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Enhanced Antipsychotic Treatment: Modulating 
Oxidative Stress with Vitamin D and E 
Co-Administration  

ABSTRACT

Background: Antipsychotics may increase oxidative stress, potentially damaging brain tissues. 
Antioxidants like vitamins D and E could mitigate this side effect from long-term antipsychotic use. 
This study aimed to assess the effect of vitamin D & E by measuring two oxidative markers, 
Superoxide Dismutase and Glutathione Peroxidase, in patients undergoing antipsychotic treatment.

Methods: A randomized controlled trial (NCT 06200584), approved by the ERB, was conducted from 
January to June 2021 at the Baluchistan Institute of Psychiatry and Behavioral Sciences, Quetta, 
Pakistan. Using non-probability purposive sampling, 260 participants were enrolled. Group 1 served 
as healthy controls, while groups 2, 3, and 4 received olanzapine (10 mg/day), risperidone (2 
mg/day), and quetiapine (100 mg/day), respectively. Groups 5, 6, and 7 received the same 
antipsychotics with added vitamin D (200,000 IU weekly) and vitamin E (400 mg daily). After two 
months, blood samples were analyzed for SOD and GPx, with statistical analysis performed using 
SPSS 26. Independent samples t-test and ANOVA were applied, p-value≤0.05 was considered 
significant.

Results: Compared to control, statistically significantly lower enzyme levels were observed in Groups 
2 and 3 (p<0.001) whereas nonsignificant with group 4 (p=0.44). Groups 5, 6 and 7 with Vitamin E and 
D along with one of the antipsychotics, had significantly raised blood enzyme levels (p < 0.001) vs 
control. No gender-based differences were observed between the groups.

Conclusion: Antipsychotics cause redox imbalance with decreases in oxidative markers whereas 
antioxidants, vitamins D and E can significantly increase these enzymes and thus can be a valuable 
addition in management to lower oxidative stress in psychotic patients.
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INTRODUCTION
The amount of oxidative stress within cells is deter-
mined by the balance of mechanisms that enhance 
the generation of reactive oxygen species (ROS)1. 
During numerous biological activities, many radicals 
such as superoxide anion and hydroxyl radicals are 
produced 2. The body relies on antioxidants and 
vitamins C, D, and E, and enzymes like superoxide 
dismutase (SOD), catalase, and glutathione peroxi-
dase (GPx) to neutralize reactive species3,4. Approxi-
mately 20% of the total oxygen used by the body is 
utilized in the brain with high oxygen metabolism 
resulting in the generation of an abundance of free 
radical substrates5.  Peroxidation with free radicals of 
neuronal membranes and myelin sheaths can have 
a significant degenerative impact on brain activities 
6,7.

Vitamin D has been well-documented to have 
strong neuroprotective properties. Vitamin D has 
been proven in studies to influence oxidative stress in 
the CNS by enhancing the activity SOD and 
preventing the harmful effects of free radicals in the 
brain8. Similarly, vitamin E is also important in protect-
ing the CNS from oxidative stress functioning as a 
free radical scavenger, neutralizing their damaging 
effects9. It has been shown to boost the activity of 
GPx, an antioxidant enzyme that lowers hydrogen 
peroxide and lipid peroxides in the brain10.

Multiple animal studies have concluded that typical 
antipsychotics can cause oxidative damage to 
brain tissues by several mechanisms, including 
increased production of superoxide and H2O2, 
decreased concentration of NO, increased lipid 
peroxidation of membranes, and a substantial 
decline in the activity of Mn-SOD, Cu, Zn-SOD, and 
catalase. For human studies, despite having 
conflicting evidence, finally, antipsychotic medica-
tion and oxidative stress have been linked, caused 
by both conventional and atypical antipsychotics11.

By considering Superoxidase Dismutase and Gluta-
thione Peroxidase levels in the blood, oxidative state 
in the body can be estimated as these enzymes 
play a critical task in the physiological reaction to 
redox status and are useful indicators for assessing 
oxidative state in tissues. Therefore, this study aims to 
reveal the effects of two important antioxidants, 
vitamin D and vitamin E on patients treated with 
atypical antipsychotics.

METHODS
A Randomized Control Trial approach was used to 
evaluate the effect of Vitamin D and E on psychiat-

ric improvement in people with mental health issues. 
After approval with ERB from the Faculty of Pharma-
cy and Health Sciences, University of Baluchistan, 
Quetta (Letter no. FoP & HS / 67/22). The trial was 
registered with clinicaltrial.gov (NCT 06200584) and 
the study was conducted between Jan 2021-June 
2021 at Baluchistan Institute of Psychiatry and 
Behavioral Sciences. Based on the prevalence of 
mental illness in Pakistan 10.0% 27, with a 95% confi-
dence interval and 5% margin of error using open 
epi for sample size calculation, resulted in a total of 
139 patients. With non-probability purposive 
sampling after the written informed consent, a total 
of 267 individuals were assessed and 260 were 
enrolled in the study, out of which 35 were healthy 
controls whereas 225 patients were enrolled, who 
were diagnosed with mental disorders with DSM-4 TR 
(Diagnostic and Statistical Manual of Mental Disor-
ders) and had been taking antipsychotic drugs 
(quetiapine, olanzapine, or risperidone) with 
constant doses for at least two months, aged 
between 20 - 70 years, with no other co-morbid. 
They were further divided into six treatment groups 
randomly using an online research randomizer 
(figure 1). The first group had healthy controls, next 
were three groups (group 2,3 and 4) on recom-
mended olanzapine (10 mg/day), risperidone (2 
mg/day) and quetiapine (100 mg/day) treatments 
respectively. Rest three groups (group 5, 6 and 7) 
were kept on respectively either olanzapine, risperi-
done and quetiapine, along with added vitamin D 
(200000 IU once daily) and Vitamin E (400 mg BD 
daily) regime. For two months, all six treatment 
groups got the recommended therapy and then 
the blood samples were collected. A colorimetric 
technique was used with commercially available 
test kits to measure the levels of Glutathione Peroxi-
dase (GPx) and Superoxide Dismutase (SOD) in the 
serum. Data was tabulated for (N=245) patients who 
were cooperative and completed the study with 
equal patients (n=35) in each group, using SPSS 26, 
and a p-value less than 0.05 was considered signifi-
cant. For descriptive statistics mean and standard 
deviation, whereas for inferential statistics indepen-
dent T-test and One way ANOVA was used.

RESULTS
A total of 245 diagnosed psychotic patients were 
included in this trial with a mean age of 41.64±8.25 
years. Out of them, there were 150 males (61.2%) 
and 95 females (38.3%) Table 1.
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Variables Mean ±SD 
Age (Years) 41.64±8.2 
Gender 
Male 150 (61.2 %) 
Female 95 (38.8 %) 

Table 1: Demographic characteristics of participants (n=245)

Significant difference in Superoxide Dismutase (IU) levels and Glutathione Peroxidase (GP) levels 
between all the seven groups (p<0.001) Table 2. 

GROUPS 

N=245 

Superoxide Dismutase 

(SOD) (IU) 

Mean ± SD 

Glutathione Peroxidase 

(GPx) (IU) 

Mean ± SD 

Gr 1: Control (n=35) 12.01±0.47 1356.97±39.61 

Gr 2: Olanzapine (n=35) 11.39±0.59 1253.00±60.75 

Gr 3: Risperidone (n=35) 11.34±0.59 1250.91±58.43 

Gr4: Quetiapine (n=35) 11.64±.052 1248.77±56.97 

Gr 5: Olanzapine + Vitamin E + Vitamin 
D (n=35) 

12.95±0.71 1480.51±75.11 

Gr 6: Risperidone + Vitamin E+ Vitamin D 
(n=35) 

13.35±0.63 1485.40±81.83 

Gr 7: Quetiapine + Vitamin E+ Vitamin D 
(n=35) 

13.10±2.07 1478.11±88.05 

p-value p<0.001* p<0.001* 

Table 2: Superoxide dismutase and Glutathione Peroxidase levels in Groups 

One-way ANOVA; p-value < 0.05 considered significant* 

When the results were compared to Group 1 vs Group 2, group 1 vs Group 5, and Group 2 vs 
Group 5 for Superoxide Dismutase levels (p<0.001*) and Glutathione Peroxidase levels (p<0.001*) 
the results were significant. For the results for Superoxide Dismutase levels and Glutathione 
Peroxidase levels between group 1 vs group 2 vs group 5, statistically significant results were 
obtained (p<0.001*and p<0.001*) Tables 2 & 3 

 The results for Superoxide Dismutase and Glutathione Peroxidase levels between Group 1 vs 
Group 3, group 3 vs Group 6, and Group 1 vs. Group 6 (p<0.001*and p<0.001* respectively) were 
statistically significant. Similarly, when results were tabulated for the mean Superoxide Dismutase 
and Glutathione Peroxidase levels for Group 1 vs Group 3 vs Group 6, the results were considered 
significant (p<0.001*and p<0.001*respectively) Table 2 & 3. 

Further, the results for superoxide Dismutase levels for group 1 vs group 4 were substantially non-
significant (p=0.42) whereas for Glutathione Peroxidase level results were statistically significant 
(p<0.001*) between the groups. Group 4 vs Group 7, and Group 1 vs Group 7 were significant 
statistically (p<0.001*and p<0.001*respectively). The results for superoxide Dismutase level and 
Glutathione Peroxidase level for Group 1 vs Group 4 vs Group 7, were significant statistically 
(p<0.001*and p<0.001* respectively) Table 2 & 3. 
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GROUPS 

N=245 

Superoxide Dismutase 

(SOD) (IU) 

p-value

Glutathione Peroxidase 

(GPx) (IU) 

p-value

Gr1 vs Gr 2 (n=70) <0.001* <0.001* 

Gr 2vs Gr 5(n=70) <0.001* <0.001* 

Gr1 vs Gr 5 (n=70) <0.001* <0.001* 

Gr1vs Gr2 vs Gr 5(n=105) <0.001* <0.001* 

Gr1 vs Gr 3 (n=70) <0.001* <0.001* 

Gr 3vs Gr 6(n=70) <0.001* <0.001* 

Gr1 vs Gr 6 (n=70) <0.001* <0.001* 

Gr1 vs Gr 3 vs Gr 6(n=105) <0.001* <0.001* 

Gr1 vs Gr 4(n=70) 0.442 <0.001* 

Gr4 vs Gr 7(n=70) <0.001* <0.001* 

Gr1 vs Gr 7(n=70) 0.003* <0.001* 

Gr1 vs Gr 4 vs Gr 7(n=105) <0.001* <0.001* 

Table 3: Superoxide dismutase and Glutathione Peroxidase levels within the Groups 

Independent t-test, One-way ANOVA applied; a p-value < 0.05 is considered significant* 

Results were non-significant for the SOD and GPx levels between both genders (P-value = 0.629 
and 0.533 respectively) Table 4. 

GROUPS 

Superoxide Dismutase 

(SOD) (IU) 

Mean ± SD 

Glutathione Peroxidase 

(GPx) (IU) 

Mean ± SD 

Male (n=150) 12.21±1.35 1364.3±127.2 

Female (n=95) 12.32± 1.02 1365.4±124.9 

p-value 0.629 0.533 

 Independent t-test applied; p-value < 0.05 considered significant* 

Table 4: Superoxide Dismutase and Glutathione Peroxidase Levels in Relation to Gender 

Table 5 represents the comparison of superoxide dismutase and glutathione peroxidase levels 
between genders for all the study groups and found insignificant differences for all the groups 
(p-value >0.05). 

GROUPS 

Superoxide Dismutase (SOD) (IU) 

Mean ± SD 

Glutathione Peroxidase (GPx) (IU) 

Mean ± SD 

Males Females p-value Males Females p-value

Group 1 11.90±0.5 12.21±0.33 0.07 1357.26±38.7 1356.41±43.0 0.95 

Group 2 11.94±0.52 12.11±0.37 0.31 1357.04±39.8 1356.85±40.7 0.88 

Group 3 12.06±0.51 11.91±0.38 0.35 1358.31±41.4 1354.69±38.0 0.78 

Group 4 12.02±0.41 11.99±0.54 0.87 1364.33±37.1 1349.17±41.7 0.26 

Table 5: Comparison of Superoxide Dismutase and Glutathione Peroxidase Levels Between 
Gender for Each Group 

DISCUSSION
OSCC has high global prevalence predominantly 
affects males, notably in Pakistan, where it ranks as 
the most prevalent cancer according to Globocan 
20243, 24. Staging plays a pivotal role in the manage-
ment of cancer patients, guiding treatment deci-

sions and prognostic assessments. DOI, which was 
incorporated in the sixth edition of cancer staging 
manual enhances data precision. DOI’s inclusion 
influences the T category, underscoring the impor-
tance of distinguishing between superficial and 
deeply invasive tumors11.

Higher DOI has been associated to an increased risk 
of lymph node metastasis, poor survival and reoc-
currence in early-stage OSCC11-13.  It is a strong 
predictor of tongue cancer and a crucial compo-
nent of preoperative staging14.Our findings offer 
insight on the relationship between tumor stage, 
DOI, and other clinicopathological features in 
patients with OSCC.

Our results demonstrated no correlation between 
DOI and Tumor Size, Nodal Stage or Overall Tumor 
Stage, which contrasts with other research indicat-
ing that DOI improves patient risk categorization 
and prognostic accuracy15, 16. Wunchel et. al in 2020 
emphasized the use of DOI evaluation in early-stage 
OSCC17.

We found no significant variance in the DOI 
between tumor stages contrasting with other 
studies11, 12. However a positive correlation was seen 
between DOI and variables such as tumor site, 
perineural invasion, and lymphovascular invasion. 
Conversely, a weakly negative correlation was 
identified with patient age consistent with the 
findings reported by Abidi. et al. in 2020, where no 
association was seen with patient’s age. These 
findings highlight the significance of tumor stage in 
predicting DOI and justify the inclusion of DOI in TNM 
staging for OSCC. Furthermore, moderate to 
positive link between DOI and tumor stage was 
observed, which is consistent with other researches 
indicating that DOI assessment improves patient risk 
categorization and prognosis accuracy15, 16.  A 
positive correlation was seen between DOI and 
variables such as tumor site, perineural invasion, and 
lymph vascular invasion Conversely, a weakly nega-
tive correlation was identified with patient age, 
consistent with the findings reported by Abidi et al. in 
2020 where no association was seen with age20.Our 
results also align with findings reported by Maheer et 
al. in 2020, where DOI was significantly associated 
with Lymph vascular invasion cross different DOI 
categories18. Sheikh et al., however, reported that 
younger patients with “OSCC” tend to have 
increased DOI21.

Perineural invasion in OSCC is found to be more 
common with deeper tumor depth similar to our 
study13. DOI was also reported to be distinct from TT 
as it represents the invasive behavior of the tumor19, 

22, and 23. Understanding the impact of clinicopatho-
logical variables on DOI can assist clinicians in tailor-
ing treatment approaches and predicting 
outcomes17, 25.

Our study has certain limitations, such as small 
sample size and variability in DOI measurement; 
also, a lack of longitudinal data and a narrow scope 
of factors may restrict the depth of analysis and 
applicability of the results. Despite these limitations, 

this study offers a detailed analysis of Depth of 
Invasion with several clinicopathological parame-
ters, providing useful insights into OSCC progression 
and treatment planning. To corroborate these 
findings, more studies with bigger, more diverse 
populations are required.

CONCLUSION
The study highlights the importance of Depth of 
Invasion (DOI) in OSCC diagnosis, but found no 
correlation with tumor size, nodal stage, or overall 
tumor stage. DOI is useful for assessing tumor aggres-
siveness and differentiation but does not predict 
tumor size, lymphatic spread, or overall staging. 
Further research is needed to understand DOI's 
effect on OSCC management.
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Group 5 11.90±0.5 12.2±0.33 0.07 1357.2±38.7 1356.4±43.0 0.95 

Group 6 11.94±0.52 12.11±0.37 0.31 1357.0±39.8 1356.8±40.2 0.98 

Group 7 12.0±0.5 11.91±0.38 0.35 1358.3±41.3 1354.6±38.0 0.79 

Independent sample t-test applied 

DISCUSSION
The study outcomes indicated that Risperidone and 
Olanzapine significantly decreased enzyme levels, 
whereas psychotic patients on quetiapine vs control 
were unable to provide any significant results. In other 
words, quetiapine is one of the antipsychotics with the 
least effect on redox imbalance in psychosis whereas 
the rest of the commonly used antipsychotics increase 
the oxidative stress in the body.

However, as compared to other treatment groups, 
antipsychotic treatment with Vitamin E and Vitamin D 
has shown considerably higher SOD and GPx levels 
which indicate that an adequate quantity of enzymes 
available and a better redox state in the blood for 
detoxification of free radicals and a further reduction 
in oxidative injuries which can be more in psychotic 
patients11.

According to a study various degenerative processes 
and illnesses, such as atherosclerosis, myocardial 
infarction, stroke, inflammatory conditions, central 
nervous system problems, and age-related disorders, 
have been linked to oxidative stress. Superoxide anion 
production and activity of its scavenger enzyme, 
superoxide dismutase (SOD), are emerging as 
common variables in these circumstances 12. It was 
found that deficiency of SOD or SOD dysfunction is 
related to the development of neurological dysfunc-
tion such as Parkinson's disease, Alzheimer and 
Dementia.  Further, the study also provided evidence 
that patients had considerably lower catalase and 
glutathione peroxidase (GPx) activity, indicating a 
diminished ability to break down hydrogen peroxide 
and counteract oxidative stress. The decreased level 
of enzyme activity was more in individuals who had a 
higher number of psychotic episodes, furthermore, 
individuals treated with second-generation antipsy-
chotics depict comparable decreases in enzyme 
activity 13. On a detailed search, it was found that 
oxidative stress has been strongly linked with related 
genetic polymorphisms with schizophrenia and other 
psychotic disorders.  Most important are genes related 
to glutathione synthesis and glutathione-dependent 
antioxidation can be related to schizophrenia. 
Secondly, there were some evidences of polymor-
phisms of Superoxide dismutase (Mn-SOD) genes 
demonstrated in these patients. The third reason could 
be that antipsychotics may have diverse effects on 
redox balance with different levels of SOD and gluta-
thione peroxidase activity 14. Animal studies have also 
indicated that antipsychotics cause more oxidative 
stress shown as significant changes in antioxidant 
enzyme levels and were similar to our results 15. Padu-
rariu in his study documented that adequate levels of 
SOD were found, in patients receiving quetiapine, and 

was again in consistent with our results as there was no 
significant difference between the control vs Queti-
apine group patients for SOD levels 16.

A study on important lipid-soluble antioxidants, vitamin 
E. treatment indicates that the individuals on tradition-
al mostly antipsychotics surely benefit from vitamin E
addition as compared to those taking antipsychotics
alone. The results from our study were consistence with 
this study and with the proof document that vitamin E
can raise SOD and GPx levels with synergetic
management. Free radicals are neutralized by vitamin 
E, a natural antioxidant by Phenyl group hydrogen is
transferred to the peroxide radical and also by
interacting with biological membrane phospholipids
and maintaining the redox balance 14.

In our study, following vitamin E use, blood SOD levels 
increased dramatically (P = 0.001). These better 
outcomes confirm past research on the effectiveness 
of vitamin E in the management of psychotic 
disorders. Furthermore, vitamin E may be effective 
because of its capacity to raise SOD levels, which may 
lessen oxidative damage in neurological disorders 17.

 Multiple neuropsychiatric disorders may potentially be 
at risk due to developmental vitamin D deficiency 
(DVD). DVD generates structural changes in the brain 
and changes the dopamine and glutamate circuits. 
Moreover, DVD modifies the neurotransmitter systems 
in infants' brains. Furthermore, a vitamin D shortage 
during early life has been linked to an increased risk of 
Schizophrenia 18. The authors of a current meta-analy-
sis enumerated the connections between vitamin D 
and schizophrenia. The mean concentration of 
vitamin D has been revealed with substantial reduc-
tions in people with schizophrenia 19. In contrast, some 
studies have also described that Vitamin D intake is 
only associated with a trend of better cognition, with 
no effects on psychosis, mood, or metabolic status of 
the patient 20. 

In our study, no gender-based differences were 
observed with the levels of SOD and GPx whereas 
some studies have indicated variation in enzyme 
levels and are contradictory to our results 21. Liu stated 
that female show more rise in SOD levels as compared 
to males when treated with antipsychotics 22.  
Research suggests that gonadal steroid hormones, 
particularly 17 β-estradiol, may enhance the antipsy-
chotic effects and help women to respond more 
favourably to therapy than men 23, 24.  It has also been 
indicated in the research that postmenopausal 
women typically need higher dosages of antipsychot-
ic medications when their endogenous oestrogen 
levels decline, further confirming the role of female 

hormones' effects on psychotic treatment. This also 
justifies the no gender-based significant results, as most 
of the female patients are in the perimenopausal age 
group in our study compared to previously document-
ed studies 25. Other documented factors are differenc-
es in fat ratio, hepatic metabolism, and renal clear-
ance that can be caused by gender-based changes 
with an antipsychotic response26. 

Despite the noteworthy findings, there are certain 
caveats to consider. First, the study was done over a 
relatively short period of two months, which may have 
prevented the long-term effects of the treatments 
from being captured. Furthermore, the sample size 
was limited, which may restrict the generalization of 
the results. To verify these findings, bigger sample 
numbers and longer follow-up periods are required for 
future investigations. Another possible restriction is the 
dependence on blood oxidative stress indicators, 
though they provide useful information, they do not 
give a complete picture of the underlying processes of 
oxidative stress and inflammation. Future research that 
incorporates other indicators and investigates the 
molecular mechanisms linked with oxidative stress and 
inflammation will help to present a better understand-
ing of the reported effects.

CONCLUSION
The study indicates that oxidative stress generated by 
antipsychotics can be lessened by adding vitamin E 
and vitamin D supplementation in patients with 
psychotic illness on antipsychotic management. 
However, additional research is needed to elaborate 
on the processes and long-term implications of these 
therapies.
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DISCUSSION
OSCC has high global prevalence predominantly 
affects males, notably in Pakistan, where it ranks as 
the most prevalent cancer according to Globocan 
20243, 24. Staging plays a pivotal role in the manage-
ment of cancer patients, guiding treatment deci-

sions and prognostic assessments. DOI, which was 
incorporated in the sixth edition of cancer staging 
manual enhances data precision. DOI’s inclusion 
influences the T category, underscoring the impor-
tance of distinguishing between superficial and 
deeply invasive tumors11.

Higher DOI has been associated to an increased risk 
of lymph node metastasis, poor survival and reoc-
currence in early-stage OSCC11-13.  It is a strong 
predictor of tongue cancer and a crucial compo-
nent of preoperative staging14.Our findings offer 
insight on the relationship between tumor stage, 
DOI, and other clinicopathological features in 
patients with OSCC.

Our results demonstrated no correlation between 
DOI and Tumor Size, Nodal Stage or Overall Tumor 
Stage, which contrasts with other research indicat-
ing that DOI improves patient risk categorization 
and prognostic accuracy15, 16. Wunchel et. al in 2020 
emphasized the use of DOI evaluation in early-stage 
OSCC17.

We found no significant variance in the DOI 
between tumor stages contrasting with other 
studies11, 12. However a positive correlation was seen 
between DOI and variables such as tumor site, 
perineural invasion, and lymphovascular invasion. 
Conversely, a weakly negative correlation was 
identified with patient age consistent with the 
findings reported by Abidi. et al. in 2020, where no 
association was seen with patient’s age. These 
findings highlight the significance of tumor stage in 
predicting DOI and justify the inclusion of DOI in TNM 
staging for OSCC. Furthermore, moderate to 
positive link between DOI and tumor stage was 
observed, which is consistent with other researches 
indicating that DOI assessment improves patient risk 
categorization and prognosis accuracy15, 16.  A 
positive correlation was seen between DOI and 
variables such as tumor site, perineural invasion, and 
lymph vascular invasion Conversely, a weakly nega-
tive correlation was identified with patient age, 
consistent with the findings reported by Abidi et al. in 
2020 where no association was seen with age20.Our 
results also align with findings reported by Maheer et 
al. in 2020, where DOI was significantly associated 
with Lymph vascular invasion cross different DOI 
categories18. Sheikh et al., however, reported that 
younger patients with “OSCC” tend to have 
increased DOI21.

Perineural invasion in OSCC is found to be more 
common with deeper tumor depth similar to our 
study13. DOI was also reported to be distinct from TT 
as it represents the invasive behavior of the tumor19, 

22, and 23. Understanding the impact of clinicopatho-
logical variables on DOI can assist clinicians in tailor-
ing treatment approaches and predicting 
outcomes17, 25.

Our study has certain limitations, such as small 
sample size and variability in DOI measurement; 
also, a lack of longitudinal data and a narrow scope 
of factors may restrict the depth of analysis and 
applicability of the results. Despite these limitations, 

this study offers a detailed analysis of Depth of 
Invasion with several clinicopathological parame-
ters, providing useful insights into OSCC progression 
and treatment planning. To corroborate these 
findings, more studies with bigger, more diverse 
populations are required.

CONCLUSION
The study highlights the importance of Depth of 
Invasion (DOI) in OSCC diagnosis, but found no 
correlation with tumor size, nodal stage, or overall 
tumor stage. DOI is useful for assessing tumor aggres-
siveness and differentiation but does not predict 
tumor size, lymphatic spread, or overall staging. 
Further research is needed to understand DOI's 
effect on OSCC management.

ACKNOWLEDGEMENTS
We want to acknowledge the staff at the Histopa-
thology lab for their contribution.

CONFLICT OF INTEREST
None to declare

ETHICAL APPROVAL
 Approval was taken from Ziauddin University, refer-
ence number (6341222SROM)

FUNDING
None to declare

AUTHOR’S CONTRIBUTIONS
All authors equally contributed to the manuscript.

REFERENCES
1. Aaboubout Y, van der Toom QM, de Ridder MA, 
De Herdt MJ, van der Steen B, van Lanschot CG, 
Barroso EM, Nunes Soares MR, Ten Hove I, Mast H, 
Smits RW. Is the depth of invasion a marker for 
elective neck dissection in early oral squamous cell 
carcinoma?. Frontiers in Oncology. 2021 Mar 
12;11:628320. https://doi.org/10.3389/-
fonc.2021.628320
2. Wunschel M, Neumeier M, Utpatel K, Reichert TE, 
Ettl T, Spanier G. Staging more important than grad-
ing? Evaluation of malignancy grading, depth of 
invasion, and resection margins in oral squamous 
cell carcinoma. Clinical oral investigations. 2021 
Mar;25:1169-82. https://-
doi.org/10.1007/s00784-020-03421-2
3. Ferlay J, Ervik M, Lam F, Laversanne M, Colombet 
M, Mery L, Piñeros M, Znaor A, Soerjomataram I, Bray 
F (2024). Global Cancer Observatory: Cancer 
Today. Lyon, France: International Agency for 
Research on Cancer. Available from: https://g-
co.iarc.who.int/today, accessed [2-5-2024]. https://-
doi.org/10.1002/ijc.33588
4. Ferreira AK, de Carvalho SH, Granville-Garcia AF, 
de Santana Sarmento DJ, Agripino GG, de Abreu 
MH, de Melo MC, de França Caldas Jr A, Godoy GP. 

Survival and prognostic factors in patients with oral 
squamous cell carcinoma. Medicina Oral, Patología 
Oral y Cirugía Bucal. 2021 May;26(3):e387. 
10.4317/medoral.24242
5. Baig MS, Bhutto RA, Muhammad S, Siddiqui MI. 
Epidemiology of oral cancer in Southern Punjab, 
Pakistan. Pak J Med Heal Sci. 2015 Oct 1;9:1269-71.
6. Bur AM, Holcomb A, Goodwin S, Woodroof J, 
Karadaghy O, Shnayder Y, Kakarala K, Brant J, Shew 
M. Machine learning to predict occult nodal metas-
tasis in early oral squamous cell carcinoma. Oral 
oncology. 2019 May 1;92:20-5. https://-
doi.org/10.1016/j.oraloncology.2019.03.011
7. Caldeira PC, Soto AM, de Aguiar MC, Martins CC. 
Tumor depth of invasion and prognosis of 
early‐stage oral squamous cell carcinoma: A 
meta‐analysis. Oral diseases. 2020 
Oct;26(7):1357-65. https://doi.org/10.1111/odi.13194
8. D'Cruz AK, Dhar H, Vaish R, Hawaldar R, Gupta S, 
Pantvaidya G, Chaukar D, Chaturvedi P, Pai P, 
Deshmukh A, Kane S. Depth of invasion in early oral 
cancers-is it an independent prognostic factor?.
European Journal of Surgical Oncology. 2021 Aug 
1;47(8):1940-6. https://doi.org/10.1016/j.ej-
so.2021.03.243
9. Lee YJ, Kwon TG, Kim JW, Lee ST, Hong SH, Choi SY. 
Evaluation of depth of invasion and tumor thickness 
as a prognostic factor for early-stage oral squamous 
cell carcinoma: A retrospective study. Diagnostics. 
2021 Dec 23;12(1):20. https://doi.org/10.3390/diag-
nostics12010020
10. Larson AR, Kemmer J, Formeister E, El‐Sayed I, Ha 
P, George J, Ryan W, Chan E, Heaton C. Beyond 
depth of invasion: adverse pathologic tumor 
features in early oral tongue squamous cell carcino-
ma. The Laryngoscope. 2020 Jul;130(7):1715-20. 
https://doi.org/10.1002/lary.28241
11. Lydiatt WM, Patel SG, O'Sullivan B, Brandwein MS, 
Ridge JA, Migliacci JC, Loomis AM, Shah JP. Head 
and neck cancers—major changes in the American 
Joint Committee on cancer eighth edition cancer 
staging manual. CA: a cancer journal for clinicians. 
2017 Mar;67(2):122-37. https://doi.org/10.3322/-
caac.21389
12. Ebrahimi A, Gil Z, Amit M, Yen TC, Liao CT, 
Chaturedi P, Agarwal JP, Kowalski LP, Kreppel M, 
Cernea CR, Brandao J. Primary tumor staging for 
oral cancer and a proposed modification incorpo-
rating depth of invasion: an international multi-
center retrospective study. JAMA Otolaryngolo-
gy–Head & Neck Surgery. 2014 Dec 
1;140(12):1138-48. doi:10.1001/jamaoto.2014.1548
13. Rasheed FS, Abdullah BH. Perineural Invasion in 
Oral Squamous Cell Carcinoma in Relation to Tumor 
Depth. Journal of Baghdad College of Dentistry. 
2019 Jun 15;31(2):1-6. https://www.iasj.net/ias-
j/download/b52d6164cb63682d
14. Li M, Yuan Z, Tang Z. The accuracy of magnetic 
resonance imaging to measure the depth of 
invasion in oral tongue cancer: a systematic review 

and meta-analysis. International Journal of Oral and 
Maxillofacial Surgery. 2022 Apr 1;51(4):431-40. 
https://doi.org/10.1016/j.ijom.2021.07.010
15. Amit M, Tam S, Takahashi H, Choi KY, Zafereo M, 
Bell D, Weber RS. Prognostic performance of the 
American Joint Committee on Cancer 8th edition of 
the TNM staging system in patients with early oral 
tongue cancer. Head & Neck. 2019 
May;41(5):1270-6. https://-
doi.org/10.1002/hed.25553
16. Lee NC, Eskander A, Park HS, Mehra S, Burtness 
BA, Husain Z. Pathologic staging changes in oral 
cavity squamous cell carcinoma: Stage migration 
and implications for adjuvant treatment. Cancer. 
2019 Sep 1;125(17):2975-83. https://-
doi.org/10.1002/cncr.32161
17. Wunschel M, Neumeier M, Utpatel K, Reichert TE, 
Ettl T, Spanier G. Staging more important than grad-
ing? Evaluation of malignancy grading, depth of 
invasion, and resection margins in oral squamous 
cell carcinoma. Clinical oral investigations. 2021 
Mar;25:1169-82. https://-
doi.org/10.1007/s00784-020-03421-2
18. Masood MM, Farquhar DR, Vanleer JP, Patel SN, 
Hackman TG. Depth of invasion on pathological 
outcomes in clinical low‐stage oral tongue cancer 
patients. Oral Diseases. 2018 Oct;24(7):1198-203. 
https://doi.org/10.1111/odi.12887
19. Piazza C, Bresciani L, Giannini L. Depth of 
invasion for prognostic stratification in oral cavity 
cancer: do we need further validation?. Annals of 
translational medicine. 2019 Jul;7(Suppl 3). doi: 
10.21037/atm.2019.04.19
20. Abidi F, Fatima S, Zaidi A, Butt S, Saeed S, 
Batool H. Depth of Invasion as Tumor Indicator in 
Cervical Lymph Node Metastasis in OSCC. DOI: 
10.9734/JPRI/2022/v34i27A35993
21. Shaikh SA, Abbas SA, Ayub B, ul Haq ME, Qureshi 
TA, Khalil A. Association of age with the depth of 
invasion and extracapsular spread in patients with 
oral squamous cell carcinoma: A retrospective 
study. J Clin Images Med Case Rep. 2022;3(1):1590. 
www.doi.org/10.52768/2766-7820/1590
22. Liu B, Amaratunga R, Veness M, Wong E, 
Abdul- azak M, Smith M, Coleman H, Gebski V, Sund-
aresan P. Tumor depth of invasion vs tumor thickness 
in determining risk of nodal disease in early oral 
tongue squamous cell carcinoma. International 
Journal of Radiation Oncology, Biology, Physics. 
2018 Nov 1;102(3):e331-2. https://www.redjour-
n a l . o r g / a c t i o n / s h o w P d -
f?pii=S0360-3016%2818%2932474-X
23. Harada H, Tomioka H, Hirai H, Kuroshima T, 
Oikawa Y, Nojima H, Sakamoto J, Kurabayashi T, 
Kayamori K, Ikeda T. MRI before biopsy correlates 
with depth of invasion corrected for shrinkage rate 
of the histopathological specimen in tongue carci-
noma. Scientific reports. 2021 Oct 25;11(1):20992. 
https://doi.org/10.1038/s41598-021-00398-0
24. Qureshi MA, Syed SA, Sharafat S. Lip and oral 

cavity cancers (C00-C06) from a mega city of 
Pakistan: Ten-year data from the Dow Cancer Regis-
try. Journal of Taibah University Medical Sciences. 
2021 Aug 1;16(4):624-7. https://doi.org/10.1016/j.-
jtumed.2021.02.001
25. Tandon S, Ahlawat P, Pasricha S, Purohit S, Simson 

DK, Dobriyal K, Umesh P, Mishra M, Kumar L, Karimi 
AM, Gairola M. Depth of invasion as an indepen-
dent predictor of survival in patients of stage III squa-
mous cell carcinoma of the oral tongue. The Laryn-
goscope. 2022 Aug;132(8):1594-9. https://-
doi.org/10.1002/lary.29990



98 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2024, VOL. 13 (04)

DISCUSSION
The study outcomes indicated that Risperidone and 
Olanzapine significantly decreased enzyme levels, 
whereas psychotic patients on quetiapine vs control 
were unable to provide any significant results. In other 
words, quetiapine is one of the antipsychotics with the 
least effect on redox imbalance in psychosis whereas 
the rest of the commonly used antipsychotics increase 
the oxidative stress in the body.

However, as compared to other treatment groups, 
antipsychotic treatment with Vitamin E and Vitamin D 
has shown considerably higher SOD and GPx levels 
which indicate that an adequate quantity of enzymes 
available and a better redox state in the blood for 
detoxification of free radicals and a further reduction 
in oxidative injuries which can be more in psychotic 
patients11.

According to a study various degenerative processes 
and illnesses, such as atherosclerosis, myocardial 
infarction, stroke, inflammatory conditions, central 
nervous system problems, and age-related disorders, 
have been linked to oxidative stress. Superoxide anion 
production and activity of its scavenger enzyme, 
superoxide dismutase (SOD), are emerging as 
common variables in these circumstances 12. It was 
found that deficiency of SOD or SOD dysfunction is 
related to the development of neurological dysfunc-
tion such as Parkinson's disease, Alzheimer and 
Dementia.  Further, the study also provided evidence 
that patients had considerably lower catalase and 
glutathione peroxidase (GPx) activity, indicating a 
diminished ability to break down hydrogen peroxide 
and counteract oxidative stress. The decreased level 
of enzyme activity was more in individuals who had a 
higher number of psychotic episodes, furthermore, 
individuals treated with second-generation antipsy-
chotics depict comparable decreases in enzyme 
activity 13. On a detailed search, it was found that 
oxidative stress has been strongly linked with related 
genetic polymorphisms with schizophrenia and other 
psychotic disorders.  Most important are genes related 
to glutathione synthesis and glutathione-dependent 
antioxidation can be related to schizophrenia. 
Secondly, there were some evidences of polymor-
phisms of Superoxide dismutase (Mn-SOD) genes 
demonstrated in these patients. The third reason could 
be that antipsychotics may have diverse effects on 
redox balance with different levels of SOD and gluta-
thione peroxidase activity 14. Animal studies have also 
indicated that antipsychotics cause more oxidative 
stress shown as significant changes in antioxidant 
enzyme levels and were similar to our results 15. Padu-
rariu in his study documented that adequate levels of 
SOD were found, in patients receiving quetiapine, and 

was again in consistent with our results as there was no 
significant difference between the control vs Queti-
apine group patients for SOD levels 16.

A study on important lipid-soluble antioxidants, vitamin 
E. treatment indicates that the individuals on tradition-
al mostly antipsychotics surely benefit from vitamin E 
addition as compared to those taking antipsychotics 
alone. The results from our study were consistence with 
this study and with the proof document that vitamin E 
can raise SOD and GPx levels with synergetic 
management. Free radicals are neutralized by vitamin 
E, a natural antioxidant by Phenyl group hydrogen is 
transferred to the peroxide radical and also by 
interacting with biological membrane phospholipids 
and maintaining the redox balance 14.

In our study, following vitamin E use, blood SOD levels 
increased dramatically (P = 0.001). These better 
outcomes confirm past research on the effectiveness 
of vitamin E in the management of psychotic 
disorders. Furthermore, vitamin E may be effective 
because of its capacity to raise SOD levels, which may 
lessen oxidative damage in neurological disorders 17.

 Multiple neuropsychiatric disorders may potentially be 
at risk due to developmental vitamin D deficiency 
(DVD). DVD generates structural changes in the brain 
and changes the dopamine and glutamate circuits. 
Moreover, DVD modifies the neurotransmitter systems 
in infants' brains. Furthermore, a vitamin D shortage 
during early life has been linked to an increased risk of 
Schizophrenia 18. The authors of a current meta-analy-
sis enumerated the connections between vitamin D 
and schizophrenia. The mean concentration of 
vitamin D has been revealed with substantial reduc-
tions in people with schizophrenia 19. In contrast, some 
studies have also described that Vitamin D intake is 
only associated with a trend of better cognition, with 
no effects on psychosis, mood, or metabolic status of 
the patient 20. 

In our study, no gender-based differences were 
observed with the levels of SOD and GPx whereas 
some studies have indicated variation in enzyme 
levels and are contradictory to our results 21. Liu stated 
that female show more rise in SOD levels as compared 
to males when treated with antipsychotics 22.  
Research suggests that gonadal steroid hormones, 
particularly 17 β-estradiol, may enhance the antipsy-
chotic effects and help women to respond more 
favourably to therapy than men 23, 24.  It has also been 
indicated in the research that postmenopausal 
women typically need higher dosages of antipsychot-
ic medications when their endogenous oestrogen 
levels decline, further confirming the role of female 

hormones' effects on psychotic treatment. This also 
justifies the no gender-based significant results, as most 
of the female patients are in the perimenopausal age 
group in our study compared to previously document-
ed studies 25. Other documented factors are differenc-
es in fat ratio, hepatic metabolism, and renal clear-
ance that can be caused by gender-based changes 
with an antipsychotic response26. 

Despite the noteworthy findings, there are certain 
caveats to consider. First, the study was done over a 
relatively short period of two months, which may have 
prevented the long-term effects of the treatments 
from being captured. Furthermore, the sample size 
was limited, which may restrict the generalization of 
the results. To verify these findings, bigger sample 
numbers and longer follow-up periods are required for 
future investigations. Another possible restriction is the 
dependence on blood oxidative stress indicators, 
though they provide useful information, they do not 
give a complete picture of the underlying processes of 
oxidative stress and inflammation. Future research that 
incorporates other indicators and investigates the 
molecular mechanisms linked with oxidative stress and 
inflammation will help to present a better understand-
ing of the reported effects.

CONCLUSION
The study indicates that oxidative stress generated by 
antipsychotics can be lessened by adding vitamin E 
and vitamin D supplementation in patients with 
psychotic illness on antipsychotic management. 
However, additional research is needed to elaborate 
on the processes and long-term implications of these 
therapies.
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DISCUSSION
OSCC has high global prevalence predominantly 
affects males, notably in Pakistan, where it ranks as 
the most prevalent cancer according to Globocan 
20243, 24. Staging plays a pivotal role in the manage-
ment of cancer patients, guiding treatment deci-

sions and prognostic assessments. DOI, which was 
incorporated in the sixth edition of cancer staging 
manual enhances data precision. DOI’s inclusion 
influences the T category, underscoring the impor-
tance of distinguishing between superficial and 
deeply invasive tumors11.

Higher DOI has been associated to an increased risk 
of lymph node metastasis, poor survival and reoc-
currence in early-stage OSCC11-13.  It is a strong 
predictor of tongue cancer and a crucial compo-
nent of preoperative staging14.Our findings offer 
insight on the relationship between tumor stage, 
DOI, and other clinicopathological features in 
patients with OSCC.

Our results demonstrated no correlation between 
DOI and Tumor Size, Nodal Stage or Overall Tumor 
Stage, which contrasts with other research indicat-
ing that DOI improves patient risk categorization 
and prognostic accuracy15, 16. Wunchel et. al in 2020 
emphasized the use of DOI evaluation in early-stage 
OSCC17.

We found no significant variance in the DOI 
between tumor stages contrasting with other 
studies11, 12. However a positive correlation was seen 
between DOI and variables such as tumor site, 
perineural invasion, and lymphovascular invasion. 
Conversely, a weakly negative correlation was 
identified with patient age consistent with the 
findings reported by Abidi. et al. in 2020, where no 
association was seen with patient’s age. These 
findings highlight the significance of tumor stage in 
predicting DOI and justify the inclusion of DOI in TNM 
staging for OSCC. Furthermore, moderate to 
positive link between DOI and tumor stage was 
observed, which is consistent with other researches 
indicating that DOI assessment improves patient risk 
categorization and prognosis accuracy15, 16.  A 
positive correlation was seen between DOI and 
variables such as tumor site, perineural invasion, and 
lymph vascular invasion Conversely, a weakly nega-
tive correlation was identified with patient age, 
consistent with the findings reported by Abidi et al. in 
2020 where no association was seen with age20.Our 
results also align with findings reported by Maheer et 
al. in 2020, where DOI was significantly associated 
with Lymph vascular invasion cross different DOI 
categories18. Sheikh et al., however, reported that 
younger patients with “OSCC” tend to have 
increased DOI21.

Perineural invasion in OSCC is found to be more 
common with deeper tumor depth similar to our 
study13. DOI was also reported to be distinct from TT 
as it represents the invasive behavior of the tumor19, 

22, and 23. Understanding the impact of clinicopatho-
logical variables on DOI can assist clinicians in tailor-
ing treatment approaches and predicting 
outcomes17, 25.

Our study has certain limitations, such as small 
sample size and variability in DOI measurement; 
also, a lack of longitudinal data and a narrow scope 
of factors may restrict the depth of analysis and 
applicability of the results. Despite these limitations, 

this study offers a detailed analysis of Depth of 
Invasion with several clinicopathological parame-
ters, providing useful insights into OSCC progression 
and treatment planning. To corroborate these 
findings, more studies with bigger, more diverse 
populations are required.

CONCLUSION
The study highlights the importance of Depth of 
Invasion (DOI) in OSCC diagnosis, but found no 
correlation with tumor size, nodal stage, or overall 
tumor stage. DOI is useful for assessing tumor aggres-
siveness and differentiation but does not predict 
tumor size, lymphatic spread, or overall staging. 
Further research is needed to understand DOI's 
effect on OSCC management.
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DISCUSSION
The study outcomes indicated that Risperidone and 
Olanzapine significantly decreased enzyme levels, 
whereas psychotic patients on quetiapine vs control 
were unable to provide any significant results. In other 
words, quetiapine is one of the antipsychotics with the 
least effect on redox imbalance in psychosis whereas 
the rest of the commonly used antipsychotics increase 
the oxidative stress in the body.

However, as compared to other treatment groups, 
antipsychotic treatment with Vitamin E and Vitamin D 
has shown considerably higher SOD and GPx levels 
which indicate that an adequate quantity of enzymes 
available and a better redox state in the blood for 
detoxification of free radicals and a further reduction 
in oxidative injuries which can be more in psychotic 
patients11.

According to a study various degenerative processes 
and illnesses, such as atherosclerosis, myocardial 
infarction, stroke, inflammatory conditions, central 
nervous system problems, and age-related disorders, 
have been linked to oxidative stress. Superoxide anion 
production and activity of its scavenger enzyme, 
superoxide dismutase (SOD), are emerging as 
common variables in these circumstances 12. It was 
found that deficiency of SOD or SOD dysfunction is 
related to the development of neurological dysfunc-
tion such as Parkinson's disease, Alzheimer and 
Dementia.  Further, the study also provided evidence 
that patients had considerably lower catalase and 
glutathione peroxidase (GPx) activity, indicating a 
diminished ability to break down hydrogen peroxide 
and counteract oxidative stress. The decreased level 
of enzyme activity was more in individuals who had a 
higher number of psychotic episodes, furthermore, 
individuals treated with second-generation antipsy-
chotics depict comparable decreases in enzyme 
activity 13. On a detailed search, it was found that 
oxidative stress has been strongly linked with related 
genetic polymorphisms with schizophrenia and other 
psychotic disorders.  Most important are genes related 
to glutathione synthesis and glutathione-dependent 
antioxidation can be related to schizophrenia. 
Secondly, there were some evidences of polymor-
phisms of Superoxide dismutase (Mn-SOD) genes 
demonstrated in these patients. The third reason could 
be that antipsychotics may have diverse effects on 
redox balance with different levels of SOD and gluta-
thione peroxidase activity 14. Animal studies have also 
indicated that antipsychotics cause more oxidative 
stress shown as significant changes in antioxidant 
enzyme levels and were similar to our results 15. Padu-
rariu in his study documented that adequate levels of 
SOD were found, in patients receiving quetiapine, and 

was again in consistent with our results as there was no 
significant difference between the control vs Queti-
apine group patients for SOD levels 16.

A study on important lipid-soluble antioxidants, vitamin 
E. treatment indicates that the individuals on tradition-
al mostly antipsychotics surely benefit from vitamin E 
addition as compared to those taking antipsychotics 
alone. The results from our study were consistence with 
this study and with the proof document that vitamin E 
can raise SOD and GPx levels with synergetic 
management. Free radicals are neutralized by vitamin 
E, a natural antioxidant by Phenyl group hydrogen is 
transferred to the peroxide radical and also by 
interacting with biological membrane phospholipids 
and maintaining the redox balance 14.

In our study, following vitamin E use, blood SOD levels 
increased dramatically (P = 0.001). These better 
outcomes confirm past research on the effectiveness 
of vitamin E in the management of psychotic 
disorders. Furthermore, vitamin E may be effective 
because of its capacity to raise SOD levels, which may 
lessen oxidative damage in neurological disorders 17.

 Multiple neuropsychiatric disorders may potentially be 
at risk due to developmental vitamin D deficiency 
(DVD). DVD generates structural changes in the brain 
and changes the dopamine and glutamate circuits. 
Moreover, DVD modifies the neurotransmitter systems 
in infants' brains. Furthermore, a vitamin D shortage 
during early life has been linked to an increased risk of 
Schizophrenia 18. The authors of a current meta-analy-
sis enumerated the connections between vitamin D 
and schizophrenia. The mean concentration of 
vitamin D has been revealed with substantial reduc-
tions in people with schizophrenia 19. In contrast, some 
studies have also described that Vitamin D intake is 
only associated with a trend of better cognition, with 
no effects on psychosis, mood, or metabolic status of 
the patient 20. 

In our study, no gender-based differences were 
observed with the levels of SOD and GPx whereas 
some studies have indicated variation in enzyme 
levels and are contradictory to our results 21. Liu stated 
that female show more rise in SOD levels as compared 
to males when treated with antipsychotics 22.  
Research suggests that gonadal steroid hormones, 
particularly 17 β-estradiol, may enhance the antipsy-
chotic effects and help women to respond more 
favourably to therapy than men 23, 24.  It has also been 
indicated in the research that postmenopausal 
women typically need higher dosages of antipsychot-
ic medications when their endogenous oestrogen 
levels decline, further confirming the role of female 

hormones' effects on psychotic treatment. This also 
justifies the no gender-based significant results, as most 
of the female patients are in the perimenopausal age 
group in our study compared to previously document-
ed studies 25. Other documented factors are differenc-
es in fat ratio, hepatic metabolism, and renal clear-
ance that can be caused by gender-based changes 
with an antipsychotic response26. 

Despite the noteworthy findings, there are certain 
caveats to consider. First, the study was done over a 
relatively short period of two months, which may have 
prevented the long-term effects of the treatments 
from being captured. Furthermore, the sample size 
was limited, which may restrict the generalization of 
the results. To verify these findings, bigger sample 
numbers and longer follow-up periods are required for 
future investigations. Another possible restriction is the 
dependence on blood oxidative stress indicators, 
though they provide useful information, they do not 
give a complete picture of the underlying processes of 
oxidative stress and inflammation. Future research that 
incorporates other indicators and investigates the 
molecular mechanisms linked with oxidative stress and 
inflammation will help to present a better understand-
ing of the reported effects.

CONCLUSION
The study indicates that oxidative stress generated by 
antipsychotics can be lessened by adding vitamin E 
and vitamin D supplementation in patients with 
psychotic illness on antipsychotic management. 
However, additional research is needed to elaborate 
on the processes and long-term implications of these 
therapies.
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DISCUSSION
OSCC has high global prevalence predominantly 
affects males, notably in Pakistan, where it ranks as 
the most prevalent cancer according to Globocan 
20243, 24. Staging plays a pivotal role in the manage-
ment of cancer patients, guiding treatment deci-

sions and prognostic assessments. DOI, which was 
incorporated in the sixth edition of cancer staging 
manual enhances data precision. DOI’s inclusion 
influences the T category, underscoring the impor-
tance of distinguishing between superficial and 
deeply invasive tumors11.

Higher DOI has been associated to an increased risk 
of lymph node metastasis, poor survival and reoc-
currence in early-stage OSCC11-13.  It is a strong 
predictor of tongue cancer and a crucial compo-
nent of preoperative staging14.Our findings offer 
insight on the relationship between tumor stage, 
DOI, and other clinicopathological features in 
patients with OSCC.

Our results demonstrated no correlation between 
DOI and Tumor Size, Nodal Stage or Overall Tumor 
Stage, which contrasts with other research indicat-
ing that DOI improves patient risk categorization 
and prognostic accuracy15, 16. Wunchel et. al in 2020 
emphasized the use of DOI evaluation in early-stage 
OSCC17.

We found no significant variance in the DOI 
between tumor stages contrasting with other 
studies11, 12. However a positive correlation was seen 
between DOI and variables such as tumor site, 
perineural invasion, and lymphovascular invasion. 
Conversely, a weakly negative correlation was 
identified with patient age consistent with the 
findings reported by Abidi. et al. in 2020, where no 
association was seen with patient’s age. These 
findings highlight the significance of tumor stage in 
predicting DOI and justify the inclusion of DOI in TNM 
staging for OSCC. Furthermore, moderate to 
positive link between DOI and tumor stage was 
observed, which is consistent with other researches 
indicating that DOI assessment improves patient risk 
categorization and prognosis accuracy15, 16.  A 
positive correlation was seen between DOI and 
variables such as tumor site, perineural invasion, and 
lymph vascular invasion Conversely, a weakly nega-
tive correlation was identified with patient age, 
consistent with the findings reported by Abidi et al. in 
2020 where no association was seen with age20.Our 
results also align with findings reported by Maheer et 
al. in 2020, where DOI was significantly associated 
with Lymph vascular invasion cross different DOI 
categories18. Sheikh et al., however, reported that 
younger patients with “OSCC” tend to have 
increased DOI21.

Perineural invasion in OSCC is found to be more 
common with deeper tumor depth similar to our 
study13. DOI was also reported to be distinct from TT 
as it represents the invasive behavior of the tumor19, 

22, and 23. Understanding the impact of clinicopatho-
logical variables on DOI can assist clinicians in tailor-
ing treatment approaches and predicting 
outcomes17, 25.

Our study has certain limitations, such as small 
sample size and variability in DOI measurement; 
also, a lack of longitudinal data and a narrow scope 
of factors may restrict the depth of analysis and 
applicability of the results. Despite these limitations, 

this study offers a detailed analysis of Depth of 
Invasion with several clinicopathological parame-
ters, providing useful insights into OSCC progression 
and treatment planning. To corroborate these 
findings, more studies with bigger, more diverse 
populations are required.

CONCLUSION
The study highlights the importance of Depth of 
Invasion (DOI) in OSCC diagnosis, but found no 
correlation with tumor size, nodal stage, or overall 
tumor stage. DOI is useful for assessing tumor aggres-
siveness and differentiation but does not predict 
tumor size, lymphatic spread, or overall staging. 
Further research is needed to understand DOI's 
effect on OSCC management.
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