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Abstract. The current study investigated the efficacy of 
podoplanin expression in tumor budding cells as a predictor 
of neck lymph node metastasis (NLM) in patients with tongue 
squamous cell carcinoma (SCC) of low tumor budding grade 
(TBG). A total of 99 patients with early T‑stage tongue SCC of 
any clinical N status who received the initial curative treatment 
were enrolled. The association between podoplanin expression 
and NLM was immunohistochemically analyzed, with a focus 
on tongue SCC with low TBG. The disease‑specific survival 
(DSS) rate was 77% at 5 years, and a significant difference 
was observed between the NLM‑positive and NLM‑negative 
groups, and between the low (n=77) and high (n=22) TBG 
groups. In the low TBG group, there was a significant differ-
ence in DSS between the NLM‑positive and NLM‑negative 
groups. The multivariate analysis showed that lymphatic 
vessel invasion (ly) [odds ratio (OR)=11.5, 95% confidence 
interval (CI): 1.50‑87.6; P=0.02] and podoplanin expression 
(OR=7.07, 95% CI: 1.80‑27.7; P=0.005) were significantly 
correlated with NLM. Furthermore, negative predictive values 
(NPV) of ly and podoplanin expression for NLM were 75% 
and 88%, respectively. Considering the balance of stratifica-
tion case number adding to ratio, NLM‑negative prediction by 
podoplanin was more significant than that by ly for the low 

TBG group. The results of the present study demonstrated that 
podoplanin expression in tumor budding is an independent 
and efficient predictor of NLM in the tongue SCC with low 
TBG. The low TBG and podoplanin‑negative cases may be 
candidates for the wait and watch policy, therefore, reducing 
inappropriate elective neck lymph node dissections.

Introduction

The tongue squamous cell carcinoma (SCC) is the most 
common oral cancer, and even in the early stage, some cases 
may be aggressive with poor prognosis. Therefore, the National 
Comprehensive Center Network guideline (1) recommends 
elective neck lymph node dissection even for clinical N0 cases 
when the depth of invasion (DOI) of the tumor is greater than 
4 mm. However, more than half of the patients undergo inap-
propriate neck dissections (2), and therefore, establishment of 
a proper neck lymph node metastasis (NLM) predictor‑that 
can be determined from the primary lesion‑has long been 
sought. Clinical N status determination includes various bias 
related to the influence of the modality and evaluator. In addi-
tion, cervical lymph node metastasis cannot be assessed at 
the cellular level with images. In contrast, pathological results 
provide a more precise assessment of lymph node metastasis 
with little bias, regardless of clinical N status.

Studies have shown that tumor thickness (3,4), DOI (5,6), 
lymphatic vessel invasion (ly) or vascular vessel invasion 
(v) (7), perineural invasion (8), worst pattern of invasion (9), 
and YK classification (10) are pathological factors that corre-
late with NLM. Among these, DOI has been adopted in the 
recent UICC TNM classification (11), but there is no clear 
threshold for predicting NLM, which definitely distinguishes 
NLM presence from absence for reliable practical use.

Recently, tumor budding has been drawing considerable 
attention. A tumor budding nest, which consists of a single 
or less than five cancer cells present on the invasive front of 
cancer, closely correlates with NLM and prognosis of colon 
and other cancers, and tumor budding grade (TBG) has been 
incorporated into the treatment algorithm of colon cancer (12). 
Some previous studies of SCC in head and neck have shown 
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the correlation of NLM with TBG, but they were limited to 
high TBG cases (13,14). In our previous study (15), we found 
that TBG is the most important prognostic factor for the early 
T‑stage tongue SCC. High TBG indicates a high risk for NLM, 
and is superior to DOI at predicting NLM. The majority of 
patients with high TBG showed NLM, and minority of 
those with low TBG had NLM. However, in terms of the 
total number of patients with NLM, they were almost evenly 
divided into low and high TBG groups, indicating that the 
number of NLM‑positive patients in the low TBG group could 
not be ignored. Hence, there is a demand for an NLM predictor 
that can be combined with TBG for predicting tongue SCC 
with low TBG.

Podoplanin has long been known to be a lymphatic endo-
thelial marker, but has recently been reported to be expressed 
in a variety of tumors including SCC (16). In addition, it is a 
marker of stem cell, and is associated with tumor lymphan-
giogenesis and promotes metastasis by aggregating platelets, 
consequently preventing immune attack. It is noteworthy that 
podoplanin expressed cells have been reported to be located 
at the invasive front of tumors, to have a high metastatic 
potential  (17,18), and podoplanin expression in dysplastic 
epithelium could be a predictive marker for tumorigenesis in 
precancerous lesions (19). The expression of podoplanin at the 
front of a tumor invasion is observed in routine diagnosis, but 
there is no report examining the significance of podoplanin 
expression in tumor budding.

The purpose of this study was to investigate whether 
podoplanin expression in tumor budding in tongue SCC 
with low TBG might be an efficient NLM predictor. This is 
the routine‑based method of extracting cases with low TGB, 
but which may potentially have a high NLM risk. This may 
contribute to prognosis prediction and treatment planning for 
tongue SCC patients.

Materials and methods

Patients and samples. In this retrospective study, 99 patients 
with tongue SCC at clinically early T‑stages of any clinical 
N status according to the UICC TNM seventh edition (20), who 
underwent surgical resection in the Saitama Medical University 
International Medical Center between 2007 and 2016, were 
enrolled. These patients had to meet the following criteria: no 
previous history of neoadjuvant therapy, a minimum follow‑up 
period of 1 year for surviving cases, adequate specimens for 
histological observation and immunohistochemical analysis, 
and histologically confirmed invasion. The pathological stage 
was determined according to the UICC TNM eighth revised 
edition (11), and the cut off values for DOI and thickness were 
also based on the classification.

The Institutional Review Board at the Saitama Medical 
University International Medical Center approved this study 
(approval no. 17‑201). All methods were performed in accor-
dance with the 1975 Declaration of Helsinki.

Histopathological evaluation of TBG. According to the 
previous study (21,22), specimens were scanned to determine 
the area with the highest density of budding and observed 
under a x20 objective lens and a x10 ocular lens. TBG was 
classified as 1‑3 according to the number of tumor buds: 1, 0 

to 4 buds; 2, 5 to 9 buds; and 3, ≥10 buds (Fig. 1). Two authors 
(HM and NK) independently evaluated each case according to 
the criteria mentioned above using hematoxylin‑eosin‑stained 
and cytokeratin AE1/3‑stained slides. Disagreements between 
the two assessors were resolved by re‑reviewing them or 
having them reviewed by another assessor (YM). Cytokeratin 
AE1/3‑staining was useful for a less experienced pathologist 
(HM), as previously reported (23). The cases were divided into 
two groups: high TBG (TBG3) and low TBG (TBG1/2) based 
on previous studies (14,15).

Immunohistochemistry and evaluation. Paraffin sections of 
4‑µm thickness were immunostained with the AE1/3 antibody 
(PCK26, cocktail antibody, Ventana; Roche Tissue Diagnostics 
Japan; cat. no. 760‑2595) and the podoplanin antibody (clone 
D2‑40, Dako Agilent Technologies, Inc.; cat. no. M3619), 
respectively, using an automated immunostainer (VENTANA 
BenchMark ULTRA system; Ventana Medical Systems, Inc.) 
according to the manufacturers' protocol. The incubation with 
secondary antibodies and detection were carried out using 
the I‑VIEW DAB Universal kit (Ventana Medical Systems, 
Inc.; cat. no. 760‑041) and Endogenous Biotin Blocking kit 
(Ventana Medical Systems, Inc.; cat. no. 760‑050).

Podoplanin expression in budding cells, which was 
confirmed by AE1/3 expression, was evaluated independently 
by the same authors mentioned above (HM and NK). The 
results were scored from 0 to 3 based on the intensity of the 
staining at the membrane or in the cytoplasm: 0, no reactivity; 
+1, weak; +2, moderate; and 3, marked, that is, overexpression 
(Fig. 2). For analysis, the results were divided into 2 groups: 
negative (score 0) and positive (from +1  to +3). The ly of 
the tumor tissue was evaluated using hematoxylin and eosin 
staining or podoplanin staining for detecting lymphatic vessels 
(negative; positive).

Statistical analysis. The clinicopathological characteristics 
of the patients were compared using the Chi‑square test or 
Fisher's exact test. Disease‑specific survival (DSS) rate was 
compared using Kaplan‑Meier method with log‑rank test and 
Cox proportional hazards model for a multivariate analysis. 
The independent prognostic strength of NLM was determined 
using a logistic regression model. All statistical analyses were 
performed using IBM SPSS software (version  24.0; IBM 
Corp.), and P<0.05 was considered to indicate a statistically 
significant difference.

Results

The 99 patients comprised 72 males and 27 females with a 
median age of 63 years old (range: 20‑89 years) and median 
follow‑up of 39  months (range: 6‑121  months) (Table  I). 
Forty‑three patients were categorized as wait and watch and 
neck dissection was performed for 56 patients. After primary 
resection, 14 patients without neck dissection were classified 
as doubtful NLM and subsequently subjected to therapeutic 
neck dissection. Pathological lymph node metastasis was 
present in 39 cases consisting of 27 cases with initial neck 
dissection and 12 cases with therapeutic neck dissection. In 
clinical N0 patients, there was no difference in the disease 
specific survival rate between patients in the wait and watch 
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group and the elective neck dissection group (P=0.883). At 
that time, elective neck dissection was recommended for 
patients with late T2 (diameter of ≥30 mm) tumors. In regard 
to intermediate tumors that were between superficial tumors 
and late T2 tumors, physicians individually considered tumor 
thickness, localization, and the patient's health condition.

TBG evaluation resulted in 41 patients (41%) for TBG1, 36 
(36%) for TBG2, and 22 (22%) for TBG3. Based on podoplanin 
expression, 39 patients (39%) were negative and 60 patients 
(61%) were positive: weak (+1), 35 patients; moderate (+2), 
14 patients; marked (+3), 11 patients. The final outcome was 
survival in 76 patients and death in 23 patients: disease‑specific 
death, 17 patients; other causes of death, 6 patients (1 heart 
disease‑related death, 2 had carcinomas apart from the head 

and neck, and 3 had pneumonia). DSS rate was 77% at 5 years 
(Fig. 3A).

In the low TBG group, there were significant differences in 
the DSS between the NLM‑positive and NLM‑negative groups 
(P=0.010; Fig. 3B) and between the podoplanin‑positive and 
podoplanin‑negative groups (P=0.006). In the low TBG with 
clinical N0 group (n=53), there was no difference of disease 
specific survival rate between patient with wait and watch 
group (n=36) and with elective neck dissection group (n=17) 
(P=0.803; Fig. 3C).

Correlations between NLM and variable clinico-
pathological parameters such as pT (P=0.004), pathological 
diameter (pDiameter) (P=0.012), DOI (P=0.024), ly (P=0.001), 
v (P=0.001), TBG (P<0.001), and podoplanin (P=0.007) were 

Figure 1. Immunohistochemical analysis for TBG by Pan‑Cytokeratin AE1/3 staining. Budding is recognized as a single cancer cell or cancer clusters 
consisting of four cells or less at the invasive front shown by the arrows. (A) TBG 1: budding counts 0‑4. (B) TBG 2: budding counts 5‑9. (C) TBG 3: budding 
counts more than nine. Each field is magnification, 20x10. Scale bar, 100 µm. TBG, tumor budding grade; HE, hematoxylin and eosin.

Figure 2. Scoring of PDPN in tumor budding cells by immunohistochemical stain analysis with D2‑40. After confirming budding cells by Pan‑Cytokeratin 
AE1/3 staining (upper figures), the PDPN score was judged in the same budding cells (lower figures). (A) was judged to be score 0 and (B), (C), and (D) were 
judged to be scores 1, 2, and 3, respectively. For statistical analysis (A) is determined to be negative. (B), (C), and (D) are determined to be positive. The arrows 
indicate each bud and each field at magnification, 60x10. Scale bar, 40 µm. PDPN, podoplanin.
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found to be significant in all the patients (Table I). However, in 
the low TBG group, ly (P=0.008) and podoplanin (P=0.002) 
were significant for NLM.

The multivariate analysis of NLM was performed by 
using a logistic regression model with pDiameter, DOI and 
ly, TBG, and podoplanin (T factor itself was not included 

Table I. Patient characteristics and NLM analysis.

	 All cases (n=99)	 Low TBG cases (n=77)
	 ---------------------------------------------------------------------------------------------------	 ------------------------------------------------------------------------------------------------
	 NLM	 NLM
	 ---------------------------------------------	 --------------------------------------------
		    ‑ (%)	  + (%)			     ‑ (%)	  + (%)	
Characteristics	 No.	 60 (61)	 39 (39)	 P-valuea	 No.	 54 (70)	 23 (30)	 P-valuea

Age (20‑89)b				    0.077				    0.332
  <63	 50	 26 (52)	 24 (48)		  37	 24 (65)	 13 (35)	
  ≥63	 49	 34 (69)	 15 (31)		  40	 30 (75)	 10 (25)	
Sex				    0.769				    0.813
  Male	 72 	 43 (60)	 29 (40)		  55	 39 (71)	 16 (29)	
  Female	 27 	 17 (63)	 10 (37)		  22	 15 (68)	   7 (32)	
pT				      0.004a				    0.109
  pT1	 29	 24 (83)	   5 (17)		  25	 21 (84)	   4 (16)	
  ≥pT2	 70	 36 (51)	 34 (49)		  52	 33 (63)	 19 (37)	
pDiameter (7‑53 mm)b				      0.012a				    0.076
  ≤20 mmc	 51	 37 (73)	 14 (27)		  42	 33 (79)	   9 (21)	
  >20 mm	 48	 23 (48)	 25 (52)		  35	 21 (60)	 14 (40)	
DOI (0‑25 mm)b				      0.024a				    0.467
  ≤5 mmc	 39	 29 (74)	 10 (26)		  35	 26 (74)	   9 (26)	
  >5 mm	 60	 31 (52)	 29 (48)		  42	 28 (67)	 14 (33)	
Differentiation				    0.170				    0.113
  Well	 78 	 50 (64)	 28 (36)		  62	 46 (74)	 16 (26)	
  Mod and Por	 21	 10 (48)	 11 (52)		  15	   8 (53)	   7 (47)	
ly				    0.001a				    0.008a

  (‑)	 87	 58 (67)	 29 (33)		  69	 52 (75)	 17 (25)	
  (+)	 12	   2 (17)	 10 (83)		    8	   2 (25)	   6 (75)	
v				    0.001a				    0.055
  (‑)	 67	 48 (72)	 19 (28)		  58	 44 (76)	 14 (24)	
  (+)	 32	 12 (38)	 20 (63)		  19	 10 (53)	   9 (47)	
neu				    0.072				    0.117
  (‑)	 82	 53 (65)	 29 (35)		  68	 50 (74)	 18 (26)	
  (+)	 17	   7 (41)	 10 (59)		    9	   4 (44)	   5 (56)	
TBG				    <0.001a				  
  1+2	 77	 54 (70)	 23 (30)					   
  3	 22	   6 (27)	 16 (73)					   
PDPN				      0.007a				    0.002a

  (‑)	 39	 30 (77)	   9 (23)		  34	 30 (88)	   4 (12)	
  (+)	 60	 30 (50)	 30 (50)		  43	 24 (56)	 19 (44)	
Status								      
  NED	 82	 56 (68)	 26 (32)		  68	 52 (76)	 16 (24)	
  DOD	 17	   4 (24)	 13 (76)		    9	   2 (22)	   7 (78)	

aP<0.05; bRange; cDivided into two groups based on the UICC TNM eighth revised edition, a Fisher exact test or chi‑square test. NLM, neck 
lymph node metastasis; pDiameter, pathological diameter; DOI, depth of invasion; Mod and Por, moderately and poorly; ly, lymphatic inva-
sion; v, venous invasion; neu, perineural invasion; TBG, tumor budding grade; PDPN, podoplanin; NED, no evidence disease (including dead 
of another disease); DOD, dead of disease. Low TBG means TBG1 and 2.
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since pDiameter and DOI were components of T factor). The 
results showed that ly [odds ratio (OR)=11.5, 95% confidence 
interval (CI): 1.50‑87.6; P=0.02] and podoplanin (OR=7.07, 
95% CI: 1.80‑27.7; P=0.005) were independent predictors 
of NLM (Table II). In the low TBG group, ly (P=0.019) and 
podoplanin (P=0.005) presented a significant difference.

We analyzed the predictive value of NLM. The ratio of 
NLM was 30% in the low TBG group (Fig. 4A). DOI was 
not significant for stratification of NLM (Fig. 4B). Lymphatic 
vessel invasion had a negative predictive value (NPV) of 

75% and positive predictive value (PPV) of 75% (Fig. 4C). 
Podoplanin had NPV of 88% and PPV of 44% (Fig. 4D).

Discussion

In this study, podoplanin expression was found to serve as 
a malignant index in the low TBG tongue SCC patients. In 
these patients, DOI was considered less useful, whereas ly and 
podoplanin were expected to become independent predictors 
of NLM.

Figure 3. Survival curves and log-rank tests. (A) Survival curve of OS and DSS. (B) DSS of low TBG patients according to NLM. (C) DSS of low TBG with 
clinical N0 patients according to neck treatment strategy. P<0.05 was considered to indicate a statistically significant difference. OS, overall survival; DSS, 
disease‑specific survival; TBG, tumor budding grade; NLM, neck lymph node metastasis; WW, wait and watch policy; END, elective neck dissection.

TTable II. Multivariate analysis of NLM risk.

	 All cases (n=99)	 Low TBG cases (n=77)
	 ------------------------------------------------------------------------------	 -------------------------------------------------------------------------------
Characteristics	 Value	 OR	 95% CI	 P‑value	 OR	 95% CI	 P‑value

DOI	 ≤5 vs. >5 mma	 1.27	 0.41‑3.89	 0.678	     0.88	 0.26‑3.01	 0.834
pDiameter	 ≤20 vs. >20 mma	 2.63	 0.94‑7.40	 0.067	     1.97	 0.61‑6.37	 0.257
ly	 (‑) vs. (+)	 9.78	 1.68‑56.8	  0.011b	 11.5	 1.50‑87.6	  0.019b

TBG	 1+2 vs. 3	 4.71	 1.47‑15.1	  0.009b			 
PDPN	 (‑) vs. (+)	 3.47	 1.18‑10.2	  0.023b	     7.07	 1.80‑27.7	  0.005b

aDivided into two groups based on the UICC TNM eighth revised edition; bP<0.05. NLM, neck lymph node metastasis; DOI, depth of inva-
sion; pDiameter, pathological diameter; ly, lymphatic vessel invasion; TBG, tumor budding grade; PDPN, podoplanin; OR, odds ratio; CI, 
confidence interval. Low TBG means TBG 1 and 2.

Figure 4. Number and ratio of NLM positive (black bar) and negative patients (white bar). (A) Total in the low TBG cases. (B) DOI. (C) ly. (D) PDPN. NLM, 
neck lymph node metastasis; TBG, tumor budding grade; DOI, depth of invasion; ly, lymphatic invasion; PDPN, podoplanin.
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For patients with the low TBG, because of the high PPV, 
neck lymph node dissection is recommended if they are posi-
tive for ly. Lymphatic angiogenesis and expansion within a 
tumor is considered to promote tumor invasion and metastasis, 
based on the presumed passive metastasis mechanism (24). 
However, positivity for ly was only found in eight cases (10% 
in low TBG cases), and 74% of NLM‑positive cases in the low 
TBG cases were negative for ly. Hence, in treating ly‑negative 
patients, it may not be practical to adopt a wait and watch 
policy without neck lymph node dissection.

Moreover, the NPV of podoplanin (88%) was superior to 
its PPV (56%). Only four (12%) podoplanin‑negative cases 
were found to be NLM‑positive, implying that podoplanin, 
compared to ly, has the advantage of fractionation in number. 
For podoplanin‑negative in the low TBG patients, the wait 
and watch policy should be considered. This policy could 
reduce unnecessary neck dissections. Where high TBG can 
be distinguished by morphological appearance, malignant 
risks of low TBG cases can be distinguished by the combined 
use of immunohistochemical podoplanin expression. Neck 
dissection poses risks of complications and sequelae. It also 
causes prolonging of operation time or hospitalization period, 
in addition to cosmetic or functional problems, thus affecting 
patients' quality of life. Hence, selecting patients not requiring 
neck dissection is beneficial.

In our pilot study, we evaluated the degree of inflammation 
surrounding the buddings and analyzed its correlation with 
podoplanin expression using the Chi‑squared test, resulting 
in a significant difference (P<0.05, data not shown). This 
result is consistent with previous reports that inflammation 
is associated with podoplanin expression (16). In addition, 
podoplanin expression is thought to involve not only inflam-
mation but also multiple factors like EMT. It is known that 
downregulation of E‑cadherin and upregulation of vimentin 
occur when EMT is developed (25). Immunohistochemical 
staining of E‑cadherin and vimentin was also conducted 
in our pilot study (data not shown). However, quantitative 
immunohistochemical evaluation of staining intensity, which 
means “increase and decrease” in these markers, is easily 
affected by various conditions, such as fixation and thick-
ness of the section, which make reproducible and objective 
staining evaluation difficult. Moreover, vimentin is expressed 
on various non‑epithelial cells, especially mesenchymal cells, 
including fibroblasts, endothelial cells, lymphocytes, and 
macrophages. This raises the difficulty in evaluating vimentin 
expression in buddings because of the positive reactions for 
vimentin in various cells. However, podoplanin showed the 
following advantages: it was expressed in fewer cells, and 
it was already widely established as a marker for detecting 
lymphatic invasion of tumor cells. Moreover, lymphovascular 
invasion was evaluated simultaneously when podoplanin 
expression in buddings was examined.

The limitations of this study were the small sample size 
and the lack of understanding of the mechanism underlying 
podoplanin expression in tumor buddings. Future research 
should expand the sample size to strengthen the relevance 
of the data presented in this study. The detailed mechanism 
of podoplanin expression in tumor budding cells has also 
yet to be elucidated. However, it is reported that podoplanin 
is affected by various phenomena, such as inflammation and 

wound healing, and is known to be associated with immune 
cells, cytokines, and EMT or non‑EMT pathways  (16,19). 
Future comprehensive analyses, including investigation of 
variable podoplanin‑related factors and standardization of the 
evaluation procedure, are expected to make podoplanin more 
useful.

In conclusion, the results of the present study emphasized 
that risk stratification by podoplanin expression associated 
with low TBG among patients with tongue SCC could provide 
a beneficial outcome. It could be expected to find the low TBG 
cases having a high NLM risk, based on the podoplanin‑posi-
tive reaction. In general, these cases are difficult to predict 
the risk only morphologically. When the patients have not 
had a neck dissection, the podoplanin expression would be 
helpful for consideration of an additional treatment plan. This 
approach may be proposed as an accurate treatment algorithm 
for tongue SCC patients.
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