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Objective. The present article aims to comprehensively review the existing literature on superoxide dismutase (SOD) levels, an
antioxidant enzyme, in oral cancer. Method. An extensive literature search was conducted across various databases, including
PubMed, Wiley Online Library, Science Direct, and Cross Reference, spanning 1998–2023. At the outset, 1,177 articles were
initially identified, and 907 studies were excluded due to irrelevance or duplication of the research question. Subsequently,
270 articles underwent screening evaluation, resulting in the selection of 85 articles meeting the inclusion criteria. Following
this, 68 articles underwent a full-text comprehensive assessment, and ultimately, 39 were chosen for data extraction. The risk of
bias in the designated articles was assessed using the Newcastle–Ottawa Scale. Finally, 13 studies were meticulously selected,
offering consistent data for the ensuing meta-analysis. Meta-analysis was executed using comprehensive meta-analysis (CMA)
version 3 software (Bio Stat Inc., Englewood, NJ, USA). The meta-analysis findings revealed a statistically significant decrease in
SOD levels in both erythrocyte samples (P<0:001) and tissue samples (P<0:05) among individuals with oral cancer (OSCC)
compared to the normal control group. Conversely, the analysis of three studies on salivary samples demonstrated a significant
increase (P<0:05) in SOD levels in the oral cancer group compared to the healthy controls. Conclusion. This systematic review
underscores a statistically significant decline in SOD levels observed across diverse bio-samples in individuals with oral cancer,
indicating an excess of oxidative stress (OS). Additional research is needed to delve into the relationship between SOD levels and
clinic–pathological prognostic markers within the oral cancer cohort. Such investigations have the potential to significantly
contribute to the development of prognostic tools grounded in OS, thereby guiding strategies for treatment planning.

1. Introduction

The prevailing type of head and neck cancer is oral squamous
cell carcinoma (OSCC), surpassing 400,000 cases in global
annual incidence [1]. The leading factors contributing to the
development of OSCC are personal behaviors, such as smoking,
tobacco chewing, and alcohol consumption. Additionally, a
complex interplay of socioeconomic factors, environmental or

occupational exposures, trauma or the presence of sharp teeth,
mutations in oncogenes or tumor suppressor genes, and infec-
tions induced by oncogenic viruses could significantly contribute
to the onset of oral cancer [2]. Oxidants or reactive oxygen
species (ROS) are molecules with high reactivity and instability
due to a single unpaired electron in their peripheral shell. Being
aggressive, ROS can potentially target healthy human cells, dis-
rupting their normal structure and function and posing a risk for
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malignant transformation [3]. Internally generated enzymatic
and nonenzymatic antioxidants play a crucial role within the
human body by neutralizing reactive species (ROS/oxidants).
The protective antioxidant defense mechanism safeguards the
body against the harmful effects of ROS. ROS comprise a diverse
array of reactive compounds, including radical species such as
superoxide anion (O2

−), hydroxyl radical (OH−), hydroperoxyl
radical (HOO−), and a nonradical compound known as hydro-
gen peroxide (H2O2) [4]. Antioxidants inhibit the formation and
dissemination of free radicals [5]. When the generation of oxi-
dants exceeds the intended levels due to excessive accumulation
or reduced elimination, the resultant oxidative imbalance can
lead to an insufficient supply of antioxidants. Such disproportion
can trigger oxidative stress (OS), disrupting the equilibrium in
the oxidant–antioxidant defense systems [6]. The compromised
activity in the antioxidant defense system is a pivotal factor in the
progression of various diseases. The repercussions of OS signifi-
cantly contribute to irreversible damage to cellular and tissue
structures, which plays a specific role in the initiation, promo-
tion, and progression of cancer. Substantial evidence indicates
that antioxidant enzymes play a crucial role in averting both the
initiation and advancement of tumorigenesis [7]. Enzymatic
antioxidants such as superoxide dismutase (SOD), catalase
(CAT), reduced glutathione (GSSH), and glutathione peroxidase
(GPx), along with nonenzymatic antioxidants like vitamins B-
complex, C, E, ß carotene, and the mineral selenium, may be
produced either by the tumor cells themselves or in response to
the body’s reaction to tumor growth [8].

SOD enzymes play a crucial role in managing the con-
centrations of diverse ROS and nitrogen species, mitigating
their potential harm, and overseeing a broad spectrum of
cellular processes through their signaling functions [9].
The SOD enzyme plays a vital role in regulating cell growth
and is acknowledged as the primary defense mechanism
against OS in aerobic cellular systems [10]. In all aerobic
organisms, various SOD proteins are strategically positioned
in distinct cellular and subcellular locales.

SOD counteracts two harmful substances, superoxide
(O2

−) and hydrogen peroxide (H2O2), converting them
into water [11]. By activating the SOD enzyme, the adverse
impact of the superoxide radical on the antioxidant enzyme
GPx is impeded, thus preventing the subsequent deactivation
of the GPx enzyme. Consequently, SOD prolongs the active
phase of the GPx enzyme. The human body harbors three
unique isoforms of SOD: Zn/CuSOD (SOD1) located in
the cytoplasm and nucleus, MnSOD (SOD2) situated in
the matrix of the mitochondrial membrane space, and
Ec-SOD (SOD3) present in the extracellular space [12].
Cu/ZnSOD and MnSOD stand out as the primary antioxi-
dant enzymes among these [13]. Despite extensive research
on the involvement of the antioxidant enzyme SOD, there
are uncertainties persist in the redox state of carcinogenesis
[14]. The objective of the present systematic review was to
assess the activities of SOD enzyme in individuals diag-
nosed with oral cancer and to compare with the control
group of healthy individuals.

2. Materials and Methods

Following the prescribed PRISMA protocol [15], this systematic
review has been appropriately registered in the PROSPERO
database with the identifier CRD42021257722.

2.1. Research Hypothesis. Are there changes in the activity of
the antioxidant SOD enzyme in individuals with oral squa-
mous cell carcinoma (OSCC) compared to those in healthy
groups?

Our research question adhered to the PECOS framework,
emphasizing the following elements:

(i) Population: Patients diagnosed with oral cancer.
(ii) Exposure: Measurement of SOD values (mean and

SD) in different samples.
(iii) Comparison: Between patients with oral cancer and

healthy participants.
(iv) Outcome: Assessing variations in SOD enzyme

activities between OSCC patients and a healthy con-
trol group across various biological samples.

(v) Study design: Case-control and cross-sectional
studies.

2.2. Literature Search. An extensive literature search was
performed utilizing electronic databases such as PubMed,
Science Direct, Wiley Online Library, and Cross Reference,
including the period from 1998 to 2023. The search filtered
the articles in the English language by employing MeSH
terms and relevant keywords.

2.3. Inclusion Criteria

(i) Articles revealed the antioxidant status by evaluating
SOD values within the OSCC group.

(ii) The studies utilized various biosamples, presenting
SOD activity values (mean and standard deviations)
along with statistical significance between the OSCC
group (before treatment initiation) and the control
group.

(iii) Case-control and cross-sectional studies.

2.4. Exclusion Criteria

(i) The abstracts and objectives unrelated to the
research.

(ii) The narrative, critical, systematic review articles,
and case reports.

(iii) The articles include other antioxidant enzyme mar-
kers (CAT, GPx, and GSSH) or micronutrient (anti-
oxidant, vitamins, and minerals) assessments in the
oral cancer group and they did not provide data for
SOD antioxidant enzyme.
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(iv) The articles lacked adequate data (graphical repre-
sentation) to compare the control and OSCC
groups.

(v) The studies concentrated on groups with oropha-
ryngeal or head and neck carcinomas.

2.5. Literature Search. Literature search of each database
described in detail in Table 1.

The screening process was initiated by evaluating the
titles and abstracts of the published articles. Articles meeting
the inclusion criteria underwent a comprehensive full-text
assessment. Three independent assessors evaluated these
papers, employing the Newcastle–Ottawa Scale and scruti-
nizing potential limitations such as selection bias, incomplete
information, data precision, and quality measures (e.g., ethi-
cal approval, informed consent, disclosure of conflicts of
interest, and funding sources). The authors selected articles
that met the eligibility criteria after a thorough evaluation.

2.6. Data Extraction. Three reviewers autonomously
screened and chose the articles, and the disagreements
were resolved through consensus guided by the established
criteria. The selected articles underwent analysis, during
which information about authorship details, publication
year, cohort size, and the methodology employed to assess
SOD enzyme observed values (mean and SD) for both the
OSCC and control groups were extracted.

2.7. Meta-Analysis. The standard mean difference value was
computed using comprehensive meta-analysis (CMA) ver-
sion 3 software (Biostat. Englewood, NJ, USA) to create the
forest plot for data analysis. The overall mean difference in
SOD levels between the OSCC and control groups was deter-
mined with a 95% confidence interval. Due to substantial
heterogeneity among the selected studies, a random-effect
model was employed for quantitative synthesis. Articles
with similar sample types, methodology, and measurement
units for SOD activity levels were chosen for the quantitative
analysis.

3. Results

A total of 1,177 articles were initially identified from various
search engines using the outlined search methodology. Spe-
cifically, the PubMed search yielded 22 articles, Science
Direct provided 1,037 papers, Wiley Online Library contrib-
uted 112 articles, and Cross-reference offered six papers.
After thoroughly analyzing search results, 907 articles were
excluded for either being irrelevant to the research question
or duplicative. Subsequently, 270 articles underwent screen-
ing evaluation, which led to the exclusion of 185 articles that
did not meet the inclusion criteria. Out of the 85 selected
articles, two were nonretrievable. The articles of critical/sys-
tematic reviews (n= 5), case reports or case series (n= 3),
and animal studies (n= 7) were excluded from the selected
articles. Following a final evaluation, 68 articles were chosen
for full-text assessment. The articles with insufficient data
(n= 2), other cancers (n= 9), studies on the treated group
(n= 7), and tissue IHC and cell lines assessment (n= 11)
were excluded during the full-text evaluation. The remaining
39 articles were identified as highly suitable for qualitative
synthesis. Upon closer inspection, 13 articles with coherent
data, ideal for comparison, were included in the meta-
analysis (Figure 1).

The chosen articles were compiled, and their quality was
assessed using the Newcastle–Ottawa evaluation measure as
part of the qualitative analysis, as illustrated in Figure 2
[16–54]. The total score was determined by summing the
awarded stars, with the interpretation as follows: 9–10 indicated
excellent quality, 7–8 represented good quality, 5–6 indicated
satisfactory quality, and 0–4 suggested unsatisfactory quality.
Importantly, all the studies included in the analysis scored higher
than 6, signifying a low risk of bias (ROB). The summary of ROB
for the included studies is presented in Figure 3.

The selected studies were conducted in several nations,
including IndiaClick or tap here to enter text [16–22, 24,
26–28, 30–34, 37–45, 47, 49–51, 53], Italy [23], Australia [25],
Pakistan [35, 48], China [36], Poland [29, 52], and Saudi Ara-
bia [46, 54].

TABLE 1: Literature search process.

Database Science direct PubMed Wiley online library

Key words
free-text terms

“Superoxide dismutase” or
“SOD”or “antioxidant∗”, and
“oral cancer” or “OSCC.”

“Superoxide dismutase” or
“SOD” or “antioxidant∗”, and
“oral cancer” or “OSCC.”

Filter: both genders
Age: 19–44 and 45+ years

“Superoxide dismutase” or
“SOD” or “antioxidant∗”, and
“oral cancer” or “OSCC.”

Sample type
“Saliva∗” or “GCF”, or
“serum” or “blood”

“Saliva∗” or “GCF”, or
“serum” or “blood”

“Saliva∗” or “GCF”, or
“serum” or “blood”

Access type Research article Human studies/abstract All articles

Publication titles
and subject areas

Medicine and dentistry
Clinical study/comparative/evaluation/

observational studies
Oral diseases

Language English English English

Duration 1998–2023 1998–2023 1998–2023
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The majority of studies illustrated a notable decrease in
SOD levels in OSCC groups across various biological samples
compared to healthy controls. In contrast, only six included
studies indicated a significant increase in SOD activity levels
in various samples when compared to healthy controls.

The meta-analysis findings revealed a statistically significant
decrease in SOD levels in both erythrocyte samples (P <0:001)
and tissue samples (P <0:05) among individuals with oral can-
cer (OSCC) compared to the normal control group. Conversely,
the analysis of three studies on salivary samples demonstrated a
significant increase (P <0:05) in SOD levels in the oral cancer
group compared to the healthy controls.

The data from each included article were systematically
organized and presented in Table 2 [16–54]. The authors
utilized varied methods to assess the activity levels of SOD
across a range of biological samples [55–65]. Gurudath et al.
[31] and Nyamati et al. [45] employed the Ransel antioxidant
enzyme kit for SOD level assessment in the specified biologi-
cal samples and the Enzychrom™ SOD assay kit was used by
Sadaksharam [49] study.

3.1. Meta-Analysis.Various methodologies were employed to
assess SOD concentration or activities in diverse biological

samples. Studies providing consistent details and reporting
on the same biological sample were chosen for meta-analysis.
The overall observed standardized mean difference between
the OSCC and control groups was −2.876Ua/mg Hb (95% CI
−4.349 to −1.404) in the erythrocyte sample (Figure 4),
1.968Ub/ml (95% CI 0.073–3.863; Figure 5) in the salivary
sample, and −2.043Ua/mg protein (95% CI −3.790 to
−0.296) in the tissue sample (Figure 6).

3.2. Heterogeneity. The meta-analysis revealed notable het-
erogeneity, as indicated by the I2 values of 96.101, 94.289,
and 93.356 in Figure 4–6, respectively. This substantial het-
erogeneity may stem from variations in the methodologies
employed to assess SOD enzyme levels.

3.3. Publication Bias. The studies incorporated in this meta-
analysis exhibited Egger’s regression intercept values of
−6.69, 19.77, and −11.83, with two-tailed P values of 0.23,
0.25, and 0.147 for erythrocyte, saliva, and tissue samples,
respectively. These results indicate a low probability of pub-
lication bias in the present meta-analysis.

Merely seven studies recorded the SOD activity level in
OSCC, considering clinical stages across various biological

Records identified through
database search (1998 to 2023):
(n = 1,177)

(Science direct - 1,037;
PubMed - 22;
Wiley online library - 112;
Cross reference - 6)

Records removed before
screening:
Duplicate records (n = 88)
unmatched objectives (n = 819) 

Records screened (n = 270) 
Records excluded (n = 185)
Unmatched inclusion criteria

Reports sought for retrieval
(n = 85)

Reports not retrieved (n = 2)
Critical/systematic
reviews/reviews  (n = 5)
Case reports or case series (n = 3)
Animal studies (n = 7)

Reports assessed for eligibility
(n = 68)

Reports excluded (n =29)
Insufficient data (n =2)
Other cancers (n =9)
Tissue IHC markers (n =3)
Cell lines assessment (n =8)
Studies on treated group (n =7)

Studies included in review
(n = 39)
Reports of included studies
(n = 13)
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FIGURE 1: Flow chart (PRISMA) for study selection.
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FIGURE 2: Newcastle–Ottawa quality measure for risk of bias evaluation of included studies.
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samples. In most studies, the distinctions between different
stages of OSCC were deemed insignificant. Nevertheless, the
reduction of SOD activity as the disease progresses from
early to advanced stages proved significant in two of the
included studies (P<0:01; Table 3). Regarding histopatho-
logical changes, there is no discernible prediction pattern, as
only three studies exhibited SOD activity changes between
different histopathological grades of OSCC (Table 4)
[66, 67].

4. Discussion

Tobacco, paan, areca nut, and other tobacco-related products
directly induce irritation to the oral mucosal tissue, leading
to a gradual malignant transformation. Moreover, in indivi-
duals with addictive personal habits, the delicate balance
between OS and antioxidant enzymes is significantly dis-
rupted. An intricate interplay between tobacco usage, OS-
antioxidant imbalance, and genetic susceptibility may syner-
gistically initiate carcinogenesis in individuals already
exposed to predisposing factors [21–25]. Hence, the evalua-
tion of antioxidant SOD levels can serve as a prognostic or
therapeutic biomarker in OSCC [49].

The present systematic review aims to observe the anti-
oxidant SOD enzyme activity in various biological samples
for both the OSCC and healthy control groups. The review
encompasses a total of 1,147 patients with oral cancer and
1,058 normal individuals assessed for SOD activity changes.
The included studies employed clinical staging systems such
as UICC and AJCC. The authors utilized the histopatholog-
ical grading criteria proposed by Woolgar and Scott [66] and
the Akhter et al. [67] method for the histopathological cate-
gorization of the OSCC patient group.

In both normal and tumorigenic conditions, SOD is rec-
ognized as a crucial antioxidant enzyme that governs cellular
redox processes [68]. The impact of SOD on tumor cell
growth varies based on its concentration and the host envi-
ronment at the specific site [69]. The literature also indicates
that patients with carcinoma exhibit significantly lower levels
of antioxidant enzymes [70].

This systematic review unveiled a noteworthy decrease in
the mean SOD levels across various biosamples in the OSCC
group compared to the normal controls (P <0:05) [16, 17,
20–28, 30–33, 35–42, 44–48, 50, 53, 54]. Sharma et al. [3] and
Bahar et al. [68] conducted studies, not included in the pres-
ent systematic review due to graphical representation with-
out actual values, that also reported a significantly lower
activity of SOD in the OSCC group when compared to the
normal control group. Similarly, the results of another study
suggested a decrease in SOD values in erythrocyte samples of
the OSCC group, although the difference did not attain sta-
tistical significance [35]. Subapriya et al. [18] observed a
reduction in antioxidant levels in venous blood samples
from the oral cancer group compared to the control group
and at cancerous intraoral sites compared to the correspond-
ing adjacent tissue sites. The potential explanations for
reduced enzyme activity in the oral cancer group include
elevated OS due to an accumulation of ROS, insufficient
production of antioxidant enzymes and excessive utilization
or degradation of SOD by reactive oxygen metabolites, inten-
sive utilization of SOD to counteract superoxide anion (free
radicals/ROS), and limited antioxidant capacity to neutralize
ROS in a cancerous environment. Conversely, some authors
reported significantly elevated SOD activity levels in the
OSCC group. Specifically, one article highlighted a notewor-
thy increase in lymphocyte SOD levels (P <0:001) within the
OSCC group [51]. Similarly, two additional studies in saliva
and blood documented a significant rise in SOD levels
(P <0:05) within the OSCC group compared to the control
group. [29, 34, 36, 52] Another study revealed a statistically
insignificant increase in SOD levels in erythrocytes of the
OSCC group compared to the systemically healthy group
(P >0:05) [28].

The elevated SOD activity in the OSCC samples might be
attributed to the adaptive or compensatory response of cel-
lular induction caused by an excess of O2

− (superoxide)
anions resulting from higher OS and lipid peroxidation.
There could be a heightened dismutation of superoxide
(O2

−) to H2O2 with increased SOD activity. Other antioxi-
dant enzymes detoxify the surplus H2O2 in the blood cells
[34, 51]. Studies also indicated that as the activity of other

Case definition
Case representation

Control selection
Control definition

Matching known confounding factor
Matching latent confounding factor

Security of records
Blindness to cases and control

Similarity Between case and control
Nonresponse rate

Overall

0%

No information

25% 50% 75% 100%
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FIGURE 3: The summary of the risk of bias for the included studies.
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antioxidant enzymes decreases, the impact of the SOD
enzyme increases [71]. Therefore, the overexpression of
endogenous antioxidant enzymes is presumed to serve as a
vital component of the natural antioxidative defense mecha-
nism, which aims to scavenge lipid peroxides, contributing to
the body’s defense against carcinogenesis [28]. Several stud-
ies investigated SOD activity levels across different clinical
stages within the OSCC group. Notably, in one study, the
mean SOD levels in plasma and erythrocyte samples dem-
onstrated a significant progressive decrease (P <0:01) as the
clinical grades of OSCC advanced from stage II to stage IV
[21]. Two studies reported an insignificant reduction in SOD
activity levels in both plasma and tissue as the clinical stage
of OSCC advanced [30, 46]. Merely three studies reported an
increase in SOD enzyme activity in advanced malignant

disease compared to early conditions [26, 47, 52]. One
reported study observed fluctuations in the SOD level change
in various stages [39]. These observations highlight the need
for additional research to elucidate the role of SOD enzymes
during the progression phase of the disease.

Two studies depicted a significant decrease in SOD activity
levels in moderately differentiated tumors compared to well-
differentiated tumors in plasma (P <0:001) [41] and erythro-
cyte (P <0:05) samples [26]. In contrast, a study revealed a
gradual increase in salivary SOD levels as the histopathological
grade of OSCC progressed. However, the extent of the differ-
ence was statistically insignificant (P >0:05) between different
grades of tumors [39]. Analysis based on histopathological
grades was only available in three studies. Moreover, this
assessment was carried out across different samples utilizing

Study name

Comparison of erythrocyte SOD enzyme activity between OSCC and control group

Std diff in means and 95% CIStatistics for each study

Upper
limit

Lower
limit

Standard
error

Std diff
in means

Relative
weight

13.48
11.04
14.90
15.07
15.27
15.10
15.14

P-valueZ-valueVariance
Subapriya et al. [18]
Subapriya et al. [19]
Manoharan et al. [21]
Fiaschi et al. [23]
Patel et al. [26]
Raghavendra et al. [27]
Gokul et al. [28]
Pooled
Prediction Interval

–6.759
–6.663
–3.148
–0.975
–2.919
–1.746
0.634

–2.876
–2.876

0.748
1.218
0.401
0.344
0.262
0.332
0.317
0.751

–5.293–8.2240.559
–4.276–9.0501.483
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–0.302–1.6490.118
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0.001
0.001
0.005
0.001
0.001
0.045
0.001

–11.147–2.406–3.4330.069
–5.253
2.004

–3.828

–1.095–2.3980.110
1.2550.014   0.100

–1.404–4.3490.565
2.388–8.141

0.00–9.00 –4.50
Less than control

4.50
More than control

9.00

Model Effect size and 95% confidence interval Test of null (2-Tail) Prediction interval
Standard

error
Point

estimate
Number
studies Upper limitLower limit P-valueZ-valueUpper limitLower limitVarianceModel

–1.9007Fixed –2.1750.0200.140 –1.625 –13.539 0.001
–2.8767Random effects –4.3490.5650.751 –3.828–1.404 –8.1410.001 2.388

Other heterogeneity statisticsBetween-study

df (Q)Q-valueTauSqTau I-squaredP-value
153.890 6 96.1010.001

1.905 3.629

FIGURE 4: The forest plot presented the standardized mean difference (SD diff in mean) values at a 95% confidence interval, illustrating the
comparison of antioxidant SOD activity in erythrocytes (ER) between the OSCC and normal control groups.

Study name
Standard

error
Std diff

in means

Std diff in means and 95% CIStatistics for each study
Upper
limit

Lower
limit

Relative
weight
33.71
32.31
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Shankarram et al. [43]
Babiuch et al. [52]
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3.000.00
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Comparison of salivary SOD enzyme activity between OSCC and control group

Model Effect size and 95% confidence interval Prediction intervalTest of null (2-Tail)
Standard

error
Point
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Number
studies Lower limit  Upper limitP-valueZ-valueUpper limitLower limitVarianceModel

0.2251.5643Fixed 0.051 2.0061.122 0.0016.941
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Other heterogeneity statisticsBetween-study

I-squaredP-valuedf (Q)Q-valueTauSqTau

94.2890.001235.023
2.6361.623

FIGURE 5: The forest plot illustrates the standardized mean difference values at 95% confidence intervals, indicating a comparison of
antioxidant SOD activity levels in saliva between the OSCC and normal control groups.
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diversemethodologies with varying units ofmeasurement. As a
result, no definitive predictions can be made concerning
changes in SOD activity based on varying histopathological
grades.

Fu et al. [72] reported that a higher expression of MnSOD
was positively correlated with a significantly improved
disease-specific survival period compared to patients with
lower MnSOD expression levels (P− 0:009). Particularly,
MnSOD overexpression was associated with favorable prog-
noses in individuals with moderate or poorly differentiated

tumors (P− 0:045), clinical-stage I tumors (P− 0:002), and
those who had undergone postoperative adjunct radiotherapy
(P− 0:048). However, the altered levels ofMnSOD expression
did not predict disease-specific survival in patients with clini-
cal stages II–IV and T2–T4 oral cancer stages. In contrast,
Salzman et al. [73] and Yokoe et al. [74] proposed that OSCC
patients with a markedly elevated expression of the SOD2
gene are associated with lymph node metastasis. Some studies
have indicated that the SOD2-dependent expression of H2O2

results in the upregulation of MMPs (including MMP-1 and
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weight
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–2.630
–2.292
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0.022

6.000.00–6.00 –3.00
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Comparison of tissue SOD enzyme activity between OSCC and control group

Prediction intervalTest of null (2-Tail)Effect size and 95% confidence intervalModel
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error
Point

estimate
Number
studies Upper limitLower limitP-valueZ-valueUpper limitLower limitVarianceModel

0.001–6.403–0.956–1.7990.0460.215–1.3783Fixed
19.920–24.0060.022–2.292–0.296–3.7900.7940.891–2.0433Random effects

Between-study Other heterogeneity statistics

df (Q)Q-valueTauSqTau I-squaredP-value
230.104 93.3560.001

2.1931.481

FIGURE 6: The forest plot portrays the standardized mean difference (SMD) values within 95% confidence intervals, comparing antioxidant
SOD activity levels in tissue between the OSCC and normal control groups.

TABLE 3: The SOD enzyme level changes in different biosamples of patients in various clinical stages of OSCC.

Author
Samples Stage I Stage II Stage III Stage IV Measure Stat Sig Stage

Type Size Mean� SD Mean� SD Mean� SD Mean� SD Unit P-value Criteria

Manoharan et al. [21]
Pl 48 — 3.61� 0.72 3.2� 0.17 2.99� 0.17 Ua/ml <0.01 UICC
Er 48 — 2.08� 0.08 1.92� 0.13 1.73� 0.09 Ua/mgHb <0.01 UICC

Patel et al. [26] Er 126 1927.15� 203.9 2119.5� 115.0 U/mgHb In sig AJCC
Srivastava et al. [30] Pl 20 — 1.52� 0.08 1.44� 0.13 1.43� 0.1 Ua /mgHb In sig TNM
Singh et al. [39] Sa 50 0.017� 0.014 0.037� 0.019 0.019� 0.008 0.030� 0.036 U/mg 0.548 TNM
Srivastava et al. [46] Ti 20 — 14.8� 0.48 14.27� 0.4 13.97� 0.8 Ua /mgHb In sig TNM
Banerjee et al. [47] Mi 30 — 46.16� 0.88 16.55� 0.48 72.7� 1.29 — — TNM

Author Type Size
T1

Mean� SD
T2

Mean� SD
T3

Mean� SD
T4

Mean� SD
Unit P value Criteria

Babiuch et al. [52] Sa 20 8.89� 8.68 6.08� 4.61 5.71� 3.79 11.1� 3.14 Ub/ml 0.56 T Stage

OSCC-oral squamous cell carcinoma, Stat Sig-statistical significance, SD-standard deviation, Pl-plasma, Er-erythrocyte, Ti-tissue, Sa-saliva, and Mi-mitochon-
dria. aThe amount of enzyme required for 50% inhibition of the formation of NADH-phenazine methosulfate NBT formazan at 520 nm. bThe amount of
enzyme necessary to inhibit 50% epinephrine autoxidation.

TABLE 4: The SOD enzyme activity level changes in different samples of patients with various histopathological grades of OSCC.

Author
Sample OSCC (WD) OSCC (MD) OSCC (PD) Measure Stat Sig H/P grade

Type Size Mean� SD Mean� SD Mean� SD Unit P-value Criteria

Patel et al. [26] Er 126 2212.4� 112.3 2,137� 76.2 2199.5� 244.2 U/mg Hb 0.046 —

Singh et al. [39] Sa 50 0.026� 0.035 0.027� 0.021 0.029� 0.027 U/mg 0.961 Woolgar and Scott [66]
Rai et al. [41] Pl 20 59.22� 4.01 58.43� 2.26 — — <0.001 Akhter et al. [67]

OSCC-oral squamous cell carcinoma, WD-well-differentiated, MD-moderately differentiated, PD-poorly differentiated, Stat Sig-statistical significance, SD-
standard deviation, Sa-saliva, Pl-plasma, and Er-erythrocyte.
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MMP-9). The association between elevated MMP levels,
increased invasion, extracapsular spread (ECS), and enhanced
tumor metastasis is noteworthy [75–77]. Ye et al. [78] and Liu
et al. [79] highlighted that a substantial upregulation of the
MMP-1 gene in tongue OSCC signifies the correlation
between elevated SOD2 levels and heightened metastatic
potential in OSCC. A plausible explanation for the earlier
conflicting statement is that increased OS, resulting from the
excessive production of H2O2, contributes to the aggressiveness
of tongue squamous cell carcinoma (while concurrently elevated
SOD2 expressionmaynot be causative). In linewith the previous
statement, few in vivo studies have indicated that higher expres-
sion of MnSOD protects against further tumor growth in oral
and cheek pouch carcinoma [80, 81]. The precise role of SODs in
carcinogenesis has been extensively investigated, yet it remains
unclear.

The outcomes from this meta-analysis indicate a notable
reduction in SOD activity values in the OSCC group com-
pared to the healthy control group. Specifically, in erythrocyte
samples, the difference was highly significant (P <0:001), and
in tissue samples, it was statistically significant (P <0:05). The
overall standardized mean difference between the study and
control groups was −2.876Ua/mg Hb (95% CI −4.349 to
−1.404) in erythrocyte samples and −2.04Ua/mg protein
(95% CI −3.79 to −0.29) in tissue samples. Conversely, three
included studies of the salivary samples meta-analysis exhib-
ited a significant increase (P <0:05) in SOD activity com-
pared to normal controls. The overall standardized mean
difference in salivary SOD value between the study and con-
trol group was 1.968Ub/ml (95% CI 0.073–3.863). These
observations highlight that tissue, blood, and saliva compo-
nents exhibit distinct biological behaviors influenced by the
local environment and immune status of patients. Baseline
levels of antioxidant enzymes and their responsiveness to
inducibility can vary significantly based on biological samples,
sample size, methodologies, host factors, disease specificity,
and ethnicity. Additionally, the limited availability of studies
providing coherent data for salivary SOD enzyme meta-
analysis hampers the ability to assess valid changes.

The statistically significant decline in SOD levels as the
disease progresses from early to advanced phases was
observed in only two studies (P <0:01). Reported studies
lack a specific prediction pattern concerning histopatholog-
ical changes. Recognizing biological alterations in antioxi-
dant systems may contribute to a more accurate prognosis
of OSCC [82]. Predicting disease progression may be facili-
tated by assessing changes in SOD activity with advancing
clinical stages or histological tumor grades. According to
Manasaveena et al. [38] radiation therapy induces higher
OS compared to chemoradiotherapy in OSCC. Thus, the
detrimental effects of tumors and the adverse impact of inap-
propriate treatment on patients’ health are highly devastat-
ing. Future studies are required to elucidate alterations in the
pro-oxidant and antioxidant systems in patients not only
with oral cancer but also in primary vertebral bone lesions,
leptomeningeal, and other tissue metastasis across different
types of solid and hematologic cancers. Doing so sheds light
on the unique patterns of disease detection and progression

of each kind of metastasis. Ultimately, it develops tailored
treatment approaches for each cancer type [83, 84].

5. Conclusion

Our systematic review revealed statistically significant reduc-
tions in SOD enzyme activity across various biosamples in
the oral cancer group. However, further evaluation with a
larger sample size is warranted. In the current context,
exploring prognostic markers such as the antioxidant
enzyme SOD could enhance the selection of effective ther-
apy, intervention methods, monitoring of therapeutic strate-
gies, and identification of tumor resistance to improve the
survival of oral cancer patients. Regular assessment of anti-
oxidant status holds the potential to serve as a prognostic
biomarker in individuals at high risk, offering benefits in
reducing morbidity and mortality among OSCC patients
while enhancing their quality of life.
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