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ABSTRACT

Aims: Previous studies have demonstrated that tumor-stroma ratio (TSR) and tumor budding are of
prognostic value for oral squamous cell carcinomas (OSCC). Herein we evaluated the prognostic
significance of those histological parameters, individually and in combination, for OSCC.

Methods: TSR and tumor budding (the presence of = 5 buds at the invasive front) were estimated in
254 patients with OSCC. The clinicopathological association was investigated using a chi-square
test, and the prognostic significance (cancer-specific survival and disease-free survival) was verified
by Kaplan-Meier analysis and the Cox proportional hazard model.

Results: TSR (= 50%, stroma-rich) was significantly and independently associated with both
shortened cancer-specific survival and poor disease-free survival, whereas tumor budding
significantly reduced cancer-specific survival. The TSR/tumor budding model was independently
associated with a high-risk of cancer-mortality and recurrence (disease-free survival). In patients with
early-stage tumors (clinical stage | and I, n=103), TSR, tumor budding and the TSR/tumor budding
model were significantly associated with both cancer-related death and recurrence, while in
advanced-stage tumors (clinical stage Ill and IV, n=144), only TSR and the TSR/tumor budding
model were significantly associated with cancer-specific survival.

Conclusions: TSR, tumor budding and their combination provide significant information on OSCC
outcome, suggesting that their incorporation into the routine evaluation of histopathological

specimens might be useful in the prognostication of OSCC patients.

Keywords: oral cancer, prognosis, tumor-stroma ratio, tumor budding.
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Introduction
Oral squamous cell carcinoma (OSCC), the most common tumor in the head and neck region,
affects more than 300,000 new individuals and is responsible for 177,000 deaths every year." OSCC
is considered a very aggressive tumor, and even for those receiving maximum treatment with
curative intent, only half survive for more than 5 years.? Its management and prognosis are mainly
based on clinical criteria, especially TNM classification, however, the behavior of some OSCCs is
unpredictable.® Several pathological features, individually or combined in scoring systems, have
shown an important role in the prognostication of patients with OSCCs.*® Two of them, depth of
invasion and extranodal extension in a metastatic lymph node, were incorporated into T and N
stages, respectively, in the new edition of the clinical staging manual of the American Joint Cancer
Committee.®

The histological analysis of the proportion of tumor cells to fibrotic stroma (tumor-stroma ratio-
TSR) in hematoxylin and eosin (HE) stained slides has been shown to be of prognostic value for
solid tumors,” including OSCCs.%° The study by Niranjan and Sarathy,® which was composed of a
small sample size and a short follow up, did not find a significant association between TSR and
outcome. On the other hand, the study performed by Almangush and colleagues® revealed that TSR
is a powerful marker for both cancer-related mortality and disease-free survival. Another potential
histological prognostic marker for OSCC, which can also be assessed in HE stained slides, is tumor
budding, single cells or clusters of up to 5 cancer cells at the invasive front, as revealed by recent
systematic reviews with meta-analysis.®'" Moreover, the incorporation of tumor budding to the WHO
histological tumor grade of OSCC showed a superior prognostic value compared to WHO histological
tumor grade alone.'?

The aim of the present study was to examine the prognostic value of TSR, tumor budding and
a model combining those 2 histological parameters in a cohort of 254 patients with OSCC.
Furthermore, the ability of those markers to determine clinical outcome was verified separating

OSCCs at early-stage from advanced-stage.

Material and Methods

SAMPLE

This study included 254 patients with OSCC treated at reference hospitals in Brazil (the UOPECCAN
and CEONC Cancer Hospitals in Cascavel-Parana, and the Hospital Bom Pastor in Varginha-Minas

Gerais) between 1998 and 2014. Complete demographic and clinical data were collected from
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patient’s records, including age, gender, habits such as smoking and alcohol consumption, TNM
clinical stage (7th edition), tumor site, type of treatment post-surgery, status of the surgical margins,
recurrence and survival. Treatments were based on radical surgery with or without postoperative
radiotherapy and/or chemotherapy, and no patient had ever received any therapy before surgery.
Surgical margin, identified as the closest distance between the tumor and the surgical resection edge
(both in deep muscle and laterally on the mucosa), was categorized into 2 groups based on a cut-off
value of 5 mm (= 5 mm or < 5 mm). Histological grade of tumors was classified according to the
World Health Organization (WHO) grading system.'® After treatment, patients were followed up for at
least 5 years or until death (mean of 47 months, ranging from 1 to 178 months after treatment), and
recurrences were histologically confirmed. The outcomes were categorized as cancer-specific
survival (time from treatment initiation until death due to disease or last known date alive) and
disease-free survival (time from treatment initiation until diagnosis of the first recurrence (local,
regional or distant) or last follow up information for those without recurrence). The study was
approved by the ethics review board of each of the hospitals affiliated with the collaborative study,
and revised by the Human Research Ethics Committee of the School of Dentistry, University of
Campinas (protocol number: 090/2011).
ASSESSMENT OF TSR AND TUMOR BUDDING
The HE slides were retrieved from the pathology archives, and TSR and tumor budding were
estimated. The number of available slides of the primary tumor for each case ranged from 2 to 16.
TSR was assessed according to van Pelt et al.' After identification of the invasive front, the field with
the highest amount of stroma was scored, ensuring that tumor cells were present on all four sides.
The area was scored at x100 magnification with regard to the percentage of stroma and tumor cells,
classifying the tumors as stroma-poor (< 50%) or stroma-rich (= 50%). Tumor budding was scored as
described elsewhere.’® In essence, the invasive front of the tumor was scanned with low
magnification, and the field with the highest number of tumor buds was counted using high
magnification (x200). The cut-off point was set at 5 buds/field (< 5 buds or = 5 buds). A single
calibrated evaluator scored the parameters. Twenty-five cases were evaluated twice, with 4 weeks
between each evaluation, to test the intra-examiner reproducibility using Cohen’s Kappa coefficient,
which was 0.96 for TSR and 0.84 for tumor budding.

The 2 parameters were combined and grouped as follows: Low risk, tumors with < 50% of TSR
and < 5 buds, Intermediate risk, tumors with = 50% of TSR and < 5 buds or tumors with < 50% of
TSR and = 5 buds, and High risk, tumors with 2 50% of TSR and = 5 buds.
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STATISTICAL ANALYSIS

Associations between clinicopathological parameters and TSR, tumor budding and the TSR/tumor
budding model were performed using a chi-square test. Survival curves were constructed based on
the Kaplan-Meier method and compared with the Log-rank test. For multivariate survival analysis, the
Cox proportional hazard model (stepwise approach) was employed. A p value of <0.05 was

considered statistically significant.

Results

The clinicopathological characteristics of patients included in this study are depicted in
Supplementary Table 1. Although this cohort was collected in different Brazilian cancer treatment
centers, there were no differences in the overall survival rates of patients (data not shown). On TSR
assessment, 55.9% (n=142) of tumors were stroma-poor (< 50%, Figure 1A) and 44.1% (n=112)
were stroma-rich (= 50%, Figure 1B). TSR was significantly associated with smoking habit (p=0.04),
location of primary tumor (p=0.002), local recurrence (p=0.0002) and recurrence in the cervical
lymph nodes (p=0.05) (Table 1). Patients classified as stroma-rich (= 50% TSR) developed
significantly more local and regional relapse than patients classified as stroma-poor (< 50% TSR).
Regarding tumor budding, 148 (58.5%) were classified as < 5 buds/field (Figure 2A), and 105
(41.5%) with = 5 buds/field (Figure 2B). Tumor budding was significantly associated with treatment
(p=0.03) and involvement (< 5 mm) of surgical margins (p=0.004) (Table 1). Patients with = 5
buds/field were treated significantly with more complex treatment and had more involvement of the
surgical margins than patients with < 5 buds/field. Applying the TSR/budding model, 35.4% (n=90)
of tumors were classified as low risk, 43.3% (n=110) as intermediate risk and 21.3% (n=54) as high
risk (Figure 3). Table 2 displays the results of association between the clinicopathological features
and the TSR/budding model. Local recurrence was significantly more frequent in patients with a
tumor classified as high risk (27.8%) compared to intermediate risk (23.1%) and low risk (11.1%)
(p=0.03).

On univariate survival analysis based on log-rank test, clinical stage (p=0.01), TSR (p<0.0001)
and tumor budding (p=0.04) were significantly associated with cancer-specific survival (Table 3). The
TSR/tumor budding model was also significantly associated with cancer-specific survival (Figure 4A).
In comparison with low risk, patients classified at intermediate risk had a shortened survival (HR:
1.75, 95% CI: 0.99-3.07, p=0.05), which was even worse for patients at high risk, yielding a HR of
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4.29 (95% CI: 2.36-7.79, p<0.0001) (Table 3). Individually TSR was the only parameter associated
significantly with disease-free survival (p=0.001, Table 3). After the 5-year follow up, 79% of patients
classified as stroma-poor (< 50% of TSR) remained without recurrence compared with 49.1% of
those classified as stroma-rich (= 50% of TSR) (Table 3). For disease-free survival (Figure 4B), the
proposed model showed that patients at high risk had significantly more relapse than patients at low
risk (HR: 2.95, 95% CI: 1.45-5.99, p=0.003), whereas patients at intermediate risk showed only a
tendency towards association with shortened disease-free survival (p=0.06) (Table 3). On
multivariate survival analysis, TSR, tumor budding and the TSR/tumor budding model were all
independently associated with cancer-specific survival (Table 4). For disease-free survival, TSR
(p=0.006) and high risk TSR/tumor budding model (p=0.007) were significantly associated (Table 4).
We were also interested in determining whether TSR and tumor budding show differential
prognostic significance in OSCCs at early-stage (clinical stages | and Il) and advanced-stage (clinical
stages Ill and 1V). When only patients at early-stage (n=103) were analyzed, TSR (p=0.0002), tumor
budding (p=0.001) and the TSR/tumor budding model (p<0.0001) were significantly associated with
cancer-specific survival on univariate analysis (Figure 5). On multivariate analysis, TSR (HR: 4.73,
95% CI: 1.75-12.77, p=0.002), tumor budding (HR: 3.03, 95% CI: 1.30-7.07, p=0.01) and the
TSR/tumor budding model (HR: 3.70, 95% CI: 1.99-6.88, p<0.0001) were independently associated
with cancer-specific survival of patients diagnosed with tumors at early-stage. For disease-free
survival, TSR (p=0.008) and the TSR/tumor budding model (p=0.02), but not tumor budding (p=0.07),
showed a significant association in early-stage tumors (Figure 5). Cox multivariate analysis
confirmed that both TSR (HR: 2.56, 95% CI: 1.18-5.55, p=0.017) and the TSR/tumor budding model
(HR: 1.89, 95% CI: 1.16-3.10, p=0.01) are independent prognostic markers of disease-free survival.
One hundred and forty-four patients were diagnosed with tumors at advanced-stage, and in
this group, the univariate survival analysis showed that TSR (p=0.002) and the TSR/tumor budding
model (p=0.005) were significantly associated with cancer-specific survival, and none variable was
associated with disease-free survival (Figure 6). TSR (HR: 2.50, 95% CI: 1.47-4.16, p=0.003) and
the TSR/tumor budding model (HR: 1.77, 95% CI: 1.15-2.73, p=0.009) in advanced-stage tumors

were independent prognostic factors for 5-year cancer-specific survival in Cox multivariate analysis.
Discussion

In this study we investigated the prognostic significance of TSR and tumor budding in OSCC. We

found a significant association between high TSR and locoregional recurrence and between the
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presence of tumor budding and involvement (< 5 mm) of surgical margins, both well-known adverse
features of OSCC outcome. We also performed unadjusted and adjusted survival analysis to
evaluate TSR and tumor budding effects on patients’ survival. TSR was associated with cancer-
specific and disease-free survival in both univariate and multivariate analysis, confirming it as an
independent prognostic factor in OSCC. On the other hand, tumor budding was only significantly
and independently associated with cancer-specific survival. Moreover, within the scoring system
combining TSR and tumor budding, we found that the higher the score, the worse the outcome in
5-year cancer-specific and disease-free survival.

Currently it is known that high TSR is associated with increased cancer-mortality and high
relapse in different solid tumors,” which is in line with our findings. In oral cancers, one early
investigation reported reduced 3-year overall survival and disease-free survival rates in stroma-rich
patients, but the differences were not statistically significant, mainly due to the small sample size and
short follow up.® Another multicenter study with 311 early-stage oral tongue carcinomas showed the
stroma-rich group (= 50% TSR) to have a HR of 1.71 with 95% CI of 1.02-2.86 for 5-year cancer-
related mortality and a HR of 1.81 with 95% CI of 1.17-2.79 for 5-year disease-free survival.®
Compared to this previous study, the current study found greater hazard ratios for mortality and
recurrence when comparing stroma-rich and stroma-poor groups in the multivariate analysis. These
differences may be explained by a number of factors. Whilst we have included tumor at different
clinical stages (with a predominance of advanced-stage), from different sites of the oral cavity and
mainly classified as moderately-differentiated tumors, the previous study included only early-stage
tumors from oral tongue, mainly with well or poor cellular differentiation.

The reason for the worse outcome in tumors with a higher proportion of stroma is still unclear,
but it is probably related to the interactions between tumor cells and cancer-associated fibroblasts
(CAFs). The biological properties of CAFs in OSCC progression and metastasis have been
extensively reported,'6-'® and several of those functions are related to the ability of CAFs to secrete
large amounts of extracellular matrix, including collagen.'®2° Collagen and its derived-peptides
formed during collagen-fiber maturation or degradation by proteases such as the matrix
metalloproteinases (MMPs) are directly associated with tumor cell proliferation, survival, migration
and invasion, as well as affecting angiogenesis and immune function in the tumor
microenvironment.?! The fibrotic stroma also prevents drug delivery into the tumor mass, facilitating
chemoresistance.?? Together these features can explain why a tumor with higher stromal content is

prone to having a highly aggressive phenotype, influencing patient’s outcome.
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Tumor budding is a histologic finding in which cells at the tumor front detach from the tumor
mass, as single cell or as clusters with up to 5 tumor cells, and invade into the adjacent normal
tissue. It has been indicated as a confident and reproducible predictor of clinical outcome for
colorectal tumors.?® In oral cancer, 2 recent systematic reviews with meta-analysis verified the value
of tumor budding in OSCC, and demonstrated that high bud activity is frequently associated with
parameters that worsen the prognosis, including lymph node metastasis, and more importantly, = 5
buds/field significantly predicted shortened time to disease relapse and an overall decrease in
survival.'®'" In our analysis, previous data that revealed tumor budding as a prognostic factor for
OSCC were confirmed. Indeed, patients with < 5 buds had a better cancer-specific survival
compared with those with 2 5 buds in both univariate and multivariate analysis. The number of
buds was not associated with disease-free survival, however, in early-stage tumors, a clear
tendency of association was detected (p=0.07), yielding a HR of 1.98 with a 95% CI of 0.92-4.27.
Interestingly, tumor budding was combined with depth of invasion to form the tumor budding and
depth of invasion (BD) risk model for OSCC, which has been associated with high risk for
locoregional recurrence and shortened survival for OSCCs in different studies.524-26

Evidence accumulated over the years reveals a connection between buds and epithelial-
mesenchymal transition (EMT).2” Low expression of E-cadherin and up-regulation of vimentin, both
key features of cells in EMT, were frequently observed in tumor buds of OSCCs.28-3!" Moreover, cells
in the buds exhibited a specific gene expression signature, with activation of the TGFB pathway and
overexpression of EMT transcription factors, including ZEB1 and PRRX1.3% A high expression of
other EMT transcription factors, such as SNAIL and TWIST, was also reported in OSCC buds.3'
Another important avenue to be explored is the association of tumor budding and cell stemness. A
recent study revealed a significant correlation between CD44 overexpression and high tumor
budding activity at the invasive margin of OSCCs.?? Indeed, the connection among budding, EMT
and cancer stem cells would be interesting to define, warranting further studies of stem cell markers
in tumor buds.

The combination of TSR and tumor budding resulted in a risk model with a clear discriminatory
ability to indicate prognosis of OSCC patients, especially for cancer-specific survival. This might be
due to the combination of independent prognostic parameters, which significantly increase the
prognostic power, thus leading to an even higher prognostic impact than the individual parameters
alone. Of note, this combination model includes both a cancer-related feature (tumor budding) and

a stromal-related feature (TSR). The prognostic significance was not observed in some of our
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subgroup analysis, which could be due to the limited sample size. Further studies, especially
conducted on larger cohorts, are necessary to confirm our findings and to improve understanding
of the biological behavior of OSCC.

In summary, we show, based on a representative sample of 254 primary OSCCs, that TSR and
tumor budding, assessed on regular HE-stained slides, are reliable markers of OSCC outcome. The
combination of these features improved the discrimination of patients with low- and high-risk for poor
prognosis, mainly in patients with early-stage tumors. Those included parameters have the
advantage that they can be determined routinely in daily clinical practice, and their inclusion in
histopathology reports may be of help in the more accurate prognostic classification of OSCC

patients. The fact that the model was tested in only a cohort makes further validation warranted.
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Figure legends
Figure 1 Representative samples of tumor-stroma ratio (TSR). (A) Tumor classified as stroma-poor
(< 50% TSR) and (B) tumor with stroma-rich (= 50% TSR).

Figure 2 Tumor budding in oral squamous cell carcinomas, with arrows to indicate budding foci. (A)
Tumor with low budding activity (< 5 tumor buds/field) and (B) tumor with more than 5 tumor
buds/field (high activity).

Figure 3 Model associating tumor-stroma ratio (TSR) and tumor budding. (A) Low risk: < 50% TSR
and no tumor buds, (B) Intermediate risk: = 50% TSR but no tumor buds, (C) High risk: = 50% TSR

and = 5 tumor buds/field. Arrows indicate examples of tumor buds.

Figure 4 Kaplan-Meier curves for cancer-specific survival (A) and disease-free survival (B) of patients

with OSCC based in the tumor-stroma ratio (TSR)/tumor budding model.

Figure 5 Kaplan-Meier survival curves for cancer-specific survival (A-C) and disease-free survival (D-
F) based on tumor-stroma ratio (TSR) (A and D), tumor budding (B and E) and the TSR/tumor

budding model (C and F) in patients with tumors at early-stage.
Figure 6 Kaplan-Meier survival curves for cancer-specific survival (A-C) and disease-free survival (D-

F) based on tumor-stroma ratio (TSR) (A and D), tumor budding (B and E) and the TSR/tumor

budding model (C and F) in patients with tumors at advanced-stage.
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Table 1. Association of tumor-stroma ratio (TSR) and tumor budding with clinicopathological parameters of the tumors.

Tumor-stroma ratio (TSR)

Tumor budding

< 50% = 50% p value < 5 buds = 5 buds p value

Age (years)

< 61 years 68 (47.9%) 65 (58%) 62 (43.1%) 41 (40.2%)

> 61 years 74 (52.1%) 47 (42%) 0.11 82 (56.9%) 61 (59.8%) 0.65
Gender

Male 107 (75.4%) 81 (72.3%) 109 (73.6%) 78 (74.3%)

Female 35 (24.6%) 31 (27.7%) 0.58 39 (26.4%) 27 (25.7%) 0.91
Smoking habit

No 14 (12.6%) 23 (23.5%) 25 (20.7%) 12 (13.8%)

Yes 97 (87.4%) 75 (76.5%) 0.04 96 (79.3%) 75 (86.2%) 0.20
Drinking habit

No 39 (37.5%) 42 (46.6%) 50 (45%) 31 (37.8%)

Yes 65 (62.5%) 48 (53.4%) 0.19 61 (55%) 51 (62.2%) 0.31
Clinical stage

[+ 1l 58 (42%) 45 (41.3%) 62 (43.1%) 41 (40.2%)

1+ 1v 80 (58%) 64 (58.7%) 0.90 82 (56.9%) 61 (59.8%) 0.65
Location

Tongue 104 (73.2%) 66 (58.9%) 91 (61.5%) 78 (74.3%)

Floor of mouth 35 (24.6%) 32 (28.6%) 46 (31.1%) 21 (20%)

Other 3 (2.2%) 14 (12.5%) 0.002 11 (64.7%) 6 (5.7%) 0.09

Histological grade
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Well-differentiated
Moderately-differentiated
Poorly-differentiated
Treatment
Surgery
Surgery + Radiotherapy
Surgery + Radiotherapy + Chemotherapy
Margin status
=5 mm
<5mm
Local recurrence
No
Yes
Regional (cervical) recurrence
No
Yes
Distant recurrence
No

Yes

40 (28.2%)
88 62%)
14 (9.8%)

44 (31.7%)
49 (35.3%)
46 (33.1%)

89 (74.8%)
30 (25.2%)

124 (88.6%)
16 (11.4%)

138 (97.2%)
4 (2.8%)

136 (95.8%)
6 (4.2%)

32 (28.6%)
66 (58.9%)
14 (12.5%)

31 (28.4%)
44 (40.4%)
34 (31.2%)

84 (80%)
21 (20%)

78 (69.6%)
34 (30.4%)

101 (91.8%)
9 (8.2%)

106 (96.4%)
4 (3.6%)

0.78

0.70

0.35

0.0002

0.05

0.81

44 (29.7%)
84 (56.8%)
20 (13.5%)

52 (35.9%)
54 (37.2%)
39 (26.9%)

110 (84%)
21 (16%)

119 (80.4%)
29 (19.6%)

139 (95.2%)
7 (4.8%)

141 (96.6%) 100 (96.2%)

5 (3.4%)

28 (26.7%)
69 (65.79%)
8 (7.6%)

23 (22.5%)
38 (37.3%)

41 (40.2%)

62 (67.4%)
30 (32.6%)

82 (79.6%)
21 (20.4%)

99 (94.3%)
6 (5.7%)

5 (4.8%)

0.23

0.03

0.004

0.87

0.74

0.59
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tumors.

Table 2. Association of tumor-stroma ratio (TSR)/tumor budding model with clinicopathological parameters of the

TSR/tumor budding model

Low risk

Intermediate risk

High risk

p value

Age (years)
< 61 years
> 61 years
Gender
Male
Female
Smoking habit
No
Yes
Drinking habit
No
Yes
Clinical stage
[+1
"+ 1v
Location
Tongue
Floor of mouth
Other
Histological grade
Well-differentiated
Moderately-differentiated
Poorly-differentiated
Treatment
Surgery
Surgery + Radiotherapy
Surgery + Radiotherapy + Chemotherapy
Margin status
25 mm
<5mm
Local recurrence
No

41 (45.6%)
49 (54.4%)

65 (72.2%)
25 (27.8%)

10 (14.5%)
59 (85.5%)

25 (37.9%)
41 (62.1%)

39 (44.8%)
48 (55.2%)

60 (66.7%)
28 (31.1%)
2 (2.2%)

27 (30%)
51 (56.7%)
12 (13.3%)

31 (35.2%)
32 (36.4%)

25 (28.4%)

58 (78.4%)
16 (21.6%)

80 (88.9%)

61 (55.5%)
49 (44.5%)

86 (78.2%)
24 (21.8%)

19 (20.2%)
75 (79.8%)

36 (43.4%)
47 (56.6%)

42 (38.8%)
66 (61.1%)

75 (68.2%)
25 (22.7%)
10 (9.1%)

30 (27.3%)
70 (63.6%)
10 (9.1%)

34 (31.5%)
39 (36.1%)

35 (32.4%)

83 (81.4%)
19 (18.6%)

83 (76.9%)

31 (57.4%)
23 (42.6%)

37 (68.5%)
17 (31.5%)

8 (17.4%)
38 (82.6%)

20 (44.4%)
25 (55.6%)

22 (42.3%)
30 (57.7%)

35 (64.8%)
14 (25.9%)
5 (9.3%)

15 (27.8%)
33 (61.1%)
6 (11.1%)

10 (19.2%)
22 (42.3%)

20 (38.5%)

32 (66.7%)
16 (33.3%)

39 (72.2%)

0.37

0.37

0.64

0.73

0.70

0.23

0.85

0.37

0.13
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Yes 10 (11.1%)

Regional (cervical) recurrence

No 87 (96.7%)
Yes 3 (3.3%)
Distant recurrence
No 87 (96.7%)
Yes 3 (3.3%)

25 (23.1%)

103 (95.4%)
5 (4.6%)

103 (95.4)
5 (4.6%)

15 (27.8%)

49 (90.7%)
5 (9.3%)

52 (96.3%)
2 (3.7%)

0.03

0.28

0.89
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Table 3. Univariate analysis for cancer-specific survival and disease-free survival of patients with the oral squamous cell carcinoma.

Cancer-specific survival Disease-free survival
% in 5 years HR (95% CI) pvalue % in5 years HR (95% CI) p value

Age (years)

<61 years 60.7 1 64.1 1

> 61 years 56.4 1.35 (0.87-2.08) 0.18 64.2 1.03 (0.55-1.22) 0.79
Gender

Male 57.7 1 64.5 1

Female 61.5 0.86 (0.53-1.41) 0.54 68.0 0.78 (0.45-1.35) 0.38
Clinical stage

[+ 1l 68.2 1 64.1 1

1+ 1v 53.2 1.72 (1.11-2.67) 0.01 64.7 0.96 (0.58-1.58) 0.87
Location

Tongue 63.1 1 66.4 1

Floor of mouth 53.0 1.40 (0.83-2.37) 0.20 64.7 1.09 (0.60-1.97) 0.76

Other 55.7 1.28 (0.75-2.93) 0.41 44.1 2.53 (0.87-7.28) 0.08
Histological grade

Well-differentiated 62.8 1 69.0 1

Moderately-differentiated 57.5 1.08 (0.66-1.76) 0.75 54.7 1.44 (0.82-2.51) 0.19

Poorly-differentiated 55.7 1.34 (0.60-2.99) 0.46 66.4 1.19 (0.53-2.69) 0.67
Treatment

Surgery 64.7 1 64.5 1

Surgery + Radiotherapy 50.9 1.24 (0.73-2.09) 0.42 69.0 0.78 (0.41-1.50) 0.47

Surgery + Radiotherapy + Chemotherapy 61.8 1.13 (0.64-1.99) 0.67 61.9 1.09 (0.60-1.98) 0.76
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Margin status
>5mm
<5mm
Tumor-stroma ratio (TSR)
< 50% (stroma-poor)
= 50% (stroma-rich)
Tumor budding
2 5 buds
< 5 buds
TSR/tumor budding model
Low risk
Intermediate risk
High risk

62.9
47.5

75.2
43.2

67.1
44.8

76.6
62.0
29.0

1
1.40 (074-2.65)

1
2.93 (1.89-4.52)

1
1.89 (1.01-2.49)

1
1.75 (0.99-3.07)
4.29 (2.36-7.79)

0.29

<0.0001

0.04

0.05
<0.0001

65.1
44.5

79.0
49.1

69.0
55.1

79.5
63.8
40.1

1
1.29 (0.69-2.42)

1
2.29 (1.40-3.76)

1

1.29 (0.78-2.14)

1.77 (0.98-3.19)
2.95 (1.45-5.99)

0.42

0.001

0.31

0.06
0.003
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Table 4. Multivariate analysis of cancer-specific survival and disease-free survival for the 254 patients with oral squamous cell

carcinoma.
Cancer-specific survival Disease-free survival
HR (95% CI) p value HR (95% CI) p value

Model 1
Tumor-stroma ratio (TSR)

< 50% (stroma-poor) 1 1

> 50% (stroma-rich) 3.58 (2.05-6.27) <0.0001 2.05 (1.23-3.44) 0.006
Tumor budding

< 5 buds 1

> 5 buds 1.47 (1.05-2.05) 0.02
Model 2
TSR/tumor budding model

Low risk 1 1

Intermediate risk 2.15 (1.05-4.39) 0.03

High risk 2.62 (1.76-3.91) <0.0001 1.61 (1.14-2.28) 0.007
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