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Abstract

:

(1) Objectives: This systematic review and meta-analysis aimed to summarize current evidence regarding the prognostic role of perineural invasion (PNI) in patients with oral squamous cell carcinoma (OSCC). (2) Methods: We searched Cochrane Central, ProQuest, PubMed, Scopus, Science Direct, and Web of Science, using relevant keywords to identify eligible articles. Two independent reviewers conducted two-stage screening, data extraction, and quality assessment. The risk of bias was assessed using the Newcastle–Ottawa Scale (NOS) criteria. All analyses were performed using comprehensive meta-analysis (CMA; version 3.3.070) software. (3) Results: The study included 101 published articles encompassing 26,062 patients. The pooled analyses showed that PNI was associated with significantly worse overall survival (OS; HR = 1.45, 95% CI: 1.32–1.58; p < 0.001), worse disease-specific survival (DSS; HR = 1.87, 95% CI: 1.65–2.12; p < 0.001), and worse disease-free survival (DFS; HR = 1.87, 95% CI: 1.65–2.12; p < 0.001). Similarly, both local recurrence-free survival (LRFS) and regional recurrence-free survival (RRFS) were worse in patients with PNI (HR = 2.31, 95% CI: 1.72–3.10, p < 0.001; and HR = 2.04, 95% CI: 1.51–2.74, p < 0.001), respectively. The random-effect estimate of three studies demonstrated that the presence of PNI was associated with worse failure-free survival (FFS; HR = 2.59, 95% CI: 1.12–5.98, p < 0.001). (4) Conclusions: The current evidence suggests that PNI can be used as an independent predictor of the prognosis for patients with OSCC. The presence of PNI was associated with worse OS, DFS, DSS, FFS, and with recurrence. Asian patients and patients with extra-tumoral or peripheral PNI invasion were associated with worse prognosis.
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1. Introduction


Oral squamous cell carcinoma (OSCC) is also known as oral cancer. It is the 16th most common type of cancer across the globe and constitutes around 95% of head and neck cancers [1,2]. While the prognosis of OSCC is generally poor [3,4], that of some subtypes, such as oral tongue SCC (OTSCC), are even worse [5,6]. One of the many possible reasons for poor prognosis among cancer patients is metastasis, which is the invasion and spread of cancerous cells to other sites in the body than from where it originated. One such route of cancer spread/metastasis is via the nervous system, a process known as perineural tumor growth. PNI is characterized by the presence of tumor cells around one-third of the nerve or the presence of tumor cells inside the epineurium, perineural space, or nerve sheath, and is usually assessed vi the histological examination of tissues [7]. PNI is a common occurrence in many types of cancers, including cervical (9–31%), colorectal (16–39%), head and neck (5.2–90%), prostate (12–84%), biliary tract tumors (56–88%), gastric (7–76%), and pancreatic cancer (70–100%) [8]. With the exception of prostate cancer, where the PNI is linked to locoregional recurrence, PNI is independently related to a worse prognosis and shorter survival in all of these other malignancies [8]. Leibig et al. and others have characterized PNI in head and neck cancer as neoplastic cells infiltrating the perineurium layer, tracking through nerves, and/or enclosing at least one-third of the nerve’s circumference [7,9]. Head and neck squamous cell carcinoma (HNSCC) patients with PNI are more likely to have poor outcomes, thereby necessitating adjuvant treatment modalities [10,11]. Similarly, in oral cancer, PNI is a significant predictor of a poor prognosis, and its presence is considered a clinical indication for radiotherapy and systemic treatment [6,12,13,14,15]. Elective neck dissection, especially for stage 1 and 2 diseases, may be required because of the association between PNI and OTSCC depth of invasion [16,17]. Incorporating PNI into OTSCC staging systems has been recommended by several studies [18]; nonetheless, there are still significant discrepancies in their findings. It is common practice for pathologists to document PNI, and its presence may have implications for how patients are treated. Therefore, this systematic review and meta-analysis is aimed at summarizing the available evidence on the prognostic role of PNI in patients with OSCC.




2. Materials and Methods


For a systematic review of interventions, we used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist and the Cochrane handbook. [19,20]. We filed our systematic review and meta-analysis with the PROSPERO international prospective register of systematic reviews (registration number: CRD42022371657).



2.1. Eligibility Criteria


This study included studies matching the following eligibility criteria:




	
Population: Studies that included patients with OSCC irrespective of the lesion site, type, size, thickness, depth, stage, or differentiation.



	
Exposure: Studies that reported data regarding the prevalence of PNI and its type or location.



	
Comparison: Studies that compared between patients with and without PNI.



	
Outcomes: Studies that reported data regarding the association between the presence of PNI and overall survival (OS), disease-specific survival (DSS), disease-free survival (DFS), and recurrence rate.



	
Study design: Observational studies (case-control, cohort, and cross-sectional).



	
The selected articles were restricted to those published in the English language.








The exclusion criteria were as follows:




	
Case reports and conference abstracts.



	
Studies that reported/published in a language other than English.



	
In vitro studies or studies involving animal models.



	
Duplicate articles









2.2. Information Sources and Search Strategy


Initially, we searched Cochrane Central, ProQuest, PubMed, Scopus, Science Direct, and Web of Science databases using the following keywords “(squamous cell carcinoma OR squamous carcinoma) AND (perineural invasion OR perineural extension OR perineural infiltration) AND oral” in March 2019. The literature was further updated in 2022, to find and include more recent research studies on this topic. Databases were searched from their inception to the search date. Furthermore, all included citations’ reference lists were searched. The retrieved citations were imported and stored in a single library in EndNote X9 software, and duplicate publications were eliminated.




2.3. Selection Process and Data Extraction


A data collection sheet that included the research ID, publication year, title, abstract, keywords, DOI, and URL was built using Microsoft Excel. Two independent reviewers (NB and SA) conducted the selection process in two steps. In the initial step, the reviewers screened the title and abstract of all studies identified in the literature search to determine which studies would advance to the subsequent step (full-text screening), where reviewers would carefully assess whether each study fulfilled the requirements of inclusion. Any conflict between the reviewers were resolved by the third reviewer (YM).



Two reviewers (NB and SA) collected the following data from the eligible studies independently into a pre-prepared Excel spreadsheet covering different parameters, including enrolled patient demographics (age and sex), study characteristics (study groups, study date, follow-up time, total number of samples, study country, and main conclusions), lesion characteristics (type, size, location, size, thickness, depth, and surgical margins), and outcomes (PNI, recurrence, OS, DSS, and DFS). Any discrepancies were discussed and resolved by the third reviewer (YM).




2.4. Risk of Bias and Quality Assessment


Two writers (NB and MA) separately completed quality assessments. Discrepancies in the assessment process were handled by discussion until agreement was reached. Newcastle–Ottawa Scale (NOS) criteria were used to assess the risk of bias in the included research [21]. The Newcastle–Ottawa Scale consists of 8 items divided into 3 domains, with a maximum score of 9. A study with a score of 7–9 is deemed as good quality, 4–6 as fair quality, and 0–3 as poor quality.




2.5. Statistical Analyses


The DerSimonian–Laird random-effects model [22] was used for meta-analysis. Comprehensive meta-analysis (CMA; Englewood, NJ, USA: version 3.3.070) was used for statistical analyses. Fixed-effect or random-effects meta-analyses utilizing the inverse variance weighting method yielded pooled estimates of the hazard ratios (HRs), with a confidence interval (CI) of 95% based on published confidence intervals for these HRs. Using the I2 statistic, we calculated the percentage of the degree of heterogeneity and inconsistency among studies. The categorizing values of 25%, 50%, and 75% indicated low, moderate, and high levels of heterogeneity, respectively. If the heterogeneity was significant and I2 was greater than 50%, the random-effects model was used; otherwise, the fixed-effects model was used. To resolve heterogeneity, sequential sensitivity analysis was used, which involves deleting one study from each scenario. Subgroup analysis was also carried out to reduce the risk of inconsistency. Based on the parameters of Egger’s test, publication bias was assessed, and a funnel plot was created for forest plots with 10 or more studies [23]. A p-value of less than 0.05 was considered significant.





3. Results


3.1. Search Results


We searched six authentic databases (Cochrane Central, ProQuest, PubMed, Scopus, Science Direct, and Web of Science) and found 5475 references matching our inclusion criteria. Using Endnote software version 20.1, we eliminated duplicate references and obtained a total of 4992 research articles that were further screened. Title and abstract screening resulted in the exclusion of a further 4978 citations from our study because these studies were either published in a language other than English, or based on animal models, or were case reports, reviews, letters, or irrelevant articles. Subsequently, full-text screening was applied to the remaining studies (194 articles). Finally, we included 101 published articles that included a total of 26,062 patients, which discussed the incidence of perineural invasion among oral squamous cell carcinoma patients and its association with other co-morbidities and mortality rates [4,10,11,16,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116]. Out of these studies, 43 articles were included in our qualitative analysis (systematic review) [4,11,16,26,29,30,31,32,33,37,43,44,45,47,48,52,55,56,57,59,61,62,68,72,73,75,78,80,85,86,88,89,91,92,99,101,102,103,108,109,113,115,116], and 58 articles were included in our quantitative analysis (meta-analysis) [10,18,24,25,27,28,34,35,36,38,39,40,41,42,46,49,50,51,53,54,58,60,64,65,66,67,69,70,71,74,76,77,79,81,82,83,84,87,90,93,94,95,96,97,98,100,104,105,106,107,110,111,112,114,117,118,119,120]. The study flow diagram for the study selection process is shown in Figure 1.




3.2. Characteristics of Included Studies


The year of publication ranged from 1995 to 2021. The majority of the published studies (n = 25) were reported from Taiwan, followed by India (n = 17), the USA (n = 15), China (n = 8), Australia (n = 5), Italy (n = 5), Brazil (n = 4), and three each from the UK, Germany, Israel, and the rest of the world. In terms of the study design of these included studies, 95 studies were cohort studies, 3 were case-control studies, 2 were cross-sectional studies, and 2 were case-series. The average percentage of men among the included studies was 72.31%. The range of follow-up was 1–10 years. The characteristics of included studies and patients are summarized in Supplementary Table S1.




3.3. Quality Assessment of Included Studies


Based on the used tools, we found that 70% of the cohort studies, 67% of the case-control studies, 50% of the cross-sectional studies, and all of the case-series were deemed as “Good”. Only 10% of the cohort studies were deemed as “Poor”, as shown in Figure 2.




3.4. Meta-Analysis


3.4.1. Overall Survival (OS)


The pooled analysis of HRs extracted from 20 studies showed that PNI was associated with significantly increased HRs in terms of OS (HR = 1.45, 95% CI: 1.32–1.58; p < 0.001), as shown in Figure 3. These pooled data were mildly heterogenous (I2: 37%; p = 0.05). We found a potential risk of publication bias (Eggers’ test p-value = 0.002), which could be resolved by trimming seven studies, resulting in HR = 1.35 (95% CI: 1.24–1.48), as shown in Figure 4. Subgroup analysis showed that the worst OS was found in China (HR = 2.42, 95% CI: 1.54–3.80), followed by India (HR = 1.77, 95% CI: 1.42–2.22), the USA (HR = 1.74, 95% CI: 1.02–2.96), Brazil (HR = 1.66, 95% CI: 1.12–2.45), and Taiwan (HR = 1.32, 95% CI: 1.11–1.57). Moreover, the presence of PNI was associated with worse OS in the hard palate and mandible (HR = 2.69, 95% CI: 1.54–4.70), followed by the tongue (HR: 2.06, 95% CI: 1.38–3.06), in the tongue and floor of the mouth (HR = 1.77, 95% CI: 1.20–2.63), the tongue and buccal mucosa (HR = 1.41, 95% CI: 1.03–1.93), and in the oral cavity (HR = 1.40, 95% CI: 1.19–1.63), Table 1.




3.4.2. Disease-Free Survival (DFS)


The random-effects model that included 18 studies showed a significant association between the presence of PNI and a worse DFS (HR = 1.72, 95% CI: 1.59–1.87; p < 0.001), as shown in Figure 5. These pooled data were homogenous (I2: 23%; p = 0.183), with a significant risk of publication bias (p < 0.001), as shown in Figure 6. By excluding seven studies from the analysis, the effect size adjusted to HR = 1.64 (95% CI: 1.52–1.78). Subgroup analyses demonstrated that studies from the USA reported a worse DFS (HR = 2.70, 95% CI: 1.55–4.72), followed by studies from China (HR = 1.96, 95% CI: 1.49–2.58), India (HR = 1.92, 95% CI: 1.62–2.27), Taiwan (HR = 1.77, 95% CI: 1.33–2.36), and Brazil (HR = 1.71, 95% CI: 1.15–2.53). Moreover, the presence of PNI was associated with a worse DFS when PNI occurred in the hard palate and mandible (HR = 2.60, 95% CI: 1.45–4.66), followed by the tongue (HR = 2.24, 95% CI: 1.78–2.83), in the oral cavity (HR = 1.79, 95% CI: 1.41–2.29), in the tongue and buccal mucosa (HR = 1.77, 95% CI: 1.45–2.15), and in the tongue and floor of the mouth (HR = 1.57, 95% CI: 1.40–1.75). Patients with an early tumor stage had a worse DFS (HR = 2.01, 95% CI: 1.57–2.63) compared to those with an advanced stage (HR = 1.83, 95% CI: 1.48–2.27). Regarding the location of the PNI, patients with extra-tumoral invasion had a worse DFS (HR = 2.59, 95% CI: 2.39–2.81) compared to those with peripheral invasion (HR = 2.33, 95% CI: 1.98–2.74), as shown in Table 2.




3.4.3. Disease-Specific Survival (DSS)


The random-effect model that included 15 studies showed a significant association between the presence of a PNI and a worse DSS (HR = 1.87, 95% CI: 1.65–2.12; p < 0.001), Figure 7. These pooled data were homogenous (I2: 29%; p = 0.138), with a significant risk of publication bias (p = 0.032), Figure 8. By trimming six studies from the analysis, the effect size was adjusted to HR = 1.67 (95% CI: 1.49–1.87). Subgroup analyses demonstrated that Australian studies reported a worse DSS (HR = 2.29, 95% CI: 1.75–2.98), followed by studies from the USA (HR = 2.20, 95% CI: 1.29–3.78), China (HR = 1.86, 95% CI: 1.45–2.40), and Taiwan (HR = 1.82, 95% CI: 1.43–2.32). Moreover, the presence of a PNI was associated with a worse DSS when PNI occurred in the tongue (HR = 2.87, 95% CI: 1.83–4.51), in the oral cavity (HR = 1.56, 95% CI: 1.40–1.94), in the tongue and buccal mucosa (HR = 1.76, 95% CI: 1.23–2.51), or in the tongue and floor of the mouth (HR = 2.31, 95% CI: 1.78–2.98). Similarly, patients with an early tumor stage were associated with a worse DSS (HR = 2.17, 95% CI: 1.62–2.93) compared to those with an advanced stage (HR = 1.83, 95% CI: 1.30–2.58). Regarding the location of the PNI, patients with extra-tumoral invasion were associated with a worse DSS (HR = 2.28, 95% CI: 1.87–2.78) compared to those with an intra-tumoral (HR = 2.06, 95% CI: 1.57–2.71) or a peripheral invasion (HR = 1.90, 95% CI: 1.10–3.25). Regarding the size of the PNI, a larger size was associated with a worse DSS compared to a smaller size (HR = 1.74, 95% CI: 1.19–2.52 vs. HR = 1.45, 95% CI: 0.81–2.60), Table 3.




3.4.4. Local Recurrence-Free Survival


The pooled analysis that included 12 studies demonstrated that the presence of PNI was associated with a worse LRFS (HR = 2.31, 95% CI: 1.72–3.10, p < 0.001). These pooled data were heterogenous (I2: 50%; p = 0.017). By excluding two studies (Lin et al., 2015 and Hasmat et al., 2019) [42,66], this heterogeneity was resolved (I2: 16%; p = 0.287), and the effect size was significant (HR = 2.62, 95% CI: 2.03–3.38, p < 0.001).




3.4.5. Regional Recurrence-Free Survival


The fixed-effect estimate that included four studies demonstrated that the presence of PNI was associated with a worse RRFS (HR = 2.04, 95% CI: 1.51–2.74, p < 0.001). These pooled data were homogenous (I2: 14%; p = 0.32).




3.4.6. Failure Free Survival


The random-effect estimate that included three studies showed that the presence of a PNI was associated with a worse FFS (HR = 2.59, 95% CI: 1.12–5.98, p < 0.001). The pooled data were heterogenous (I2: 63%; p = 0.062). By excluding Aivazian et al., 2014 [27], this heterogeneity was resolved (I2: 0%; p = 0.484), and the effect size was HR = 3.91 (95% CI: 1.99–7.65, p < 0.001).






4. Discussion


Recently, many research studies have evaluated the role of PNI in OSCC clinical outcomes. However, these findings are still contradictory. The goal of this meta-analysis was to evaluate whether individuals with OSCC and PNI had worse prognoses compared to non-PNI cases. The overall results of our study revealed that PNI was likely to worsen OS, DFS, DSS, LRFS, RRFS, and FFS. In terms of OS, we found that a worse OS occurred in Asian countries compared to in Europe and America. These findings are not unusual since Asian countries have the highest prevalence of OSCC. According to the Global Cancer Observatory (GCO) 2020 report [121], of the total 377,713 cases of OSCC worldwide, the highest number of cases was reported in Asian countries (248,360), followed by Europe (65,279), and North America (27,469). Similar trends were also reported in a number of studies wherein most of the cases included were reported from Asian countries, and, as such, more data from Europe and America are needed to further clarify the role of a PNI in prognosis. In terms of PNI extension, the size of the nerve involved provided additional prognostic information. For example, in OSCC cases with multifocal PNI, the worst DSS was observed when the size of the nerve involved exceeded 1 mm, and a better prognosis was observed if the size was less than 1 mm. Survival was also dependent on the location of the tumor. Worse OS and DFS were associated with the presence of PNI in the hard palate and mandible, followed by in the tongue and oral cavity. Furthermore, the DSS was significantly worse among patients who had PNI and OTSCC than among those who had PNI in any other site in the oral cavity.



Our study results are in concordance with the findings of a recent meta-analysis of patients with OTSCC, wherein the presence of PNI was associated with a worse cancer-specific survival (CSS) (HR = 1.93, p < 0.001), a worse DFS (HR = 2.13, p < 0.001), a worse DFS (HR = 2.13, p < 0.001), and a higher risk of LRFS (HR = 1.73, p = 0.025). Additionally, only early-stage OTSCC was affected by PNI in terms of locoregional recurrence. However, CSS, DFS, and OS were affected in all stages of OTSCC [122]. Another meta-analysis that investigated the prognostic role of PNI in HNSCC demonstrated that PNI was significantly associated with OS (HR = 2.80, p < 0.001), DFS (HR = 2.42, p < 0.001), and DSS (HR = 2.60, p < 0.001) [123]. Based on our findings, the prognostic value of PNI in OSCC has been established. Patients with OSCC may benefit from more aggressive treatment if their PNI levels are elevated. Research evidence also suggests that the patients with skin, oral, and colorectal cancer should undergo PNI testing, which will help clinicians to plan better treatment and management strategies [34,36]. For example, in patients with OSCC and PNI, Yang et al. [80] found that elective neck dissection targeting macroscopic disease did not enhance the prognosis, thereby requiring adjuvant radiation and systemic therapy. However, it is too early to recommend and endorse this strategy, and further research is required.



The heterogeneities in this meta-analysis were expected and fell within the accepted limits. Since these studies were reported from different countries across the globe, there were differences in the patients’ ethnic backgrounds, and among the study periods, tumor characteristics, and treatment modalities, thereby greatly affecting the prognoses. Additionally, the consistency between the included studies might be affected by interobserver differences, the number of times a tissue section is examined, the histological sectioning method, and the size of the tissue obtained. In order to counter the issue of inconsistency among these studies, we further conducted a subgroup analysis. However, to acquire consistency and reproducibility among interobserver studies, and to minimize subjectivity, accurate identification of PNI is very important, requiring additional standardized reporting to include the diameters of the involved nerves.



Although, our study is the first of its kind in terms of meta-analyses reporting the impact of PNI on the prognosis of OSCC, there are some limitations. The number of prospective studies we included was small and there is the possibility that biases carried over from retrospective studies could have affected our findings. Another limitation is publication bias. However, after the application of trim-and-fill analysis, there was no significant change in the effect size.




5. Conclusions


In conclusion, the current evidence suggests that PNI can be used as an independent predictor for the prognosis of a patient with OSCC. PNI presence was associated with worse OS, DFS, DSS, and FFS, and with recurrence. Asian patients and patients with extra-tumoral or peripheral PNI invasion were associated with a worse prognosis.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/diagnostics13213339/s1, Table S1: The characteristics of included studies and patients.





Author Contributions


Conceptualization, N.B. and Y.M.; methodology, N.B.; validation, M.A., S.A. (Soulafa Almazrooa) and Y.M.; investigation, M.A., S.A. (Soulafa Almazrooa), S.A. (Suad Aljohani), S.A. (Sara Akeel), S.O. and M.S.; resources, N.B. and W.E.; data curation, N.B., S.A. (Suad Aljohani) and Y.M.; writing—original draft preparation, N.B. and M.S.; writing—review and editing, M.A., S.A. (Soulafa Almazrooa), S.A. (Suad Aljohani), S.A. (Sara Akeel), W.E. and S.O.; visualization, N.B. and S.O.; supervision, N.B. and Y.M.; project administration, N.B.; funding acquisition, N.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Deanship of Scientific Research (DSR), King Abdulaziz University, Jeddah, Saudi Arabia, grant number G-1436-254-295.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Those data supporting the findings of this study are available within its Supplementary Materials.




Acknowledgments


The authors would like to thank Eshak Bahbah and his team for their support with the statistical analyses.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [Google Scholar] [CrossRef] [PubMed]

	



Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [Google Scholar] [CrossRef] [PubMed]

	



Pfister, D.G.; Spencer, S.; Adelstein, D.; Adkins, D.; Anzai, Y.; Brizel, D.M.; Bruce, J.Y.; Busse, P.M.; Caudell, J.J.; Cmelak, A.J.; et al. Head and Neck Cancers, Version 2.2020, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2020, 18, 873–898. [Google Scholar] [CrossRef]

	



Shen, W.R.; Wang, Y.P.; Chang, J.Y.; Yu, S.Y.; Chen, H.M.; Chiang, C.P. Perineural invasion and expression of nerve growth factor can predict the progression and prognosis of oral tongue squamous cell carcinoma. J. Oral Pathol. Med. 2014, 43, 258–264. [Google Scholar] [CrossRef]

	



Kim, Y.J.; Kim, J.H. Increasing incidence and improving survival of oral tongue squamous cell carcinoma. Sci. Rep. 2020, 10, 7877. [Google Scholar] [CrossRef]

	



Rusthoven, K.; Ballonoff, A.; Raben, D.; Chen, C. Poor prognosis in patients with stage I and II oral tongue squamous cell carcinoma. Cancer 2008, 112, 345–351. [Google Scholar] [CrossRef] [PubMed]

	



Liebig, C.; Ayala, G.; Wilks, J.A.; Berger, D.H.; Albo, D. Perineural invasion in cancer: A review of the literature. Cancer 2009, 115, 3379–3391. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.H.; Zhang, B.Y.; Zhou, B.; Zhu, C.Z.; Sun, L.Q.; Feng, Y.J. Perineural invasion of cancer: A complex crosstalk between cells and molecules in the perineural niche. Am. J. Cancer Res. 2019, 9, 1–21. [Google Scholar] [PubMed]

	



Dunn, M.; Morgan, M.B.; Beer, T.W. Perineural invasion: Identification, significance, and a standardized definition. Dermatol. Surg. 2009, 35, 214–221. [Google Scholar] [CrossRef]

	



Ling, W.; Mijiti, A.; Moming, A. Survival pattern and prognostic factors of patients with squamous cell carcinoma of the tongue: A retrospective analysis of 210 cases. J. Oral Maxillofac. Surg. 2013, 71, 775–785. [Google Scholar] [CrossRef]

	



Rajappa, S.K.; Ram, D.; Shukla, H.; Mandal, G.; Venkatasubramaniyan, M.; Dubey, A.; Agarwal, M.; Kumar, R.; Dewan, A.K. Oncological benefits of postoperative radiotherapy in node-negative early stage cancer of the oral cavity with isolated perineural invasion. Br. J. Oral Maxillofac. Surg. 2019, 57, 454–459. [Google Scholar] [CrossRef] [PubMed]

	



Babington, S.; Veness, M.J.; Cakir, B.; Gebski, V.J.; Morgan, G.J. Squamous cell carcinoma of the lip: Is there a role for adjuvant radiotherapy in improving local control following incomplete or inadequate excision? ANZ J. Surg. 2003, 73, 621–625. [Google Scholar] [CrossRef]

	



Bernier, J.; Cooper, J.S.; Pajak, T.F.; van Glabbeke, M.; Bourhis, J.; Forastiere, A.; Ozsahin, E.M.; Jacobs, J.R.; Jassem, J.; Ang, K.K.; et al. Defining risk levels in locally advanced head and neck cancers: A comparative analysis of concurrent postoperative radiation plus chemotherapy trials of the EORTC (#22931) and RTOG (# 9501). Head Neck 2005, 27, 843–850. [Google Scholar]

	



Cooper, J.S.; Zhang, Q.; Pajak, T.F.; Forastiere, A.A.; Jacobs, J.; Saxman, S.B.; Kish, J.A.; Kim, H.E.; Cmelak, A.J.; Rotman, M.; et al. Long-term follow-up of the RTOG 9501/intergroup phase III trial: Postoperative concurrent radiation therapy and chemotherapy in high-risk squamous cell carcinoma of the head and neck. Int. J. Radiat. Oncol. Biol. Phys. 2012, 84, 1198–1205. [Google Scholar] [CrossRef]

	



Sher, D.J.; Adelstein, D.J.; Bajaj, G.K.; Brizel, D.M.; Cohen, E.E.W.; Halthore, A.; Harrison, L.B.; Lu, C.; Moeller, B.J.; Quon, H.; et al. Radiation therapy for oropharyngeal squamous cell carcinoma: Executive summary of an ASTRO Evidence-Based Clinical Practice Guideline. Pract. Radiat. Oncol. 2017, 7, 246–253. [Google Scholar] [CrossRef] [PubMed]

	



Chatzistefanou, I.; Lubek, J.; Markou, K.; Ord, R.A. The role of neck dissection and postoperative adjuvant radiotherapy in cN0 patients with PNI-positive squamous cell carcinoma of the oral cavity. Oral Oncol. 2014, 50, 753–758. [Google Scholar] [CrossRef]

	



Newman, M.; Dziegielewski, P.T.; Nguyen, N.T.A.; Seikaly, H.S.; Xie, M.; O’Connell, D.A.; Harris, J.R.; Biron, V.L.; Gupta, M.K.; Archibald, S.D.; et al. Relationship of depth of invasion to survival outcomes and patterns of recurrence for T3 oral tongue squamous cell carcinoma. Oral Oncol. 2021, 116, 105195. [Google Scholar] [CrossRef]

	



Caponio, V.C.A.; Troiano, G.; Togni, L.; Zhurakivska, K.; Santarelli, A.; Laino, L.; Rubini, C.; Lo Muzio, L.; Mascitti, M. Pattern and localization of perineural invasion predict poor survival in oral tongue carcinoma. Oral Dis. 2021, 29, 411–422. [Google Scholar] [CrossRef] [PubMed]

	



Higgins, J.P.T.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions; Wiley: Hoboken, NJ, USA, 2008. [Google Scholar]

	



Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71. [Google Scholar] [CrossRef]

	



Lo, C.K.; Mertz, D.; Loeb, M. Newcastle-Ottawa Scale: Comparing reviewers’ to authors’ assessments. BMC Med. Res. Methodol. 2014, 14, 45. [Google Scholar] [CrossRef]

	



Chandler, J.; Higgins, J.P.T.; Deeks, J.J.; Davenport, C.; Clarke, M.J. Cochrane Handbook for Systematic Reviews of Interventions Version 5.2.0: Cochrane. 2017. Available online: www.training.cochrane.org/handbook (accessed on 20 August 2023).

	



Davey Smith, G.; Egger, M. Meta-analyses of randomised controlled trials. Lancet 1997, 350, 1182. [Google Scholar] [CrossRef] [PubMed]

	



Abbas, S.A.; Saeed, J.; Tariq, M.U.; Baksh, A.R.; Hashmi, S. Clinicopathological prognostic factors of oral squamous cell carcinoma: An experience of a tertiary care hospital. J. Pak. Med. Assoc. 2018, 68, 1115–1119. [Google Scholar] [PubMed]

	



Adel, M.; Kao, H.K.; Hsu, C.L.; Huang, J.J.; Lee, L.Y.; Huang, Y.; Browne, T.; Tsang, N.M.; Chang, Y.L.; Chang, K.P. Evaluation of Lymphatic and Vascular Invasion in Relation to Clinicopathological Factors and Treatment Outcome in Oral Cavity Squamous Cell Carcinoma. Medicine 2015, 94, e1510. [Google Scholar] [CrossRef]

	



Agni, N.A.; Prasad, G.; Borle, R.M.; Shukla, S.; Grover, S.; Korde, S. Assessment of perineural infiltration and spread of oral squamous cell carcinoma: A clinicohistopathologic study. Indian J. Cancer 2010, 47, 199–205. [Google Scholar] [CrossRef] [PubMed]

	



Aivazian, K.; Ebrahimi, A.; Low, T.H.; Gao, K.; Clifford, A.; Shannon, K.; Clark, J.R.; Gupta, R. Perineural invasion in oral squamous cell carcinoma: Quantitative subcategorisation of perineural invasion and prognostication. J. Surg. Oncol. 2015, 111, 352–358. [Google Scholar] [CrossRef]

	



Anand, A.K.; Agarwal, P.; Gulia, A.; Goel, V.; Jain, J.; Chaturvedi, H.; Hazarika, B.; Mukherjee, U.; Arora, D.; Bansal, A.K. Significance of perineural invasion in locally advanced bucco alveolar complex carcinomas treated with surgery and postoperative radiation ± concurrent chemotherapy. Head Neck 2017, 39, 1446–1453. [Google Scholar] [CrossRef]

	



Barry, C.P.; Wong, D.; Clark, J.R.; Shaw, R.J.; Gupta, R.; Magennis, P.; Triantafyllou, A.; Gao, K.; Brown, J.S. Postoperative radiotherapy for patients with oral squamous cell carcinoma with intermediate risk of recurrence: A case match study. Head Neck 2017, 39, 1399–1404. [Google Scholar] [CrossRef]

	



Barry, C.P.; Ahmed, F.; Rogers, S.N.; Lowe, D.; Bekiroglu, F.; Brown, J.S.; Shaw, R.J. Influence of surgical margins on local recurrence in T1/T2 oral squamous cell carcinoma. Head Neck 2015, 37, 1176–1180. [Google Scholar] [CrossRef]

	



Baumeister, P.; Welz, C.; Jacobi, C.; Reiter, M. Is Perineural Invasion of Head and Neck Squamous Cell Carcinomas Linked to Tobacco Consumption? Otolaryngol. Head Neck Surg. 2018, 158, 878–881. [Google Scholar] [CrossRef]

	



Berdugo, J.; Thompson, L.D.R.; Purgina, B.; Sturgis, C.D.; Tuluc, M.; Seethala, R.; Chiosea, S.I. Measuring Depth of Invasion in Early Squamous Cell Carcinoma of the Oral Tongue: Positive Deep Margin, Extratumoral Perineural Invasion, and Other Challenges. Head Neck Pathol. 2019, 13, 154–161. [Google Scholar] [CrossRef]

	



Biswal, B.N.; Das, S.N.; Das, B.K.; Rath, R. Alteration of cellular metabolism in cancer cells and its therapeutic prospects. J. Oral Maxillofac. Pathol. 2017, 21, 244–251. [Google Scholar] [CrossRef]

	



Chen, T.C.; Wang, C.P.; Ko, J.Y.; Yang, T.L.; Hsu, C.W.; Yeh, K.A.; Chang, Y.L.; Lou, P.J. The impact of perineural invasion and/or lymphovascular invasion on the survival of early-stage oral squamous cell carcinoma patients. Ann. Surg. Oncol. 2013, 20, 2388–2395. [Google Scholar] [CrossRef]

	



Chinn, S.B.; Spector, M.E.; Bellile, E.L.; McHugh, J.B.; Gernon, T.J.; Bradford, C.R.; Wolf, G.T.; Eisbruch, A.; Chepeha, D.B. Impact of perineural invasion in the pathologically N0 neck in oral cavity squamous cell carcinoma. Otolaryngol. Head Neck Surg. 2013, 149, 893–899. [Google Scholar] [CrossRef]

	



Cracchiolo, J.R.; Xu, B.; Migliacci, J.C.; Katabi, N.; Pfister, D.G.; Lee, N.Y.; Patel, S.G.; Ghossein, R.A.; Wong, R.J. Patterns of recurrence in oral tongue cancer with perineural invasion. Head Neck 2018, 40, 1287–1295. [Google Scholar] [CrossRef] [PubMed]

	



de Matos, F.R.; Lima, E.; Queiroz, L.M.; da Silveira, E.J. Analysis of inflammatory infiltrate, perineural invasion, and risk score can indicate concurrent metastasis in squamous cell carcinoma of the tongue. J. Oral Maxillofac. Surg. 2012, 70, 1703–1710. [Google Scholar] [CrossRef] [PubMed]

	



de Visscher, J.G.; van den Elsaker, K.; Grond, A.J.; van der Wal, J.E.; van der Waal, I. Surgical treatment of squamous cell carcinoma of the lower lip: Evaluation of long-term results and prognostic factors—A retrospective analysis of 184 patients. J. Oral Maxillofac. Surg. 1998, 56, 814–820; discussion 820–811. [Google Scholar] [CrossRef] [PubMed]

	



Fagan, J.J.; Collins, B.; Barnes, L.; D’Amico, F.; Myers, E.N.; Johnson, J.T. Perineural invasion in squamous cell carcinoma of the head and neck. Arch. Otolaryngol. Head Neck Surg. 1998, 124, 637–640. [Google Scholar] [CrossRef] [PubMed]

	



Ganly, I.; Goldstein, D.; Carlson, D.L.; Patel, S.G.; O’Sullivan, B.; Lee, N.; Gullane, P.; Shah, J.P. Long-term regional control and survival in patients with “low-risk,” early stage oral tongue cancer managed by partial glossectomy and neck dissection without postoperative radiation: The importance of tumor thickness. Cancer 2013, 119, 1168–1176. [Google Scholar] [CrossRef] [PubMed]

	



Gokavarapu, S.; Parvataneni, N.; Rao, S.L.; Reddy, R.; Raju, K.V.; Chander, R. Role of postoperative radiation therapy (PORT) in pT1-T2 N0 deep tongue cancers. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2015, 120, e227–e231. [Google Scholar] [CrossRef]

	



Hasmat, S.; Ebrahimi, A.; Gao, K.; Low, T.H.; Palme, C.; Gupta, R.; Clark, J. Multifocal perineural invasion is a better prognosticator than depth of invasion in oral squamous cell carcinoma. Head Neck 2019, 41, 3992–3999. [Google Scholar] [CrossRef]

	



Hilly, O.; Shkedy, Y.; Hod, R.; Soudry, E.; Mizrachi, A.; Hamzany, Y.; Bachar, G.; Shpitzer, T. Carcinoma of the oral tongue in patients younger than 30 years: Comparison with patients older than 60 years. Oral Oncol. 2013, 49, 987–990. [Google Scholar] [CrossRef] [PubMed]

	



Hinerman, R.W.; Mendenhall, W.M.; Morris, C.G.; Amdur, R.J.; Werning, J.W.; Villaret, D.B. Postoperative irradiation for squamous cell carcinoma of the oral cavity: 35-year experience. Head Neck 2004, 26, 984–994. [Google Scholar] [CrossRef]

	



Hingsammer, L.; Seier, T.; Ikenberg, J.; Schumann, P.; Zweifel, D.; Rücker, M.; Bredell, M.; Lanzer, M. The influence of lymph node ratio on survival and disease recurrence in squamous cell carcinoma of the tongue. Int. J. Oral Maxillofac. Surg. 2019, 48, 851–856. [Google Scholar] [CrossRef] [PubMed]

	



Ho, Y.Y.; Wu, T.Y.; Cheng, H.C.; Yang, C.C.; Wu, C.H. The significance of tumor budding in oral cancer survival and its relevance to the eighth edition of the American Joint Committee on Cancer staging system. Head Neck 2019, 41, 2991–3001. [Google Scholar] [CrossRef] [PubMed]

	



Hong, S.X.; Cha, I.H.; Lee, E.W.; Kim, J. Mandibular invasion of lower gingival carcinoma in the molar region: Its clinical implications on the surgical management. Int. J. Oral Maxillofac. Surg. 2001, 30, 130–138. [Google Scholar] [CrossRef] [PubMed]

	



Hoşal, A.S.; Unal, O.F.; Ayhan, A. Possible prognostic value of histopathologic parameters in patients with carcinoma of the oral tongue. Eur. Arch. Otorhinolaryngol. 1998, 255, 216–219. [Google Scholar]

	



Huang, C.Y.; Lin, Y.S.; Kang, B.H.; Chang, K.P.; Chi, C.C.; Lin, M.Y.; Su, H.H.; Chang, T.S.; Lee, H.P.; Lee, C.C. Log margin-to-thickness ratio improves disease-specific survival prediction in oral cancer: A single cancer centre database. Clin. Otolaryngol. 2019, 44, 63–69. [Google Scholar] [CrossRef]

	



Huang, T.Y.; Hsu, L.P.; Wen, Y.H.; Huang, T.T.; Chou, Y.F.; Lee, C.F.; Yang, M.C.; Chang, Y.K.; Chen, P.R. Predictors of locoregional recurrence in early stage oral cavity cancer with free surgical margins. Oral Oncol. 2010, 46, 49–55. [Google Scholar] [CrossRef]

	



Jardim, J.F.; Francisco, A.L.; Gondak, R.; Damascena, A.; Kowalski, L.P. Prognostic impact of perineural invasion and lymphovascular invasion in advanced stage oral squamous cell carcinoma. Int. J. Oral Maxillofac. Surg. 2015, 44, 23–28. [Google Scholar] [CrossRef]

	



Kane, S.V.; Gupta, M.; Kakade, A.C.; D’Cruz, A. Depth of invasion is the most significant histological predictor of subclinical cervical lymph node metastasis in early squamous carcinomas of the oral cavity. Eur. J. Surg. Oncol. 2006, 32, 795–803. [Google Scholar] [CrossRef]

	



Kao, H.K.; Löfstrand, J.; Loh, C.Y.; Lao, W.W.; Yi, J.S.; Chang, Y.L.; Chang, K.P. Nomogram based on albumin and neutrophil-to-lymphocyte ratio for predicting the prognosis of patients with oral cavity squamous cell carcinoma. Sci. Rep. 2018, 8, 13081. [Google Scholar] [CrossRef] [PubMed]

	



Kapali, A.S.; George, N.A.; Iype, E.M.; Thomas, S.; Varghese, B.T.; Balagopal, P.G.; Sebastian, P. Retrospective Outcome Analysis of Buccal Mucosal and Lower Alveolar Squamous Cell Carcinoma from a High-Volume Tertiary Cancer Centre. Indian J. Surg. Oncol. 2019, 10, 286–291. [Google Scholar] [CrossRef] [PubMed]

	



Katz, O.; Nachalon, Y.; Hilly, O.; Shpitzer, T.; Bachar, G.; Limon, D.; Popovtzer, A. Radiotherapy in early-stage tongue squamous cell carcinoma with minor adverse features. Head Neck 2017, 39, 147–150. [Google Scholar] [CrossRef] [PubMed]

	



Kim, R.Y.; Helman, J.I.; Braun, T.M.; Ward, B.B. Increased Presence of Perineural Invasion in the Tongue and Floor of the Mouth: Could It Represent a More Aggressive Oral Squamous Cell Carcinoma, or Do Larger Aggressive Tumors Cause Perineural Invasion? J. Oral Maxillofac. Surg. 2019, 77, 852–858. [Google Scholar] [CrossRef]

	



Kurtz, K.A.; Hoffman, H.T.; Zimmerman, M.B.; Robinson, R.A. Perineural and vascular invasion in oral cavity squamous carcinoma: Increased incidence on re-review of slides and by using immunohistochemical enhancement. Arch. Pathol. Lab. Med. 2005, 129, 354–359. [Google Scholar] [CrossRef]

	



Larson, A.R.; 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 Carcinoma. Laryngoscope 2020, 130, 1715–1720. [Google Scholar] [CrossRef]

	



Laske, R.D.; Scholz, I.; Ikenberg, K.; Meerwein, C.; Vital, D.G.; Studer, G.; Rössle, M.; Huber, G.F. Perineural Invasion in Squamous Cell Carcinoma of the Oral Cavity: Histology, Tumor Stage, and Outcome. Laryngoscope Investig. Otolaryngol. 2016, 1, 13–18. [Google Scholar] [CrossRef]

	



Lee, L.Y.; De Paz, D.; Lin, C.Y.; Fan, K.H.; Wang, H.M.; Hsieh, C.H.; Lee, L.A.; Yen, T.C.; Liao, C.T.; Yeh, C.H.; et al. Prognostic impact of extratumoral perineural invasion in patients with oral cavity squamous cell carcinoma. Cancer Med. 2019, 8, 6185–6194. [Google Scholar] [CrossRef]

	



Lee, T.L.; Chiu, P.H.; Li, W.Y.; Yang, M.H.; Wei, P.Y.; Chu, P.Y.; Wang, Y.F.; Tai, S.K. Nerve-tumour interaction enhances the aggressiveness of oral squamous cell carcinoma. Clin. Otolaryngol. 2019, 44, 1087–1095. [Google Scholar] [CrossRef]

	



Leoncini, E.; Ricciardi, W.; Cadoni, G.; Arzani, D.; Petrelli, L.; Paludetti, G.; Brennan, P.; Luce, D.; Stucker, I.; Matsuo, K.; et al. Adult height and head and neck cancer: A pooled analysis within the INHANCE Consortium. Eur. J. Epidemiol. 2014, 29, 35–48. [Google Scholar] [CrossRef]

	



Liao, C.T.; Chang, J.T.; Wang, H.M.; Ng, S.H.; Hsueh, C.; Lee, L.Y.; Lin, C.H.; Chen, I.H.; Huang, S.F.; Cheng, A.J.; et al. Does adjuvant radiation therapy improve outcomes in pT1-3N0 oral cavity cancer with tumor-free margins and perineural invasion? Int. J. Radiat. Oncol. Biol. Phys. 2008, 71, 371–376. [Google Scholar] [CrossRef]

	



Liao, C.T.; Huang, S.F.; Chen, I.H.; Kang, C.J.; Lin, C.Y.; Fan, K.H.; Wang, H.M.; Ng, S.H.; Hsueh, C.; Lee, L.Y.; et al. Tongue and buccal mucosa carcinoma: Is there a difference in outcome? Ann. Surg. Oncol. 2010, 17, 2984–2991. [Google Scholar] [CrossRef] [PubMed]

	



Lin, C.S.; de Oliveira Santos, A.B.; Silva, E.L.; de Matos, L.L.; Moyses, R.A.; Kulcsar, M.A.; Pinto, F.R.; Brandão, L.G.; Cernea, C.R. Tumor volume as an independent predictive factor of worse survival in patients with oral cavity squamous cell carcinoma. Head Neck 2017, 39, 960–964. [Google Scholar] [CrossRef] [PubMed]

	



Lin, Y.T.; Chien, C.Y.; Lu, C.T.; Lou, S.D.; Lu, H.; Huang, C.C.; Fang, F.M.; Li, S.H.; Huang, T.L.; Chuang, H.C. Triple-positive pathologic findings in oral cavity cancer are related to a dismal prognosis. Laryngoscope 2015, 125, E300–E305. [Google Scholar] [CrossRef] [PubMed]

	



Liu, S.A.; Wang, C.C.; Jiang, R.S.; Lee, F.Y.; Lin, W.J.; Lin, J.C. Pathological features and their prognostic impacts on oral cavity cancer patients among different subsites—A singe institute’s experience in Taiwan. Sci. Rep. 2017, 7, 7451. [Google Scholar] [CrossRef] [PubMed]

	



Low, T.H.; Gao, K.; Gupta, R.; Clifford, A.; Elliott, M.; Ch’ng, S.; Milross, C.; Clark, J.R. Factors predicting poor outcomes in T1N0 oral squamous cell carcinoma: Indicators for treatment intensification. ANZ J. Surg. 2016, 86, 366–371. [Google Scholar] [CrossRef]

	



Marra, A.; Violati, M.; Broggio, F.; Codecà, C.; Blasi, M.; Luciani, A.; Zonato, S.; Rabbiosi, D.; Moneghini, L.; Saibene, A.; et al. Long-term disease-free survival in surgically-resected oral tongue cancer: A 10-year retrospective study. Acta Otorhinolaryngol. Ital. 2019, 39, 84–91. [Google Scholar] [CrossRef]

	



Matsushita, Y.; Yanamoto, S.; Takahashi, H.; Yamada, S.; Naruse, T.; Sakamoto, Y.; Ikeda, H.; Shiraishi, T.; Fujita, S.; Ikeda, T.; et al. A clinicopathological study of perineural invasion and vascular invasion in oral tongue squamous cell carcinoma. Int. J. Oral Maxillofac. Surg. 2015, 44, 543–548. [Google Scholar] [CrossRef]

	



Meng, F.Y.; Ko, J.Y.; Lou, P.J.; Wang, C.P.; Yang, T.L.; Chang, C.H.; Chang, Y.L.; Chen, T.C. The determining risk factors for treatment outcomes in patients with squamous cell carcinoma of the hard palate. Ann. Surg. Oncol. 2012, 19, 2003–2010. [Google Scholar] [CrossRef]

	



Miller, C.; Shay, A.; Tajudeen, B.; Sen, N.; Fidler, M.; Stenson, K.; Gattuso, P.; Al-Khudari, S. Clinical features and outcomes in young adults with oral tongue cancer. Am. J. Otolaryngol. 2019, 40, 93–96. [Google Scholar] [CrossRef]

	



Myers, J.N.; Elkins, T.; Roberts, D.; Byers, R.M. Squamous cell carcinoma of the tongue in young adults: Increasing incidence and factors that predict treatment outcomes. Otolaryngol. Head Neck Surg. 2000, 122, 44–51. [Google Scholar] [CrossRef] [PubMed]

	



Nair, D.; Mair, M.; Singhvi, H.; Mishra, A.; Nair, S.; Agrawal, J.; Chaturvedi, P. Perineural invasion: Independent prognostic factor in oral cancer that warrants adjuvant treatment. Head Neck 2018, 40, 1780–1787. [Google Scholar] [CrossRef]

	



Nair, S.; Singh, B.; Pawar, P.V.; Datta, S.; Nair, D.; Kane, S.; Chaturvedi, P. Squamous cell carcinoma of tongue and buccal mucosa: Clinico-pathologically different entities. Eur. Arch. Otorhinolaryngol. 2016, 273, 3921–3928. [Google Scholar] [CrossRef] [PubMed]

	



Niu, L.X.; Feng, Z.E.; Wang, D.C.; Zhang, J.Y.; Sun, Z.P.; Guo, C.B. Prognostic factors in mandibular gingival squamous cell carcinoma: A 10-year retrospective study. Int. J. Oral Maxillofac. Surg. 2017, 46, 137–143. [Google Scholar] [CrossRef]

	



Ong, H.S.; Gokavarapu, S.; Tian, Z.; Li, J.; Cao, W.; Zhang, C.P. Does a mandibular access osteotomy improve survival in pT2 oral tongue cancers? Retrospective study at a single institution. Int. J. Oral Maxillofac. Surg. 2018, 47, 289–295. [Google Scholar] [CrossRef]

	



Pandey, M.; Bindu, R.; Soumithran, C.S. Results of primary versus salvage surgery in carcinoma of the buccal mucosa. Eur. J. Surg. Oncol. 2009, 35, 362–367. [Google Scholar] [CrossRef]

	



Park, J.; Megow, A.; Swalling, A.; Hodge, J.C.; Foreman, A.; Boase, S.; Valentine, R.; Krishnan, S.; Ooi, E.H. Prognosis of oral squamous cell carcinoma with perineural invasion: A comparative study of classification types. Clin. Otolaryngol. 2020, 45, 99–105. [Google Scholar] [CrossRef] [PubMed]

	



Parsons, J.T.; Mendenhall, W.M.; Stringer, S.P.; Cassisi, N.J.; Million, R.R. An analysis of factors influencing the outcome of postoperative irradiation for squamous cell carcinoma of the oral cavity. Int. J. Radiat. Oncol. Biol. Phys. 1997, 39, 137–148. [Google Scholar] [CrossRef]

	



Peng, K.A.; Chu, A.C.; Lai, C.; Grogan, T.; Elashoff, D.; Abemayor, E.; St John, M.A. Is there a role for neck dissection in T1 oral tongue squamous cell carcinoma? The UCLA experience. Am. J. Otolaryngol. 2014, 35, 741–746. [Google Scholar] [CrossRef]

	



Pinto, F.R.; de Matos, L.L.; Palermo, F.C.; Kulcsar, M.A.; Cavalheiro, B.G.; de Mello, E.S.; Alves, V.A.; Cernea, C.R.; Brandão, L.G. Tumor thickness as an independent risk factor of early recurrence in oral cavity squamous cell carcinoma. Eur. Arch. Otorhinolaryngol. 2014, 271, 1747–1754. [Google Scholar] [CrossRef]

	



Rahima, B.; Shingaki, S.; Nakazato, T.; Saito, C. Impact of Perineural Invasion on Survival of Patients with Tongue Carcinoma. Asian J. Oral Maxillofac. Surg. 2003, 15, 243–249. [Google Scholar] [CrossRef]

	



Safi, A.F.; Grandoch, A.; Nickenig, H.J.; Zöller, J.E.; Kreppel, M. The importance of lymph node ratio for locoregional recurrence of squamous cell carcinoma of the tongue. J. Craniomaxillofac. Surg. 2017, 45, 1058–1061. [Google Scholar] [CrossRef] [PubMed]

	



Safi, A.F.; Grochau, K.; Drebber, U.; Schick, V.; Thiele, O.; Backhaus, T.; Nickenig, H.J.; Zöller, J.E.; Kreppel, M. A novel histopathological scoring system for patients with oral squamous cell carcinoma. Clin. Oral Investig. 2019, 23, 3759–3765. [Google Scholar] [CrossRef] [PubMed]

	



Sahoo, A.; Panda, S.; Mohanty, N.; Jena, D.; Mishra, N.; Surabhi; Baisakh, M.R. Perinerural, lymphovascular and depths of invasion in extrapolating nodal metastasis in oral cancer. Clin. Oral Investig. 2020, 24, 747–755. [Google Scholar] [CrossRef]

	



Sharma, K.; Ahlawat, P.; Gairola, M.; Tandon, S.; Sachdeva, N.; Sharief, M.I. Prognostic factors, failure patterns and survival analysis in patients with resectable oral squamous cell carcinoma of the tongue. Radiat. Oncol. J. 2019, 37, 73–81. [Google Scholar] [CrossRef]

	



Shim, S.J.; Cha, J.; Koom, W.S.; Kim, G.E.; Lee, C.G.; Choi, E.C.; Keum, K.C. Clinical outcomes for T1-2N0-1 oral tongue cancer patients underwent surgery with and without postoperative radiotherapy. Radiat. Oncol. 2010, 5, 43. [Google Scholar] [CrossRef]

	



Sinha, N.; Rigby, M.H.; McNeil, M.L.; Taylor, S.M.; Trites, J.R.; Hart, R.D.; Bullock, M.J. The histologic risk model is a useful and inexpensive tool to assess risk of recurrence and death in stage I or II squamous cell carcinoma of tongue and floor of mouth. Mod. Pathol. 2018, 31, 772–779. [Google Scholar] [CrossRef]

	



Sinha, P.; Hackman, T.; Nussenbaum, B.; Wu, N.; Lewis, J.S.; Haughey, B.H., Jr. Transoral laser microsurgery for oral squamous cell carcinoma: Oncologic outcomes and prognostic factors. Head Neck 2014, 36, 340–351. [Google Scholar] [CrossRef]

	



Soudry, E.; Preis, M.; Hod, R.; Hamzany, Y.; Hadar, T.; Bahar, G.; Strenov, Y.; Shpitzer, T. Squamous cell carcinoma of the oral tongue in patients younger than 30 years: Clinicopathologic features and outcome. Clin. Otolaryngol. 2010, 35, 307–312. [Google Scholar] [CrossRef]

	



Subramaniam, N.; Balasubramanian, D.; Low, T.H.; Murthy, S.; Anand, A.; Prasad, C.; Vijayan, S.N.; Thankappan, K.; Iyer, S. Role of adverse pathological features in surgically treated early oral cavity carcinomas with adequate margins and the development of a scoring system to predict local control. Head Neck 2018, 40, 2329–2333. [Google Scholar] [CrossRef]

	



Subramaniam, N.; Balasubramanian, D.; Murthy, S.; Kumar, N.; Vidhyadharan, S.; Vijayan, S.N.; Nambiar, A.; Thankappan, K.; Iyer, S. Predictors of locoregional control in stage I/II oral squamous cell carcinoma classified by AJCC 8th edition. Eur. J. Surg. Oncol. 2019, 45, 2126–2130. [Google Scholar] [CrossRef] [PubMed]

	



Subramaniam, N.; Murthy, S.; Balasubramanian, D.; Low, T.H.; Vidhyadharan, S.; Clark, J.R.; Thankappan, K.; Iyer, S. Adverse pathologic features in T1/2 oral squamous cell carcinoma classified by the American Joint Committee on Cancer eighth edition and implications for treatment. Head Neck 2018, 40, 2123–2128. [Google Scholar] [CrossRef] [PubMed]

	



Tai, S.K.; Li, W.Y.; Yang, M.H.; Chang, S.Y.; Chu, P.Y.; Tsai, T.L.; Wang, Y.F.; Chang, P.M. Treatment for T1-2 oral squamous cell carcinoma with or without perineural invasion: Neck dissection and postoperative adjuvant therapy. Ann. Surg. Oncol. 2012, 19, 1995–2002. [Google Scholar] [CrossRef]

	



Tai, S.K.; Li, W.Y.; Yang, M.H.; Chu, P.Y.; Wang, Y.F. Perineural invasion in T1 oral squamous cell carcinoma indicates the need for aggressive elective neck dissection. Am. J. Surg. Pathol. 2013, 37, 1164–1172. [Google Scholar] [CrossRef] [PubMed]

	



Tai, S.K.; Li, W.Y.; Yang, M.H.; Chu, P.Y.; Wang, Y.F.; Chang, P.M. Perineural invasion as a major determinant for the aggressiveness associated with increased tumor thickness in t1-2 oral tongue and buccal squamous cell carcinoma. Ann. Surg. Oncol. 2013, 20, 3568–3574. [Google Scholar] [CrossRef]

	



Tarsitano, A.; Asioli, S.; Morandi, L.; Monti, V.; Righi, A.; Morselli Labate, A.M.; Nardi, E.; Foschini, M.P.; Marchetti, C. Laminin-5 and insulin-like growth factor-II mRNA binding protein-3 (IMP3) expression in preoperative biopsy specimens from oral cancer patients: Their role in neural spread risk and survival stratification. J. Craniomaxillofac. Surg. 2016, 44, 1896–1902. [Google Scholar] [CrossRef]

	



Tarsitano, A.; Tardio, M.L.; Marchetti, C. Impact of perineural invasion as independent prognostic factor for local and regional failure in oral squamous cell carcinoma. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2015, 119, 221–228. [Google Scholar] [CrossRef]

	



Thiagarajan, S.; Nair, S.; Nair, D.; Chaturvedi, P.; Kane, S.V.; Agarwal, J.P.; D’Cruz, A.K. Predictors of prognosis for squamous cell carcinoma of oral tongue. J. Surg. Oncol. 2014, 109, 639–644. [Google Scholar] [CrossRef]

	



Varsha, B.K.; Radhika, M.B.; Makarla, S.; Kuriakose, M.A.; Kiran, G.S.; Padmalatha, G.V. Perineural invasion in oral squamous cell carcinoma: Case series and review of literature. J. Oral Maxillofac. Pathol. 2015, 19, 335–341. [Google Scholar] [CrossRef]

	



Wallwork, B.D.; Anderson, S.R.; Coman, W.B. Squamous cell carcinoma of the floor of the mouth: Tumour thickness and the rate of cervical metastasis. ANZ J. Surg. 2007, 77, 761–764. [Google Scholar] [CrossRef]

	



Wang, B.; Zhang, S.; Yue, K.; Wang, X.D. The recurrence and survival of oral squamous cell carcinoma: A report of 275 cases. Chin. J. Cancer 2013, 32, 614–618. [Google Scholar] [CrossRef] [PubMed]

	



Wei, P.Y.; Li, W.Y.; Tai, S.K. Discrete Perineural Invasion Focus Number in Quantification for T1-T2 Oral Squamous Cell Carcinoma. Otolaryngol. Head Neck Surg. 2019, 160, 635–641. [Google Scholar] [CrossRef]

	



Weijers, M.; Snow, G.B.; Bezemer, D.P.; van dr Wal, J.E.; van der Waal, I. The status of the deep surgical margins in tongue and floor of mouth squamous cell carcinoma and risk of local recurrence; an analysis of 68 patients. Int. J. Oral Maxillofac. Surg. 2004, 33, 146–149. [Google Scholar] [CrossRef] [PubMed]

	



Xu, Q.S.; Wang, C.; Li, B.; Li, J.Z.; Mao, M.H.; Qin, L.Z.; Li, H.; Huang, X.; Han, Z.; Feng, Z. Prognostic value of pathologic grade for patients with oral squamous cell carcinoma. Oral Dis. 2018, 24, 335–346. [Google Scholar] [CrossRef]

	



Yang, X.; Tian, X.; Wu, K.; Liu, W.; Li, S.; Zhang, Z.; Zhang, C. Prognostic impact of perineural invasion in early stage oral tongue squamous cell carcinoma: Results from a prospective randomized trial. Surg. Oncol. 2018, 27, 123–128. [Google Scholar] [CrossRef]

	



Yeh, C.F.; Li, W.Y.; Chu, P.Y.; Kao, S.Y.; Chen, Y.W.; Lee, T.L.; Hsu, Y.B.; Yang, C.C.; Tai, S.K. Pretreatment pain predicts perineural invasion in oral squamous cell carcinoma: A prospective study. Oral Oncol. 2016, 61, 115–119. [Google Scholar] [CrossRef]

	



Yeh, C.F.; Li, W.Y.; Yang, M.H.; Chu, P.Y.; Lu, Y.T.; Wang, Y.F.; Chang, P.M.; Tai, S.K. Neck observation is appropriate in T1-2, cN0 oral squamous cell carcinoma without perineural invasion or lymphovascular invasion. Oral Oncol. 2014, 50, 857–862. [Google Scholar] [CrossRef]

	



Yu, C.J.; Chang, K.P.; Chang, Y.J.; Hsu, C.W.; Liang, Y.; Yu, J.S.; Chi, L.M.; Chang, Y.S.; Wu, C.C. Identification of guanylate-binding protein 1 as a potential oral cancer marker involved in cell invasion using omics-based analysis. J. Proteome Res. 2011, 10, 3778–3788. [Google Scholar] [CrossRef] [PubMed]

	



Yu, E.H.; Lui, M.T.; Tu, H.F.; Wu, C.H.; Lo, W.L.; Yang, C.C.; Chang, K.W.; Kao, S.Y. Oral carcinoma with perineural invasion has higher nerve growth factor expression and worse prognosis. Oral Dis. 2014, 20, 268–274. [Google Scholar] [CrossRef]

	



Yu, E.H.; Tu, H.F.; Wu, C.H.; Yang, C.C.; Chang, K.W. MicroRNA-21 promotes perineural invasion and impacts survival in patients with oral carcinoma. J. Chin. Med. Assoc. 2017, 80, 383–388. [Google Scholar] [CrossRef]

	



Yuen, P.W.; Lam, K.Y.; Chan, A.C.; Wei, W.I.; Lam, L.K. Clinicopathological analysis of local spread of carcinoma of the tongue. Am. J. Surg. 1998, 175, 242–244. [Google Scholar] [CrossRef] [PubMed]

	



Zanoni, D.K.; Montero, P.H.; Migliacci, J.C.; Shah, J.P.; Wong, R.J.; Ganly, I.; Patel, S.G. Survival outcomes after treatment of cancer of the oral cavity (1985–2015). Oral Oncol. 2019, 90, 115–121. [Google Scholar] [CrossRef] [PubMed]

	



Zupi, A.; Mangone, G.M.; Piombino, P.; Califano, L. Perineural invasion of the lower alveolar nerve by oral cancer: A follow-up study of 12 cases. J. Craniomaxillofac. Surg. 1998, 26, 318–321. [Google Scholar] [CrossRef]

	



Rubio Bueno, P.; Naval Gias, L.; García Delgado, R.; Domingo Cebollada, J.; Díaz González, F.J. Tumor DNA content as a prognostic indicator in squamous cell carcinoma of the oral cavity and tongue base. Head Neck 1998, 20, 232–239. [Google Scholar] [CrossRef]

	



Barrett, A.W.; Pratt, M.K.; Sassoon, I.; Bisase, B.S.; Newman, L.; Tighe, J.V.; Norris, P.M.; Dhanda, J.; Gulati, A. Perineural and lymphovascular invasion in squamous cell carcinoma of the tongue. J. Oral Pathol. Med. 2021, 50, 32–38. [Google Scholar] [CrossRef]

	



Fu, Y.; Zhang, X.; Ding, Z.; Zhu, N.; Song, Y.; Zhang, X.; Jing, Y.; Yu, Y.; Huang, X.; Zhang, L.; et al. Worst Pattern of Perineural Invasion Redefines the Spatial Localization of Nerves in Oral Squamous Cell Carcinoma. Front. Oncol. 2021, 11, 766902. [Google Scholar] [CrossRef]

	



Subramaniam, N.; Balasubramanian, D.; Low, T.H.; Vidhyadharan, S.; Menon, A.; Murthy, S.; Thankappan, K.; Clark, J.R.; Gao, K.; Iyer, S. Squamous Cell Carcinoma of the Oral Tongue in Young Patients: Outcomes and Implications for Treatment. Indian J. Surg. Oncol. 2020, 11, 274–280. [Google Scholar] [CrossRef]

	



Ting, K.C.; Lee, T.L.; Li, W.Y.; Chang, C.F.; Chu, P.Y.; Wang, Y.F.; Tai, S.K. Perineural invasion/lymphovascular invasion double positive predicts distant metastasis and poor survival in T3-4 oral squamous cell carcinoma. Sci. Rep. 2021, 11, 19770. [Google Scholar] [CrossRef]

	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef]

	



Li, J.; Liu, S.; Li, Z.; Han, X.; Que, L. Prognostic Value of Perineural Invasion in Oral Tongue Squamous Cell Carcinoma: A Systematic Review and Meta-Analysis. Front. Oncol. 2021, 11, 683825. [Google Scholar] [CrossRef]

	



Zhu, J.; Zhou, R.; Wang, Y.; Yu, M. Perineural invasion as a prognostic factor in head and neck squamous cell carcinoma: A systematic review and meta-analysis. Acta Otolaryngol. 2019, 139, 1038–1043. [Google Scholar] [CrossRef] [PubMed]








[image: Diagnostics 13 03339 g001] 





Figure 1. PRISMA flow diagram. 
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Figure 2. Quality assessment of included studies. 
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Figure 3. Pooled analysis of OS [10,25,28,34,35,51,53,60,65,66,67,71,74,76,77,87,90,92,104,114]. 
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Figure 4. Funnel plot of OS. 
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Figure 5. Pooled analysis of DFS [28,34,35,51,60,69,71,74,77,79,82,90,100,106,107,110,111,112]. 
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Figure 6. Funnel plot of DFS. 
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Figure 7. Pooled analysis of DSS [10,27,35,36,42,49,66,79,90,95,96,97,104,106,114]. 
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Figure 8. Funnel plot of DSS. 
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Table 1. Subgroup analyses of OS.
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Domain

	
Subgroup

	
No. Studies

	
HR (95% CI)

	
p-Value

	
Heterogeneity






	
Country

	
USA

	
3

	
1.74 (1.02–2.96)

	
0.041

	
I2: 65%; p = 0.058




	
India

	
4

	
1.77 (1.42–2.22)

	
<0.001

	
I2: 0.4%; p = 0.39




	
China

	
3

	
2.42 (1.54–3.80)

	
<0.001

	
I2: 0%; p = 0.770




	
Taiwan

	
8

	
1.32 (1.11–1.57)

	
0.002

	
I2: 25%; p = 0.23




	
Brazil

	
2

	
1.66 (1.12–2.45)

	
0.011

	
I2: 0%; p = 0.742




	
Sample size

	
≥150

	
12

	
1.48 (1.27–1.73)

	
<0.001

	
I2: 44%; p = 0.052




	
<150

	
8

	
1.74 (1.33–2.26)

	
<0.001

	
I2: 19%; p = 0.280




	
Site of tumor

	
Tongue

	
3

	
2.06 (1.38–3.06)

	
<0.001

	
I2: 0%; p = 0.425




	
Oral cavity

	
8

	
1.40 (1.19–1.63)

	
<0.001

	
I2: 23%; p = 0.243




	
Tongue/floor of the mouth

	
2

	
1.77 (1.20–2.63)

	
0.004

	
I2: 0%; p = 0.776




	
Tongue/buccal mucosa

	
5

	
1.41 (1.03–1.93)

	
0.032

	
I2: 55%; p = 0.06




	
Other **

	
2

	
2.69 (1.54–4.70)

	
<0.001

	
I2: 0%; p = 0.801




	
Stage of tumor

	
Early

	
4

	
1.56 (1.12–2.17)

	
0.009

	
I2: 15%; p = 0.315




	
Advanced

	
6

	
1.52 (1.27–1.81)

	
<0.001

	
I2: 0%; p = 0.422




	
Both

	
10

	
1.56 (1.26–1.92)

	
<0.001

	
I2: 57%; p = 0.012








** Hard palate and mandible.













 





Table 2. Subgroup analysis of DFS.
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Domain

	
Subgroup

	
No. Studies

	
HR (95% CI)

	
p-Value

	
Heterogeneity






	
Country

	
USA

	
2

	
2.70 (1.55–4.72)

	
<0.001

	
I2: 0%; p = 0.576




	
India

	
3

	
1.92 (1.62–2.27)

	
<0.001

	
I2: 33%; p = 0.224




	
China

	
3

	
1.96 (1.49–2.58)

	
<0.001

	
I2: 43%; p = 0.173




	
Taiwan

	
6

	
1.77 (1.33–2.36)

	
<0.001

	
I2: 0%; p = 0.718




	
Brazil

	
2

	
1.71 (1.15–2.53)

	
0.007

	
I2: 3%; p = 0.309




	
Other *

	
2

	
1.56 (1.40–1.75)

	
<0.001

	
I2: 71%; p = 0.06




	
Sample size

	
≥150

	
6

	
1.88 (1.64–2.16)

	
<0.001

	
I2: 0%; p = 0.597




	
<150

	
12

	
1.64 (1.48–1.87)

	
<0.001

	
I2: 31%; p = 0.139




	
Site of tumor

	
Tongue

	
5

	
2.24 (1.78–2.83)

	
<0.001

	
I2: 0%; p = 0.514




	
Oral cavity

	
5

	
1.79 (1.41–2.29)

	
<0.001

	
I2: 0%; p = 0.756




	
Tongue/floor of the mouth

	
4

	
1.57 (1.40–1.75)

	
<0.001

	
I2: 21%; p = 0.284




	
Tongue/buccal mucosa

	
2

	
1.77 (1.45–2.15)

	
<0.001

	
I2: 26%; p = 0.244




	
Other **

	
2

	
2.60 (1.45–4.66)

	
0.001

	
I2: 48%; p = 0.164




	
Stage of tumor

	
Early

	
5

	
2.01 (1.57–2.63)

	
<0.001

	
I2: 56%; p = 0.057




	
Advanced

	
5

	
1.83 (1.48–2.27)

	
<0.001

	
I2: 30%; p = 0.222




	
Both

	
11

	
1.68 (1.54–1.84)

	
<0.001

	
I2: 5%; p = 0.396




	
Location of PNI

	
Extra-tumoral

	
2

	
2.59 (2.39–2.81)

	
<0.001

	
I2: 55%; p = 0.135




	
Intra-tumoral

	
1

	
1.22 (0.47–3.16)

	
0.682

	
-




	
Peripheral

	
1

	
2.33 (1.98–2.74)

	
<0.001

	
-




	
Unknown

	
17

	
1.72 (1.58–1.87)

	
<0.001

	
I2: 27%; p = 0.142








* Australia and Italy. ** Hard palate and bucco/alveolar.













 





Table 3. Subgroups of DSS.
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Domain

	
Subgroup

	
No. Studies

	
HR (95% CI)

	
p-Value

	
Heterogeneity






	
Country

	
USA

	
4

	
2.20 (1.29–3.78)

	
<0.001

	
I2: 64%; p = 0.039




	
China

	
2

	
1.86 (1.45–2.40)

	
<0.001

	
I2: 0%; p = 0.837




	
Taiwan

	
6

	
1.82 (1.43–2.32)

	
<0.001

	
I2: 9%; p = 0.353




	
Australia

	
3

	
2.29 (1.75–2.98)

	
<0.001

	
I2: 20%; p = 0.283




	
Sample size

	
≥150

	
12

	
1.81 (1.59–2.06)

	
<0.001

	
I2: 27%; p = 0.172




	
<150

	
3

	
2.82 (1.79–4.46)

	
<0.001

	
I2: 0%; p = 0.564




	
Site of tumor

	
Tongue

	
3

	
2.87 (1.83–4.51)

	
<0.001

	
I2: 0%; p = 0.567




	
Oral cavity

	
6

	
1.65 (1.40–1.94)

	
<0.001

	
I2: 31%; p = 0.199




	
Tongue/floor of the mouth

	
4

	
2.31 (1.78–2.98)

	
<0.001

	
I2: 0%; p = 0.456




	
Tongue/buccal mucosa

	
2

	
1.76 (1.23–2.51)

	
0.002

	
I2: 0%; p = 0.548




	
Stage of tumor

	
Early

	
6

	
2.17 (1.62–2.93)

	
<0.001

	
I2: 0%; p = 0.508




	
Advanced

	
2

	
1.83 (1.30–2.58)

	
0.001

	
I2: 0%; p = 0.454




	
Both

	
9

	
1.82 (1.49–2.22)

	
<0.001

	
I2: 46%; p = 0.063




	
Location of PNI

	
Extra-tumoral

	
2

	
2.28 (1.87–2.78)

	
<0.001

	
I2: 30%; p = 0.230




	
Intra-tumoral

	
3

	
2.06 (1.57–2.71)

	
<0.001

	
I2: 0%; p = 0.854




	
Peripheral

	
3

	
1.90 (1.10–3.25)

	
0.019

	
I2: 75%; p = 0.017




	
Size

	
>1

	
2

	
1.45 (0.81–2.60)

	
0.214

	
I2: 0%; p = 0.397




	
<1

	
3

	
1.74 (1.19–2.52)

	
0.004

	
I2: 0%; p = 0.899

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg
Disease-Specific Survival

wdy name ‘Statistics for each study Mazard ratio and 96% C
Hazard Lower Upper

ratio limit  hmit ZValue pValue

Chinn 2013 2690 0926 7.811 1819 0069

Cracchiclo20ts  2.400 1.310 4367 25867 0004

Hasmal2019 2540 1824 3538 5514 0000
Huang 2019 1640 1071 2512 2274 0023
Lin 2015 1361 0872 2124 1358 0175
Ling 2013 1976 1059 3688 2140 0032
Park 2020 2400 1319 4367 2867 0.004
Sinha 2014 4400 1717 11273 3087 0,002
Ta 2012 2080 1087 3980 2212 0027
Ta 2013 2910 1052 8047 2058 0040
Ta 20135 4650 1100 18020 2223 0026
Wi 2019 2450 1305 4599 2789 0005
Xu2018 1840 1400 2419 4367 0.000
Zanoni2019 1361 1.034 1791 2199 0.028
Avadan2014 1390 0710 2721 0961 0337

1872 1653 2119 9909 0000

001 04 100





media/file4.png
Quality assessment

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Cohort Studies

Case-control Studies

Cross-sectional studies

Case series studies

m Good m Fair m Poor





nav.xhtml


  diagnostics-13-03339


  
    		
      diagnostics-13-03339
    


  




  





media/file16.png
Standard Error

0.0

02 |

0.4 1

0.6 1

0.8

&
&)
4,
9]
O
kgt
O &
.---
=0

20 15 1.0 05 0.0 0.5 1.0 15

Funnel Plot of Standard Error byLog hazard ratio

Log hazard ratio

20





media/file2.png
Records identified through
database search (2019)

(n =5300)

Records identified through
database search (2022)

(n= 175)

4

4

(n =4992)

Records after duplicates removed

\

Records screened

(n =4992)

V

Full articles assessed
for eligibility
(n =194)

—--

'

}

Records excluded
(n =4798)

- Letters, reviews
- Animal studies
- Case reports

- Non-English

Full-text articles excluded,
as they did not report
relevant findings

(n =93)

Studies included in
quantitative synthesis (meta-analysis)
(n =58)

Studies included in
qualitative synthesis
(n =43)






media/file5.jpg
os

Study name. Statistics or each study Hazard ratio and 95% 1

Hazard Lower Upper
ftio lmt lmit  ZVaiue pVaie

Anand 2017 5440 1400 21148 2445 0014
Adei2015 1267 084 1815 1200 0197

Chen2013 1150 0370 3570 0242 0809

Chimn 2013 1970 066 4483 1616  0.105

Jardim 2015 1098 2095 2367 0018 3
Kao2018 0764 1473 0354 0724

Lo 2019 0992 2560 192 0054

Lin2015 0661 1456 0095 0924

Lin2017 0676 3232 0979 0320

Ling 2013 1015 3970 2002 0045

L2017 1073 1724 2539 0011

Mong 2012 o072 174 1900 0057

Nair 2018 1302 2220 3897 0000

N 2016 1415 5716 2935 0003

ong 2018 0834 853 1654 0098

Sharma 2019 0930 2768 1695 0090

Sinn 2014

Subramaniam 2018
Woi 2010
Zanoni 2019

1060 3889 2135 0033
1240 3521 2770 0006
1052 1507 2512 0012

.
o
1406 5379 2955 0003 -
o
RS
1318 1565 7832 0000 g

00t o1 1 10 100





media/file3.jpg
Quality assessment
%k % W% ex o s% e% ok mx %

Cotort tudies

Crosssectiona tudies

Case seres studies

mGood Fair m Poor





media/file1.jpg
RN

n =500






media/file7.jpg
Funnel Plo o Standard Error by Log hazard ratio

“
6
3
o o ©
A E
« 8
“ @
o °
" ° % o
L -
E
ww s ow Tu wow

Logharrae






media/file10.png
Disease-Free Survival

Study name

Anand 2017
Chen 2013
Chinn 2013
Jardim 2015
Lee 2019
Marra 2019
Meng 2012
Nair 2018
Ong 2018
Park 20 20
Sinha 2014

Thiagarajan 2014

Xu 2018
Yang 2018
Yu 2011
Yu 2014
Yu 2017
Pinto 2013

Statistics for each study

Hazard Lower Upper
limit Z-Value p-«Value

ratio
3.700
1.240
3.370
1.580
1.800
3.850
1.600
1.840
3.069
1.540
2.410
1.900
1.610
2.560
2.312
2.860
1.650
2.900
1.123

limit
1.122
0.660
1.301
1.038
1.109
1.489
0.651
1.496
1.437
1.370
.23
1.394
1.141
1.480
1.035
1.194
0.683
0.974
1.586

7.950
2.330
8.728
2.405
2.923
0.954
3.934
2.264
6.552
1.731
4.790
2.589
2.272
4.429
5.165
6.852
3.987
8.636
1.872

3.353
0.668
2.902
2.134
2.377
2.782
1.024
5.769
2.898
7.235
2.510
4.064
2.710
3.361
2.044
2.357
1.113
1.912
12.845

0.001
0.504
0.012
0.033
0.017
0.005
0.306
0.000
0.004
0.000
0.012
0.000
0.007
0.001
0.041
0.018
0.266
0.056
0.000

0.01

Hazard ratio and 95% CI

0.1

—

Y

-+*++*hn+l+-f

10

100





media/file12.png
Standard Error

0.0

0.1 1

0.2 -

0.3 1

0.4 1

0.5 ;

0.6

Funnel Plot of Standard Error by Log hazard ratio

Log hazard ratio

23
/ .
h¢
)
e
/ o \
o 5\
/ o C}\
(5
',
of Q o N\
O P o
4 N\
s 0 o
7 g
-
-
2.0 1.5