.175 (1.455-4.034) H-L
Liuetal., miR-196a,
2013 [48] miR-196a2 2.57(120-5.48) H-L
Mar;g’las‘r[‘i‘g‘it al, iR-19%a 0.91 (0.12-7.19) H-L 0.6 (0.18-2.06) H-L
Zz}g’l% T; 8]1 miR-196b 1577 (0.989-2.516) H-L
Luoetal., iR-196b 1 D HL
2019 51] miR-196 .80 (0.38-8.51) H-
’;g;‘f[t;;l]" miR-197 1.01 (1.00-1.02)?
Huggfg 'E‘;;t] al, miR-200b 1.00 (0.42-2.38) H-L 1.25 (0.51-3.08) H-L 0.91 (0.14-5.23) H-L
miR-375 1.32 (0.76-2.27) H-L 1.45 (0.74- 2.81) H-L 1.77 (0.67-468) H-L
miR-29¢ 0.89 (0.47-1.70) H-L 0.80 (0.37-1.75) H-L 0.31 (0.10-0.91) H-L
I;aog% Tg jll miR-198 3.996 (1.345-5.885) L-H  3.609 (1.123-5.334) L-H
B‘;‘g}%“[;;f‘l" miR-422a 1.99 (1.07-3.7) L-H
Ganci et al., .
5013 [56] miR-205 4.98 (1.67-14.9) H-L
miR-429 445 (1.59-12.45) H-L
miR-21-3p 2.17 (0.98-4.83) H-L 3.12 (1.28-7.6) H-L
miR-331 3.45(1.24-9.64) H-L
miR-200a 3.1(1.18-7.9) H-L
miR-19a 2.86 (1.1-7.7) H-L
miR-21-5p 241 (1.1-5.53) H-L 2.77 (1.04-7.38) H-L
miR-151a 3 (1-8.97) H-L
miR-17 2.1(0.91-4.71) H-L 2.82(0.98-8.14) H-L
miR-18b 2.54 (0.97-6.69) H-L
miR-324 2.62 (0.85-8) H-L
miR-96 2.19 (0.87-5.53) H-L
miR-139 0.33 (0.12-0.87) H-L
H;éilzs [8;7?1" miR-375 12.8 (3.4-48.6) L-H
Agg‘lagd[géfl” miR-15b 0.246 (0.053-0.787) H-L
Raggllé‘[;e;]al" miR-204 0.668 (0.45-1.00) H-L 0.56 (0.33-0.96) H-L
5;&%‘}28} miR-200c 1.669 (1.03-2.703) L-H 1.705 (1.136-2.56) L-H
Z;Eﬁ% 8[2 fll miR-145 0.662 (0.298-1.004) H-L
2%11‘;*[212"] miR-101 1.13 (0.17-7.50) L-H
dGZ{)‘)lrég[ggfl" miR-452 05p=01HL
miR-141 07p=04HL
miR-203 06p=04HL
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F‘“Bﬁ;‘:}“’r’ miR 0s DFS css RFS PFS RR
Fangetal., . 0.350
2019 [64] miR-29¢ (0.129-0.949) H-L
2%’”1 7“[ Zé] miR-300 1.89 (0.66-2.33) L-H
Reetal.,, . 3.623
2015 [66] miR-34c 1911680 181 (102325 L-H
?0‘;?[2;']' miR-149 1.57 (1.02-2.40) L-H
1;8?4"‘{621]" miR-203 p=0002L-H
Zhao et al., . 0.559
2018 [69] miR-181a (0.211-1.106) H-L
Guan et al., . 3.26
2016 [70] miR-675 252 (175845 HL (o4 16 g1
szlg(s);r[;tl ]al" miR-21 1.68 (1.04-2.77) H-L
Wu et al., miR-9 3.18
2014 [72] (2.19-11.91) H-L
W“'Z%kl‘zr[?ﬁt al, miR-19 2.260 p = 0.034 H-L
Zhang et al., . 6.712
2015 [57] miR-23a (2.076-21.700) H-L
Expression ratio
. Set[;;] of miRNA- p=0.032
0 21/miRNA-375
Reetal,, miR34c.5 7.32 7.830
2017 [76] P (2.33-23.00) L-H (2.225-27.552) L-H
s;)elr;e[;;} miR-34a 4.02 (1.67-9.69) L-H
1\;[8?7?;;} miR-296 8.6 (1.7-42.2) H-L
Ogawa et al., . 0.005 5
2012 [79] miR-34a (0.00-0.29) L-H 0 L-H?
Pantazis et al., miR-20b 11.62 423
2020 [80] (2.64-46.62) H-L (1.75-22.52) H-L
C%g‘; [%tl‘i‘l" miR-205 251 p0.025 L-H
miR-21 1.00 p 0.995 H-L
Le7d 1.73 p 0.166 L-H
Ko etal, iRO1 2972 1.659
2014 [82] (1.340-6.590) L-H? (0.824-3.343) L-H?
Ar;é‘ltgs[gfl" miR-21 2.05 (1.05-4.02) H-L
C}Z‘S%’ [‘;ﬁl miR-17 247 (1.37-4.44) L-H
miR-20a 3.44 (145-8.15) L-H
Gee et al., . 6.88
2010 [85] miR-210 (2.30-20.53) H-L
Jiaetal., ) RR 0.283
2014 [86] miR-26a (0.118-0.682)
Lzlgl";[tga;] miR-1246 2.82 (1.07-7.43) H-L
;5‘;;};;1 miR-451 2.00(1.18-341)L-H  1.81(1.16-2.83) L-H
Liuégf;}‘gg; al, miR-134 217 (1.17-5.12) H-L
Luoetal., miR-18a 0.4147

2014 [90]

(0.2208-0.7791) L-H
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Table 3. Cont.
F‘“B‘z‘:}“’r’ miR os DFS css RES PFS RR
P;&ie[;?} Let-7g 3267 (1.164-9.174) L-H  3.289 (1.059-10.204) L-H
Sasz‘“(‘)};izra[gezt]al" miR-126 2.631 (0.9886-7.9851) L-H
2T0“1§t[313] miR-372 2.57 (1.20-5.48) H-L
miR-373 2.62 (1.47-4.64) H-L
‘2’\611‘ ﬁ%ll miR-218 2,51 (1.32-4.77) L-H
Xuetal., .
2013 [95] miR-153 2.295 (1.168-4.508) L-H
miR200c  2.202 (1.110-4.371) L-H
Zgzrl‘%t()i“l" miR-375 1.61 (0.96-2.70) L-H
Jia etal,, . i RR 0.449
2015 (7] miR-375 2.07 (1.02-4.20) L-H 0.207-0978)
%‘;ft[;é] miR-375 1.88 (0.56-6.31) L-H
miR-21 1.1302 (0.34-3.757) H-L
%‘i;t[j;] miR-22 p <0.005L-H

Using the extracted data shown in Tables 1 and 2, the three main miRs investigated in
the literature (miR-21, miR-155, and miR-375), whose altered expression was investigated in
the prognosis of survival in HNSCC patients and included in molecular biosignatures, were
then selected. The evaluation was performed through the Kaplan—-Meier plotter database portal
(https:/ /kmplot.com/analysis/, accessed on 10 May 2023) [100], and HR data were extracted.

The difference between high and low tissue expression levels of the miRs taken into
consideration presents an HR of OS = 1.28 95% CI: [0.95, 1.72], log-rank p = 0.1. Moreover,
the Kaplan-Meier survival curve generated using the portal is depicted in Figure 2, and the
considered follow-up period was 60 months. The median survival in the cohort of patients
with low expression was 58.73, while that in patients with high expression was 46.47.

The cut-off value between high and low miR expression levels was automatically
generated through the portal (Figure 3), and the cut-off values and the related p-values are
present in the the Supplementary Materials (S1).

The portal to generate and display the Kaplan-Meier plot is used to establish a cut-off
value and assign samples to one of the two cohorts, using the best available cut-off value.

To find the best cut-off, the process is repeated using the values of the input variables
from the lowest quartile to the upper quartile, and the Cox regression for each setting is
calculated [101].

The most significant cut-off value was employed as the optimal threshold to segregate
the input data into two groups. Subsequently, the system presents a straightforward visual
representation of this analysis, displaying the p-values obtained concerning the selected
cut-off values.

In cases where the generated cut-off values were ambiguous (e.g., multiple cut-off
values resulted in very low p-values), the value corresponding to the highest hazard ratio
was selected.

The calculation of multiple cut-off values led to the generation of multiple assumptions.

Hence, in this setup, the FDR was automatically computed using the Benjamini-Hochberg
method to correct for multiple hypothesis testing [102].

Spearman’s correlation and Pearson’s correlation between the expression values of the
different miRs investigated (Tables 4 and 5) were also calculated.
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Figure 2. Kaplan—-Meier curve based on miR-21, miR-155, and miR-375 expression levels for overall
survival (OS) of patients with HNSCC (TCGA cohort); false discovery rate (FDR): 100%. Kaplan—
Meier curves created from a public database and Kaplan-Meier plotter web application (http://
kmplot.com/analysis/, accessed on 10 May 2023).
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Figure 3. Automatically generated cut-off plot using the Kaplan-Meier plotter web application,
http:/ /kmplot.com/analysis/, accessed on 10 May 2023. Significance vs. cut-off values between the
lower and upper quartiles of expression are presented, with the red circle indicating the best cut-off.
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Probability

Table 4. Spearman’s correlations.

miR miR-21 miR-155 miR-375
miR-21 1(p<1x107%
miR-155 0.1122 (p = 0.0152) 1(p<1x107%
miR-375 —04331 (p<1 x 107%) —0.0107 (p = 0.8177) 1(p<1x107%

Table 5. Pearson’s correlations among different microRNAs.

miR miR-21 miR-155 miR-375
miR-21 1(p<1x107%
miR-155 0.1426 (p = 0.002) T(p<1x107%
miR-375 —0.2241 (p<1 x 1074 —0.0336 (p = 0.4684) 1(p<1x107%

All reported data can be reproduced via the Kaplan—-Meier plotter portal [101].
Furthermore, additional tests were performed on miR-21, and for the main downregu-
lated miRs described in the literature, the extrapolated data are described in Figure 4.

hsa-mir-21
o Q]
-~ ] HR =1.27 (0.95 - 1.71) - HR = 0.66 (0.49 - 0.88)
logrank P = 0.11 logrank P = 0.0046
© @ |
o o
© it
g T g o ] W%“M
Q Hh,
© R1TS
+4, Q
< | * © <« |
o Qo
o~ N
© | Expression © | Expression
— low — low
© | —— high S | high
o 1 T T T T T T o T T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (months) Time (months)
Number at risk Number at risk
low 195 159 115 75 52 33 19 low 141 110 72 53 34 22 16
high 327 268 172 116 75 55 35 high 381 317 215 138 93 66 38
B

Figure 4. (A) Kaplan-Meier curve based on miR-21 expression levels for overall survival (OS) of
patients with HNSCC (TCGA cohort) FDR: 100%; (B) Kaplan—-Meier curve based on hsa-miR-153
(-), hsa-miR-200c (-), hsa-miR-363 (-), hsa-miR-17 (-), hsa-miR-205 (-), hsa-Let-7d (-), hsa-Let -7g
(-), hsa-miR-34a (-), hsa-miR-375 (-), hsa-miR-491 (-), hsa-miR-218 (-), and hsa-miR-125b (-); OS
HR = 0.66 95% CI: [0.46-0.88]; FDR: over 50%; Kaplan-Meier curves created from public database
and Kaplan-Meier plotter web application (http://kmplot.com/analysis/, accessed on 10 May 2023).

Furthermore, the main results related to the resistance to chemotherapy and radiother-
apy administered to patients, in support of resective surgical treatment and in relation to
the altered expression of microRNAs, were extracted from the studies, as shown in Table 6.
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Table 6. Data on resistance to chemotherapy and radiotherapy in relation to altered expression of microRNAs.

First Autor, Data miR Tumor Type Adjuvant Therapy Ché?:;?}i{e‘;zt;;e]grug Main Results of the Study
Zheng et al., 2016 [31] miR-21 OTsCC chemotherapy \ miR-21 enhances chemo-resistance in OTSCC
miR-155, 5-fluorouracil /cisplatin MiR-146a was revealed as a prognostic marker for chemoradiation.
Hess et al., 2017 [37] miR-200b, HNSCC radiotherapy/chemotherapy 5-fluorouracil /mit(nl; in, C MiR-155 and miR-146a were identified as markers for
miR-146a orourac e tumor-infiltrating lymphocytes.
. . . . miR-196a may serve as a promising predictor of and potential
Qin et al., 2019 [47] miR-196a HNSCC chemotherapy cisplatin therapgutic target fgr cispla t%npresistance in HI\I:T) C
miR-15b-5p represents a potentially helpful biomarker for
Ahmad et al., 2019 [58] miR-15b HNSCC radiotherapy \ individualized treatment decisions concerning the management of
HNSCC patients treated with intensity-modulated radiotherapy
miR-203 causes intrinsic radioresistance of HNSCC, which could
de Jong et al., 2015 [63] miR-203 HNSCC radiotherapy \ enable the identification and treatment modification of
radioresistant tumors.
. . . miR-296-5p expression is associated with resistance to
Maia etal,, 2017 78] miR-296 Lsce radiotherapy \ radiotherapy and tumor recurrence in early-stage LSCC
miR-34a expression can be an independent prognostic biomarker
Ogawa et al., 2012 [79] miR-34a HNSCC chemotherapy cisplatin in patients with sinonasal squamous cell carcinoma who are
undergoing treatment with cisplatin
Zhang et al., 2017 [96] miR-375 OSsCC radiotherapy \ mlRNA-fZSi?;laféfzgii;?;hoagg Ce nhances
Gu et al., 2018 [99] miR-22 TscC chemotherapy cisplatin strong correlation between miR-22 expression and

chemosensitivity to cisplatin in TSCC patients
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2.4. Risk of Bias

The risk of bias for systematic reviews was determined using the ROBIS tool, and
for each factor, it was evaluated as “low”, “high”, or “unclear”. The three phases of the
evaluation process were as follows: Phase 1: the evaluation of the relevance of the research
question (PICO); Phase 2: the identification of critical points of the review process; and
Phase 3: the evaluation of the overall risk of bias of the review. All data related to the risk
of bias are reported in Table 7.

Table 7. Risk of bias, ROBIS scale: ok (low); ? (unclear).

Phase 1 Phase 2 Phase 3
o epens Identification and Data Collection . . .
First Author, Data PICO Study l::llg.lblhty Selection and Study Syn.the§ls .RIS]( of B{as
Criteria . . and Findings in the Review
of Studies Appraisal
D1og218;r3d[19 e]zt al., ok ok ok ok ? ok
Dioguardtal. « " " ™ o o
Dioguaei sl . N " N ot o
DlogZL(;;;d[%?t A ok ok ok ok ok ok
Dioguas sl " w o - o o
Dlo%g;;d[;it 2l ok ok ok ok ok ok
Ir1m1e—A§(})111(9Jr[%};1]ese etal, ok ? ? ok ok ok
S ok : ? ’ o* o
o Flt ésa]l" ok ? ok ok ok ok
2]6112t[a11f§] ok ! ’ ’ o o
%ouzllefzebl]" ok ok ok ok ok ok
g ok : : o o >
s [eztzéil" ok ? ok ok ok ok
Il N : - o o o

The main critical issues related to the individual revisions are as follows:

> Irimie-Aghiorghiese et al., 2019 [15]: Study eligibility criteria (?): The protocol number
with which the systematic review was registered was not reported. Identification
and selection of studies (?): The selection was performed only on two databases
(PubMed and Embase), and the number of authors who conducted the research was
not specified, nor were the start or end dates in which the review was conducted.

> Lubov et al., 2017 [16]: Study eligibility criteria (?): The protocol number with which
the systematic review was registered was not reported. Identification and selection of
studies (?): The number of authors who selected the articles and the start or end dates
of the review were not reported. Data collection and study appraisal (?): The number
of authors who performed the data extraction and the methods of data extraction
were not stated. The manuscript is both a systematic review and a retrospective study
of 100 patients.

> Xie and Wu, 2017 [17]: Study eligibility criteria (?): The protocol number with which
the systematic review was registered was not reported.
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>  Wang et al,, 2019 [18]: Study eligibility criteria (?): The protocol number with which
the systematic review was registered was not reported.

> Lietal., 2019 [19]: Study eligibility criteria (?): The protocol number with which the
systematic review was registered was not reported. Identification and selection of
studies (?): The start or end dates of the review were not specified. Data collection and
study appraisal (?): The risk of bias was not formally assessed using an appropriate
scale or tool. A bioinformatic analysis was also performed.

> Huang et al., 2021 [21]: Study eligibility criteria (?): The protocol number with which
the systematic review was registered was not reported. Identification and selection of
studies (?): The start and end dates of the review were not specified.

> Jamali et al., 2015 [22]: Study eligibility criteria (?): The protocol number with which
the systematic review was registered was not reported.

> Troiano et al., 2018 [23]: Study eligibility criteria (?): The protocol number with which
the systematic review was registered was not reported.

>  Dioguardi et al.,, 2023 [9]: Synthesis and findings (?): The obtained results were
excessively emphasized in the conclusions.

The risk of bias for prognostic studies was assessed using the parameters derived
from REMARK. According to the REMARK guidelines, a score ranging from 0 to 3 was
considered for each factor (Table 8).

Table 8. Assessment of the risk of bias; REMARK.

Marker Classical

First Author, Data Sample Clinical Data Quantification Prognostication Statistics Prognostic Factors Score
Jung et al., 2012 [24] 1 2 3 2 2 3 13
Kawakita et al., 2014 [25] 3 2 2 2 1 3 13
Hedbick et al., 2014 [26] 3 2 2 3 3 2 15
Yu et al., 2017 [27] 3 2 3 3 3 2 16
Supic et al., 2018 [28] 2 3 3 3 3 3 17
Jakob et al., 2019 [29] 1 3 3 3 3 3 16
Lietal., 2013 [30] 2 2 3 2 2 3 14
Zheng et al., 2016 [31] 3 1 3 3 2 2 14
Li et al., 2009 [32] 3 3 3 3 3 3 18
Ganci et al., 2016 [33] 3 2 3 3 3 2 16
Wang et al., 2018 [34] 3 2 3 2 2 3 15
Qiang et al., 2019 [35] 2 3 3 2 2 2 14
Tu et al., 2021 [36] 1 3 3 2 2 2 13
Hess et al., 2017 [37] 3 2 3 2 2 2 14
Zhao et al., 2018 [38] 3 2 3 2 2 2 14
Baba et al., 2016 [39] 2 3 3 2 2 2 14
Shi et al., 2015 [40] 1 2 3 2 2 2 12
Kim et al., 2018 [41] 2 2 3 2 2 1 12
Bersani et al., 2018 [42] 3 3 3 2 2 1 14
Wu et al., 2020 [43] 2 2 3 3 3 2 15
Shuang et al., 2017 [44] 3 2 3 2 3 2 15
Ding and Qi, 2019 [45] 3 2 3 2 3 2 15
Jia et al., 2013 [46] 2 2 3 2 3 2 14
Qin et al., 2019 [47] 2 3 2 2 3 2 14
Liu et al., 2013 [48] 2 1 2 2 3 2 12
Maruyama et al., 2018 [49] 2 2 2 3 2 3 14
Zhao et al., 2018 [50] 3 1 2 2 3 2 13
Luo et al., 2019 [51] 2 3 3 2 2 2 14
Ahn et al., 2017 [52] 2 3 1 2 3 2 14
Hudcova et al., 2016 [53] 2 2 3 3 3 2 15
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Table 8. Cont.

First Author, Data Sample Clinical Data Qui\r/ftai;}(czrtion Prognostication Statistics ngg(l;i;i?:dors Score
Kang et al., 2021 [54] 2 1 3 3 3 2 14
Bonnin et al., 2016 [55] 2 2 3 3 3 2 15
Gandi et al., 2013 [56] 3 3 3 3 3 2 17
Harris et al., 2012 [57] 3 3 2 3 3 2 16
Ahmad et al., 2019 [58] 2 2 3 3 3 2 15
Rajthala et al., 2021 [59] 3 3 3 3 3 2 17
Song et al., 2020 [60] 3 2 3 3 3 2 16
Zhao et al., 2018 [61] 3 2 3 2 3 2 15
Lietal, 2013 [62] 2 3 3 3 2 2 15
de Jong et al., 2015 [63] 1 1 3 2 3 3 13
Fang et al., 2019 [64] 2 3 3 3 3 2 16
He et al., 2017 [65] 3 2 2 3 3 2 15
Re et al., 2015 [66] 3 1 2 3 3 2 14
Xu et al., 2016 [67] 3 3 2 3 2 3 16
Tian et al., 2014 [68] 2 1 2 3 2 3 13
Zhao et al., 2018 [69] 3 3 2 3 3 2 16
Guan et al., 2016 [70] 2 2 2 3 3 3 15
Avissar et al., 2009 [71] 3 3 3 3 3 3 18
Wu et al., 2014 [72] 3 2 2 3 3 3 16
Wu, Zhang et al., 2014 [73] 2 3 2 3 3 3 16
Zhang et al., 2015 [74] 1 3 2 3 2 3 14
Hu et al., 2015 [75] 1 3 3 3 2 3 15
Re et al., 2017 [76] 1 2 3 3 2 3 14
Shen et al., 2012 [77] 2 1 2 3 2 3 13
Maia et al., 2017 [78] 1 3 2 3 2 2 13
Ogawa et al., 2012 [79] 1 1 2 3 2 3 12
Pantazis et al., 2020 [80] 3 2 2 3 3 3 16
Childs et al., 2009 [81] 2 3 3 3 3 3 17
Ko et al., 2014 [82] 3 3 2 3 3 3 17
Arantes et al., 2017 [83] 2 3 2 3 2 3 15
Chang et al., 2013 [84] 2 2 3 3 2 3 15
Gee et al., 2010 [85] 1 3 3 3 2 3 15
Jia etal., 2014 [86] 2 2 2 3 2 3 14
Liao et al., 2013 [87] 3 2 2 2 2 3 14
Liu et al., 2013 [88] 3 2 2 3 3 3 16
Liu, Shen et al., 2013 [89] 2 2 2 3 2 3 14
Luo et al., 2014 [90] 3 2 2 3 3 3 16
Peng et al., 2014 [91] 1 1 3 2 2 3 12
Sasahira et al., 2012 [92] 3 2 2 2 2 3 14
Tu et al., 2015 [93] 1 2 3 3 2 3 14
Wu et al., 2014 [94] 3 3 2 3 3 3 17
Xu et al., 2013 [95] 2 1 3 2 2 3 13
Zhang et al., 2017 [96] 1 1 2 2 2 3 11
Jia et al., 2015 [97] 3 2 2 2 2 3 14
Hu et al., 2014 [98] 1 3 3 2 3 3 15
Gu et al., 2018 [99] 2 2 2 2 3 3 14
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3. Materials and Methods
3.1. Protocol

The planning of the systematic review was implemented following the guidelines
described in the Cochrane Handbook for Systematic Reviews of Interventions. The drafting
of the review manuscript followed the recommendations of PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) [103], and the protocol was registered
on PROSPERO before carrying out the selection of articles and was registered with the
registration number CRD42023400856.

3.2. Eligibility Criteria

The search was directed towards the identification of retrospective or prospective
clinical studies and bibliographic sources that reported systematic reviews of the literature
regarding the role of non-coding RNAs and in particular of miRs, reporting prognostic data
of survival in patients with HNSCCs associated with altered expression of a single miR or
a signature of miR.

The exclusion criteria were the exclusion of all clinical trials and systematic reviews
reporting no data on the use or detection of a molecular biosignature consisting of miRs in
HNSCCs, all literature reviews (considered as bibliographic sources only), and studies that
did not have an abstract in English.

Thus, the reporting data of all clinical trials and meta-analyses on a biomolecular
signature consisting of miRs that is prognostic of survival in HNSCCs were considered
potentially eligible.

The systematic review involved two reviewers (M.D. and A.B.) and followed the
following stages:

1. Choice of reviewers (M.D. and A.B.) and a third reviewer (F.S.) as a supervisor in case
of conflict regarding the studies to be included, choice of outcomes to identify, choice
of databases and k words used, choice of criteria of admissibility, choice of data to be
extracted and methods of synthesis and registration of the protocol on PROSPERO;

2. Identification of records and selection of studies through databases with the removal
of duplicates performed manually or by software (EndNote 8.0), performed indepen-
dently and subsequently comparison of selected studies and decision of studies to be
included;

3. Independently performed table data extraction and subsequent data comparison to
minimize the risk of error in reporting information.

3.3. Sources of Information, Research, and Selection

The keywords used were microRNA AND HNSCC, LSCC AND MicroRna, OSCC
AND MicroRna, and signature microRNA AND HNSCC.

The search was conducted on 3 databases, namely Science Direct, SCOPUS, and
PubMed, and one registry, the Cochrane Library. Additionally, Google Scholar (keywords
microRNA), gray literature sources such as Open Gray (keywords microRNA), and refer-
ences from previous systematic reviews on miRs and HNSCCs were searched.

Particularly, the following are all the keywords used in the PubMed search:

Search: (signature microRNA OR miR) AND (HNSCC OR LSCC OR OSCC OR oral
cancer) Sort by: Most Recent.

(((“protein domains”[MeSH Terms] OR (“protein”[All Fields] AND “domains”[All
Fields]) OR “protein domains”[All Fields] OR “signature”[All Fields] OR “signatures”[All
Fields]) AND (“microrna s”[All Fields] OR “micrornas”[MeSH Terms] OR “micrornas”[All
Fields] OR “microrna”[All Fields])) OR (“med int rev”[Journal] OR “manag int rev”[Journal]
OR “mir”[All Fields])) AND (“hnsccs”[All Fields] OR “squamous cell carcinoma of head
and neck”[MeSH Terms] OR (“squamous”[All Fields] AND “cell”[All Fields] AND “carci-
noma”[All Fields] AND “head”[All Fields] AND “neck”[All Fields]) OR “squamous cell
carcinoma of head and neck”[All Fields] OR “hnscc”[All Fields] OR “LSCC”[All Fields] OR
“OSCC”[All Fields] OR (“mouth neoplasms”[MeSH Terms] OR (“mouth”[All Fields] AND
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“neoplasms”[All Fields]) OR “mouth neoplasms”[All Fields] OR (“oral”[All Fields] AND
“cancer”[All Fields]) OR “oral cancer”[All Fields])).

Translations

Signature: “protein domains”[MeSH Terms] OR (“protein”[All Fields] AND “do-
mains”[All Fields]) OR “protein domains”[All Fields] OR “signature”[All Fields] OR “sig-
natures”[All Fields].

microRNA: “microrna’s”[All Fields] OR “micrornas”[MeSH Terms] OR “micrornas”[All
Fields] OR “microrna”[All Fields].

miR: “Med Int Rev”[Journal:__jid0017632] OR “Manag Int Rev”[Journal:__jid101593556]
OR “mir”[All Fields].

HNSCC: “hnsccs”[All Fields] OR “squamous cell carcinoma of head and neck”[MeSH
Terms] OR (“squamous”[All Fields] AND “cell”[All Fields] AND “carcinoma”[All Fields]
AND “head”[All Fields] AND “neck”[All Fields]) OR “squamous cell carcinoma of head
and neck”[All Fields] OR “hnscc”[All Fields].

Oral cancer: “mouth neoplasms”[MeSH Terms] OR (“mouth”[All Fields] AND “neo-
plasms”[All Fields]) OR “mouth neoplasms”[All Fields] OR (“oral”[All Fields] AND “can-
cer”[All Fields]) OR “oral cancer”[All Fields].

The literature search was completed on 20 February 2023.

The data to be extracted included the first author of the study, the publication date,
the country in which the research was conducted, the type of squamous cell carcinoma, the
number of patients involved in the study, the clinical characteristics of the patients and
tumors included in the studies, data on the positivity to the HPV virus and exposure to
risk factors such as smoking and alcohol, as well as clinical data on the staging of patients
included in the studies and on the average or maximum follow-up, risk of bias tools, the
studied miRs, the value or type of risk rate (RR) or hazard rate (HR) for various prognostic
survival indices: overall survival (OS), disease-free survival (DFS), progression-free survival
(PFS), relapse-free survival (RFS), and cancer-specific survival (CSS).

3.4. Risk of Bias, Bioinformatic Analysis

Furthermore, the data of a cohort of patients with HNSCCs (N ~ 512) extracted from
the Cancer Genome Atlas (TCGA) database were analyzed to obtain the HR values and
associate the prognosis indices with the expression of the signature of miRs created and
selected by the authors.

The risk of bias in the individual systematic reviews was assessed by two authors
(M.D. and A.B.). The ROBIS (Risk of Bias in Systematic Reviews) was used as an assessment
tool specifically developed to assess the risk of bias in systematic reviews. Studies with a
high risk of bias were excluded from the review [104].

Clinical studies with the risk of bias were evaluated by two authors (M.D. and A.B.),
and the tool used for the assessment of the parameters was derived from the reporting
recommendations for prognostic studies of markers (REMARK). Studies with a high risk of
bias were excluded from the analysis [105].

4. Discussion

In the last 40 years, a considerable number of new cancer biomarkers have been
identified, but only a few have managed to be effectively used in clinical practice.

Many biomarkers pass validation very well, with concordant and reproducible results
across trials; nevertheless, these biomarkers lack the capacity to decisively contribute to
patient care, except to provide some additional information on prognosis. Therefore, they
are considered by clinicians to be not fundamental in the therapeutic choice.

Physicians often show a tendency to overtreat specific patients, rather than relying
on prognostic biomarkers that offer less than precise predictions. Using these flawed
prognostic biomarkers could result in fewer patients receiving overly aggressive treatments
(true positives) but, at the same time, could also increase the chance of not treating some
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patients who may actually benefit from therapy (false negatives). Therefore, from a clinical
point of view, with the exclusion of fraudulent situations and sensationalist discoveries,
the prognostic biomarkers detected are not so promising, and their failure is due to their
inadequate performance in clinical practice.

Hence, in the process of transitioning a promising biomarker from Phase 1 studies
to clinical implementation, meticulous consideration should be given to the study’s de-
sign, aiming to mitigate bias in the utilization of sensitive, specific, and precise analytical
methodologies. This involves the careful selection of suitable samples, both in terms of
quantity and quality, as well as appropriate patient subgroups for the purpose of validation.
Furthermore, it is imperative to apply statistically robust and rigorous methods to prevent
the occurrence of data overfitting.

The data present in the literature demonstrate how miRs are stable, and the results
deriving from the studies are consistent and reproducible, making miRs potential promising
biomarkers for diagnosis and prognosis [106].

Prognostic biomarkers including miRs could have a significant impact in helping
clinicians improve the quality of life and health conditions of HNSCC patients, providing
useful information for oncologists in terms of the most appropriate therapeutic choice,
according to life expectancy and neoplasm aggressiveness [107].

Knowledge of the prognostic potential of biosignatures could be useful for clinicians
after the diagnosis of HNSCCs to define prognosis by formulating predictive models of
individualized prognostic risk. Bringing this model back into clinical practice in patients
with HNSCCs who have unfavorable prognostic biosignatures (with low RFS or OS), a more
or less aggressive therapy or surgical treatment could be recommended, with a tailored
therapeutic approach in the context of personalized medicine [108].

The discovery of the miRs” prognostic value presents critical insights with potential
biases that must be taken into consideration before, during, and after the execution of
retrospective studies or clinical trials, but also during the data meta-analysis. The choice of
variables can significantly affect the results as well as the overall validity of the analysis.

Factors such as sample size, the heterogeneity of patient populations, virus positivity
(HPV and EBV), and the choice of statistical analysis can affect the results.

In the context of HNSCCs, taking, for instance, HPV positivity as a variable, the
role of papillomavirus as a risk factor in a subset of head and neck cancers [109], mainly
oropharyngeal and laryngeal cancers, has been established, with different epidemiological,
clinical, and molecular characteristics compared with HNSCCs, starting with HPV positiv-
ity, which was associated with distinctly different and more favorable prognostic survival
values [110].

Therefore, the inclusion or exclusion of some clinical variables (smoking, alcohol,
age, and gender) may alter the results of prognostic values for the associations observed
between miR signatures, including the related survival results [111].

The meta-analysis size of the sample can also be addressed by performing a trial
sequential analysis (TSA) to verify the power of the results as a function of the sample, with
an effect achieved in terms of RR [112].

In addition, some laboratory study phases can be biased, making the detection of
biomolecular signatures in biological samples difficult. In fact, possible biases can be
identified in the sample selection (e.g., fresh tissue, fixed tissue, and biological fluids), RNA
extraction, and sample quality control. In addition, miR profiling can also be affected by
variability in the technical platform (instruments and software), which is an important
source of bias that affects not least the data analysis [113].

In addition, the results of tissue miR expression seem to be influenced by the tissue
preservation technique (frozen or in formalin); in fact, to reduce the heterogeneity of the
data, it is recommended to aggregate data during a meta-analysis by conducting a subgroup
analysis also based on the category of tissue preservation [114].

The difficulty in determining the prognostic value of miRs is due to the complexity of
biological systems and the multiple roles of miRs in the regulation of gene expression. It
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is important to remember that microRNA expression patterns can vary between different
cancer types, and even within subtypes of the same cancer, making it difficult to establish
universal prognostic markers [113].

Furthermore, many miR biosignatures are currently being developed using algorithms
and machine learning based on the search for associations between expression and dis-
ease outcomes. Therefore, causality is often not considered, and algorithms can generate
signatures that are not biologically expressive, despite their statistical significance [115].

In this context, the execution of systematic reviews with the inclusion of Phase 2
prognostic studies can lead to improvement in these studies by better highlighting the most
reliable and predictable results while not overlooking data without statistical significance
or evidence (publication bias). The present systematic review aims to refine the design,
execution, and reporting of Phase 2 studies [116,117] and provide useful knowledge in
guiding Phase 3 clinical studies aimed toward finding a prognostic model [118].

Jamail et al. indicated that the over- or underexpression of some miRs was related to
the survival of patients with HNSCCs, reporting that the elevated expressions of miR-21,
miR-18a, miR-134a, miR-210, miR-181a, miR-19a, and miR-155 were associated with a
reduction in the survival of patients with HNSCCs, while the decreased expression of miR-
153, miR-200c, miR-363, miR-203, miR-17, miR-205, miR-Let-7d, Let-7g, miR-34a, miR-126a,
miR-375, miR-491-p5, miR-218, miR-451, and miR-125b was associated with a poor survival
prognosis [22].

These results agree with the findings of Huang et al. (2021) [21], who provide evidence
in their review of LSCC suggesting that miRNA-100, miR155, miR-21, miR-34a, miR-195,
and miR-let-7 are potential tumor biomarkers.

In light of the data reported in the medical literature, and from the preliminary research
conducted in the field [6-9,13,14,119], we carried out our review after registering it on
Prospero, which was written following the indications of PRISMA. A meta-analysis of the
data was not carried out due to the excessive heterogeneity of data and histological subtypes
of HNSCCs, and thus a TCGA analysis was instead used to test possible microRNA
biosignatures that emerged from the data extraction and qualitative analysis of the studies.

In this systematic review, we identified 64 miRs from 15 systematic reviews, whose
altered expression was correlated with prognostic indices. The miRs mainly investigated
were miR-21, miR-155, and miR-375. HR values for OS in miR-21 ranged from 1.29 to 1.72,
and these values were 1.59 for miR 375 and 1.40 for miR-155 (considering only the results
of meta-analyses reporting HR values aggregated for individual miRs); the HR values for
several miR panels ranged from 2.65 to 1.10 (Table 1).

By selecting the three miRs that, based on our research, were the most investigated in
HNSCCs, and performing a survival analysis using these three miRs on the patient cohorts
present in the TCGA, an HR of OS equal to 1.28 was found. From these preliminary data, it
is evident that the existing results in the literature are still insufficient to clearly define a
prognostic microRNA biosignature, and the retrospective statistical analyses performed
using the TCGA in an attempt to further validate the findings do not fully achieve this
purpose. In fact, by considering only miR-21, three meta-analyses report an aggregate HR
value of about 1.7 as the difference between high and low expression levels, while using
the TGCA, considering a follow-up period of 60 months, miR-21 presented an HR (high
and low expression) equal to 1.27 95% CI: [0.95, 1.71] (Figure 4). Considering instead the
HR data of miR-21, miR-155, and miR-375 using the TCGA and combining them in a single
prognostic signature, the value of HR was 1.28 95% CI: [0.95, 1.72].

The performance of miRs is more or less superimposable if we consider the miRs
that are reportedly downregulated in the literature during HNSCCs; for instance, Jamali
et al. (2015) [22] and Wang et al. (2019) [18] revealed that hsa-miR-153 (-), hsa-miR-200c (-),
hsa-miR-363 (-), hsa-miR-17 (-), hsa-miR-205 (-), hsa-Let-7d (-), hsa-Let -7g (-), hsa-miR-34a
(-), hsa-miR-375 (-), hsa-miR-491 (-), hsa-miR-218 (-), hsa-miR-125b (-), and hsa-mir-375 (-)
were downregulated, with an HR = 0.66 95% CI: [0.46-0.88] (Figure 4). Considering the
HR between low and high expression levels, an HR of 1.51 was observed. These results
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are largely reproducible using the Kaplan—-Meier portal except for subsequent updates
of the latter.

5. Conclusions

In conclusion, we can state that although prognostic survival biomarkers have been
identified that possess a discrete potential consisting of a miR signature, in the current state
of knowledge for head and neck tumors, there are no studies that fully validate the results.
Nevertheless, it is crucial to emphasize that additional validation is necessary before we
can definitively establish their practicality. While some miRNA studies have revealed
noteworthy findings related to their influence on patient survival, the limited number
of studies that have been agregaded to derive these results diminishes their relevance in
clinical contexts. Hence, there is a clear need for more extensive and long-term patient
studies that specifically investigate these miRs.
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