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Abstract

Background: Oral cancer (OC) is usually diagnosed at advanced clinical stages due to its asymptomatic nature and
absence of pathognomonic signs in its early development phase. Delayed diagnosis is one of the major causes of
OC treatment failure and poor prognosis. Development of alternative diagnostic approaches are imperative for
improving early detection and therapeutic success rates. Salivary cytokines (SC) have been studied as potential
diagnostic biomarkers for OC and may represent a potential tool for improvement of its early detection.

Methods: In this systematic review and meta-analysis we identified SC studied as OC biomarkers by systematically
reviewing the PubMed and Cochrane Library databases using the terms: “oral cancer”, “cytokine”, and “saliva’, and
also combined with “interleukin” or “interferon”. Only case-control studies that measured SC by ELISA from treatment
naive patients were included in the qualitative review. For the meta-analysis were included all comparable studies
that provided enough data (sample size, mean and standard deviation or standard error of the mean) for SC levels
in OC patients, non-cancer controls and patients with oral potentially malignant disorders (OPMD), including
leukoplakia. Comparisons with patients with oral lichen planus (OLP) and gingivitis were included in the qualitative

analysis.

Results: A total of 28 articles (from 2004 to 2018) were included in the systematic review, describing 10 different
SC, being IL-8 and IL-6 the most studied ones. SC levels were consistently higher among OC patients when
compared to healthy controls and to patients with OPMD, OLP and gingivitis. Meta-analysis including 23 eligible
studies showed that IL-8, IL-6, TNF-q, IL-13 and IL-10 salivary levels were significantly higher in OC patients
compared to controls; and that IL-8, IL-6, TNF-a and IL-1f3 salivary levels were also higher in OC patients compared
to individuals with OPMD. When compared to healthy controls, OPMD patients showed significantly higher IL-6 and
TNF-a salivary levels.

(Continued on next page)

* Correspondence: antuani.baptistella@unosec.edu.br

'Universidade do Oeste de Santa Catarina (UNOESC), Joacaba, SC, Brazil
“Programa de Pos-Graduacao em Biociencias e Saude/Universidade do Oeste
de Santa Catarina, Joacaba, SC, Brazil

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-07932-3&domain=pdf
http://orcid.org/0000-0003-1708-9921
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:antuani.baptistella@unosec.edu.br

Chiamulera et al. BMC Cancer (2021) 21:205

Page 2 of 16

(Continued from previous page)

biomarkers to the clinical practice.

Conclusions: Our analyses showed that the salivary levels of some cytokines are consistently different among OC,
OPMD and healthy patients, indicating that these SC may represent potential diagnostic biomarkers for OC and
OPMD. Despite of that, SC levels were highly variable among studies, suggesting that further technical
improvement and standardization for SC measurement by ELISA is needed in order to successfully translate these
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Background

Oral squamous cell carcinoma (OC) is the most com-
mon type of oral cancer, and represents ~ 2% of all can-
cer cases in the USA. More than 50% of OC patients are
diagnosed at advanced clinical stage, with large primary
tumors and nodal or distant dissemination. Patients with
advanced OC are usually treated with multimodal thera-
peutic approaches, which are poorly effective and linked
to high morbidity [1, 2]. The 5-year survival rate for ad-
vanced OC patients is around 50%, while 85% survival
rate is observed for early-stage patients [3, 4]. Thus,
early diagnosis is a major prognostic factor for OC
patients.

Unfortunately, diagnosis of OC at early stages is chal-
lenging. Detection of early lesions is usually incidental,
since they are usually asymptomatic and rarely perceived
by patients. Clinically, early OC lesions may resemble
other benign oral mucosal conditions, which can lead to
delayed diagnosis. Also, many of the OC cases are pre-
ceded by lesions with considerable potential for malig-
nant transformation (mostly oral leukoplakia), which are
collectively named as oral potentially malignant disor-
ders (OPMD). Although only 2% of the OPMD will
eventually turn into cancer, determination of its malig-
nant transformation risk and distinction from early stage
OC are quite challenging [4—7]. Thus, histopathological
assessment is imperative for definitive diagnosis which
can contribute to further delay in OC detection [8, 9].

Considering that, many research groups have been
seeking for early OC detection biomarkers, and differen-
tiate it from benign lesions with similar clinical features.
Because saliva is in intimate contact with the oral mu-
cosa, it has been widely studied as a source of OC bio-
markers [10]. Saliva carries molecules and cells
originated in the aero-digestive tract, as well as nucleic
acids and proteins that are passively and actively trans-
ported from the circulatory system into the salivary
glands [11]. In this way, it has been suggested that saliva
has a similar potential as a source of biomarkers as the
blood, but with the advantage of being obtained by non-
invasive, inexpensive, and safer techniques [12].

Several exploratory case-control studies found that sal-
ivary cytokines (SC) were highly deregulated in OC pa-
tients [13-16]. Considering the ubiquitous role of

cytokines in human diseases [17], subsequent studies in-
vestigated whether SC levels would be different between
OC patients and individuals with inflammatory or
benign oral mucosa conditions [18—20]. These studies
supported the association between SC and OC, corrob-
orating with the hypothesis that SC are potential OC
diagnosis biomarkers.

Despite of that, there is still no consensus on the dis-
criminatory power for each SC, or whether these cyto-
kines are able to differentiate OC from OPMD and
other inflammatory oral diseases. Therefore, the object-
ive of this systematic review and meta-analysis is to
identify the SC with potential diagnostic power for OC
detection and to verify whether the levels of these SC
are consistent among different studies. The results pre-
sented here are of great relevance for guiding future
technical and clinical endeavors seeking the develop-
ment of early stage OC biomarkers based on SC, which
is an essential step towards treatment improvement for
OC patients.

Methods

This review was performed following the Cochrane
Handbook for Systematic Reviews of Interventions (Ver-
sion 5.1.0) [21], also registered and published at the
International prospective register of systematic reviews
(PROSPERO - n° CRD42018111397). Data search,
screening and extraction were executed by two of the
authors (MMAC and CBZ).

Data search was performed using the electronic data-
bases PubMed and Cochrane Library, considering manu-
scripts published between 1950 and 2019 and 1999 and
2019, respectively. The searching terms used were: “cyto-
kine”, “oral cancer” and “saliva”, and also combined with
“interleukin” or “interferon”. The searching period was
from September 3rd, 2018 to January 31st, 2019.

The resulting manuscripts were initially screened by
title and abstract, followed by a full-text analysis. Dupli-
cates were checked manually and removed by two of the
authors (MMAC and CBZ). Manuscripts were then se-
lected based on the following inclusion criteria:

e Publication type: Peer-reviewed original articles,
published in the English language;
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¢ Study design: Case-control studies with human
subjects

e Exposure of interest: Participants enrolled in the
“case” group diagnosed with OC and “controls”
corresponding to healthy subjects. For both groups,
SC should have been measured in its protein form.

e Method of sampling: SC measured using enzyme-
linked immunosorbent assay (ELISA).

e Research question: Studies comparing SC levels
between OC patients, non-cancer control subjects
and patients with OPMD or leukoplakia.

In case of discordance about the eligibility criteria, a
third author (ARB) was consulted.

Data extraction

A database was created to organize the information from
the selected publications, including author details, year
of publication, number of patients, and mean SC expres-
sion values with standard deviation or standard error of
the mean. Two authors (MMAC and CBZ) analyzed the
data and a third author (ARB) re-evaluated all the
information.

The selected articles were further evaluated consid-
ering the following aspects: whether the period of
sample collection was reported; if the study was pro-
spective; if the techniques for saliva collection, stor-
age, and analysis were standardized and properly
reported.

Data analysis

The data used for the meta-analysis were sample size,
mean and standard deviation of the expression of SC in
healthy controls, OC patients and patients with OPMD,
including leukoplakia. Studies lacking any of these infor-
mation were excluded. All data for the standard errors
of the mean (SEM) were converted to standard devia-
tions (SD) and all measurements were converted to pico-
grams of protein per milliliter of saliva (pg/mL), and
studies were excluded when this conversion was not
possible. Measurements that were observed in single
studies were also excluded from the meta-analysis be-
cause of the impossibility to estimate a combined effect.
All these findings, however, were included in the qualita-
tive analysis.

The random effects meta-analysis was conducted
using the “meta” package in R. The standard mean
difference (SMD) was estimated using the Hedges' g,
and the in-between study variance (1?) was calculated
using the DerSimonian-Laird estimator. All in-text
data is represented as SMD followed by 95% confi-
dence intervals (CI).
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Results

The initial search in electronic databases PubMed
(1950-2019) identified 182 studies. After screening, a
total of 28 studies were included into our qualitative
analysis (Fig. 1). Among the selected articles, Polz-
Dacewicz et al. (2016) reported SC concentrations in
nanograms of protein per milliliter of saliva (ng/mL),
which were converted to picograms of protein per milli-
liter of saliva (pg/mL) aiming to standardize their find-
ings with the other studies. Gongalves et al. (2015) was
not included in the meta-analysis because the measure-
ments were reported in picograms of SC per milligram
of total salivary protein (pg/mg). Four studies were ex-
cluded because of lacking information concerning SD or
SEM.

The selected 28 studies were all published between
2004 and 2018, from 12 different countries and the
sample size ranged from 18 to 300 patients. The con-
trol groups were composed by healthy individuals,
patients with OPMD, oral lichen planus (OLP), or
periodontitis (Tables 1, 2, 3, 4, 5 and 6). The total
number of patients, combining the 28 studies, consid-
ering each SC evaluated and each study group are de-
scribed in the Fig. 2. IL-8 was investigated in 1245
individuals, followed by IL-6 and Tumor Necrosis
Factor o (TNFa), investigated in 963 and 724 individ-
uals, respectively. In total, the SC identified in the
frequency of appearance in these studies were IL-8
(50%), IL-6 (50%), TNF-a (28.6%), IL-1f (21.4%), IL-
10 (17.9%), IL-1a (10.7%) and IL-1, IL-1RA, IL-4 and
IL-13 (3.6% each) (Fig. 2a). Among the studied groups
in the 28 selected studies, OC had the higher number
of individuals included (1670), followed by 1574
healthy subjects, 667 patients with OPMD, 108 with
OLP and 62 with periodontitis (Fig. 2b). The number
of occurrences of each SC for each condition is sum-
marized in Fig. 2c.

The meta-analysis comparing the concentration of SC
in OC patients versus healthy controls showed a signifi-
cant increase in the level of IL-8 (standardized mean
difference (SMD)=1.77; 95% CI 0.79 to 1.55), IL-6
(SMD =2.08; 95% CI 1.33 to 2.84), TNF-a (SMD = 2.04;
95% CI 0.47 to 3.61), IL-1B (SMD =0.78; 95% CI 0.44 to
1.13), and IL-10 (SMD =0.46; 95% CI 0.05 to 0.86) in
the cancer group. IL-1a was the only SC that did not
present a significant difference (SMD =2.21; 95% CI -
0.36 to 4.77) (Fig. 3). IL-1, IL-1RA, IL-4 and IL-13 were
excluded from the analysis because there was just a sin-
gle observation for each.

Most likely due to variations in experimental proce-
dures for saliva collection and SC quantification, in-
between studies heterogeneity was high in most cases.
When comparing OC vs. controls, heterogeneity was
non-significant only for IL-10 (I* 46%, p = 0.16).
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Fig. 1 PRISMA flow diagram of study selection process (Moher, Liberati, Tetzlaff, Altman, & PRISMA Group, 2009)

Interleukin-8

IL-8 levels in OC patients were compared to controls in
14 articles. The study with the smaller population of OC
included five patients (Cheng, S. et al. 2014), and the lar-
gest one evaluated SC concentration in 100 OC patients
(Rajkumar, K. et al. 2014). Among these 14 articles, 14
groups of OC, 5 groups of OPMD patients, 2 groups of
OLP and 2 groups of periodontitis patients were evalu-
ated. In all these studies, IL-8 levels were reported to be
significantly different between OC patients and controls.
The values of IL-8 in control group varied from 52.1 to
1580.7 pg/mL; for the premalignant group, values be-
tween 140.3 and 1918.2 pg/mL were found; and in the
OC group, the values were between 283.7 and 4082.8
pg/mL [14, 22-34]. Out of these 14 studies, 11 were eli-
gible for meta-analysis, and the combined effect was sig-
nificant, indicating an increase in the concentration of
this SC in OC patients comparison to controls (SMD =
1.77; 95% CI 0.79 to 1.55) (Fig. 3). However, when com-
paring IL-8 salivary concentration in OPMD patients

against healthy controls, it was not significant with a
bordering value (SMD = 0.20; 95% CI 0.00 to 0.40), and
heterogeneity was very low (I> = 0%, p =0.53) (Fig. 4a).
IL-8 concentration in OC patients was significantly
higher than what was observed in OPMD patients
(SMD =0.97; 95% CI 1.81 to 0.13), but heterogeneity
was very high (I = 92%, p < 0.01) (Fig. 4b).

Interleukin-6

Interleukin-6 (IL-6) was evaluated in 14 articles, and in
all of them the amount of IL-6 was reported to be statis-
tically higher in OC patients compared to the control
group. The population of the studies varied from 9 sub-
jects in the smallest study, to 100 subjects in the largest
one. Five articles only compared OC patients with a con-
trol group of non-cancer people, while 07 articles also
compared the OC with OPMD, and one article com-
pared OC patients with a non-cancer group with peri-
odontitis. The IL-6 values for healthy subjects varied
from 0 to 16.0 pg/mL in ten of the articles [18, 20, 22,
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Cytokine Author Year Groups n of Mean + Statistic test p Value AUC
cases SD (pg/
ml)
IL8 SAHEBJAMEE M. 2008  Oral Cancer 9 1093.7+  Kolmogorov-Smirnov Test <0.05 -
et al. 1089.0 and Mann-Whitney U
Control 9 700.7 +
10315
ELASHOFF, D. 2012 Oral Cancer - 36 25630+ Mann-Whitney U test and <0.05 0.680
et al. cohort 4 21790 area under the curve (AUC)
Control - cohort4 54 8080+
11320
Oral Cancer - 31 21400 + <0.05
cohort 5 22820
Control - cohort 5 70 7390 +
1002.0
ARELLANO- 2008  Oral Cancer 40 33477 + Student t-test, Pearson With 0.820
GARCIA, ME. 2929.0 correlation coefficient; ROC single-plex:  (Sensitivity = 87.5%
e 0
et al. Oral Cancer P 7504+ curve and area under curve O.QZ Specificity = 64.3%)
Control 5630 With
ontro ’ multiplex:
Periodontitis 10 8188 + 0.04
2284
Periodontitis 10 589.2 +
Control 3703
TANN, W. et al. 2007  Oral cancer 20 12520+  T-test and area under curve <0.00001  0.837
456.0
Control 20 5770+
355.0
KATAKURA A. 2007  Oral Cancer 19 720.0 Two-tailed t-tests <005 -
etal Control 20 2500
RAJKUMAR, K. 2014 Oral Cancer 100 1091.7 + Shapiro-Wilk's test, Kruskal- <0.05 PML x OSCC=0.971
et al. 167.1 Wallis analysis, Mann-Whitney (95%Cl = 0.953-0.990;
) U test, Spearman rank test, p <0.0001)
Premalignant 100 gggg * Receiver operator characteristic
’ (ROC) curve and area under
Control 100 3496 + curve
1151
CHENG, L.YS. 2014 Oral Cancer 5 15253 = Kruskal-wallis test Mann- <0.001 -
et al. 11239 Whitney U test (post hoc)
Chronic 21 7388+
periodontitis 3940
Disease active — 15 13284+
Oral lichen planus 731.8
Disease inactive — 13 1083.1 +
Oral lichen planus 646.2
Control 21 890.8 +
563.2
Cytokine Author Year Groups Sample Mean = Statistic test P Value AUC
(n) SD (pg/
ml)
L8 PUNYANI, SR;; 2013 Oral Cancer 25 17186+ Scheffe's analy- sis and p<00001 -
SATHAWANE, 668.3 two-tailed independent
RS. Oral Precancer and 25 2995+ samples t test,
Oral leukoplakia 158.2
Control 25 210.1 +
1423
LEE, LT. et al. 2018  Oral Cancer 41 2060.3 + Kolmogorov-Smirnov and <0.001 0.783 (Sensitivity:
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Cytokine Author Year Groups n of Mean + Statistic test p Value AUC
cases SD (pg/
ml)
1796.5 Mann-Whitney 65.85%
o o
Control 2% 9070+ prggggyz')w'] 7
8334 '
RHODUS, N.L. 2005b Oral lichen planus 13 24920 + One-way ANOVA, Student- <0.001 -
et al. 664.7 Newman- Keuls g-test; t-test.
Oral Cancer 13 40828 +
7523
Control 13 1507.2 +
398.5
MAIE, A.R. etal. 2004  Oral Cancer 32 720.0 t-test, receiver operating <0.001 0.978 (Sensitivity:
characteristic (ROC) analyses 86%
Control 32 250.0 Specificity: 97%)
KHYANI, . A.M. 2017 Oral Cancer 35 8736 Pearson Chi-Square test, <0.001 -
et al. one-way ANOVA test, Post Hoc.
Control 35 52.1 Dunnet t-test
Premalignant 35 305.0
RHODUS, N.L. 2005  Oral Cancer 13 31541 + Not described <0.001 -
et al. a 10232
Control 13 1580.7 +
789.0
Premalignant 13 19182 +
899.1
GLEBER-NETTO, 2016  Oral Cancer 60 2837 + ANOVA (Kruskal - Wallis Test); <0.0001 OPMD vs. Controls =
FO. et al. 2623 Wilcoxon Two - Sample test 0467
Malignant 60 1403 = Ooiig vs. Controls =
pontentialy injuries 155.1 OSCC vs. OPMD =
Control 60 1278 + 0518
1108

26, 31, 34—38], while in two studies it was found in
higher values (33.4 and 69.2 pg/mL) [19, 39]. The differ-
ence in IL-6 salivary concentration between OC patients
and healthy individual was also observed in the meta-
analysis, that included 12 studies (SMD =2.08; 95% CI
1.33 to 2.84). However, heterogeneity was significant
(> =93%, p < 0.01) (Fig. 3).

For the OPMD group, values between 0.431 and 35.3
pg/mL were reported in four articles [20, 31, 35, 37] and
higher values, between 43.0 and 217.8 pg/mL were found
in another five studies [18, 19, 25, 26, 34]. In the OC
groups, the values were from 0.707 to 435.0 pg/mL [14,
18-20, 22, 25, 26, 31, 34-39], and the values were higher
than 80.0 pg/mL in nine studies [14, 18-20, 26, 31, 34,
37, 39]. Meta-analysis showed that IL-6 concentration
was significantly higher in OPMD patients in compari-
son to healthy controls (SMD =0.97; 95% CI 0.35 to
1.59) (Fig. 4a), while OC patients showed significantly
higher IL-6 concentrations in comparison to the OPMD
group (SMD =0.97; 95% CI 1.49 to 0.46) (Fig. 4b). In
both cases, heterogeneity was high (I* = 85 and 78%, re-
spectively and p < 0.01 in both comparisons).

Tumor necrosis factor-a (TNF-a)

TNEF-a was analyzed in 8 articles and it was found in a sig-
nificantly higher amount in OC patients compared to con-
trols in 7 of these studies. The study population varied
from 9 to 100 subjects. Three studies only compared OC
patients with a healthy control group [22, 39, 40], while 5
articles compared the OC patients with subjects with
OPMD (20, 26, 34, 35, 41]. The TNF-a values for the con-
trol groups were from 0.013 to 11,300.0 pg/mL. For OC
patients, the TNF-a values varied from 0.739 to 23,100.0
pg/mL [13, 26, 34, 35, 39-42]. Meta-analysis comparing
salivary TNF-a concentration in OC patients against con-
trol subjects included seven studies and indicated a signifi-
cant increase (SMD =2.04; IC 95% 0.47 to 3.61) (Fig. 3).
However, heterogeneity, as measured by Higgins' I,
reached 97% (p <0.01). Salivary TNF-a concentrations
were not significantly different in OPMD patients in com-
parison to controls nor in OC patients in comparison to
OPMD (SMD =2.50; 95% CI -0.65 to 5.65 and SMD =
0.76; 95% CI - 0.11 to 1.64, respectively). For both sum-
maries, heterogeneity was high (I* =99 and 90%, respect-
ively, and p < 0.01 in both cases) (Fig. 4a-b).
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Cytokine Author Year Groups Sample Mean +SD (pg/ml) Statistic test P Value AUC
(n)
IL-16 ELASHOFF, 2012 Oral Cancer 31 293 £396 Mann-Whitney U test < 0.05 0.570
D.etal. - cohort 5 and area under the
Control - 70 169 + 202 curve (AUC)
cohort 5
ARELLANO- 2008 Oral Cancer 40 5915+618.7 Student t-test, Pearson  With single-plex: 0.03  0.840
GARCIA, ME. correlation coefficient;  With multiplex: 0.04 (sensitivity = 63.9%;
et al. gontrol Oral 42 796+578 ROC curve and area specificity = 100%)
ancer under curv
KATAKURA 2007 Oral Cancer 19 1589 Two-tailed t-tests <005 -
Aetal. Control 20 14.1
GLEBER- 2016 Oral Cancer 60 101.0£113.0 ANOVA (Kruskal - Wallis  Oral Cancer x OPMD vs.
NETTO, ) Test); Wilcoxon Two - Control=p <0.07; Controls =0.542
FO. et al. Matllgr;grlwt 60 397+ 280 Sample test Oral Cancer x OSCC vs.
potentialy Maligmant Controls =0.721
injuries Potencial = OSCC vs.
Control 60 48.1+420 p <0.004 OPMD =0.569
LEE, LT. 2018 Oral Cancer 41 3914+ 5404 Kolmogorov-Smirnov 0.002 AUC: 0.729
et al. and Mann-Whitney (Sensitivity = 60.98%;
Control 24 132541758 Specificity = 79.17%;
p =0.0004)
BRAILO, V. 2012 Oral Cancer 28 906.0 +62.2 Smirmnoff Kolmogorof ~ 0.000 -
etal Leukoplakia 29 1430+ 547 and Kruskal Walli
Control 31 3540+614

Interleukin-18

IL-1p was analyzed in 6 articles and a significant dif-
ference in salivary concentration was found between
OC patients and control subjects in all studies. The
number of subjects included in the studies varied
from 28 to 60. This difference was also observed in
the meta-analysis, that included five studies (SMD =
0.78; 95% CI 0.44 to 1.13). Heterogeneity between
studies was low (I* 65%, p =0.02) (Fig. 3). Two stud-
ies compared OC patients with both OPMD patients
and healthy controls [20, 43], and 4 studies compared
OC patients with only healthy subjects [23, 39]. The

Table 5 Salivary interleukin 10 in oral cancer

IL-1p values in the control group varied from 14.1 to
354.0 pg/mL. In the OPMD group the variation was
between 39.6 to 143.0 pg/mL, and in the OC patients
it varied from 101.0 to 906.0 pg/mL [14, 23, 28, 39,
42, 43]. Meta-analysis showed that IL-1f concentra-
tion in OPMD patients was not significantly different
from controls with a bordering value, in fact being
the only SC showing a tendency of reduction in this
condition (SMD = -0.40; 95% CI -0.80 to 0.00). Het-
erogeneity was once again low (I* =40%, p=0.02)
(Fig. 4a). IL-1P concentration in OC patients in com-
parison to the OPMD group was not significantly

Cytokine Author Year Groups Sample (n) Mean+SD Statistic test P Value AUC
(pg/ml)
IL-10 HAMZAVI, M. et al. 2014  Oral Cancer 30 11.8+£10.7  Kolmogorov-Smirnov test. Mann-Witney, 0619 -
Control 24 100460 Kruskal-Wallis and Chi-Square tests
AZIZ, S. et al. 2015  Oral Cancer 30 44+43 Teste - t. One way ANOVA e LSD Post hoc  0.004 -
Control 33 1713
LEE, LT. et al. 2018 Oral Cancer 41 1494202  Kolmogorov-Smirnov and Mann-Whitney — 0.355 -
Control 24 99+85
POLZ-DACEWICZ, M. et al. 2016 Oral Cancer 78 59 Pearson Chi-Square tests. 0.00002 -
Control 0 5 Mann-Whitney and Kruksal-Wallis
GONGALVES, AS. et al. 2015 Oral Cancer 22 0.037* Shapiro-Wilk Mann- Whitney Fisher and 0.038 -

Control 23

0027* Pearson Chi-Square tests.
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Table 6 Salivary interleukin 1a in oral cancer
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Cytokine Author Year  Groups Sample (n) Mean +SD Statistic test P Value AUC
(pg/ml)
IL-1a SAHEBJAMEE M. et al. 2008  Oral Cancer 9 201.7 + 17838 One Sample Kolmogorov-Smirnov <0.05 -
Control 9 1782 + 1707 test and Mann-Whitney U
LEE, LT. et al. 2018  Oral Cancer 41 995.7 £ 9326 Kolmogorov-Smirnov and Mann- 0.625 -
Control 24 10546 + 15849 INEY
RHODUS, N.L. et al. 2005b  Oral lichen planus 13 2936 + 86.8 One-way ANOVA, Student-Newman- <0.001 -
Oral Cancer 13 3705+ 207 Keuls atesttestet
Control 13 1359 + 284

different (SMD = 1.55; IC 95% -0.09 to 3.18) and with
high heterogeneity (I* = 94%, p < 0.01) (Fig. 4b).

Interleukin-10

IL-10 was evaluated in 5 articles and in three of them
was observed statistical difference in OC patients com-
pared do control subjects. The studies evaluated from 22
to 78 subjects per group. All articles compared OC pa-
tients to control subjects, not including OPMD patients.
The salivary IL-10 values were between 0.027 and 10.0
pg/mL in control groups, and between 0.037 and 14.9
pg/mL in OC patients [39, 40, 44—46]. Meta-analysis in-
cluded three studies, and the combined effect indicates
an increase in the salivary concentration of IL-10 in OC
patients in comparison to healthy subjects (SMD = 0.46;
95% CI 0.05 to 0.86). Heterogeneity of this analysis was
low (I* = 46%, p = 0.16) (Fig. 3).

Interleukin-1a

IL-1a was evaluated in 3 articles, two compared OC pa-
tients with healthy controls [22, 39] and one study also
compared with OLP [34] (Fig. 3). The studies included
from 9 to 41 subjects per group. Two of these articles
presented results with significant difference between OC
and controls. The IL-1a quantification varied from 135.9
to 1054.6 pg/mL in the control groups, was of 293.6 pg/
mL in the OLP group, and between 201.7 and 995.7 pg/
mL in OC patients [22, 34, 39]. Results from meta-
analysis showed a non-significant difference between sal-
ivary levels of IL-la of OC patients in comparison to
controls (SMD =2.21; 95% CI -0.36 to 4.77), even
though the analysis had a high heterogeneity (I> = 95%,
p <0.01) (Fig. 3).

Other cytokines

Due to the lack of studies to draw comparisons, the
remaining cytokines were included only in a qualitative
analysis.

IL-1RA was found in one study that compared OC pa-
tients (n =30) with healthy controls (n =33) (Fig. 3).
The salivary concentration of IL-1RA in the OC group
was of 2831.6pg/mL, and 1949.2 pg/mL in control

group, not showing significant difference between them
[46].

IL-1 (without specification of the subunit) was studied
in one article, comparing OC patients with patients with
OPMD and a group of healthy controls (Fig. 3), each
group was composed of 13 individuals. Differences were
found in the concentration of salivary IL-1 between
groups. The IL-1 value found in OC patients was of
4544 pg/mL, in premalignant lesions was of 255.1 pg/
mlL, and, in healthy controls, of 173.2 pg/mL [26].

IL-4 was studied in one article comparing OC patients
(n=30) with healthy subjects (n=33) (Fig. 3). OC pa-
tients present 1.2 pg/mL of IL-4 in saliva, while healthy
subjects 1.0 pg/mL, without statistical difference between
groups [46].

IL-13 also was analyzed in one study, comparing the
same groups as the previous one (Fig. 3). In OC patients
the IL-13 level was 0.760 pg/mL, and in the control
groups 0.230 pg/mL, showing a difference statistically
significant [46].

Discussion

Pro-inflammatory and anti-inflammatory cytokines are
produced and released in the tumor microenvironment
by tumor and immune cells [47]. Studies with saliva have
shown increased cytokine levels in cancer patients, irre-
spective of pro-inflammatory or anti-inflammatory cyto-
kine activity [33, 48].

In the studies analyzed in this review different pro-
inflammatory and anti-inflammatory cytokines were
evaluated (pro-inflammatory: IL-1, IL-1«, IL-1fB, IL-RA,
IL-6, IL-8 and TNFo; anti-inflammatory: IL-4, IL-10 e
IL-13). The most studied cytokines were IL-8 and IL-6.
The salivary levels of IL-8, IL-6, TNF-«, IL-1p and IL-1a
were significantly higher in OC patients compared to
healthy controls. Only one anti-inflammatory SC (IL-10)
was evaluated by meta-analysis, and did not presented
significant difference between OC and NCC. Further-
more, the levels of salivary IL-8, IL-6, TNF-«a and IL-1
were higher in OC patients compared to PMOL, and
comparing the NCC vs PMOL patients, was observed a
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individuals with OPMD; C) Salivary cytokines assessed per each patient clinical group

significant increasing in salivary levels of IL-6 and TNE-
a in PMOL group.

Our study showed that some SC show great potential
as diagnostic biomarkers for OC, serving as a non-
invasive alternative for early diagnosis. The increased
concentration of certain SC, most notably IL-8, IL-6 and
TNEF-«, could be used as biomarkers for OC, as their
concentration was significantly higher in patients with
the disease in comparison to healthy subjects. However,
the levels of these SC are also increased due to other
conditions, such as OPMD. Thus, it is important to de-
termine how different is this increase when comparing
the two clinical conditions. It was observed that the con-
centration of IL-8 and IL-6 in OC patients was signifi-
cantly higher in comparison to OPMD patients, even
with a significant increase in comparison to healthy sub-
jects, making these two of the most promising SC as re-
liable diagnostic tools. None of the other SC included in
the meta-analysis showed a clear difference in concen-
tration between OC and OPMD patients, even though
differences were observed when comparing patients with

OC patients and healthy subjects, (namely, TNF-a, IL-1
and IL-10). This suggests good potential to determine
OC, even though evidence for these SC is more limited.

There are still technical and biological issues that must
be addressed for a final and definitive evaluation of the
clinical value of these biomarkers. Even though all stud-
ies analyzed in this review used the ELISA, considered as
the most accurate technique to measure proteins in bio-
fluids [16], one of the main limitation of the results is
the high heterogeneity of the results collected, even in
the control groups. Even though this variability limits
the interpretation of the meta-analysis, it favors the dis-
cussion about the development and implementation of
standard operating procedures (SOP) in the field of sal-
ivary biomarkers, leading to its technical development
and facilitating its translational path. With more stan-
dardized methods of saliva collection and storage and
SC quantification, thresholds could be identified to dis-
tinguish between different oral conditions.

Even though the studies compared patients with OC
with different control groups, from healthy subjects to
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Fig. 3 Random-effects meta-analysis of the salivary cytokine levels in oral cancer patients in comparison to healthy controls (SMD = 0)

0 5 10

OPMD and inflammatory conditions, the selection of
non-cancer individuals was heterogeneous between the
studies, making difficult to carry out direct comparisons
between them. This is another point to be observed and
standardized in future studies, since the demographic
and clinical characteristics of the controls and disease-
inflicted subjects must show correspondence.

Although the relative expression of SC demon-
strated a good potential to distinguish OC patients
from non-cancer subjects, and the increased levels of
these cytokines in OC patients are consistent, the sal-
ivary biomarkers should be tested in combination
with clinical examination [49]. The use of these bio-
markers must be improved to be used specifically in
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Fig. 4 Random-effects meta-analysis of salivary cytokine levels in patients with oral potentially malignant disorders (OPMD) in comparison to
healthy controls (a) and in patients with oral cancer in comparison to individuals with OPMD (b). In both cases, SMD =0 for the second
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at-risk populations as an auxiliary method for screen-
ing and early diagnosis.

An important limitation of the studies we evaluated is
the absence of a group of early stage OC patients. Most
studies did not separate patients according to disease
stage, which limits the extrapolation of these findings to
early cancer diagnosis [50]. Some studies showed a posi-
tive correlation between cytokine levels disease stage
[33]. In this way, it is important that the diagnostic per-
formance of SC is evaluated in the group with early
stage disease.

Another limitation is the ELISA kits used to measure
the cytokines in these studies, which are reagents label
as “Research Use Only”, indicating that there is no strict
regulation on the technical characteristics of the tests.
Thus, the comparison of results between different stud-
ies is limited, since the variation between brands or even
lots can lead to variations in results. For the continuity
of the validation process of these SC as biomarkers for
OC it is necessary the development of studies that con-
sider the variability of the disease presentation, the
measurement of the cytokines in a controlled environ-
ment, and using reagents developed to clinical use.
Moreover, so that possible biases are excluded, multi-
center studies must be performed, using a larger samplez
than the previous studies [15, 51]. And for the results to
be reliable, it is of fundamental importance that an inter-
national standardization be validated for both saliva col-
lection and SC measurements.

Conclusions

In this review, we found 28 articles that evaluated the
concentration of 10 different pro and anti-inflammatory
SC in OC patients. IL-8 and IL-6 were the most studied
ones, and in all articles these salivary cytokines were
found at higher levels in OC patients compared to
healthy controls and, in most cases, OPMD patients.

A meta-analysis with twenty-three studies showed that
salivary levels of IL-8, IL-6, TNF-«, IL-1p and IL-1a are
significantly higher in OC patients compared to healthy
controls; the levels of salivary IL-8 and IL-6 are higher
in OC patients compared to OPMD, and comparing the
controls vs OPMD patients, it was observed a significant
increase in salivary levels of IL-6 in OPMD group. These
results suggest that, mainly the pro-inflammatory cyto-
kines IL-8 and IL-6 can be explored in the future to de-
termine the real potential as a biomarker for OC.
Furthermore, it was found a big variability in the SC
concentrations in the different studies, even when
reporting the same quantification methodology.

In order to translate these biomarkers into the clinical
practice, standardization of saliva collection and cyto-
kines measurement process is required, as well as larger
and multicentric studies.
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