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Purpose: The prognostic impact of betel nut on oral squamous cell carcinoma (OSCC) remains controversial. This study aimed to
determine whether betel nut chewing is an independent prognostic factor in patients treated with standardized surgery.

Methods: This retrospective population-based cohort study enrolled 1113 patients with primary OSCC, including 922 betel nut
chewers and 191 non-chewers. All patients underwent standardized surgical treatment. The prognostic impact of betel nut chewing was
evaluated by returning to all patients and comparing the disease-free survival times between the two groups. The Chi-square test was
used to explore the clinical characteristics associated with betel nut chewing. Kaplan-Meier survival analysis, univariable Cox
regression, and multivariable Cox regression analyses were used to investigate the prognostic impact of betel nut.

Results: No significant difference was observed in the disease-free survival time between chewers and non-chewers in either the
overall group or subgroup analyses. Univariable Cox regression analysis indicated that betel nut use was not a prognostic factor.
After adjusting for potential confounders, multivariable Cox regression confirmed that cervical lymph node metastasis, clinical
stage, and pathological grade were independent risk factors for prognosis, whereas betel nut use had no significant impact on
prognosis.

Conclusion: These findings suggest that the prognosis of OSCC is dictated by the biological stage of the tumor rather than betel nut
use. This allows clinicians to develop more objective, precise treatment plans for OSCC patients.

Plain Language Summary: Betel nut chewing is a major cause of oral cancer; however, its prognostic impact of betel nut on oral
cancer remains unclear. This study aimed to verify whether betel nut chewing is an independent prognostic factor in patients
undergoing standardized surgery.

Our study included 1113 patients diagnosed with oral cancer between 2018 and 2022. All patients received standard surgical
treatment and regular follow-up visits. We then compared the disease-free survival times of those who chewed betel nut with those
who did not.

We found that betel nut has no impact on prognosis of oral cancer. Instead, the most important prognostic factors remain cervical
lymph node metastasis, clinical stage, and pathological grade.

These results suggest a “dual role” of betel nut: it is a dangerous trigger of oral cancer, but it has no impact on the prognosis of oral
cancer. Rather than focusing on a history of betel nut use, clinicians should pay more attention to the specific stage of the tumor to
create more objective and precise treatment plans.
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Introduction
In many regions across South and Southeast Asia, betel nut use has overtaken other risk factors to become the
predominant cause of oral squamous cell carcinoma (OSCC).' As the leading consumer of betel nut, India has reported
the highest incidence of OSCC in the world.* Similarly, betel nut chewing in Hunan, China, has resulted in a significant
rise in OSCC cases.™®

The carcinogenic role of betel nut in oral cancer has been fully confirmed,” but its impact on tumor progression
remains unclear and controversial. Recently, several studies have reported that betel nut plays a negative role in OSCC
prognosis, increasing the risk of local recurrence.® ' However, this recurrence may originate from the second primary
cancer caused by betel nut chewing. Moreover, a study from India suggests that betel nut is beneficial for OSCC
prognosis.' This prognostic uncertainty indicates that betel nut may possess a “dual role”: it is a pathogenic factor of
OSCC rather than a prognostic factor. Importantly, previous studies were often limited by small sample sizes and
heterogeneous cohorts. This heterogeneity arose because patients were frequently recruited from multiple regions or
hospitals, received varying treatment regimens, and were subjected to inconsistent follow-up quality. These factors may
have caused inconsistencies in previous research findings and diminished their reliability. Therefore, a study with
standardized and uniform follow-up is essential to clarify the relationship between betel nut use and OSCC prognosis.

This study aimed to provide a more precise and reliable assessment of the association between betel nut chewing and
OSCC prognosis by examining a homogeneous patient cohort with standardized follow-up and to provide a reference for
clinical practice. This will help comprehensively evaluate the role of betel nut throughout the entire disease course, from
carcinogenesis to prognosis, and provide more targeted treatment strategies and prognostic management plans for
patients with OSCC.

Materials and Methods
Study Design and Ethical Approval

This was a retrospective, population-based cohort study. All patients were divided into two groups based on their betel
nut chewing history: the chewing group (n = 922) and the none chewing group (n = 191). We investigated the prognostic
impact of betel nut chewing on OSCC by comparing the survival outcomes between the two groups.

This study was conducted in accordance with The Code of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans. This study was independently reviewed and approved by the Ethics Committee
of Xiangya Hospital, Central South University (NO. 202212302). As this was a retrospective observational study, the
requirement for informed consent was waived by the Ethics Committee of Xiangya Hospital, Central South University. All
patient data were anonymized and de-identified prior to analysis to protect patient privacy and confidentiality.

Patients

We extracted 1169 OSCC patients from 2018 to 2022, and 56 (5%) patients were excluded due to loss to follow up. All
patients received standardized surgical treatment, including enlarged excision of the primary tumor combined with
modified radical neck dissection or selective lymph node dissection. For patients with T1 stage disease and no evidence
of lymph node metastases on preoperative imaging, an enlarged excision alone was performed. The decision regarding
adjuvant therapy was based on individual postoperative pathological findings. The inclusion criteria were as follows: (a)
All patients were first diagnosed with OSCC. (b) All patients had the pathological diagnosis to confirm the diagnosis was
correct. (c) The age and gender of patients were unlimited. (d) All patients had no other malignant tumor disease. Patients
with other malignant tumors, those who did not undergo standard treatment, and those for whom survival information
was unavailable were excluded. We categorized OSCC patients based on their clinical staging and histological grading,
adhering to the standards outlined in the 8th edition of the Union for International Cancer Control (UICC) guidelines.

Return Visit and Outcomes
All patients were followed up through multiple channels, including telephone consultations and outpatient visits.
Recurrence status was strictly determined by CT, MRI, or pathological verification. The composite endpoint comprised
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local recurrence, neck metastases, and distant metastasis. The disease-free survival time was quantified in months,
spanning from the cessation of treatment to the timing of the specified outcome events.

Statistical Analysis

Chi-square tests were used to analyze the relationship between categorical variables and betel nut chewing. Survival
analysis was performed using the survival package in R software (version 4.2.2). Survival curves were estimated by the
Kaplan-Meier method and compared using the Log rank test. The results were visualized using the survminer package.
Next, univariable and multivariable Cox proportional hazards regression analyses were performed using the coxph
function in the survival package. Variables with P < 0.05 in the univariable analysis were included in the multivariable
Cox regression model. Finally, we tested the proportional hazards assumption based on Schoenfeld residuals and
confirmed the Cox model’s validity. P < 0.05 was considered to indicate significant differences.

Results

Patients’ Clinic Characteristics

Of the 1113 OSCC patients, 922 had experience of chewing betel nut, 957 had the experience of tobacco use, and
796 had the experience of alcohol use. The proportion of male, tobacco use, and alcohol use in the chewing betel nut
group was significantly higher than the none chewing betel nut group. The tongue was the most common site of tumor
occurrence in both groups, followed by the buccal mucosa. Interestingly, the proportion of buccal mucosa cancer was
significantly higher in the betel nut chewing group. Moreover, the OSCC relapse rate of patients in the two groups was
not different, and the proportion of age, T stage, cervical lymph node metastasis, clinical grade, and pathologic
differentiation was also not different (Table 1).

Table 1 Clinical Characteristics of Oral Cancer Patient in This Study

Group Number (%)
Chewing Betel Nut, | None Chewing Betel Nut, | P-value
n = 922(83) n=191(17)

Gender Male 884(96) 142(74) <0.001
Female 38(4) 49(26)

Age Age < 60 773(84) 159(83) 0.830
Age > 60 149(16) 32(17)

Tobacco Use Ever 843(91) 114(60) <0.001
Never 79(9) 77(40)

Alcohol Use Ever 711(77) 85(45) <0.001
Never 211(23) 106(55)

Relapse Yes 346(38) 68(36) 0.680
No 576(62) 123(64)
Tongue 526(57) 127(66) <0.001

Location Buccal 313(34) 34(18)
Gingiva 68(7) 19(10)
Mouth floor 15(2) 11(6)

T stage TI+T2 339(37) 73(38) 0.705
T3+T4 583(63) 118(62)

Cervical lymph node metastasis | Yes 594(66) 113(61) 0.203
No 303(34) 72(39)

Clinical stage I+l 648(70) 135(59) 0.926
n+1v 464(30) 98(41)

Pathological grade Well 594(64) 117(61) 0.320
Moderate 299(32) 64(34)
Poor 29(4) 10(5)
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Figure | Overall Kaplan-Meier survival curve. There is no significant difference in survival curve between processed betel nut and none chewing processed betel nut groups.

Kaplan-Meier Survival Analysis

To further investigate the impact of betel nut on the prognosis of OSCC patients, we used the Kaplan-Meier survival
analysis to compare the 5-year disease-free survival times of the two groups (Figure 1). The median time of return visit
was 57 months for the betel nut chewer and 50 months for none betel nut chewer; the average survival time was 50
months for the betel nut chewer and 51 months for none betel nut chewer. Finally, we found that there was no significant
difference in prognosis between the two groups (HR = 0.99, 95% CI [0.77-1.29], P = 0.96).

To determine whether betel nut affects the prognosis of specific patients with OSCC, all patients were grouped
according to clinical related factors, including age, gender, tobacco use, alcohol use, and tumor location. We then
compared the 5-year disease-free survival time of each subgroup according to chewing betel nut and found no prognostic
difference in each subgroup (Figure 2).

Next, we further grouped all patients based on pathological factors, including T stage, cervical lymph node metastasis,
clinical grade, and tumor differentiation grade. Similarly, we found that the 5-year disease-free survival time was also not
different in each subgroup (Figure 3).

Univariable Cox Regression Analysis and Multivariable Cox Regression Analysis

To investigate the risk factors associated with the prognosis of oral cancer, we used univariable Cox regression analysis
to explore the prognostic factors for OSCC. We found that age (HR = 0.98, 95% CI [0.97-0.99], P <0.01), T stage (HR =
1.5, 95% CI [1.3-1.7], P <0.01), cervical lymph node metastasis (HR = 1.8, 95% CI [1.6-2.1], P <0.01), clinical stage
(HR =1.5,95% CI [1.4-1.6], P <0.01), and pathological grade (HR = 1.4, 95% CI [1.2-1.6], P <0.01) were the potential
prognostic factors. In contrast, betel nut use was not a prognostic factor (HR = 1, 95% CI [0.78-1.3], P = 0.961).

To eliminate the interference of other factors on prognosis, we used multivariable Cox regression analysis to correct
these factors. We finally found that betel nut still did not affect the prognosis of OSCC patients even after correcting the
prognostic impact of other factors (HR = 1, 95% CI [0.78-1.4], P = 0.626). In addition, age and T stage were excluded as
independent risk factors. Cervical lymph node metastasis (HR = 1.5, 95% CI [1.2-1.9], P <0.01), clinical stage (HR =
1.2, 95% CI [1.1-1.4], P = 0.002), and pathological grade (HR = 1.3, 95% CI [1.1-1.6], P = 0.001) were considered
independent risk factors for prognosis in OSCC (Figure 4).

Discussion

Currently, some studies indicate that betel nut can promote the occurrence of OSCC through TP53 mutations, hypoxic
microenvironment, and epithelial mesenchymal transition,'*'® however, the impact of betel nut on OSCC prognosis
remains unclear. To solve this problem, we retrospectively reviewed 1133 OSCC patients. We first observed that the
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Figure 2 Subgroup survival curves of clinical related factors. There is no significant difference in survival curves between chewing processed betel nut and none chewing
processed betel nut groups in the age (a and b), gender (c and d), tobacco use (e), alcohol use (f) and tumor location (g—i) subgroups.
Abbreviation: NA, Not Applicable.

proportions of smoking and alcohol consumption were significantly higher in the betel nut chewing group. This
behavioral pattern is typically associated with lower educational attainment or specific occupational environments,
which represents a high-risk context for OSCC.'”'® Next, the proportion of buccal cancer was significantly increased
in chewers, which may be attributable to the buccal mucosa being the most susceptible site to mechanical and chemical
injury during betel nut chewing.'® Furthermore, we found that the HR for age was less than 1 in the univariable model.
We speculate that this may be due to the fact that tumor in young patients exhibit stronger invasiveness, and these
patients may have a poorer prognosis. More importantly, the risk ratio was extremely close to 1, with 95% confidence
intervals around 1. This small change, even if statistically significant, may not have a clinically meaningful protective
effect.

Next, Kaplan-Meier analysis revealed no significant prognostic difference between chewers and non-chewers in the
overall group or subgroups. Consistently, betel nut use was not considered a prognostic factor in either the univariable or
multivariable Cox regression analyses. Notably, cervical lymph node metastasis, clinical stage, and pathological grade
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Figure 3 Subgroup survival curves of pathological related factors. There is no significant difference in survival curves between chewing processed betel nut and none
chewing processed betel nut groups in the T stage (a and b), N stage (c and d), clinical grade (e and f), and tumor differentiation grade (g—i) subgroups.
Abbreviation: NA, Not Applicable.

were considered independent prognostic factors that are already recognized as risk factors for OSCC. This finding
validates the robustness and reliability of our study.

Although previous research has suggested that betel nut may cause the poorer prognosis, we speculate that this may
be due to heterogeneity in the patients and treatment protocols.®'? In studies with non-homogeneous treatment, betel nut
chewers might receive different treatment due to socioeconomic factors or delayed care-seeking. The observed poorer
prognosis might be partly attributable to treatment differences rather than the biological role of betel nut itself. In
addition, previous studies may have mistakenly regarded second primary cancer as local recurrence, which is not
representative. Our homogeneity study effectively controlled for this confounding factor. Finally, the difference in the
results may also be attributable to differences in betel nut. In the Taiwanese province of China and Malaysia, fresh betel
nut is usually chewed with betel leaves and mixed with shellfish powder.>**' However, in mainland China, betel nut is
processed from fresh betel nut and reduces the content of carcinogens, such as alkaloids, which may lead to lower
harmonies on OSCC prognosis.

Alternatively, research on betel nut leading to a better prognosis requires careful explanation.'® This discovery may
not be due to the protective biological role of betel nut. In contrast, this outcome may be caused by oral submucosal
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Figure 4 Forest map of univariable Cox regression and multivariable Cox regression analysis. (a), Univariable Cox regression suggested that age, alcohol use, T stage,
N stage, clinical stage, and pathological grade were the potential prognostic factors for OSCC. (b), Multivariable Cox regression analysis suggested that N stage, clinical
stage, and pathological grade were the independent prognostic factors for OSCC.

fibrosis resulting from chewing betel nut. The characteristics of oral submucosal fibrosis are collagen deposition and
reduced blood vessels, which may limit the early infiltration and metastasis of tumors. Unlike previous studies that
indirectly inferred betel nut exposure through oral submucosal fibrosis, our study directly collected information on
patients’ betel nut chewing history, which allowed us to avoid potential bias.

In summary, our findings provide a clearer “dual-role” picture of betel nut: it is the main cause of OSCC, but its role
on tumor progression is limited. Cancer progression is a complex biological process, and carcinogens may not be the
main driving factors. In contrast, the pathological features of tumors, such as lymph node metastasis, clinical stage, and
pathological grade, are prognostic factors that can truly reflect the biological invasiveness of tumors. Our findings allow
clinicians to develop more objective and precise treatment plans.

However, this study had several limitations inherent to its retrospective design. First, we did not quantify the
frequency of betel nut chewing and did not consider the impact of consumption patterns on patients. Second, our
study did not consider socioeconomic variables that significantly affect treatment adherence and overall survival rates.

Finally, despite attempts to adjust for known confounders, the possibility of residual confounding from unmeasured
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factors cannot be excluded. Our findings need to be validated in a large, multicenter, prospective cohort study in the
future.

Conclusion

In conclusion, our findings suggest that betel nut use does not independently influence OSCC prognosis in patients
undergoing standardized surgical treatment. The clinical treatment decisions and prognostic evaluations should be guided
by established tumor pathologic features.
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