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Abstract

Background DNA is an important target for oxidative attack and its modification may increase the risk of
mutagenesis. The aim of this study was to evaluate and compare salivary levels of the oxidative stress biomarker
8-hydroxy-2’-deoxyguanosine (8-OHdG) in patients with oral cancer (OC) compared to the control group by a
comprehensive search of the available literature.

Methods The present systematic review and meta-analysis followed the Preferred Reporting Iltems for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines and was registered in Open Science Framework (OSF): https://doi.
0rg/10.17605/0SFI0/X3YMR. Four electronic databases were used to identify studies for this systematic review:
PubMed, Scopus, ScienceDirect, and Web of Science from January 15, 2005, to April 15, 2021. The Joanna Briggs
Institute (JBI) tool was used to assess article quality.

Results Of the 166 articles identified, 130 articles were excluded on the basis of title and abstract screening
(duplicates, reviews, etc.). Thirty-six articles were evaluated at full text and 7 articles met the inclusion criteria. Of
these, only 5 studies had compatible data for quantitative analysis. An increase in salivary 8-OHdG levels was found
in patients with OC compared to healthy subjects, but without statistical significance. 8-OHdG: SMD=2,72 (95%Cl=
-0.25-5.70); *p=0.07.

Conclusions This systematic review and meta-analysis suggests a clear trend of increased 8-OHdG levels in saliva
of OC patients compared to the control group. However, further studies are required to clarify and understand the
altered levels of this oxidative stress marker.
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Background

Oral cancer (OC) is a malignant neoplasm that in =90%
of cases, histologically corresponds to oral squamous
cell carcinoma (OSCC) [1], which can arise de novo or
from oral potentially malignant disorders (OPMD) such
as oral erythroplasia, oral submucosal fibrosis and/or oral
leukoplakia [2] OSCC represents the 16th most common
cancer worldwide, with more than 377,000 new cases per
year [3]. The 5-year survival rate is 50% and decreases to
30% as the stage of the disease advances [4], making it a
major social, economic and public health problem [5].
Tobacco and alcohol are the main etiological factors con-
tributing to its development [6]. OSCC most frequently
affects men in the 5th to 6th decade of life [7]. Clinically,
the lesions present as asymptomatic, nonhealing ulcers of
variable size and indurated borders [8]. These lesions are
usually found on the tongue, floor of the mouth, buccal
mucosa, alveolar ridges, retromolar trigone and hard pal-
ate [9]. The diagnosis is made by a thorough, visual and
clinical examination of the oral cavity and confirmed by
histopathological study of surgical biopsy as part of the
gold standard [10].

Currently, clinicians and researchers in the field have
made several efforts to find molecules indicative of the
onset and progression or transformation of OPMD to
OSCC [11]. In this regard, saliva is a biofluid that, unlike
others, is more accessible, cost-effective, simple to col-
lect, and noninvasive [12]. Moreover, it reflects the oxida-
tive status of subjects with this type of lesions [13].

Oxidative stress is an important process in the pathobi-
ology of OSCC [14]. High concentrations of reactive oxy-
gen species (ROS) unbalance the antioxidant protection
mechanisms provided by enzymes such as glutathione
peroxidase, reduced glutathione, superoxide dismutase
and malondialdehyde [15].

The production of oxygen free radicals such as hydroxyl
radicals (HOe+) can cause significant damage to DNA
strands. Interactions occurring between these mol-
ecules, and in particular on the nitrogenous base gua-
nine form C8-hydroguanine (8-OHGua) and by electron
abstraction mechanisms, 8-hydroxy-2’-deoxyguanosine
(8-OHAQG) is formed [16].

Some research has been published reporting differ-
ences in salivary levels of 8-OHdG and its possible asso-
ciation as a marker of DNA damage in patients with OC
compared to the healthy population [17-23], however, to
date, no systematic review summarizing those findings
has been published.

Therefore, this study aims to evaluate and compare the
salivary levels of the oxidative stress biomarker 8-OHdG
in OC patients compared to the healthy control group by
a comprehensive search of the available literature.
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Methods

Protocol and register

The Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines were used to
construct the protocol for the present systematic review
and meta-analysis [24]. The Open Science Framework
(OSE:  https://doi.org/10.17605/OSEIO/X3YMR) plat-
form was used to register the study.

PICOD and research question

1. Population: Patients with OC.

2. Intervention: Quantification of the analyte 8-OHdG

in saliva of OC patients and systemically healthy

patients.

Comparators: Systemically healthy subjects.

4. Outcomes: Observed changes in salivary 8-OHdG
levels in OC patients and systemically healthy
subjects.

5. Design: Case-control studies.

w

The research question was: Are there significant differ-
ences between salivary 8-OHdG levels in patients with
OC compared to the control group?

Elegibility criteria
Inclusion criteria

+ Case-control studies.

« Studies approved by the institutional ethics
committee.

+ Studies that will confirm the diagnosis of OSCC by
biopsy.

« Stimulated/unstimulated saliva samples.

+ Techniques such as Enzyme-Linked ImmunoSorbent
Assay (ELISA) and DNA damage assay.

+ Investigations that will show numerical values
(mean + standard deviation) of 8-OHdG levels.

Exclusion criteria

+ Investigations in cell lines or animal models.

« Case reports and case series.

+ Book chapters and encyclopedias.

+ Systematic, narrative, scoping, bibliometric reviews
and meta-analyses.

+ Healthy controls with comorbidities and other
systemic disorders.

+ Research published in a language other than English.

+ Research published before 2005.


https://doi.org/10.17605/OSF.IO/X3YMR
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Electronic and manual literature search

An electronic search was carried out in four databases:
PubMed, Scopus, ScienceDirect and Web of Science from
January 15, 2005, to April 15, 2021. For PubMed, the fol-
lowing search strategy was employed: (((“8-Hydroxy-2’-
Deoxyguanosine”’[Mesh]) AND “Saliva”’[Mesh]) AND)
AND “Mouth Neoplasms”[Majr]. For the rest, the key-
words  “8-hydroxy-2’'-deoxyguanosine’,  “8-OHdG’,
“Saliva’, “Biomarkers” and “Oral Cancer” were used,
along with the use of Boolean operators “OR” and “AND”.
A manual search was also carried out in the following
Journals: “Medicina Oral Patologia Oral y Cirugia Bucal’,
“Oral Diseases” “Oral Surgery, Oral Medicine, Oral
Pathology” and “Journal of Oral Pathology & Medicine’.

Screening process

M.A.A.S and A.H screened study titles and abstracts
independently. Duplicates and research unrelated to the
topic of interest were then discarded. Finally, a full-text
analysis of potentially eligible articles was performed by
applying the inclusion and exclusion criteria. Disagree-
ments were resolved by consensus.

Data extraction

M.A.A.S and L.S.E.V performed the data collection pro-
cedure independently, in predefined tables with Word
software (Microsoft):

+ Name of first author and year of publication.

+ Country of origin.

+ Gender.

+ Age.

+ Number of cases and controls.

+ Habits; alcoholism and smoking.

+ Techniques for detection of the analyte of interest.

+ Mean value + standard deviation of salivary 8-OHdG
levels.

+ pvalue.

Quantitative  variables  were represented  with
meanzstandard deviation, while qualitative data with
absolute and relative frequency # (%).

Quality assessment

M.A.A.S and A.H assessed the quality of the included
studies independently. The Joanna Briggs Institute (JBI)
tool [25] was used. The items taken into account were
aspects related to comparability, exposure, confound-
ers, time, and statistical analysis of cases and controls.
In the study, quality was assessment on a scale ranging
from 0 to 100%. Studies scoring between of 0-49% was
categorized as low quality, those scoring between 50%
and 69% moderate quality, and studies scoring above 70%
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were categorized as high quality. Any discrepancies were
resolved through group discussion.

Statistical analysis

Quantitative analysis on 8-OHdG levels assessed in ng/
ml, between the OC patients group vs. control group,
was performed using STATA 15 V software (StataCorp,
College Station, TX, USA). The standardized mean differ-
ence (SMD) method with a 95% confidence interval (CI)
was used. A random effects model was used due to the
presence of heterogeneity (>50%=moderate), which was
estimated using the Cochrane Q test and quantified with
the (I%) statistic. A p* value<0.05 was considered statisti-
cally significant. A forest plot was constructed to visual-
ize estimates with 95% CI. Funnel plot and Egger linear
regression were used to assess publication bias.

Results

Study selection

Initially 165 articles were found in the four electronic
databases, including PubMed (n=4 papers), Scopus
(n=4 papers), ScienceDirect (n=156 papers) and Web
of Science (n=1 paper). In the manual search, one more
article was found, giving a total of 166 articles. In the
identification phase, duplicates were eliminated (#=10).
Next, based on title and abstract, 156 remaining stud-
ies were reviewed. Applying the eligibility criteria, 120
more records were excluded (reviews n=66; encyclope-
dias n=4; book chapters n=32; others n=18), giving a
total of 36 potentially relevant records. After analyzing
the full text of the remaining articles, 29 articles were
excluded because they were not related to the topic of
interest. Therefore, a total of 7 articles were included for
qualitative analysis and of those, 5 articles were analyzed
quantitatively in the present review. Details of the study
selection are shown in Fig. 1.

Clinical and demographic features of studies included

A total of 7 articles with a case-control design were
reviewed in this study [17-23]. The total number of indi-
viduals studied in the included investigations was 664 of
which 351 represented the case group (patients with OC)
and 313 represented the control group (healthy subjects).
The ages of the patients ranged from 30 to 82 years, with
a mean age * (SD) of 58+7.04 years, of which 44% were
male, 34% were female and the rest (22%) did not specify
gender [22]. 41% of patients were smokers [17-19, 22,
23], while 24% were alcohol drinkers [17-19, 22]. Most
of the articles were published after 2012 (6:86%) [17-22].
The oldest study was from 2006 [23], and the most recent
from 2021 [17]. The seven studies were published in six
different countries [17-23]. Two (29%) studies were con-
ducted in India [18, 22], the rest (14.2%) were conducted
in Korea [17], Poland [19], Belgium [20], Iran [21], and
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Fig. 1 PRISMA flow diagram of the study selection process. PRISMA Preferred Reporting Items for Systematic and Meta-Analyses

Israel [23]. The names of the journals where the articles
were published are also described (Table 1).

The enzyme-linked immunosorbent assay (ELISA)
emerged as the predominant immunodetection method
for quantifying salivary 8-OHdG levels in OC patients
(86%) [17-21, 23], followed by the DNA damage quan-
tification kit (BioVision, USA) (14%) [22]. In addition,
qualitative analysis revealed that there is an increase in
salivary 8-OHdG levels in patients with OC compared to
the control group [18, 20-23] (Table 2).

JBIl assessment for case-controls studies

Based on the score obtained, 57% of the studies [17-20]
showed high quality, while 43% showed moderate quality
[21-23] (Table 3).

Meta-analysis: comparison of salivary 8-OHdG levels in oral
cancer patients and control group

As shown in Fig. 2, five articles [17-20, 22] compared
the difference between salivary 8-OHdG levels in OC
patients (n=300) and healthy controls (n=258). An
increase in salivary 8-OHdG levels was found com-
pared to the healthy population (SMD=2.72 (95%Cl=
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Table 1 Sociodemographic and clinical characteristics of included studies in this systematic review

Smooking Alcohol Age
Y/N

Sex

JCR

Journal

No. Ethical

Study design

Country

Year

Author’s

(Total)
234
60

(CG/ EG)
78/156
30/30
20/20
40/40
30/26

(Me/ Ra)

Y/N

M?/F

40
8
56
144
50
66

90/54
25/25
313/ 351

64

55
60.4
30-82
582

51
51
68

131/103
159/ 175

15/45
13/27
NR

N

NR
NR

90/144
20/40
33/7
130/14
NR

273/ 205

NR
N

135/ 99
44/16
21/19
40/40
28/28
NR
24/26
292/ 228

Yes
o]
Yes
Yes (72)
No (28)

Ye

Yes
Yes
No

Asian Pac J Cancer Prev

Acta Odontol Scand

Clin Oral Invest
J Oral Pathol Med

Indian J Cancer
Cancer
Each Journal

PLOS ONE
(14.2)

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Case Contro
Case Contro
Case Contro
Case Contro
Case Contro
Case Contro
Case Contro
Case Contro

India (29)

Korea
India
Poland
Belgium
Iran
India
Israel
Others
(14.2)

2019
2012
2006

Summary of variables included in this

review

2021
2020
2016
2012

Shinetal, [17]
Nandakumar et al,, [18]
Babiuch et al,, [19]
Kaur et al,, [20]
Hosseini et al,, [21]
Kumar et al,, [22]

Bahar et al,, [23]

(2024) 24:960

(%) and Total

Abbreviations NR Not reported; JCR Journal Citation Reports; Ma Male; Fe Female; Y Yes; N No; Me Mean; Ra Range; CG Control group; £G Exposure group
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-0.25-5.70); p=0.07), but without statistical significance.
Study heterogeneity was moderate (I?=64.2%, *p=0.025),
therefore, a random-effects model was used to pool the
results. The funnel plot samples the asymmetry and pos-
sibility of publication bias. Egger’s test (t=2.10, p=0.127)
showed no evidence of bias (Fig. 2 panel A and B).

Discussion

OC is a multifactorial disease that arises through a com-
plex sequence of events marked by diverse genetic and
epigenetic modifications [26, 27]. One key underlying
mechanism in its development and progression is oxida-
tive stress, its role has been characterized by increased
pro-oxidant activity, with a consequent decrease in anti-
oxidant activity [28]. Thus, due to high metabolic activity
and loss of mitochondrial function, tumor cells generate
more ROS than normal cells, which increases suscep-
tibility to free radicals and indeed oxidative stress [29].
Despite its significance in the pathogenesis of oral cancer,
the clinical assessment of oxidative stress in this context
has been limited.

To date, the expression of the oxidative stress marker
8-OHdG, which is formed from the oxidation of dam-
aged DNA guanine, has only been assessed in plasma
samples OSCC tissue biopsies and saliva (Fig. 3). In
plasma 8-OHdG levels have been found to be lower
in subjects with OPMD compared to healthy controls
[30]. On the other hand, it has been reported that 80%
of samples of OSSC tissue (24/30) showed strong immu-
nostaining intensity, preferentially in the cytoplasm
(70%) and nucleus (30%) of neoplastic cells. In addition,
tumors exceeding 4 cm in size more frequently expressed
8-OHdG in the cytoplasm. Thus, greater oxidative dam-
age occurs when both subcellular localization structures
express 8-OHdG [31]. In saliva 8-OHdG detection has
emerged as a promising tool for assessing oxidative bur-
den and its relationship with oral cancer risk and pro-
gression. Saliva is a biofluid that is composed of a rich
source of biomolecules (proteins, carbohydrates, lipids
and DNA) [32]. Its collection is relatively simple, inex-
pensive, reproducible and does not require much time
with the patient [33]. Therefore, it can be used in large-
scale studies to search for biomarkers capable of dis-
criminating between healthy and diseased subjects [34].
At present, scientists have conducted many studies and
more than 100 potential biomarkers have been reported
until 2024 [35]. The use of validated salivary biomarkers
with high sensitivity and specificity can be used as a valu-
able tool for both screening and early detection of OSCC,
which will increase the quality of medical care [36, 37].

In this systematic review, 7 case-control articles were
included for the analysis of 8-OHdG in saliva of 351 OC
patients and 313 healthy volunteers. The meta-analysis
revealed that there is an increase in salivary 8-OHdG
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Table 2 Biomarker characteristics in both study groups
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Author’s and year Marker Methods Marker Marker p-Value  Main comments
type value (SD)  value (SD)
inEG in CG

Shin et al,, 2021 [17] 8-OHdG ELISA 1.08(0.08) 1.18(0.05) 0.605 Salivary 8-OHdG between OSCC cases and con-
trols did not show any significant differences

Nandakumar et al, 2020  8-OHdG ELISA 19.96(2.11)  6.59(1.47)  <0.0001 8-OHdG levels in group with OSCC compared

[18] to control group

Babiuch etal,2019[19] 8-OHdG ELISA 7.68(5.40) 8.58(4.59) 0.191 Salivary 8-OHdG between OSCC cases and con-
trols did not show any significant differences

Kaur et al, 2016 [20] 8-OHdG ELISA 1.19(0.19) 0.07(0.07) <0.005 8-OHdG levels in group with OSCC compared
to control group

Hosseini et al, 2012 [21]  8-OHdG ELISA NR NR <0.05 8-OHdG levels in group with OSCC compared
to control group

Kumar et al, 2012 [22] 8-OHdG DNA Damage 15.03(0.94)  832(049  <0.001 8-OHdG levels in group with OSCC compared

Quantification to control group
Bahar et al., 2006 [23] 8-OHdG ELISA NR NR <0.05 8-OHdG levels in group with OSCC compared

to control group

Abbreviations: 8-OHdG 8-hydroxy-2’-deoxyguanosine; ELISA Enzyme-linked immunosorbent assay; SD Standard deviation; NR Not reported; £G Exposure group; CG
Control group; OSCC Oral squamous cell cancer; Biomarker units were expressed as ng/ml

Table 3 Quality assessment according to the JBI for case control studies

Questions Q.1 Q.2 Q3 Q4 Q.5 Q.6 Q7 Q8 Q.9 Q.10 Quality
Author’s & Year) Score
Shin et al, 2021 [17] Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes High
Nandakumar et al.,, 2020 [18] Yes Yes Yes Yes Yes Yes Unclear No Unclear Yes High
Babiuch et al, 2019 [19] Yes Yes Yes Yes Yes Yes Yes Unclear Unclear Yes High
Kaur et al, 2016 [20] Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes High
Hosseini et al, 2012 [21] Yes Yes Yes Yes Yes No No No Unclear Yes Moderate
Kumar et al, 2012 [22] Yes Yes Yes Yes Yes No No No Unclear Yes Moderate
Bahar et al., 2006 [23] Yes Yes Yes Yes Yes No No No Unclear Yes Moderate

Question (Q); Not aplicable; Yes; No; Unclear. (1) Were the groups comparable other than the presence of disease in cases or the absence of disease in controls?; (2)
Were cases and controls matched appropriately?; (3) Were the same criteria used for identification of cases and controls?; (4) Was exposure measured in a standard,
valid and reliable way?; (5) Was exposure measured in the same way for cases and controls?; (6) Were confounding factors identified?; (7) Were strategies to ideal with
confounding factors stated?; (8) Were outcomes assessed in a standard, valid and reliable way for cases and controls?; (9) Was the exposure period of interest long
enough to be meaningful?; (10) Was appropriate statistical analysis used?

A

8-OHdG
Study

Shin et al., 2021
Nandakumar et al., 2020
Babiuch et al., 2019
Kaur et al., 2016

Kumar et al., 2012

Overall, DL (I = 64.2%, p = 0.025)

NOTE: Weights are from random-effects model

Effect

SMD (95% ClI)

1.08 (-1.23, 3.39)
19.96 (7.04, 32.88)
7.68 (-9.14, 24.50)
1.19 (1.05, 1.33)
12.03 (-1.43, 25.49)

2.72 (-0.25, 5.70)

%

Weight

38.20

4.80

295

49.61

4.45

100.00

T
20
Control group

T
20
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Funnel plot with pseudo 95% confidence limits
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Fig. 2 Forest plot comparing the 8-OHdG levels in saliva of A) control group vs. exposure group. B) Funnel plot to check the publication bias

levels in the exposure group compared to the control
group, but without statistical significance (p=>0.05).
Of the previously evaluated studies, two of them [17,
19] found no significant association of DNA damage
marker 8-OHdG and OC. While five of them [18, 20-23],

showed that salivary 8-OHdG levels were increased in
patients with OC compared to the control group, reflect-
ing the redox imbalance in these patients.

Nandakumar et al., 2020 [18] found that mean salivary
8-OHdG values increased progressively from healthy
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Oral Squamous Cell Carcinoma
8-hydroxy-2'-deoxyguanosine expression
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Fig. 3 Expression of 8-hydroxy-2’-deoxyguanosine in tissue, saliva and plasma biopsies. Created with BioRender: Accessed June 2nd, 2024

controls to subjects with oral submucous fibrosis and
patients with OSCC. This gradient increase in 8-OHdG
reflects the increased DNA damage and oxidative stress
environment under these conditions. In this study also,
smoking was positively correlated with salivary 8-OHdG
levels in patients with OSCC. Whereas, betel chewing
habit was positively correlated with salivary 8-OHdG lev-
els in patients with oral submucous fibrosis, thus these
habits along with alcohol consumption act synergistically
and further aggravate the disease process [36, 38, 39].
Kaur et al., 2016 [20] demonstrated in their study that
patients with PML and OC showed significantly higher
levels of 8-OHdG and malondialdehyde, and lower levels
of vitamin E and C compared to the healthy population.
These findings are also consistent with that reported with
Hosseini et al., 2012 [21] whereby, patients with PML
such as oral leukoplakia, lichen planus and oral submu-
cous fibrosis and OSCC are more susceptible to an imbal-
ance of antioxidant-oxidative stress status [21]. Likewise,
Kumar et al., 2012 [22] reported in their study an altera-
tion of this system and observed a substantial increase in
the levels of ROS, reactive nitrogen species and 8-OHdG
in saliva cell DNA, along with a decrease in the levels of
total antioxidant capacity and glutathione. These results
are similar to those reported by Bahar et al., 2006 [23]
who showed that oxidative and nitrative stress altered
salivary composition in OC patients. Nitrates and nitrites
increased substantially, while antioxidant enzymes were
reduced, thus explaining the oxidative DNA and protein
damage, possibly due to the promotion of OC.

Limitations

The present review had some limitations. On the one
hand, the inclusion of a limited number of case-control
studies, with a small sample size, as well as a moderate
heterogeneity of the results obtained, which could be
explained by the use of different clinical staging systems
to classify patients with OSCC, two different method-
ologies to quantify salivary 8-OHdG levels, age, gender,
ethnicity and geographic location, as well as other con-
founding factors such as smoking and alcohol intake
could be altering the values of this marker. Future studies
should consider these aspects to analyze the effect of oxi-
dative stress on OC.

Conclusions

The present systematic review with subsequent meta-
analysis revealed that the concentration of 8-OHdG in
saliva of OC patients was 2,72ng/mL higher than that of
healthy individuals, but without statistical significance
p=0.07. This trend toward greater decay reflects an
increase in oxygen free radical activity during carcino-
genesis in OC. However, further studies are required to
clarify and confirm these results.

Abbreviations

8 OHdG-8-hidroxi-2'-desoxiguanosina
OSCC  Oral squamous cell carcinoma

PML Potentially malignant lesions

8 OHGua-C8-hidroguanina

ROS Reactive oxygen species
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