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Pathological features and their 
prognostic impacts on oral cavity 
cancer patients among different 
subsites – A singe institute’s 
experience in Taiwan
Shih-An Liu1,4,5, Chen-Chi Wang1,4, Rong-San Jiang1, Fang-Yi Lee2, Wen-Jiun Lin1 & Jin-Ching Lin3,4

We investigated the relationship of different primary subsites together with their pathological features 
on the survival of oral cavity squamous cell carcinoma (OCSCC) patients. We retrospectively reviewed 
OCSCC patients and documented their demographic data, pathological features and clinical outcome. 
The Cox proportional hazard model was used to examine the influence of various pathological features 
on the prognosis in different subsites of oral cavity. There were totally 1,383 OCSCC patients enrolled 
for final analysis. Perineural invasion had a poor prognosis at the early stage of OCSCC patients 
especially those with primary at the tongue. In addition, lymphovascular invasion was associated with 
poor survival at the late stage especially those with primary at the buccal mucosa and the tongue. The 
impact of pathological features on the survival of OCSCC patients varied in different subsites. Further 
investigation is warranted to validate our finding in a multicenter study. Grouping the different markers 
to establish a prognostic scoring system may provide more accurate evaluation of the prognosis in 
OCSCC patients.

Squamous cell carcinoma (SCC) is the most common histological type in oral cavity cancer. In fact, it is almost 
synonymous with oral cavity cancer as it forms nearly 95% of all malignant lesions found in the oral cavity1. In 
2012, approximately 300,000 new cases were diagnosed worldwide with 145,400 mortalities2. No marked progress 
in the management of oral cavity cancer has been made in recent years. Although the combinations of therapeutic 
protocols has improved the patient’s quality of life, the 5-year survival rate remains unchanged3, 4.

The most important and well-known prognostic factor of oral cavity squamous cell carcinoma (OCSCC) is the 
tumor-node-metastasis (TNM) system5. The worse prognosis is for patients presented with the late TNM stage. 
In terms of its pathological characteristics, histological grade is known to be associated with distant metastasis6. 
A previous study revealed that early tongue cancer with an invasion depth >=4 mm had a high loco-regional 
recurrent rate and a poor prognosis7. The prognostic value of perineural invasion (PNI) is also documented8. 
PNI is associated with neck recurrence and poor disease-specific survival (DSS) in patients with T1 oral SCC9. In 
particular, lymphovascular invasion (LVI) has increased death rate10. Furthermore, extracapsular spread (ECS) 
doubles the incidence of local recurrence and distant metastasis11. Finally, patients with PNI, LVI, and ECS simul-
taneously have the worst prognosis12. Previous studies on oral cancer indicated that the prognostic factors and the 
failure patterns vary across different primary subsites13, 14. Despite of these findings, no report is yet available on 
the importance of pathological features at different primary subsites. Therefore, the purpose of this study was to 
investigate the importance of tumor grading, PNI, LVI, and ECS with reference to different primary subsites on 
the prognosis of OCSCC via multivariate analyses.
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Results
Comprehensive information was obtained from 1,383 patients. Their average age at diagnosis was 52.9 ± 11.1 
years with 93.8% (n = 1,297) being male. The commonest primary site was the buccal mucosa (n = 556, 40.2%), 
followed by the tongue (n = 417, 30.2%). Pathological stage I disease was found in 378 patients (27.3%), whereas 
204 (14.8%), 184 (13.3%), and 617 (44.6%) patients had pathological stage II, III, and IV diseases, respec-
tively. In terms of pathological features, 122 patients (8.8%) had well differentiated (WD) SCC, whereas 932 
patients (67.4%) and 329 patients (23.8%) had moderately differentiated (MD) and poorly differentiated (PD) 
SCC, respectively. PNI was identified in 314 patients (22.7%), while LVI and ECS were found in 360 patients 
(26.0%) and 230 patients (16.6%), respectively. The majority of patients had surgical margins more or equal to 5 
mm (n = 1,148, 83.0%). There were 661 patients (47.8%) with adverse pathological features and adjuvant treat-
ments were recommended. Among them, 654 patients (98.9%) actually underwent postoperative radiotherapy 
with/without chemotherapy. Death later occurred in 349 patients (25.2%) and 489 patients (35.4%) developed 
loco-regional recurrence. One hundred and thirty-three patients (9.6%) had distant metastasis. The average 
follow-up period was 42.8 (±28.3) months.

When patients were compared according to primary subsites, no significant difference was found in terms 
of their ECS, postoperative radiation, loco-regional recurrence, distant metastasis, and 5-year DSS. However, 
patients with primary at the floor of mouth (FOM) appeared to be younger and were mostly male. The high-
est proportions of PNI and LVI were found in patients with tongue cancer whereas the highest proportions of 
ECS and tumors with a surgical margin less than 5 mm were found in patients with FOM cancer. In summary, 
depending on the primary subsites involved, significant differences were found in terms of patients’ age, gender, 
personal habits, histological grade, PNI, LVI, surgical margin, and pathological stage. Details of these differences 
are shown in Table 1.

Univariate survival analysis based on subsites showed no difference in the age of diagnosis. Prognosis was 
poorer for those with MDSCC in the buccal mucosa compared to WDSCC and the hazard ratio (HR) was 4.47 
(95% confidence interval [CI], 1.64–12.16). Similarly, poor prognosis was found with PDSCC in the buccal 
mucosa compared to WDSCC. The HR was 7.53 (95% CI, 2.71–20.87). PNI was associated with a low survival 
rate in patients with primary at the tongue (HR, 2.88; 95% CI, 1.97–4.20), the gum (HR, 2.84; 95% CI, 1.42–5.67), 
and the buccal mucosa (HR, 2.39; 95% CI, 1.70–3.36). LVI was related to a poor prognosis in all patients except 
those with primary at the FOM and RMT. Patients in the late stage tended to have a prognosis poorer than those 
in the early stage. Details are shown in Table 2.

Lip (n = 54)
Gum 
(n = 218)

FOM 
(n = 33)

Tongue 
(n = 417)

Buccal 
(n = 556)

Palate 
(n = 74)

RMT 
(n = 27) P

Age [Mean (SD)] 52.4(9.8) 55.9(11.6) 51.7(7.0) 51.3(11.3) 52.7(10.9) 55.2(11.8) 52.3(9.4) <0.001

Gender [Male (%)] 53(98.1) 203(93.1) 37(100) 364(87.3) 541(97.3) 72(97.3) 27(100) <0.001

Smoking (%) 48(88.9) 182(83.5) 35(94.6) 319(76.9) 504(90.6) 60(81.1) 26(96.3) <0.001

Betel quid (%) 48(88.9) 177(81.2) 35(94.6) 289(69.3) 503(90.5) 58(78.4) 23(85.2) <0.001

Alcohol (%) 39(72.2) 165(76.7) 36(97.3) 278(66.7) 413(74.3) 50(67.6) 20(74.1) 0.002

Histological grade 0.004

   WD (%) 10(18.5) 16(7.3) 2(5.4) 22(5.3) 62(11.2) 9(12.2) 1(3.7)

   MD (%) 35(64.8) 161(73.9) 26(70.3) 280(67.1) 360(64.7) 47(63.5) 23(85.2)

   PD (%) 9(16.7) 41(18.8) 9(24.3) 115(27.6) 134(24.1) 18(24.3) 3(11.1)

Perineural invasion (%) 11(20.4) 33(15.1) 9(24.3) 131(31.4) 119(21.4) 5(6.8) 6(22.2) <0.001

Lymphvascular invasion 
(%) 7(13.0) 50(22.9) 12(32.4) 138(33.1) 132(23.1) 12(16.2) 9(33.3) 0.001

Extracapsular spread 8(14.8) 36(16.5) 11(29.7) 82(19.7) 79(14.2) 10(13.5) 4(14.8) 0.108

Surgical margin <5mm 
(%) 8(14.8) 43(19.7) 9(24.3) 45(10.8) 108(19.4) 18(24.3) 4(14.8) 0.004

Pathological stage <0.001

   Stage I and II (%) 35(64.8) 55(25.2) 14(37.8) 188(45.1) 235(32.3) 42(56.8) 13(48.1)

   Stage III and IV (%) 19(35.2) 163(74.8) 23(62.2) 229(54.9) 321(57.7) 32(43.2) 14(51.9)

Postoperative radiation 
(%) 19(35.2) 95(43.6) 22(59.5) 210(50.4) 261(46.9) 33(44.6) 14(51.9) 0.196

Loco-regional 
recurrence (%) 16(29.6) 81(37.2) 16(43.2) 151(36.2) 187(33.6) 26(35.1) 12(44.4) 0.687

Distant metastasis (%) 3(5.6) 14(6.4) 5(13.5) 45(10.8) 59(10.6) 3(4.1) 4(14.8) 0.174

Cancer death (%) 11(20.4) 41(18.8) 10(27.0) 109(26.1) 151(27.2) 20(27.0) 7(25.9) 0.329

5-year DSS (all stage, %) 85.76 81.39 68.89 74.56 77.58 75.18 85.25 0.4530

   Stage I and II (%) 88.91 87.19 90.91 86.23 86.41 77.78 100 0.8745

   Stage III and IV (%) 54.14 72.66 43.10 53.70 55.78 64.28 51.43 0.0256

Table 1. Comparison of variables among subsites of oral squamous cell carcinoma patients. SD: standard 
deviation; WD: well differentiated; MD: moderately differentiated; PD: poorly differentiated; FOM: floor of 
mouth; RMT: retromolar trigone; DSS: disease-specific survival.
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When adjusted for other variables, the survival impact was still found in histological grade on patients with 
primary at the buccal mucosa (PD vs. WD: HR, 3.70; 95% CI, 1.31–10.49). PNI was associated with a poor sur-
vival only in patients with primary at the tongue (HR, 1.54; 95% CI, 1.03–2.31). LVI was related to a poor progno-
sis in patients with primary at the gum (HR, 3.01; 95% CI, 1.31–6.91), the tongue (HR, 1.74; 95% CI, 1.08–2.81), 
and the buccal mucosa (HR, 1.86; 95% CI, 1.28–2.70). Primary with a margin less than 5 mm was related to a low 
survival rate only in patients with primary at the gum (HR, 2.95; 95% CI, 1.31–6.63) and the buccal mucosa (HR, 
1.66; 95% CI, 1.12–2.46). Details data are listed in Table 3.

When data of all patients were analyzed with the Cox proportional hazard model, age and ECS were not asso-
ciated with DSS. But histological grade, PNI, LVI, surgical margin and pathological stage were all independent 
factors related to DSS. When patients were divided based on the pathological stage, PNI was found to be inde-
pendent prognosticator of DSS in stage I and II whereas LVI and surgical margin were independent prognosti-
cators of DSS in stage III and IV. Limited by the number of patients, we were only able to analyze pathological 
features of those with primary sites at the tongue and the buccal mucosa. In tongue SCC, PNI was found to be 
the only significant factor associated with DSS of stage I and II (Fig. 1). Finally, in tongue SCC, LVI was associ-
ated with DSS of stage III and IV, and similarly with stage III and IV in buccal SCC (Fig. 2). Details are shown in 
Table 4.

When applying the scoring system on our patients, the data are shown in Table 5. The result showed progres-
sively increasing rate of loco-regional recurrence from lower score to higher score (P = 0.003). For the ease of fur-
ther analyses, we used a receiver operator characteristic (ROC) curve to identify a proper cut-off point at which 
to divide the patients into two groups. The ROC curve was drawn according to the sensitivity and specificity that 
the score could discriminate the status of loco-regional recurrence. The longitudinal axial represents “sensitivity” 
whereas the horizontal axial represents “1 – specificity” (Fig. 3). The area under ROC curve was 0.547 (P = 0.004). 
The sensitivity and specificity of scores were listed and the cut-off point was chosen when the sensitivity and 

Lip Gum Floor of mouth Tongue Buccal Palate RMT

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Age >50 
years 0.64 0.11–1.31 0.60 0.33–1.12 0.35 0.07–1.64 0.87 0.60–1.27 0.99 0.72–1.36 0.71 0.29–1.75 1.17 0.21–6.42

Tumor grade

MD vs. WD 3.16 0.40–25.00 1.06 0.32–3.50 33.18 0–>10000 2.69 0.66–11.04 4.47 1.64–12.16 1.50 0.33–6.78 27.25 0–>10000

PD vs. WD 1.39 0.09–22.34 1.70 0.46–6.33 1.01 0–>10000 7.35 1.79–30.23 7.53 2.71–20.87 2.73 0.56–13.20 1.00 0–>10000

PNI 1.46 0.39–5.53 2.84 1.42–5.67 1.66 0.33–8.31 2.88 1.97–4.20 2.39 1.70–3.36 3.34 0.97–11.47 2.12 0.39–11.61

LVI 5.05 1.47–17.31 4.81 2.53–9.18 1.08 0.28–4.20 4.13 2.81–6.08 3.23 2.33–4.49 3.62 1.33–9.82 800.0 0.12–>10000

ECS 3.97 1.16–13.65 2.33 1.06–5.09 0.38 0.05–3.00 4.16 2.82–6.15 3.03 2.12–4.33 0.54 0.12–2.32 7.77 1.07–56.40

Margin 
<5 mm 3.56 0.94–13.54 2.55 1.30–5.02 15.97 3.01–84.79 2.26 1.39–3.68 1.85 1.28–2.69 0.95 0.35–2.62 0.04 0–7003

Late stage 6.02 1.59–22.80 2.40 1.01–5.73 7.39 0.94–58.33 4.72 2.95–7.57 3.30 2.25–4.85 2.79 1.11–7.02 85.89 0.11–67070

Table 2. Univariate analysis of the impact of clinic-pathological features on the survival of oral squamous cell 
carcinoma patients based on subsites. Abbreviations: RMT, retromolar trigone; HR, hazard ratio; CI, confidence 
interval; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; PNI, perineural 
invasion; LVI, lymphovascular invasion; ECS, extra-capsular spread.

Lip Gum Floor of mouth Tongue Buccal Palate RMT

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Age >50 
years 0.96 0.11–8.25 0.52 0.25–1.09 0 0–>10000 0.97 0.66–1.42 0.94 0.68–1.30 0.36 0.12–1.07 0.22 0–>10000

Tumor grade

MD vs. WD 0.90 0.09–9.55 0.81 0.24–2.80 >1000 0–>10000 1.31 0.31–5.50 2.64 0.96–7.28 1.84 0.37–9.20 0.68 0–>10000

PD vs. WD 0.26 0.01–6.30 0.93 0.22–3.95 >1000 0–>10000 2.17 0.50–9.46 3.70 1.31–10.49 3.03 0.57–16.21 0.57 0–>10000

PNI 0.25 0.04–1.47 1.14 0.47–2.77 10.50 0.57–194.4 1.54 1.03–2.31 1.14 0.77–1.68 4.33 0.91–20.56 0.18 0.09–96.36

LVI 6.78 0.71–64.29 3.01 1.31–6.91 >1000 0–>10000 1.74 1.08–2.81 1.86 1.28–2.70 3.26 0.78–13.69 >1000 0–>10000

ECS 0.91 0.09–8.94 1.12 0.40–3.13 0 0–>10000 1.51 0.95–2.39 1.43 0.95–2.16 0.11 0.02–0.59 1.74 0.19–15.79

Margin 
<5 mm 4.45 0.44–44.88 2.95 1.31–6.63 3.34 0.53–21.08 1.45 0.88–2.40 1.66 1.12–2.46 1.10 0.34–3.53 0 0–>10000

Late stage 5.53 0.74–41.46 1.88 0.73–4.84 71.38 0.67–7580 2.34 1.35–4.05 2.08 1.36–3.18 5.57 1.75–17.74 1.99 0–>10000

Table 3. Multivariate analysis of the impact of clinic-pathological features on the survival of oral squamous cell 
carcinoma patients based on subsites. Abbreviations: RMT, retromolar trigone; HR, hazard ratio; CI, confidence 
interval; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; PNI, perineural 
invasion; LVI, lymphovascular invasion; ECS, extra-capsular spread.
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specificity were both as high as possible (Fig. 3). Using a logistic regression model, patients with score >9 had a 
higher risk of developing local recurrence when compared to patients with score <=9 (odds ratio, 1.294; 95% CI, 
1.037–1.614; P = 0.022). In addition, patients with score > 9 had a poor prognosis when compared with that of 
patients with score <=9 (5-year DSS, 51.89% vs. 85.47%; Log-rank value, 172.42; P < 0.001).

Discussion
Most previous studies on the prognostic factors of OCSCC do not analyze subsites separately5, 6, 8–12, 15. Although 
no significant differences existed among various subsites in the 5-year DSS, here we found the prognostic impact 
of pathological features was subsite-dependents. A previous study has reported significant differences in the fail-
ure pattern between tongue and buccal carcinomas13. Lin et al. in their study on advanced-stage oral cavity can-
cer patients receiving definitive radiotherapy also found that the primary tumor site was a prognostic factor16. 
Different prognostic factors of subsites may be related to the diverse molecular genetic pathways. Mahdey et al. 
compared tongue and buccal SCC and found a higher level of positive amplification in cyclin D1 in tongue SCC 
(88%) as opposed to that in buccal SCC (56%)17. Besides, the genetic expression profiling was reported to be 
different by the anatomic site of the primary tumor18, 19. Another possible explanation is that the compact and 
complex anatomy of the oral cavity leading to different tissue composition among various subsites. In addition, 
different subsites might also have dissimilar vulnerability of tumor invasion20.

In a population-based cohort study on early stage oral SCC, patients have a higher death rate when presented 
with poorly differentiated or undifferentiated tumors in contrast to those with well differentiated tumors (HR, 
2.7; 95% CI, 1.72–4.11)21. Histological grade was also reported to be associated with positive surgical margins, 
regional lymph node metastasis, and loco-regional recurrence. In addition, oral SCC with higher histological 

Figure 1. Univariate analysis of the presence of perineural invasion (PNI) on disease-specific survival stratified 
according to initial pathological stage in tongue squamous cell carcinoma patients.
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grades is thought to be more aggressive and likely to become more locally advanced at the time of diagnosis21. 
However, most investigators do not consider histological grade as a good indicator for the outcome or treatment 
response22. The discrepancy in views is probably related to the distribution pattern of SCC at various subsites. In 
Taiwan, the distribution pattern is different from that in the Western countries: as the majority of OCSCC are 
tongue and buccal SCC which are most likely caused by the prevalent betel quid chewing in the population13. We 
have found that the histological grade was independently associated with survival of OCSCC patients. However, 
when all patients were analyzed, the prognostic impact of histological grade on 5-year DSS was only significant 
at the subsite of buccal mucosa.

The mechanism of PNI is still unclear. It remains debatable regarding the beneficial effect of adjuvant radio-
therapy in patients of early head and neck cancers presented with PNI23. One cause of controversy is the subjec-
tiveness in the interpretation of PNI8. The discrepancy in results across studies is inevitably due to differences in 
study design, study population, methodology such as in the evaluation of PNI and the extent of nerves involved8, 15.  
Although tumor thickness, which is one of the main prognosticators, was not included in final analysis in the cur-
rent study, a previous study found that PNI correlated well with the tumor thickness24. Another reason why PNI 
was an independent poor prognostic factor of early stage OCSCC in the current study might be due to different 
treatment modalities. Barry et al. in their case-matched study concerning oral squamous cell carcinoma patients 
with intermediate risk of recurrence found that postoperative radiotherapy significantly improved loco-regional 
control rate25. PNI was reported to be strongly correlated with aggressive tumor behavior, disease recurrence, and 
decreased survival. Various molecular markers have been associated with PNI, including apoptosis-associated 
Speck-like protein containing a CARD (ASC), HMGA2 and MIF26, 27. Nevertheless, further research is warranted 
before targeting PNI as a part of advanced cancer therapy.

LVI implies that a large number of tumor cells have entered the lympho-vascular compartment and conse-
quently leads to a higher chance of regional and distant metastasis22. Though the importance of LVI in the prog-
nosis of other solid tumors is well documented, little attention has been paid on the relationship between LVI and 
survival rate of OCSCC patients10. A previous study of the oral cavity reported that tumor emboli are less likely 
to form in the small-caliber lymphatics of superficial tissues than in the larger caliber lymphatics of deep tissue22. 
This can explain for the poor prognostic value of LVI in late stage OCSCC found in our study.

It is interesting to note that we found a prognostic value of ECS with OCSCC only in univariate analysis. 
The survival impact of ECS was weak in multivariate analysis. The prevalence of ECS is known to be related to 
the size of primary tumor11. Patients with ECS were reported to have a better survival following treatment with 

Figure 2. Univariate analysis of the presence of lymphovascular invasion (LVI) on disease-specific survival 
stratified according to initial pathological stage in tongue and buccal squamous cell carcinoma patients.
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postoperative chemo-radiation as compared to treatment with only postoperative radiation28. Taken together, 
aforementioned findings might be the reasons why ECS is not associated with poorer survival in OCSCC patients 
in the current study.

Although inadequate surgical margin is associated with a poorer 5-year DSS, the survival disadvantage was 
only significant in some portion of our patients with OCSCC. When we divided the patients into various groups 
according to their primary subsites, surgical margin less than 5 mm was a poor prognosticator for patients with 

All (n = 1383)
All Stage I & II 
(n = 582)

All Stage III & IV 
(n = 801)

Tongue Stage I & II 
(n = 188)

Tongue Stage III and 
IV (n = 229)

Buccal Stage I & II 
(n = 235)

Buccal Stage III & IV 
(n = 321)

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Age >50 
years 0.83 0.67–1.03 0.81 0.51–1.29 0.81 0.64–1.04 0.69 0.29–1.63 0.96 0.62–1.47 0.68 0.34–1.34 0.98 0.68–1.43

Tumor grade

MD vs. WD 1.72 0.96–3.11 1.63 0.70–3.84 1.66 0.73–3.77 0.78 0.16–3.82 >1000 0–>10000 3.08 0.72–13.13 2.17 0.52–9.00

PD vs. WD 2.30 1.25–4.25 2.17 0.83–5.67 2.16 0.93–5.01 1.85 0.34–9.97 >1000 0–>10000 4.75 0.98–22.92 3.01 0.71–12.70

PNI 1.36 1.07–1.72 2.36 1.31–4.21 1.24 0.96–1.60 3.81 1.38–10.54 1.29 0.83–2.00 0.76 0.22–2.59 1.10 0.72–1.67

LVI 2.05 1.59–2.63 0.84 0.30–2.36 2.13 1.63–2.80 0.23 0.03–1.90 1.94 1.16–3.26 0.49 0.07–3.64 1.96 1.32–2.91

ECS 1.16 0.89–1.51 1.16 0.89–1.52 1.47 0.93–2.34 1.46 0.97–2.22

Margin 
<5 mm 1.76 1.37–2.27 1.29 0.66–2.53 1.85 1.41–2.43 4.28 1.18–15.53 1.19 0.68–2.08 1.05 0.36–3.03 1.85 1.20–2.86

Late stage 2.28 1.71–3.03

Table 4. Multivariate analysis of the impact of clinic-pathological features on the survival of oral squamous 
cell carcinoma patients based on pathological stage and subsites (the tongue and the buccal mucosa only). 
Abbreviations: RMT, retromolar trigone; HR, hazard ratio; CI, confidence interval; WD, well differentiated; 
MD, moderately differentiated; PD, poorly differentiated; PNI, perineural invasion; LVI, lymphovascular 
invasion; ECS, extra-capsular spread.

Score
No. of patients (% in 
column)

No. of loco-regional 
recurrence (%)

7 82 (5.9) 18 (22.0)

8 349 (25.2) 114 (32.7)

9 308 (22.3) 109 (35.4)

10 168 (12.1) 59 (35.1)

11 127 (9.2) 56 (44.1)

12 134 (9.7) 44 (32.8)

13 98 (7.1) 41 (41.8)

14 88 (6.4) 32 (36.4)

>15 29 (1.8) 16 (55.2)

Table 5. Results of application of the scoring system to 1383 patients.

Figure 3. Receiver operator characteristic (ROC) curve for cutoff analysis of score in patients with loco-
regional recurrence. The area under the curve is 0.547. The table represents statistical parameters calculated for 
different cutoff values to predict loco-regional recurrence.
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gum, floor of mouth, tongue, and buccal SCC. Inadequate margin in patients with oral SCC was reported to have 
a negative impact on survival22. In contrast, Hasegawa et al. reported a contradicting finding that the status of sur-
gical margin is unrelated to survival6. None of the above studies showed that inadequate margin would increase 
the possibility of loco-regional recurrence. The discrepancy in results could be related to the different distribu-
tion patterns of subsites within these studies. In addition, recent advances in multimodalities treatment protocol 
might also suppress the effect of inadequate margin. Although the assessment of the status of the surgical margins 
is subject to numerous errors of interpretation, it should be emphasized that adequate margins during surgical 
excision of primary tumor is still crucial in spite of the findings in the current study.

Development of outcome prediction models in cancer is not new in the literature. Arora et al. in their study 
on early-stage OCSCC patients established the Aditi-Nuzhat Lymph-node Prediction Score (ANLPS) System to 
predict neck lymph node(s) metastasis by using histopathologic parameters including depth of invasion, pattern 
of invasion, PNI, histological grade, LVI, lymphoid response, and tumor budding29. Other grading systems, such 
as Brandwein-Gensler, Bryne, Anneroth, and Martinez-Gimeno score system, have been proposed for evalua-
tion of prognosis or neck metastasis in OCSCC patients29–31. These models can provide supplementary predic-
tive information aside from the TNM staging system for OCSCC patients. Nevertheless, a major drawback with 
classifications based on histologic features is frequent lack of inter-observer agreement which limits the clinical 
application of subjective histological categorizations. Furthermore, many versions of modifications in the litera-
ture may imply the dilemma of inconsistency of these complicated malignancy grading systems in their predictive 
value31.

We must also point out limitations of our study. First, we adopted a retrospective design which is not bias-free. 
Second, the external validity of our findings is limited by the sample collected exclusively within a single institute. 
Third, due to incomplete records, tumor thickness or depth was not analyzed. Lastly, while the therapeutic guide-
lines are standardized in our institute, individual differences among patients were uncontrolled.

In conclusion, the prognostic impact of pathological features from various subsites on the survival of OCSCC 
patients is not the same. First, PNI was associated with a poor prognosis with early stage oral cavity SCC espe-
cially in patients with primary at the tongue. In addition, LVI was related to a poor survival rate with late stage 
OCSCC especially in patients with primary at the buccal mucosa. Further investigation is warranted to validate 
our finding in a multicenter study. Grouping the different markers to establish a prognostic scoring system may 
provide more accurate evaluation of the prognosis in OCSCC patients.

Materials and Methods
This retrospective study was approved by the Institutional Review Board (IRB) of Taichung Veterans General 
Hospital (TCVGH) (date: August 17, 2015, approval number: CE15226A). Due to the treatment has been com-
pleted and the data were collected retrospectively, informed consent was exempted by the IRB of TCVGH. We 
reviewed over 2,000 medical charts of patients admitted for the treatment of oral cavity cancer in the TCVGH 
from January 2004 to December 2014 with the observation ending on December 31, 2015. Therapeutic protocols 
for all patients were in accord with the consensus guideline of the oral cancer team of TCVGH. We chose patients 
received surgical excision of primary tumor plus neck dissection as their first treatment only. Adjuvant treatment, 
such as radiation along or concurrent chemo-radiotherapy, was arranged in patients with risk factors, which was 
basically in accordance to the guidelines of National Comprehensive Cancer Network. Data were validated by 
cross-linking with the Cancer Registry Dataset from the TCVGH.

The variables for analysis were age, gender, personal habits, tumor stage, treatment modalities, tumor loca-
tion, histological features (tumor grading, PNI, LVI, ECS), and margin status. The histological differentiation 
followed the WHO grading system and the pathological staging followed the 2009 criteria of the American Joint 
Committee on Cancer. PNI was described in accordance with the College of American Pathologists (CAP) proto-
col without quantification whereas LVI was categorized based on the presence of tumor nests within or adjacent to 
the endothelial cell lining of the lymphovascular space as well as tumor cell permeation in the endothelium-lined 
vessels9. ECS was defined as tumor infiltrating beyond the lymph node capsule11. The definition of local recur-
rence is the pathological evidence of SCC that was found close to the location of index tumor after comprehensive 
treatment. Distant metastasis was assessed mainly by image study. Survival duration was defined as the period 
from the date of surgery to the date of death or the last date of follow-up in the study.

All relevant histopathological variables were taken together and given a numerical value to build a scoring 
system. One point represented the lowest risk of mortality, and the score was added with an additional 1 point to 
denote a higher risk of loco-regional recurrence29. The variables include histological differentiation (WD: 1, MD: 
2, PD: 3), pathological tumor stage (T1–2: 1, T3–4: 2), pathological nodal stage (N0: 1, N1: 2, N2-N3: 3), PNI (no: 
1, yes: 2), LVI (no: 1, yes: 2), ECS (no: 1, yes: 2), and surgical margin (>=5 mm: 1, <5 mm: 2). Eventually, the sum 
of abovementioned score in each patient ranges from 7 to 16.

Statistical Analysis. Demographic data were presented as descriptive statistics. The differences of contin-
uous variables among subgroups were compared using analysis of variance, and nominal or ordinal variables 
were analyzed using the Chi-square test. Survival analysis was done using the Kaplan-Meier method and the 
differences among subgroups were assessed using the log-rank test. Furthermore, factors that could influence the 
survival period were examined by the Cox proportional hazard model. All analyses were computed by SPSS for 
Windows, version 12.1 (SPSS, Chicago, IL). Statistical significant level was set at P < 0.05.

Data Availability. All data generated or analyzed during this study are included in this published article.



www.nature.com/scientificreports/

8SCieNtiFiC REPORTS | 7: 7451  | DOI:10.1038/s41598-017-08022-w

References
 1. Kloss-Brandstätter, A. et al. Validation of Next-Generation Sequencing of Entire Mitochondrial Genomes and the Diversity of 

Mitochondrial DNA Mutations in Oral Squamous Cell Carcinoma. PLoS One 10, e0135643, doi:10.1371/journal.pone.0135643 
(2015).

 2. Torre, L. A. et al. Global cancer statistics, 2012. CA Cancer J. Clin. 65, 87–108, doi:10.3322/caac.21262 (2015).
 3. Hsu, S. H. et al. Survival analysis of patients with oral squamous cell carcinoma with simultaneous second primary tumors. Head 

Neck 35, 1801–1807, doi:10.1002/hed.23242 (2013).
 4. Tsai, W. C., Kung, P. T., Wang, S. T., Huang, K. H. & Liu, S. A. Beneficial impact of multidisciplinary team management on the 

survival in different stages of oral cavity cancer patients: results of a nationwide cohort study in Taiwan. Oral Oncol. 51, 105–111, 
doi:10.1016/j.oraloncology.2014.11.006 (2015).

 5. Rikardsen, O. G., Bjerkli, I. H., Uhlin-Hansen, L., Hadler-Olsen, E. & Steigen, S. E. Clinicopathological characteristics of oral 
squamous cell carcinoma in Northern Norway: a retrospective study. BMC Oral Health 14, 103, doi:10.1186/1472-6831-14-103 
(2014).

 6. Hasegawa, T. et al. Risk factors associated with distant metastasis in patients with oral squamous cell carcinoma. Otolaryngol. Head 
Neck Surg. 152, 1053–1060, doi:10.1177/0194599815580980 (2015).

 7. Almangush, A. et al. For early-stage oral tongue cancer, depth of invasion and worst pattern of invasion are the strongest pathological 
predictors for locoregional recurrence and mortality. Virchows Arch. 467, 39–46, doi:10.1007/s00428-015-1758-z (2015).

 8. Binmadi, N. O. & Basile, J. R. Perineural invasion in oral squamous cell carcinoma: a discussion of significance and review of the 
literature. Oral Oncol. 47, 1005–1010, doi:10.1016/j.oraloncology.2011.08.002 (2011).

 9. 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. 37, 1164–1172, doi:10.1097/PAS.0b013e318285f684 (2013).

 10. Jones, H. B. et al. The impact of lymphovascular invasion on survival in oral carcinoma. Oral Oncol. 45, 10–15, doi:10.1016/j.
oraloncology.2008.03.009 (2009).

 11. Shaw, R. J. et al. Extracapsular spread in oral squamous cell carcinoma. Head Neck 32, 714–722, doi:10.1002/hed.21244 (2010).
 12. Lin, Y. T. et al. Triple-positive pathologic findings in oral cavity cancer are related to a dismal prognosis. Laryngoscope 125, 

E300–E305, doi:10.1002/lary.25463 (2015).
 13. Liao, C. T. et al. Tongue and buccal mucosa carcinoma: is there a difference in outcome? Ann. Surg. Oncol. 17, 2984–2991, 

doi:10.1245/s10434-010-1174-1 (2010).
 14. Balasubramanian, D. et al. Tumour thickness as a predictor of nodal metastases in oral cancer: comparison between tongue and floor 

of mouth subsites. Oral Oncol. 50, 1165–1168, doi:10.1016/j.oraloncology.2014.09.012 (2014).
 15. Chen, T. C. et al. The impact of perineural invasion and/or lymphovascular invasion on the survival of early-stage oral squamous cell 

carcinoma patients. Ann. Surg. Oncol. 20, 2388–2395, doi:10.1245/s10434-013-2870-4 (2013).
 16. Lin, C. Y. et al. Primary tumor site as a predictor of treatment outcome for definitive radiotherapy of advanced-stage oral cavity 

cancers. Int. J. Radiat. Oncol. Biol. Phys. 78, 1011–1019, doi:10.1016/j.ijrobp.2009.09.074 (2010).
 17. Mahdey, H. M. et al. Cyclin D1 amplification in tongue and cheek squamous cell carcinoma. Asian Pac. J. Cancer Prev. 12, 2199–2204 

(2011).
 18. Belbin, T. J. et al. Site-specific molecular signatures predict aggressive disease in HNSCC. Head Neck Pathol. 2, 243–256, doi:10.1007/

s12105-008-0071-4 (2008).
 19. Frohwitter, G. et al. Site-specific gene expression patterns in oral cancer. Head Face Med. 13, 6, doi:10.1186/s13005-017-0138-0 

(2017).
 20. El-Fol, H. A., Noman, S. A., Beheiri, M. G., Khalil, A. M. & Kamel, M. M. Significance of post-resection tissue shrinkage on surgical 

margins of oral squamous cell carcinoma. J. Craniomaxillofac. Surg. 43, 475–482, doi:10.1016/j.jcms.2015.01.009 (2015).
 21. Thomas, B., Stedman, M. & Davies, L. Grade as a prognostic factor in oral squamous cell carcinoma: a population-based analysis of 

the data. Laryngoscope 124, 688–694, doi:10.1002/lary.24357 (2014).
 22. Jerjes, W. et al. Clinicopathological parameters, recurrence, locoregional and distant metastasis in 115 T1-T2 oral squamous cell 

carcinoma patients. Head Neck Oncol. 2, 9, doi:10.1186/1758-3284-2-9 (2010).
 23. Bur, A. M., Lin, A. & Weinstein, G. S. Adjuvant radiotherapy for early head and neck squamous cell carcinoma with perineural 

invasion: A systematic review. Head Neck 38(Suppl 1), E2350–E2357, doi:10.1002/hed.24295 (2016).
 24. Varsha, B. K. et al. Perineural invasion in oral squamous cell carcinoma: Case series and review of literature. J. Oral. Maxillofac. 

Pathol. 19, 335–341, doi:10.4103/0973-029X.174630 (2015).
 25. Barry, C. P. et al. Postoperative radiotherapy for patients with oral squamous cell carcinoma with intermediate risk of recurrence: A 

case match study. Head Neck, doi:10.1002/hed.24780 [Epub ahead of print] (2017).
 26. Wu, C. S. et al. ASC contributes to metastasis of oral cavity squamous cell carcinoma. Oncotarget 7, 50074–50085, doi:10.18632/

oncotarget.10317 (2016).
 27. Chang, K. P. et al. Low-molecular-mass secretome profiling identifies HMGA2 and MIF as prognostic biomarkers for oral cavity 

squamous cell carcinoma. Sci. Rep. 5, 11689, doi:10.1038/srep11689 (2015).
 28. Wreesmann, V. B. et al. Influence of extracapsular nodal spread extent on prognosis of oral squamous cell carcinoma. Head Neck 

38(Suppl 1), E1192–E1199, doi:10.1002/hed.24190 (2016).
 29. Arora, A. et al. Development of a New Outcome Prediction Model in Early-stage Squamous Cell Carcinoma of the Oral Cavity 

Based on Histopathologic Parameters With Multivariate Analysis: The Aditi-Nuzhat Lymph-node Prediction Score (ANLPS) 
System. Am. J. Surg. Pathol., doi:10.1097/PAS.0000000000000843 [Epub ahead of print] (2017).

 30. Almangush, A. et al. Depth of invasion, tumor budding, and worst pattern of invasion: prognostic indicators in early-stage oral 
tongue cancer. Head Neck 36, 811–818, doi:10.1002/hed.23380 (2014).

 31. Po Wing Yuen, A. et al. Prognostic factors of clinically stage I and II oral tongue carcinoma-A comparative study of stage, thickness, 
shape, growth pattern, invasive front malignancy grading, Martinez-Gimeno score, and pathologic features. Head Neck 24, 513–520 
(2002).

Acknowledgements
The authors thank the Biostatistics Task Force of Taichung Veterans General Hospital for assisting with the 
statistical analysis. The study was partially supported by grants from the Ministry of Science and Technology, 
Taiwan, Republic of China (MOST 104-2314-B-075A-010-MY3) and the Ministry of Health and Welfare, Taiwan, 
Republic of China (MOHW104-TDU-B- 211-124-004). With thanks to Cancer Registry database/Taichung 
Veterans General Hospital for the Support of Clinical data.

Author Contributions
L.J.C. and L.S.A. concept and design; L.S.A., W.C.C. and J.R.S. acquisition of data; L.S.A., L.F.Y. and L.W.J. analysis 
and interpretation of data; L.S.A. and W.C.C. drafting the article; L.J.C. and J.R.S. revising the article critically. All 
authors reviewed and approved the manuscript.

http://dx.doi.org/10.1371/journal.pone.0135643
http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.1002/hed.23242
http://dx.doi.org/10.1016/j.oraloncology.2014.11.006
http://dx.doi.org/10.1186/1472-6831-14-103
http://dx.doi.org/10.1177/0194599815580980
http://dx.doi.org/10.1007/s00428-015-1758-z
http://dx.doi.org/10.1016/j.oraloncology.2011.08.002
http://dx.doi.org/10.1097/PAS.0b013e318285f684
http://dx.doi.org/10.1016/j.oraloncology.2008.03.009
http://dx.doi.org/10.1016/j.oraloncology.2008.03.009
http://dx.doi.org/10.1002/hed.21244
http://dx.doi.org/10.1002/lary.25463
http://dx.doi.org/10.1245/s10434-010-1174-1
http://dx.doi.org/10.1016/j.oraloncology.2014.09.012
http://dx.doi.org/10.1245/s10434-013-2870-4
http://dx.doi.org/10.1016/j.ijrobp.2009.09.074
http://dx.doi.org/10.1007/s12105-008-0071-4
http://dx.doi.org/10.1007/s12105-008-0071-4
http://dx.doi.org/10.1186/s13005-017-0138-0
http://dx.doi.org/10.1016/j.jcms.2015.01.009
http://dx.doi.org/10.1002/lary.24357
http://dx.doi.org/10.1186/1758-3284-2-9
http://dx.doi.org/10.1002/hed.24295
http://dx.doi.org/10.4103/0973-029X.174630
http://dx.doi.org/10.1002/hed.24780
http://dx.doi.org/10.18632/oncotarget.10317
http://dx.doi.org/10.18632/oncotarget.10317
http://dx.doi.org/10.1038/srep11689
http://dx.doi.org/10.1002/hed.24190
http://dx.doi.org/10.1097/PAS.0000000000000843
http://dx.doi.org/10.1002/hed.23380


www.nature.com/scientificreports/

9SCieNtiFiC REPORTS | 7: 7451  | DOI:10.1038/s41598-017-08022-w

Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	Pathological features and their prognostic impacts on oral cavity cancer patients among different subsites – A singe instit ...
	Results
	Discussion
	Materials and Methods
	Statistical Analysis. 
	Data Availability. 

	Acknowledgements
	Figure 1 Univariate analysis of the presence of perineural invasion (PNI) on disease-specific survival stratified according to initial pathological stage in tongue squamous cell carcinoma patients.
	Figure 2 Univariate analysis of the presence of lymphovascular invasion (LVI) on disease-specific survival stratified according to initial pathological stage in tongue and buccal squamous cell carcinoma patients.
	Figure 3 Receiver operator characteristic (ROC) curve for cutoff analysis of score in patients with loco-regional recurrence.
	Table 1 Comparison of variables among subsites of oral squamous cell carcinoma patients.
	Table 2 Univariate analysis of the impact of clinic-pathological features on the survival of oral squamous cell carcinoma patients based on subsites.
	Table 3 Multivariate analysis of the impact of clinic-pathological features on the survival of oral squamous cell carcinoma patients based on subsites.
	Table 4 Multivariate analysis of the impact of clinic-pathological features on the survival of oral squamous cell carcinoma patients based on pathological stage and subsites (the tongue and the buccal mucosa only).
	Table 5 Results of application of the scoring system to 1383 patients.




