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Abstract 

Background:  Extranodal extension (ENE) is a poor prognostic factor for oral squamous cell carcinoma (OSCC). Iden-
tifying ENE by clinical and/or radiological examination is difficult, thereby leading to unnecessary neck dissections. 
Currently, no definitive predictors are available for ENE. Thus, we aimed to determine the histological predictors of ENE 
by routine histopathological examination using biopsy and surgically resected specimens.

Methods:  This retrospective study included 186 surgically resected OSCC and 83 matched biopsy specimens. Clinical 
features associated with the tumor microenvironment, including desmoplastic reaction (DR), tumor budding (TB), 
and tumor-infiltrating lymphocytes (TILs), were evaluated using hematoxylin and eosin-stained primary OSCC and 
neck dissection specimens. These histological features were divided into two groups: DR-immature (DR-I) and DR-
mature (DR-M); TB-high (TB-H) and TB-low (TB-L); and TILs-low (TILs-L) and TILs-high (TILs-H). Clinical depth of invasion 
(cDOI) and pathological DOI (pDOI) were adapted for biopsies and resections, respectively; DOI was evaluated as 
DOI > 10 mm and DOI ≤ 10 mm. The clinicopathological relationships between these histopathological features and 
ENE and the independent risk factors for ENE were analyzed. The histological predictors of ENE were evaluated.

Results:  The histological status of DR, TILs, and TB present in biopsy and resection specimens showed high accuracy 
with that of ENE. DR-I, TILs-L, and TB-H were significantly associated with lymph node metastasis, cDOI, and pDOI. 
Bivariate and multivariate analyses revealed that TB-H and pDOI > 10 mm in resections were independent factors for 
the presence of ENE (ENE +). The combination of TB-H/pDOI > 10 mm in resection specimens showed high specificity 
(91%) and accuracy (83%) regarding ENE + . Although there proved to be no independent factors in biopsies, DR-I and 
TILs-L were significantly associated with ENE + (p < 0.001). The combination of DR-I/TILs-L/cDOI > 10 mm in biopsies 
exhibited high sensitivity and specificity with ENE + (70% and 77%, respectively, p < 0.001). These histological predic-
tors could detect even minor ENE (< 2 mm).
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Background
Head and neck squamous cell carcinoma (HNSCC), 
including oral squamous cell carcinoma (OSCC), is the 
eighth most common cancer worldwide [1]. In Japan, 
oral and pharynx cancers were diagnosed in over 22,500 
people (17.8 per 100.000), and almost 8,000 people (6.3 
per 100.000) die annually [2]. Despite advances in can-
cer diagnosis and treatment, the overall 5-year sur-
vival rate for OSCC is still poor, which remains at 63% 
[3]. Although various prognostic factors of head and 
neck cancers are known, including cervical lymph node 
metastasis, distal metastasis, and regional recurrence, the 
proposed concept of extranodal extension (ENE) is the 
single-most reliable prognostic clinical variable for mor-
tality, except for human papillomavirus (HPV)-positive 
cancers (oropharyngeal cancer) [4, 5].

ENE is histopathologically defined as an extension of 
metastatic carcinoma from within a lymph node, through 
the fibrous capsule, and into the surrounding connec-
tive tissue, regardless of the stromal reaction [6, 7]. The 
5-year disease-free survival (DFS) rate of occult lymph 
node metastasis is quite different in patients with ENE 
compared with that in patients without ENE (25.8% vs. 
71.2%, respectively) [5]. Even patients with OSCC who 
had minor ENE (ENEmi, an extension of up to 2  mm 
from the capsule) had worse overall survival (31.0%) 
and DFS (38.0%) rates than patients without ENE (51.0% 
and 71.0%, respectively) [7–9]. Considering the impact 
of ENE on the prognosis, patients with ENE are rec-
ommended to undergo neck dissection and to receive 
chemoradiotherapy after surgery [10, 11]. Accordingly, 
the 8th edition of the American Joint Committee on Can-
cer (AJCC) tumor, node, metastasis (TNM) staging sys-
tem for HNSCC included this factor as an indicator to 
upgrade the N stage [12].

Although more aggressive treatment is required for 
patients with ENE, the sensitivity, specificity, and accu-
racy of clinically defined ENE (cENE) evaluated by 
physical and/or radiological findings do not achieve a 
satisfactory level, especially in patients with ENEmi. The 
accuracy of ENE evaluated by radiological examination 
ranges widely from 7.0% to < 85.0%, and the detection of 
ENEmi is almost impossible [9, 13, 14]. Thus, currently, 
diagnosis requires histological examination of the lymph 
nodes by neck dissection, although radiological evidence 

alone may be supportive albeit insufficient for detecting 
ENE [14]. Therefore, radiologically unclear or ambiguous 
extracapsular spread may not contribute to an accurate 
diagnosis, and some patients may undergo treatment or 
overtreatment for ENE [15, 16]. However, currently, no 
histopathological predictors that support cENE detection 
are available.

Several histological predictors for unfavorable prog-
nosis of OSCC, such as tumor-infiltrating lymphocytes 
(TILs), desmoplastic reaction (DR), tumor budding 
(TB), and depth of invasion (DOI), have been reported 
[17–24]. All these components, including immune cells, 
cancer-associated fibroblasts, and extracellular matrix, 
are derived from the tumor microenvironment (TME); 
accordingly, the TME is considered to strongly influence 
tumor behavior in OSCCs and play an important role 
in OSCC development [17]. TILs are a selected popula-
tion of lymphocytes with a highly specific immunologi-
cal reactivity against tumor cells. DR is characterized by 
the presence of fibrotic or myxoid stroma induced by 
tumor invasion and is histopathologically classified into 
three patterns, namely, mature (no keloid-like collagen 
or myxoid stroma), intermediate (presence of keloid-like 
collagen), and immature (presence of myxoid change) 
[24]. TB is characterized by the presence of small tumor 
nests composed of less than five cells at the invasion 
front, which is thought to be related to the metastatic 
potential of the tumor [21, 22, 25–30]. DOI is defined as 
the extent of the tumor below the epithelial membrane 
[6] and can be measured by preoperative radiological 
assessment using magnetic resonance imaging (MRI) or 
ultrasonography as clinical DOI (cDOI), which exhibits a 
high correlation to pathological DOI (pDOI) and patho-
logical T (pT), as evaluated by findings from surgically 
resected OSCC [6, 31]. It has been widely accepted that 
low-grade lymphocyte infiltration or immature DR or 
a high frequency of TB is associated with cancer inva-
sion, metastasis, and poor outcomes in various types of 
carcinomas, including OSCCs [14–24, 32–34]; moreo-
ver, DOI < 10.5 mm is associated with a high incidence of 
lymph nodes metastasis [35].

However, the significance of these histological predic-
tors in predicting ENE in OSCC has not yet been elu-
cidated. Therefore, in this study, we aimed to identify 
useful histological factors to support the cENE evaluation 

Conclusions:  The tumor microenvironment status in primary OSCC was significantly associated with that of ENE, and 
TB-H was an independent risk factor for ENE. The histological status of DR-I/TILs-L/cDOI > 10 mm in biopsy specimens 
and TB-H/pDOI > 10 mm in resection specimens is a useful predictor of ENE.
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and determine whether histological predictors of ENE 
can be evaluated with biopsies and resections for more 
appropriate treatment of patients with OSCC.

Methods
Patients
This study included patients with OSCC who under-
went surgical resection at the Department of Otorhi-
nolaryngology, Head and Neck Surgery, Kansai Medical 
University Hospital, between January 2011 and Decem-
ber 2020. Cases that met the following criteria were 
selected: (1) patients with primary OSCC with no clini-
cal history of squamous cell carcinoma (SCC) in other 
parts of the body and (2) patients who had not received 
any therapy before surgery included in the present 
cases. Tumors were histologically diagnosed according 
to the World Health Organization grading system [36]. 
Clinical data were collected from the patients’ medical 
health records, including data on age, sex, tumor site, 
and cDOI. Histopathological features of surgical resec-
tion specimens, including T and N classification, pDOI, 
number of metastatic nodes, pattern of invasion, and 
lymphovascular invasion, were re-evaluated by an oral 
pathologist according to the 8th edition of the AJCC 
staging manual [6].

Biopsy specimens that met the following criteria were 
also collected: (1) had an initial histological diagnosis of 
OSCC, (2) had a sufficient number of SCC cells over a 
microscopic field of × 200, and (3) had an invasive area 
accompanying the connective tissue.

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and was approved by 
the Institutional Review Board of Kansai Medical Univer-
sity Hospital (approval no. 2020289). Informed consent 

was obtained from patients using the opt-out methodol-
ogy, owing to the retrospective design of the study, with 
no new risk to the participants. Information regarding 
this study, such as the inclusion criteria and option to opt 
out, was provided on the hospital’s website.

Definition and measurement of the diameters of extent 
of ENE and tumor deposits at the lymph nodes
The ENE was defined as positive if the tumor extension 
through the lymph node capsule invaded the surround-
ing connective tissue [6, 7]. The extent of the ENE was 
measured as the maximum distance between the outer 
aspect of the intact or reconstructed capsule and the 
distant point of invasion into the extranodal tissue [7]. 
The deposit size was measured as the greatest dimen-
sion from the foci at one end to the extreme opposite foci 
[7]. The diameters of the extent of the ENE and tumor 
deposit were recorded as the widest length of the dis-
sected lymph nodes in the same patients (Fig. 1a) [6, 7].

Assessment of DR, TB, TILs, and DOI
The DR, TB, and TILs of the primary OSCC were eval-
uated by staining the biopsy and resection specimen 
slides with hematoxylin and eosin (H&E). The status of 
the three pathological features in the ENE foci was also 
evaluated using the H&E-stained slides of the cervi-
cal neck dissection samples. All the H&E-stained slides 
used in this study were prepared for routine pathologi-
cal examination. These histological factors were exam-
ined for OSCC in the biopsy specimens using a single 
slide, the resected specimens including the deepest part 
of the tumor, and the neck dissected specimens including 
the major ENE part in lymph node metastasis (Figs. 1b, 

Fig. 1  Definition and measurement of ENE and evaluation of DR, TILs, and TB at ENE. a Diameters of the extent of ENE and tumor deposits were 
recorded as the widest length of the dissected lymph nodes of the same patients (H&E staining, × 15). b, c The ENE region shows immature stroma, 
low-grade TILs, and nine budding areas (arrows: budding) (H&E staining, b, × 100; c, × 400). DR, desmoplastic reaction; ENE, extranodal extension; 
H&E, hematoxylin and eosin; TB, tumor budding; TILs, tumor-infiltrating lymphocytes
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c). The score of the three pathological features was evalu-
ated by two pathologists (NY and IM).

The DR was histologically classified as immature (DR-I) 
or mature (DR-M) [24]. DR-I refers to a fibrotic stroma 
with myxoid changes as observed across a microscopic 
field under a × 40 objective (Fig. 2a), and DR-M refers to 
the absence of a myxoid stroma or presence of keloid-like 
collagen lacking mature stroma (Fig.  2b) [24]. The stro-
mal TILs were evaluated as the average number of lym-
phocytes composed of stromata as observed under × 20 
to × 40 objectives; they were categorized as low (TILs-
L ≤ 20%) or high (20% < TILs-H) (Figs.  2a–c) [19]. TB 
was assessed and classified as low (TB-L ≤ 10) or high 
(10 > TB-H) as observed under a × 20 objective (Figs. 2d–
f) [25]. The DOI of primary OSCC was defined as the 
perpendicular distance between the extent of deep tumor 
invasion to the basement membrane of the adjacent 
mucosa [6]. The DOI was subdivided into the following 
groups: DOI ≤ 5  mm, DOI > 5  mm, DOI ≤ 10  mm, and 
DOI > 10  mm [6]. cDOI was measured by MRI findings 
and pDOI histologically, and they were then associated 
with the clinicopathological features and ENE risk factors 
of the biopsy and resection specimens, respectively. pT1 
and pT2 OSCC cases were classified as early OSCC cases 
and pT3 and pT4 as progressive OSCC cases.

Statistical analyses
Patient characteristics were compared between the 
two groups in terms of DR-I and DR-M, TB-H and 
TB-L, TILs-H and TILs-L, cDOI for biopsies (≤ 10 mm 

and > 10  mm), and pDOI for resections (≤ 10  mm 
and > 10 mm), using the chi-square or Fisher’s exact test 
for categorical data. Bivariate logistic regression analysis 
was used to assess the relationship between the predic-
tor variables and presence of ENE. A multivariate logis-
tic regression model was constructed using the forward 
selection method. The diagnostic value of the risk fac-
tors was assessed by calculating sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and accuracy. The Mann − Whitney U test was 
used to analyze the differences in the diameters of the 
extent of ENE and tumor deposit between the combina-
tion risk factors. The analysis was performed using SPSS 
(version 20.0; IBM Corp., Armonk, NY, USA). Statistical 
significance was set at p ≤ 0.05.

Results
Patient characteristics of the surgical specimens of OSCC
A total of 674 patients were included in this study; 488 
patients were excluded, and 186 who met the criteria 
were subjected to further analyses. The clinicopatho-
logical characteristics of 186 patients with OSCC, 
including 92 with early and 94 with progressive OSCC, 
are shown in Table  1 (Additional File 1). Among the 
186 patients with OSCC, 123 (66%) had pDOI > 5 mm, 
and 85 (46%) had pDOI > 10  mm. Fifty-eight (31%) 
had lymph node metastasis, and 16 and 42 patients 
were classified as having pN1 and pN2–3, respectively. 
ENE was detected in 27 (15%) of the 186 patients with 
OSCC. Overall, 93% (25 of 27) of patients with ENE 

Fig. 2  TB, TILs, and TB grading. a Immature stroma (DR-I), with a fibrotic stroma showing myxoid changes (H&E staining, × 200). b, c Mature 
stroma (DR-M), with no myxoid stroma or keloid-like collagen (H&E staining, × 200). a, b TILs with low lymphocyte infiltration (TILs-L ≤ 20%) (H&E 
staining, × 200). c TILs with high-to-low lymphocyte infiltration (TILs-H > 20%) (H&E staining, × 200). d TB classified as low (TB-L ≤ 10, arrowheads: 
budding) (H&E staining, × 400). e, f TB classified as high (TB-H > 10, arrowheads: budding) (H&E staining, × 200). DR-I, immature desmoplastic 
reaction; DR-M, mature desmoplastic reaction; H&E, hematoxylin and eosin; TB, tumor budding; TILs, tumor-infiltrating lymphocytes
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were in the progressive stage. No high-risk HPV was 
detected in any patient (Additional Files 2 and 3).

Association of the clinicopathological features with DR, TB, 
and TILs in the resected specimens
Table 2 shows the association of the clinicopathologi-
cal features with DR, TB, and TILs in the resected 
specimens. DR-I, TB-H, and TILs-L were signifi-
cantly associated with pDOI > 10  mm (p < 0.001, 0.01, 
and < 0.001, respectively) and pT stage (1, 2 versus 3, 
4) (p < 0.001, 0.01, and < 0.001, respectively). These 
three factors were also significantly associated with 
the presence of lymphovascular invasion and lymph 
node metastasis (all p < 0.05). Moreover, infiltrative 
growth was significantly associated with DR-I, TB-H, 
and TILs-L (p < 0.001, 0.01, and < 0.01, respectively). 
However, tumor location was not significantly associ-
ated with DR, TB, or TILs.

Association among DR, TB, and TILs in the resected 
specimens and ENE
The results of the association among DR, TB, and TILs 
in the resected specimens and ENE sites are shown in 
Table 3. These three pathological features of the resection 
specimens were significantly associated with those of the 
ENE sites (all p < 0.05).

Based on the clinicopathological analysis of DR, TB, 
and TILs in the resected specimens and association anal-
ysis with ENE, it was indicated that evaluating DR, TB, 
and TILs in the primary sites, as well as from ENE, could 
predict tumor behavior.

Patient characteristics of the OSCC in matched biopsies
We subsequently examined whether biopsy-derived DR, 
TB, and TILs would be useful histopathological factors 
to predict tumor behavior. A total of 131 biopsies were 
collected from the matched patients, and 83 biopsies 
(51%, 83 of 186), including 36 from patients with early 

Table 1  Patients’ demographics

OSCC Oral squamous cell carcinoma, HPV Human papilloma virus, DOI Depth of invasion, LyV Lymphovascular invasion, ENE Extranodal extension, pT pathological T, 
pN pathological N. DOI included both cDOI and pDOI because the cohorts of clinical DOI and pathological DOI were matched 100% (concordance rate = 100%); cutoff 
points were DOI ≤ 5 mm/DOI > 5 mm and DOI ≤ 10 mm/DOI > 10 mm

All patients (n = 186) Early OSCC (n = 92) Progressive OSCC (n = 94)

Characteristics No. of patients % No. of patients % No. of patients %

Sex Female 71 (38.1) 36 (39.1) 35 (37.2)

Male 115 (61.8) 56 (60.9) 59 (62.8)

Age, years Mean age 68.9 (range, 31 − 91) 69 (range, 31 − 91) 68.6 (range, 38 − 87)

 ≥ 64 57 (30.6) 27 (29.3) 30 (31.9)

 < 64 129 (69.4) 65 (70.7) 64 (68.1)

High-risk HPV exposure No 186 (100) 92 (100) 94 (100)

Anatomical site Palate 4 (2.1) 4 (4.3) 0 (0)

Oral floor 3 (1.6) 2 (2.2) 1 (1.1)

Gingiva 29 (15.6) 4 (4.3) 25 (26.6)

Tongue 129 (69.3) 67 (72.8) 62 (66.0)

Buccal mucosa 21 (11.3) 15 (16.3) 6 (0)

DOI  ≤ 5 mm 63 (33.9) 58 (63.0) 5 (5.3)

 > 5 mm 123 (66.1) 34 (40.0) 89 (94.7)

DOI  ≤ 10 mm 102 (54.9) 92 (100) 10 (10.6)

 > 10 mm 84 (45.2) 0 (0) 84 (9.4)

LyV Negative 73 (39.2) 54 (58.7) 19 (20.2)

Positive 113 (60.8) 38 (41.3) 75 (79.8)

ENE Negative 159 (85.5) 90 (97.8) 69 (73.4)

Positive 27 (14.5) 2 (2.2) 25 (26.6)

pT 1, 2 92 (49.5) 92 (100) 0 (0)

3, 4 94 (50.5) 0 (0) 94 (100)

pN 0 128 (68.8) 83 (90.2) 45 (47.9)

1 16 (8.6) 4 (4.3) 12 (64.5)

2, 3 42 (22.6) 5 (5.4) 37 (19.9)
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and 47 from those with progressive OSCC, met the cri-
teria and were then subjected to further analyses (Addi-
tional File 4). Of the 83 biopsies, 27 (33%) had lymph 
nodes metastasis, and 10 patients with ENE were avail-
able (12%, 10/83), all of whom were in the progressive 
stage. cDOI was unavailable in three of 186 OSCC cases 

(SCC 103, SCC 152, and SCC 163); two had artifacts, and 
one was evaluated by computed tomography. Among 
the 183 cDOI evaluated cases, the concordance rate of 
DOI ≤ 5 mm and DOI > 5 mm and of DOI ≤ 10 mm and 
DOI > 10 mm between cDOI and pDOI was 100% (Sup-
plementary Table  1 in Additional File 1). However, the 

Table 2  Association of clinicopathological features with DR, TB, and TILs using surgically resected specimens

OSCC Oral squamous cell carcinoma, DR Desmoplastic reaction, TB Tumor budding, TILs Tumor-infiltrating lymphocytes, pDOI pathological depth of invasion, LN 
lymph nodes, LyV lymphovascular invasion, pT pathological T, pN pathological N. Boldface indicates statistically significant values

Desmoplastic reaction Tumor budding Tumor-infiltrating lymphocytes

Mature (%) Immature (%) p-value Low (%) High (%) p-value High (%) Low % p-value

Sex 0.81 0.19 0.06

  Female 29 (41) 42 (59) 53 (75) 18 (25) 44 (62) 27 (38)

  Male 49 (43) 66 (57) 95 (83) 20 (17) 55 (48) 60 (52)

Age, years 0.17  < 0.001 0.59

   < 65 28 (49) 29 (50) 41 (72) 16 (28) 32 (56) 25 (44)

   ≥ 65 50 (39) 79 (61) 107 (83) 22 (17) 67 (52) 62 (48)

Location 0.63 0.6 0.36

  Palate 3 (75) 1 (21) 4 (100) 0 (0) 3 (75) 1 (25)

  Oral floor 1 (33) 2 (60) 3 (100) 0 (0) 2 (67) 1 (33)

  Gingiva 12 (41) 17 (58) 22 (76) 7 (24) 11 (38) 18 (62)

  Tongue 55 (43) 74 (57) 101 (78) 28 (22) 70 (54) 59 (46)

  Buccal mucosa 7 (33) 14 (66) 18 (86) 3 (14) 13 (62) 8 (38)

pDOI  < 0.001 0.06  < 0.001
   ≥ 5 mm 46 (73) 17 (27) 55 (87) 8 (13) 49 (78) 14 (22)

   < 5 mm 32 (26) 91 (74) 93 (76) 30 (24) 50 (41) 73 (59)

pDOI  < 0.001 0.01  < 0.001
   ≥ 10 mm 57 (56) 45 (44) 88 (86) 14 (14) 72 (71) 30 (29)

   < 10 mm 21 (25) 63 (75) 60 (71) 24 (29) 27 (32) 57 (68)

Metastasis  < 0.001 0.02  < 0.001
  Absent 68 (53) 60 (47) 108 (84) 20 (16) 79 (62) 49 (38)

  Present 10 (17) 48 (83) 40 (69) 18 (31) 20 (34) 38 (66)

Number of LNs  < 0.001 0.03  < 0.001
  n = 0 68 (53) 60 (47) 108 (84) 20 (16) 79 (62) 49 (38)

  n = 1 5 (23) 16 (76) 16 (76) 5 (24) 10 (48) 11 (52)

  n > 2 5 (13) 32 (86) 24 (65) 13 (35) 10 (27) 27 (73)

Pattern of invasion  < 0.001 0.01  < 0.01
  1, 2 30 (70) 13 (30) 40 (93) 3 (7) 31 (72) 12 (28)

  3, 4 48 (34) 95 (66) 108 (76) 35 (24) 68 (48) 75 (52)

LyV  < 0.001 0.03  < 0.001
  Absent 44 (60) 29 (39) 64 (88) 9 (12) 50 (68) 23 (32)

  Present 34 (30) 79 (70) 84 (74) 29 (26) 49 (43) 64 (57)

pT  < 0.001 0.01  < 0.001
  1, 2 54 (59) 38 (41) 80 (87) 12 (13) 67 (73) 25 (27)

  3. 4 24 (26) 70 (74) 68 (72) 26 (28) 32 (34) 62 (66)

pN  < 0.001 0.02  < 0.01
  0 68 (53) 60 (47) 108 (84) 20 (16) 79 (42) 49 (41)

  1, 3 (19) 13 (81) 13 (81) 3 (19) 6 (37) 10 (63)

  2, 3 7 (17) 35 (83) 27 (64) 15 (36) 14 (33) 28 (67)
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three unavailable cases were not included in the analysis 
of biopsy specimens; accordingly, cDOI was applicable in 
all 83 biopsies, 54 (66%) of which had cDOI > 5 mm and 
41 (48%) had cDOI ≤ 10 mm.

Association of the clinicopathological features with DR, TB, 
and TILs in biopsy specimens
Table  4 summarizes the association of clinicopatho-
logical features with DR, TB, and TILs in biopsy 
specimens. DR-I and TILs-L were significantly associ-
ated with cDOI > 5  mm, cDOI > 10  mm, and pT stage 
(all p < 0.01) similar to that in resected specimens, 
although TB was not significantly associated. DR-I 
and TILs-L were also significantly associated with the 
presence and number of lymph node metastases (all 
p < 0.05). TB-H was significantly associated with the 
number of metastatic lymph nodes (p = 0.02). DR, TB, 
and TILs were not significantly associated with tumor 
location.

Association among DR, TB, and TILs in biopsies and ENE 
sites
Similar to resections, the three pathological features 
of biopsies were significantly associated with those 
of the ENE site (all p < 0.05, Table  5). In addition, 
these three features in biopsies were also significantly 
associated with matched resections (all p ≤ 0.001, 
Table 6).

Based on the results, similar to that in the resected 
specimens, histopathological evaluation of DR, TB, and 
TILs in a biopsy was proven useful for predicting the 
clinicopathological features and tumor behavior, includ-
ing metastatic potential and invasiveness, at ENE in met-
astatic lymph nodes.

Predictive factors for the presence of ENE 
and the predictive value of single or combined risk factors 
for resected specimens
Evaluating the histological factors of DR, TB, and TILs 
in both biopsies and resections could predict tumor 
behavior, including lymph node metastasis activity and 
tumor behavior in ENE; therefore, we performed bivari-
ate and multivariate analyses to evaluate the predic-
tive factors for detecting ENE in resected specimens. 
To evaluate the predictive factors for ENE, we per-
formed the analyses in all patients, those with progres-
sive OSCC and those with lymph node metastasis. The 
bivariate analysis showed that the independent variables 
for predicting ENE were TB-H (odds ratio [OR] = 3.30, 
95% confidence interval [CI] = 1.15 − 9.60; p = 0.03) and 
pDOI > 10 mm (OR = 6.90, 95% CI = 1.49 − 31.9; p = 0.01) 
in all patients; TB-H (OR = 1.04, 95% CI = 1.37 − 13.3; 
p = 0.01) in those with progressive OSCC; and TB-H 
(OR = 5.70, 95% CI = 1.39 − 23.4; p = 0.02) in those with 
lymph node metastasis (Table  7). However, the multi-
variate logistic regression revealed that TB-H (OR = 3.14, 
95% CI = 1.25 − 7.91; p < 0.001) and pDOI > 10  mm 
(OR = 8.05, 95% CI = 2.62 − 24.7; p < 0.001) were inde-
pendent factors for ENE (Table 7). In the biopsies, bivari-
ate logistic regression analyses revealed no significant 
relationships between the risk factors and presence of 
ENE (Additional File 5).

Association between pathological high‑risk factors 
and the presence of ENE
The sensitivity, specificity, PPV, NPV, and accuracy 
for single or a combination of independent factors for 
pathological features in detecting ENE were analyzed 
(Table  8). In the resected specimens, TB-H showed 
high specificity and low sensitivity for the presence of 

Table 3  Relationships among DR, TB, and TILs in ENE and resection (n = 27)

DR Desmoplastic reaction, TB Tumor budding, TILs Tumor-infiltrating lymphocytes, ENE Extranodal extension, CR Concordance rate, DR-I Immature desmoplastic 
reaction, DR-M Mature desmoplastic reaction, TB-H High tumor budding, TB-L Low tumor budding, TILs-L Low-grade tumor-infiltrating lymphocytes, TILs-H High-grade 
tumor-infiltrating lymphocyte

In matched ENE (n = 27)

DR-M DR-I CR p-value

In matched resection 
(n = 27)

DR-M 3 2 89%  < 0.01
DR-I 1 21

TB-L TB-H CR p-value

TB-L 13 2 74% 0.01
TB-H 5 7

TILs-H TILs-L CR p-value

TILs-H 13 4 78%  < 0.01
TILs-L 2 8
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ENE (sensitivity, 44%; specificity, 84%; accuracy, 78%). In 
contrast, pDOI > 10  mm exhibited high sensitivity and 
low specificity (sensitivity, 85%; specificity, 62%; accu-
racy, 65%). The combination of TB-H and pDOI > 10 mm 
(TB-H/pDOI > 10 mm) showed the highest specificity and 
accuracy (sensitivity, 37%; specificity, 91%; accuracy, 83%).

In the biopsy specimens, although no independent his-
tological factors were noted for predicting ENE, signifi-
cant associations between ENE and the status of DR-I, 
TILs-L, and radiologically evaluated cDOI >10 mm were 
detected (all p<0.05). The histological features of DR-I, 

TILs-L, and cDOI >10 mm exhibited high sensitivity but 
low specificity and low accuracy (all sensitivity, >80%; 
all specificity, <60%; all accuracy, <60%). The combina-
tion of DR-I and TILs-L (DR-I/TILs-L) also showed high 
sensitivity but low specificity and accuracy (80%, 31%, 
and 70%, respectively). The combination of DR-I, TILs-
L, and cDOI >10 mm (DR-I/TILs-L/cDOI >10 mm) 
demonstrated >70% sensitivity, 77% specificity, and 76% 
accuracy. Moreover, TB-H/pDOI>10 mm, DR-I/TILs-L, 
and DR-I/TILs-L/cDOI>10 mm could identify all ENEmi 
(100%, 5/5) (Additional File 6).

Table 4  Association of clinicopathological features with DR, TB, and TILs in biopsy specimens

DR Desmoplastic reaction, TB Tumor budding, TILs Tumor-infiltrating lymphocytes, cDOI clinical depth of invasion, LN lymph nodes, pT pathological T, pN pathological 
N

Desmoplastic reaction Budding Tumor-infiltrating lymphocytes

Mature (%) Immature (%) p-value Low (%) High (%) p-value High (%) Low % p-value

Sex 0.44 0.62 0.5

  Female 13 (39) 20 (61) 26 (79) 7 (21) 19 (58) 14 (42)

  Male 24 (48) 26 (52) 37 (74) 13 (26) 25 (50) 25 (50)

Age, years 0.53 0.51 0.68

   < 63 12 (40) 18 60) 24 (80) 6 (20) 15 (50) 15 (50)

   ≥ 64 25 (47) 28 (53) 39 (74) 14 (26) 29 (55) 24 (45)

Location 0.7 0.6 0.73

  Palate 1 (100) 0 (0) 1 (100) 0 (0) 1 (100) 0 (0)

  Oral floor 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

  Gingiva 6 (43) 8 (57) 12 (86) 2 (14) 7 (50) 7 (50)

  Tongue 26 (43) 34 (57) 45 (75) 15 (25) 31 (52) 29 (48)

  Buccal mucosa 4 (50) 4 (50) 5 (62) 3 (38) 5 (63) 3 (38)

cDOI  < 0.001 0.28  < 0.01
   ≤ 5 mm 25 (86) 4 (14) 24 (83) 5 (17) 22 (76) 7 (24)

   > 5 mm 12 (22) 42 (78) 39 (72) 15 (328) 22 (41) 32 (59)

cDOI  < 0.001 0.1  < 0.001
   ≤ 10 mm 29 (69) 13 (31) 35 (83) 7 (17) 31 (74) 11 (26)

   > 10 mm 8 (20) 33 (80) 28 (68) 13 (32) 13 (32) 28 (68)

Metastasis  < 0.01 0.41  < 0.01
  Absent 31 (55) 25 (45) 44 (79) 12 (21) 36 (64) 20 (36)

  Present 6 (22) 21 (78) 19 (70) 8 (30) 8 (30) 19 (70)

Number of LNs 0.02 0.049 0.01
  n = 0 31 (55) 25 (45) 44 (79) 12 (21) 36 (64) 20 (36)

  n = 1 2 (17) 10 (83) 11 (92) 1 (8) 3 (25) 9 (75)

  n≧2 4 (27) 11 (73) 8 (53) 7 (47) 5 (33) 10 (67)

pT  < 0.001 0.06  < 0.001
  1, 2 27 (75) 9 (25) 31 (86) 5 (14) 27 (75) 9 (25)

  3, 4 10 (21) 37 (79) 32 (68) 15 (32) 17 (36) 30 (64)

pN 0.02 0.2 0.01
  0 31 (55) 25 (45) 44 (79) 12 (21) 36 (64) 20 (36)

  1 2 (22) 7 (78) 8 (89) 1 (11) 2 (22) 7 (78)

  2, 3 4 (22) 14 (78) 11 (61) 7 (39) 6 (33) 12 (67)
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Discussion
In this study, we clearly demonstrated that the combina-
tion of TB-H/pDOI > 10  mm in resections showed the 
highest specificity and accuracy for detecting ENE and 
that the combination of DR-I/TILs-L/cDOI > 10  mm in 
biopsies showed high sensitivity, specificity, and accu-
racy for detecting ENE, including ENEmi. These results 
were derived from DR, TB, and TILs in biopsy speci-
mens, resected specimens, and ENE site, all of which 
were significantly associated. Moreover, DR-I, TB-H, 
and TILs-L in resected specimens and DR-I and TILs-L 
in biopsy specimens were significantly associated with 
DOI > 10 mm, pT stage, and lymph node metastasis, and 
TB-H and pDOI > 10  mm in resected specimens were 
identified as independent factors for the presence of ENE 
in the multivariate analysis. We confirmed that evaluat-
ing the DR, TB, TILs, and DOI in the primary site and 
a combination of these factors in both resection and 

biopsies is useful for predicting the tumor behavior in 
metastatic lymph nodes and presence of ENE in patients 
with OSCC.

ENE occurs in 37.5 − 56.4% of lymph node metasta-
ses in OSCC [37, 38]. Assessing ENE is vital during both 
pre- and postoperative examinations to decide whether 
wide-neck resection or chemoradiotherapy should be 
performed [39]. However, several ENEs are overlooked 
during clinical examinations due to limited radiological 
accuracy and the absence of a critical predictor of ENE. 
Recent studies have shown that TP53 mutation and SER-
PINE1 expression in fibroblasts increase the risk of ENE 
[40, 41]. However, their abilities as predictors of ENE are 
limited, and the evaluation of these factors is difficult in 
routine work [40, 41]; thus, a versatile and more simple 
method for supporting the cENE evaluation and pre-
dicting the presence of ENE using biopsy or surgically 
resected specimens of OSCC is required.

Table 5  Relationships among DR, TB, and TILs in ENE and biopsy (n = 10)

DR Desmoplastic reaction, TB Tumor budding, TILs Tumor-infiltrating lymphocytes, ENE Extranodal extension, CR Concordance rate, DR-I Immature desmoplastic 
reaction, DR-M Mature desmoplastic reaction, TB-H High tumor budding, TB-L Low tumor budding, TILs-L Low-grade tumor-infiltrating lymphocytes, TILs-H High-grade 
tumor-infiltrating lymphocytes

In matched ENE (n = 10)

DR-M DR-I CR p-value

In matched biopsy  
(n = 10)

DR-M 0 0 100% ―
DR-I 0 10

TB-L TB-H CR p-value

TB-L 5 1 90% 0.02
TB-H 0 4

TILs-H TILs-L CR p-value

TILs-H 1 1 90% 0.03
TILs-L 0 8

Table 6  Relationships among DR, TB, and TILs in biopsy and resection (n = 83)

DR Desmoplastic reaction, TB Tumor budding, TILs Tumor-infiltrating lymphocytes, ENE Extranodal extension, CR Concordance rate, DR-I Immature desmoplastic 
reaction, DR-M Mature desmoplastic reaction, TB-H High tumor budding, TB-L Low tumor budding, TILs-L Low-grade tumor-infiltrating lymphocytes, TILs-H High-grade 
tumor-infiltrating lymphocytes

In matched biopsy (n = 83)

DR-M DR-I CR p-value

In matched resection 
(n = 83)

DR-M 30 7 83%  < 0.001
DR-I 7 39

TB-L TB-H CR p-value

TB-L 55 11 77% 0.001
TB-H 8 9

TILs-H TILs-L CR p-value

TILs-H 36 8 82%  < 0.001
TILs-L 8 31
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To the best of our knowledge, this study is the first to 
demonstrate that TB-H, DR-I, and TILs-L and their com-
bination in resections or biopsies are useful predictors 
for the presence of ENE, including ENEmi. DR, TB, and 
TILs at the ENE site were significantly correlated with 
those at the primary sites. This suggests that the TME in 
the primary sites is similar to that in the ENE sites; the 

TME affects the tumor behavior in OSCC and indicates 
the presence of ENE. In other words, histological evalu-
ation of DR, TIL, and BD in the biopsy could predict the 
tumor behaviors in the resections and ENE. The TME in 
the primary site might influence the microenvironment 
in ENE [17, 41]. During carcinogenesis, the synthesis 
and remodeling of TME components may induce cancer 

Table 7  Bivariate and multivariate logistic regression analyses of ENE using surgically resected specimens

CI Confidence interval, DR-I Immature desmoplastic reaction, TB-H High tumor budding, TILs-L Low-grade tumor-infiltrating lymphocytes, pDOI pathological depth of 
invasion, ENE Extranodal extension

Bivariate Multivariate

Odds ratio 95% CI p Odds ratio 95% CI p

All (n = 186)

DR-I 1.71 0.52 − 5.63 0.38

TB-H 3.30 1.15 − 9.60 0.03 3.14 1.25 − 7.91  < 0.001
TILs-L 1.74 0.59 − 5.12 0.31

pDOI > 5 mm 1.47 0.18 − 11.7 0.71

pDOI > 10 mm 6.90 1.49 − 31.9 0.01 8.05 2.62 − 24.7  < 0.001
Progressive (n = 94)

DR-I 1.04 0.29 − 3.68 0.94

TB-H 1.04 1.37 − 13.3 0.01
TILs-L 1.59 0.50 − 5.02 0.42

pDOI > 5 mm 1.06 0.04 − 27.4 0.97

pDOI > 10 mm 1.40 0.13 − 14.4 0.67

Metastasis (n = 56)

DR-I 0.58 0.13–2.66 0.48

TB-H 5.70 1.39 − 23.4 0.02
TILs-L 2.37 0.64 − 9.94 0.20

pDOI > 5 mm 0.31 0.02 − 4.40 0.38

pDOI > 10 mm 2.99 0.50 − 17.9 0.23

Table 8  Prediction of ENE by single and combination risk factors in biopsy and surgically resected specimens

PPV Positive predictive value, NPV Negative predictive value, CR Concordance rate, TB-H High tumor budding, pDOI pathological depth of invasion, DR-I Immature 
desmoplastic reaction, TILs-L Low-grade tumor-infiltrating lymphocytes, cDOI clinical depth of invasion, ENE Extranodal extension. Boldface indicates statistically 
significant values

Risk factors Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) p Cohort 
proportion (n; 
yes vs. no)

Surgically resected specimens

TB-H 44 84 33 90 78  < 0.01 (38:148)

pDOI > 10 mm 85 62 27 96 65  < 0.01 (84:102)

TB-H/pDOI > 10 mm 37 91 42 88 83  < 0.01 (24:162)

Biopsy specimens

DR-I 100 51 22 100 57  < 0.01 (46:37)

TILs-L 80 58 21 95 60 0.03 (39:44)

TB-H - - - - - 0.16 (20:63)

cDOI > 10 mm 90 56 22 98 60  < 0.01 (41:42)

DR-I/TILs-L 80 31 26 96 70  < 0.01 (31:52)

DR-I/TILs-L/cDOI > 10 mm 70 77 29 95 76  < 0.01 (24:59)
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immuno-response and epithelial–mesenchymal transi-
tion, which promotes the miniaturization of tumor nests 
and deposition of reactive stroma [17, 18]. Thus, the 
TME in the primary sites of OSCC might be related to 
the presence of lymph node metastasis and ENE [17, 32]. 
Therefore, additional large-sample studies are needed to 
establish a nomogram (parameters including TB, DR, 
TILs, and cDOI in biopsies) to predict the presence of 
ENE in patients with OSCC, which can aid in providing 
appropriate treatment, including wide-neck lymph node 
dissection and/or chemoradiation therapy.

To the best of our knowledge, no reports have yet 
addressed the association between TB and ENE. This 
study clearly showed that TB-H was significantly asso-
ciated with lymph node metastasis and was a powerful 
independent factor for ENE, showing high specificity in 
resections but not in biopsies. It is presumed that biop-
sies do not contain adequate invasion front regions, lead-
ing to the low prediction accuracy of ENE. TB is defined 
as a single cancer cell or a small cluster comprising less 
than five cancer cells at the tumor invasion front [21–
23]. Thus far, several studies have demonstrated that TB 
is a valuable prognostic marker, especially in the colon, 
nasopharynx, esophagus, lung, and breast [21, 22, 25–30, 
32, 33]. A meta-analysis revealed that high-grade TB is 
significantly associated with lymph node metastasis in 
OSCC [21]. These are consistent with our results.

In contrast to TB, DOI in both biopsies and resec-
tions showed high sensitivity and low specificity 
for the presence of ENE, and this study is the first to 
report that pDOI > 10  mm is an independent risk fac-
tor for ENE. DOI is defined as the extent of the tumor 
below the epithelial membrane, and it can be measured 
by preoperative radiological assessment using MRI 
or ultrasonography [6]. High tumor DOI is associ-
ated with a high frequency of lymph node metastasis, 
and especially DOI > 10.5 mm is associated with a high 
incidence of ENE [35]. Moreover, the high correlation 
between cDOI and pDOI has been well described [31] 
and is consistent with the current data; thus, the AJCC 
8th edition includes it as a parameter for T staging 
(≤ 5 mm and > 5 mm; ≤ 10 mm and > 10 mm) [6, 14, 42, 
43]. Most ENEs were considered to have occurred in 
the advanced stage (93%, 25/27) with DOI > 10 mm, and 
79% of cases with lymph node metastasis (46 of 58) had 
a DOI > 10 mm; thus, DOI > 10 mm could increase the 
sensitivity and/or specificity of factors, such as DR-I/
TILs-L and TB-H.

Our study demonstrated the association between 
DR-I and higher pT and the presence of lymph node 
metastasis, including ENE. Previous studies have 
revealed that DR-I is associated with higher pT, pres-
ence of lymph node metastasis, and poor outcome in 

OSCC [17, 21, 23]. This might be due to the transfor-
mation of fibroblasts to cancer-associated fibroblasts 
(CAFs) during carcinogenesis [24]. CAFs promote 
tumor invasiveness and remodel the stroma from a 
mature to an immature state by the deposition of gly-
cosaminoglycans through growth differentiation factor 
(GDF10) secretion [44, 45]. This represents the histo-
pathological features of DR-I [24, 44]. Therefore, the 
evaluation of DR in both biopsies and resections is a 
useful predictive factor for tumor behavior and lymph 
node metastasis in patients with OSCC.

Our results showed that TILs-L was significantly asso-
ciated with DOI > 5  mm, DOI > 10  mm, lymph node 
metastasis, and the number of metastatic nodes in resec-
tions and biopsies. TILs are a selected population of 
T-cells with a higher specific immunological reactivity 
against tumor cells [17, 18]. In OSCC, TILs also include 
B-cells, and B-cell density is a good prognostic predictor 
in male and younger patients with OSCC who consume 
tobacco or alcohol [46]. In addition, TIL is a modulator 
of cancer invasion and metastasis [17, 18], and low-grade 
lymphocyte infiltration is associated with worse out-
comes [19, 47]; these reports are consistent with the cur-
rent results.

Currently, some studies examine DR and TIL consid-
ering the distribution of tumors nest and stroma; DR 
and TILs are assessed as the concepts of “tumor-stroma 
ratio” and “Immune phenotype,” respectively [47, 48]. 
Stroma-rich OSCC with low infiltration of lympho-
cytes has an aggressive behavior and is associated with 
unfavorable prognosis [49], which was consistent with 
our result, in which DR-I and TILs-L were significantly 
associated with powerful prognostic factor ENE + .”

In this study, a single pathological risk factor showed 
high sensitivity but low specificity and vice versa. In 
biopsies, the combination of DR-I/TILs-L/cDOI > 10 mm 
successfully had higher sensitivity, specificity, and accu-
racy (70%, 77%, and 76%, respectively), whereas TB-H/
pDOI > 10  mm exhibited higher specificity and accu-
racy (91% and 83%, respectively) than a single factor in 
resections.

These predictive factors could be simply evaluated 
using routine H&E staining and included in pathology 
reports. Few studies have examined the pathological 
predictive factors for ENE [40, 41]. Gleber-Netto et al. 
noted an increasing trend toward the frequency of 
ENE among patients with TP53-mutant OSCC (65.5%) 
than among those with WT TP53 OSCC (42.1%; 
p = 0.07) [40]. Dhanda et al. showed that the combina-
tion of smooth muscle actin and SERPINE1 expression 
(4G/5G polymorphism) in CAF had superior sensi-
tivity and specificity to MRI for the detection of ENE 
(sensitivity: 81%; specificity: 54%) [41]. Predictors from 
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biopsies, such as DR-I/TILs-L, also had high sensitiv-
ity and accuracy (80% and 70%, p < 0.01), and adding 
cDOI > 10 mm (DR-I/TILs-L/cDOI > 10 mm) provided 
high sensitivity, specificity, and accuracy (70%, 55%, 
and 76%, respectively; p < 0.01); this could also be eval-
uated simply even in biopsies. In addition, histological 
features, such as non-TB-H/pDOI > 10 mm, in resections 
were revealed to be excellent negative predictors of ENE, 
with high specificity and accuracy. These two predictors 
could also predict all ENEs, including ENEmi.

This study has some limitations. First, the sample size 
was relatively small, particularly in patients with ENE. 
Second, we did not perform survival analysis, and the 
prognostic value derived with the available predictors 
was unclear, although the presence of ENE is an estab-
lished prognostic factor in patients with OSCC.

Conclusions
Our study showed that TB-H was an independent risk 
factor for ENE because the TME status in primary 
OSCC was significantly associated with that in ENE. 
This is the first study to demonstrate the association 
among DR, TB, TILs, and DOI between primary OSCC 
and ENE. Histological evaluation of these factors could 
be included in pathological reports to provide more 
appropriate treatment for patients with OSCC. Further 
studies with a large number of patients are needed to 
establish the significance of DR, TB, and TILs, especially 
in biopsies, in patients with OSCC and to establish a 
useful and versatile nomogram using histopathological 
factors in biopsies for evaluating the presence of ENE in 
patients with OSCC.
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Additional file 1: Clinicopathological status of 186 surgically resected 
specimens. Supplementary Table 1. The clinicopathological features 
were evaluated as follows; Sex (0: female; 1: male); cDOI 5 mm (0: ≤5 mm; 
1: <5 mm); cDOI 10 mm (0: ≤10 mm; 1: DOI >10 mm); pDOI 5 mm (0: ≤5 

mm; 1: <5 mm); pDOI 10 mm (0: ≤10 mm; 1: DOI >10 mm); Metastasis (0: 
absence; 1: presence); Number of lymph node metastases (0: n=0; 1: n=1; 
2: n≥2); Pattern of invasion (1: pattern of 1 and 2; 2: pattern of 3 and 4); 
LyV (0: absence; 1: presence); pT (0: pT1, 2; 1: pT3, 4); pN (0: no LN metas-
tasis; 1: pN1; 2: pN2 and 3); ENE (0: absence; 1: presence); DR (0: DR-M; 1: 
DR-I); TB (0: TB-L; 1: TB-H); TILs (0: TILs-L; 1: TILs-H); TB-H/pDOI>10 mm (0: 
no; 1: yes); DR-I/TILs-L (0: no; 1: yes); DR-I/TILs-L/pDOI >10 mm (0: no; 1: 
yes). MRI and CT were used in measuring the cDOI. Each unknown mass 
and artifact indicates that MRI could not detect a mass due to the small 
size, superficial location, or artifact. cDOI, clinical depth of invasion; pDOI, 
pathological depth of invasion; pT, pathological T; pN, pathological N; ENE, 
extranodal extension; LyV, lymphovascular invasion; DR, desmoplastic 
reaction; TB, tumor budding; TILs, tumor-infiltrating lymphocytes; TB-H, 
high tumor budding; DR-I, immature desmoplastic reaction; TILs-L, low-
grade tumor-infiltrating lymphocytes; MRI, magnetic resonance imaging; 
CT, computed tomography.

Additional file 2. Detection of high-risk HPV infection status. The detec-
tion methods for patients at high risk of HPV infection are described. We 
evaluated the RNA in 186 patients with OSCC using the RNA scope 2.0 
BROWN assay kit (Advanced Cell Diagnostics, Hayward, CA, USA). HPV, 
human papilloma virus; OSCC, oral squamous cell carcinoma

Additional file3. Histopathological features of RNA in situ hybridization 
HPV-HR18. Positive control: The endocervical high-grade squamous 
intraepithelial lesion shows punctate brown signals localized to the 
nuclei and/or cytoplasm (A). Hematoxylin and eosin (H&E) staining, 
×400, (B). RNA in situ hybridization, ×400. There are no signals in the 
oral squamous cell carcinoma (C). H&E staining, ×200, (D). RNA in situ 
hybridization, ×400

Additional file 4. Clinicopathological status of 83 biopsy specimens. 
The clinicopathological features were evaluated as follows; Sex (0: 
female; 1: male); cDOI 5 mm (0: ≤5 mm; 1:<5 mm); cDOI 10 mm (0: ≤10 
mm; 1: DOI>10 mm); Metastasis (0: absence; 1: presence); Number of 
lymph node metastasis (0: n=0; 1: n=1; 2: n ≥2); Pattern of invasion (1: 
pattern of 1 and 2; 2: pattern of 3 and 4); LyV (0: absence; 1: presence); pT 
(0: pT1, 2; 1: pT3, 4); pN (0: no LN metastasis; 1: pN1; 2: pN2, and 3); ENE 
(0: absence; 1: presence); DR (0: DR-M; 1: DR-I); TB (0: TB-L; 1: TB-H); TILs (0: 
TILs-L; 1: TILs-H); TB-H/cDOI >10 mm (0: no; 1: yes); DR-I/TILs-L (0: no; 1: 
yes); DR-I/TILs-L/cDOI >10 mm (0: no; 1: yes).cDOI, clinical depth of inva-
sion; pT, pathological T; pN, pathological N; ENE, extranodal extension; 
DR, desmoplastic reaction; TB, tumor budding; TILs, tumor-infiltrating 
lymphocytes; TB-H, high tumor budding; DR-I, immature desmoplastic 
reaction; TILs-L, low-grade tumor-infiltrating lymphocytes.

Additional file 5. Bivariate logistic regression analyses of ENE using 
biopsy specimens. In the biopsies, bivariate logistic regression analyses 
revealed no significant relationships between the above-mentioned 
risk factors and presence of ENE (all p>0.05). CI, confidence interval; 
inf, infimum; DR-I, immature desmoplastic reaction; TB-H, high tumor 
budding; TILs-L, low-grade tumor-infiltrating lymphocytes; cDOI, clinical 
depth of invasion; ENE, extranodal extension.

Additional file 6. Association of combination risk factors with the 
diameters of the extent of ENE and tumor deposits in lymph nodes. 
The figure shows the association of risk factors with the diameters of 
tumor deposits in the lymph nodes and extent of ENE using surgically 
resected specimens. We investigated whether TB-H/pDOI >10 mm, 
DR-I/TILs-L, and DR-I/TILs-L/cDOI>10 mm could predict ENE status 
regardless of the tumor deposit size or extent of ENE. Mann–Whitney U 
test indicated no significant association in sizes between the cohort of 
TB-H/pDOI >10 mm and the others, between DR-I/TILs-L and the oth-
ers, and DR-I/Tils-L/cDOI >10 mm and the others. Moreover, both DR-I/
TILs-L and DR-I/TILs-L/cDOI >10 mm in the biopsy specimens could 
identify all ENEmi (100%, 5/5). *p-value: Comparison of semiquantita-
tive values between the risk factor and other (non-risk factor) groups 
(Mann−Whitney U test). TB-H, high tumor budding; pDOI, pathological 
depth of invasion; DR-I, immature desmoplastic reaction; TILs-L, low-
grade tumor-infiltrating lymphocytes; cDOI, clinical depth of invasion; 
ENE, extranodal extension; ENEmi, minor ENE.
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