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Abstract

Background: The study aimed to evaluate the risk factors based on pathologi-

cal findings comprehensively in oral squamous cell carcinoma (OSCC) using

image analysis.

Methods: Scanned images of hematoxylin and eosin-, pan-cytokeratin-, CD3-,

and CD8-stained slides of OSCC cases from 256 patients were analyzed, and

six variables were obtained including the tumor–stroma ratio, tumor budding

per tumor bed area, and tumor infiltrating lymphocytes-associated variables.

We determined the “score” of all cases based on the variables, and all cases

were classified into low-, intermediate-, and high-risk groups.

Results: A significant difference in prognosis was confirmed between the risk

groups (p < 0.001), and even when evaluated within different tumor-node-

metastasis (TNM) stages, the high-risk groups were associated with poor survival.

Conclusions: We report our work on a possible descriptive model that can

predict prognosis based on pathological and imaging findings regardless of the

TNM stage.
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1 | INTRODUCTION

It is estimated that cancer of the oral cavity occurs in more
than 300 000 new patients and causes more than 160 000
deaths per year worldwide.1 Cancers of the oral cavity are
classified by the tumor-node-metastasis (TNM) stage, which
is based on the depth of invasion (DOI), tumor size,

number of metastatic lymph nodes, extranodal extension,
and several other criteria.2 Although they are not reflected
in TNM stage, pathologic risk factors have been recognized
as potential indicators for prognosis.

One of the risk factors extractable from histologic
findings is the tumor–stroma ratio, which has been
suggested to have prognostic impact in certain cancers.3-6

Tumor budding, which was first proposed by Hase et al.7

and is currently defined as an isolated single tumor cell
or nest composed of fewer than five tumor cells,8 is also
one of the concepts determined histopathologically.9-15
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As the tumor microenvironment has received increasing
attention, tumor infiltrating lymphocytes (TILs) have
become the center of tumor research and play an impor-
tant role in the immune response against tumors.16-19

These elements—the tumor–stroma ratio, tumor bud-
ding, and TILs—have usually been studied individually.
Moreover, they have mostly been evaluated roughly by a
pathologist's judgment. The purpose of this retrospective
study was to extract potential risk factors from pathology
slides of patients with oral squamous cell carcinoma
(OSCC) and to quantify each factor into a variable using
immunohistochemistry, whole slide imaging, and
semiautomated tools. The final aim was to evaluate the
relationship between these variables and survival and to
suggest and validate a survival prediction model that
might be differentiated from the existing staging system.

2 | MATERIAL AND METHODS

2.1 | Patient cohort and sample
preparation

Pathologic specimens of 256 OSCC cases, including those
of the tongue, gingiva, palate, cheek, retromolar area, and
lip, from patients who received surgery at Seoul St. Mary's
hospital between January 1, 2000 and December 31, 2017
were included in this retrospective, single-center study.
Formalin-fixed, paraffin-embedded (FFPE) tissue of
patients with only primary OSCC and complete follow-up
data was used for analysis. For every case, hematoxylin and
eosin (H&E)-stained slides of sections from the whole lesion
were reviewed and staged according to the 8th edition of
the American Joint Committee on Cancer (AJCC) cancer
staging manual.2 Details regarding the patient cohort and
pathologic characteristics are described in Table 1.

This study was approved by the Institutional Review
Board of Seoul St. Mary's Hospital of the Catholic Univer-
sity of Korea (KC19SESI0466).

2.2 | Immunohistochemistry and whole
slide imaging

After reviewing every slide, one key block containing the
deepest point of invasion was selected for each case. The
key blocks were sectioned for further immunohistochemi-
cal staining with the following antibodies: anti-cytokeratin
AE1/AE3 (DAKO, Agilent, Santa Clara, CA; M3515 mono-
clonal mouse antibody; dilution 1:400), anti-CD3 (DAKO,
Agilent; A0452 polyclonal rabbit antibody; dilution 1:100),
and anti-CD8 (DAKO, Agilent; FLEX monoclonal mouse
antibody, clone C8/144B, ready-to-use). Whole slide images

of each case consisting of H&E-, pan-cytokeratin-, CD3-,
and CD8-stained slides were generated by scanning at 40×
magnification with Philips IntelliSite Pathology Solution on
an UltraFast Scanner (Philips, the Netherlands).

2.3 | Assessment of the tumor area and
tumor bed area: Tumor–stroma ratio
(tumor/stroma)

The “tumor bed” in this study was defined as an area out-
lined by the tumor invasive margin (IM) of OSCC, com-
posed of the area occupied by tumor cells or tumor cell

TABLE 1 Characteristics of patients with oral squamous cell

carcinoma

Characteristics Total = 256

Age 54.5 ± 15.4

Sex

Female 96 (37.5%)

Male 160 (62.5%)

Location

Tongue 191 (74.6%)

Other (gingiva, palate, cheek, retromolar
area, lip)

63 (25.4%)

Size (cm) 2.7 ± 1.7

Depth of invasion (cm) 1.0 ± 0.9

Differentiation

Well 124 (48.4%)

Moderately 118 (46.1%)

Poorly 14 (5.5%)

T stage

T1 78 (30.5%)

T2 69 (27.0%)

T3 80 (31.3%)

T4 29 (11.3%)

N stage

N0 160 (62.5%)

N1 27 (10.5%)

N2 25 (9.8%)

N3 44 (17.2%)

Stage

I 76 (29.7%)

II 46 (18.0%)

III 50 (19.5%)

IVA 39 (15.2%)

IVB 45 (17.6%)
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nests and the stromal area (area outlined by pink outline in
schematic image) (Figure 1). While the conventional con-
cept of invasive front referred to the most progressed three
to six tumor cell layers or tumor cell groups at the advanc-
ing edge,20 the tumor bed area connecting all the tumor
IMs starting from the epithelial surface was adopted in the
current study, to incorporate information from whole slide
images. Because it was methodologically difficult to primarily

obtain only the stromal area, it was measured by subtracting
the tumor area from the determined tumor bed area.

As a first step, the edges of the tumor bed were manually
defined from pan-cytokeratin-stained slides (Figure 2) by a
pathologist (Yeoun Eun Sung) and reviewed by another
pathologist (Youn Soo Lee), both of whom were blinded to
the clinical data. The total tumor bed area and tumor area
inside the tumor bed outline were measured using ImageJ
software (National Institutes of Health, Bethesda, MD)
(Figure 2): (1) using a calibration scale in each scanned
image and “Set Scale” menu, the number of pixels
corresponding to a known length was defined; (2) the area
outside the previously defined tumor bed outline was cleared,
and the remaining tumor bed area was measured in millime-
ters; (3) because pan-cytokeratin staining emphasizes tumor
cells in a dark brown color against a light blue background,
this difference allowed selection of tumor nests by adjusting
“Saturation” scale and “Brightness” scale in “Color Thresh-
old”; and (4) the selected tumor area was automatically mea-
sured in millimeters and a binary image of each tumor area
was obtained. The macro programming codes used are
shown in Table S1, Supporting Information. Based on data
from the measured tumor bed and tumor area, stromal area
was calculated for each case, and the resulting tumor to
stroma ratio (tumor/stroma) was obtained.

FIGURE 1 Schematic image of the components of oral

squamous cell carcinoma, with the microenvironment and

measurements of each variable. TIL, tumor infiltrating lymphocyte

[Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 2 Image analysis process of oral squamous cell carcinoma from a representative case. Based on the whole slide image of the

pan-cytokeratin-stained slide, the tumor bed was manually designated, followed by automated tumor and tumor budding detection; based

on the whole slide image of the CD3-stained slide, the TIL bed was manually designated, followed by automated processing of CD3+ T cells

and CD8+ T cells. TIL, tumor infiltrating lymphocyte [Color figure can be viewed at wileyonlinelibrary.com]
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2.4 | Assessment of tumor budding:
Tumor budding/tumor bed

A previously generated binary image of the tumor area
based on pan-cytokeratin-stained slides (Figure 2) was used
to analyze tumor budding in each case. While numerous
prior studies selected one or a few fields containing the larg-
est number of tumor buds, which were evaluated by individ-
ual pathologists,8-10,12,14,21 whole key block slides containing
the deepest point of invasion were used in this study.

To determine the cutoff for the range of the tumor bud-
ding area in OSCC, 508 tumor cell nests consisting of one to
five tumor cells and the area (square micrometer) of each
nest were assessed (Figure 3). The size range of the tumor
cell groups is shown as a graph in Figure 3(B). An ROC
curve was used to determine the optimal cutoff value to dis-
tinguish between four and five tumor cell nests (Figure 3
(C)); the cutoff value was 700.484 μm2, with a sensitivity of
0.824 and a specificity of 0.966. Therefore, the tumor bud
count was determined by detecting tumor buds of which
the area measured 100–700 μm2 in the previously generated
binary image of the tumor area by using ImageJ (Table S1).

After the tumor bed areas were measured as previ-
ously described, data on tumor budding from whole
slides per tumor bed area (tumor budding/tumor bed
[N/mm2]) were collected for all cases.

2.5 | Assessment of TIL-associated
factors-TIL bed area, CD3 area, and CD8
area: TIL bed/tumor bed, CD3/stroma,
CD8/stroma, and CD8/CD3

The TIL bed was defined as the area outlined by the outer-
most TIL aggregates that consisted of at least 20 lympho-
cytes and excluded pre-existing lymphoid follicles around

the tumor. In most cases, the TIL bed was an area that
extended more than the tumor bed by the area occupied
by the TIL around the tumor (Figure 1). The edges of the
TIL beds in each case were also manually determined
from CD3-stained slides (Figure 2) by a pathologist
(Yeoun Eun Sung) and reviewed by another pathologist
(Youn Soo Lee), both of whom were blinded to the clinical
data. To assess the degree of CD3+ T cell and CD8+ T cell
infiltration, we chose to measure the area of CD3+ T cells
and CD8+ T cells in whole slide images. The total TIL bed
area and the area occupied by CD3+ and CD8+ T cells
inside the TIL bed outline were also measured using
ImageJ software in the same manner that the tumor area
was measured (Figure 2 and Table S1).

Based on the measurements above, the ratio of the
TIL bed area to tumor bed area (TIL bed/tumor bed) of
every case was calculated. To evaluate CD3+ T cells and
CD8+ T cells, the concept of the “stromal area” was used,
defined as the tumor area subtracted from the TIL bed
area; the ratio of the CD3+ T cell and CD8+ T cell area
to the stromal area was obtained for every case
(CD3/stroma, CD8/stroma). The area of CD8+ T cells per
the area of CD3+ T cells (CD8/CD3) was also measured.

2.6 | Classification of all cases according
to pathological risk based on the scoring
system

Based on the six values [tumor area (mm2)/stromal area
(mm2) (tumor/stroma), tumor budding (N)/tumor bed
area (mm2) (tumor budding/tumor bed), TIL bed area
(mm2)/tumor bed area (mm2) (TIL bed/tumor bed), CD3
area (mm2)/(TIL bed area–tumor area) (mm2)/(CD3/stroma),
CD3 area (mm2)/(TIL bed area–tumor area) (mm2)
(CD8/stroma), and CD8 area (mm2)/CD3 area (mm2)

FIGURE 3 Image and graphs showing tumor budding and measurement of the area. (A) Representative image of tumor budding with

variable tumor cell numbers and areas. (B) Graph showing the area range of each group of tumor cell nests consisting of one to five tumor

cells. (C) A receiver operating characteristic (ROC) curve was generated to determine the optimal cutoff value to detect tumor budding

[Color figure can be viewed at wileyonlinelibrary.com]
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(CD8/CD3)], we determined the “score,” which was the sum
of unfavorable factors in each case, and one point was given
to every variable if it was associated with a poor prognosis;
thus, the score ranged from 0 to 6. Finally, all cases were clas-
sified into three groups according to the score: low-risk group
(score 0–3), intermediate-risk group (score 4–5), and high-
risk group (score 6) (Table 2).

2.7 | Statistical analysis

The primary endpoint was death for overall survival
(OS) and recurrence or metastasis for disease-free survival
(DFS). For OS, a few cases that were clearly found to have
died for other reasons were censored, although it was diffi-
cult to judge this for all cases. Age-adjusted analysis was
conducted when using the Cox proportional hazards
model, to overcome this limitation. For the tumor budding
analysis, receiver operating characteristic (ROC) curves
were used to determine the optimal cutoff range for tumor
budding considering both sensitivity and specificity. After
primary data of all six variables were collected (i.e., tumor/
stroma, tumor budding/tumor bed, TIL bed/tumor bed,
CD3/stroma, CD8/stroma, and CD8/CD3), Kaplan–Meier
curves of each variable were plotted for OS and DFS. The
variables were also subjected to univariate and multivari-
ate analyses using the Cox proportional hazards model.
The risk groups (according to the score of each case) were
also analyzed using the Cox proportional hazards model.
p values <0.05 were considered significant. All statistical
analyses were conducted using R version 3.6.2.22

3 | RESULTS

3.1 | Clinical and pathological
characteristics

As shown in Table 1, the median age of the included
patients was 54.5 years (range: 11–90 years). The
median length of follow-up for patients who were alive
at the last follow-up was 66 months (range: 20–
192 months). There were 65 death events and 88 recur-
rence or metastasis events during the follow-up period.
The median OS time for those who died from OSCC
was 11 months (range: 1–166 months), and the median
DFS time was 7 months (range: 1–153 months).
Kaplan–Meier curves for OS by TNM stage are provided
in Figure S1.

3.2 | Semiautomated analysis of the
tumor–stroma ratio (tumor/stroma),
tumor budding per tumor bed area (tumor
budding/tumor bed), TIL bed area–tumor
bed area ratio (TIL bed/tumor bed), CD3+
T cells per stromal area and CD8+ T cells
per stromal area (CD3/stroma, CD8/
stroma), and CD8+ T cell–CD3+ T cell ratio
(CD8/CD3)

Through the semiautomated analyses described above,
the tumor bed area, tumor area, tumor bud count, TIL
bed area, CD3 area, and CD8 area in all 256 cases were

TABLE 2 Six variables and risk stratification according to score

Variables of pathological risk factors Median [interquartile range] Favorable (score 0) Unfavorable (score 1)

Tumor/stroma = tumor area (mm2)/(tumor bed
area–tumor area) (mm2)

0.96 [0.53, 1.84] High Low

Tumor budding/tumor bed = tumor budding
(N)/tumor bed area (mm2)

4.26 [1.82, 13.08] Low High

TIL bed/tumor bed = TIL bed area (mm2)/
tumor bed area (mm2)

1.17 [1.09, 1.34] High Low

CD3/stroma = CD3 area (mm2)/(TIL bed area–
tumor area) (mm2)

12.08 [5.38, 22.22] High Low

CD8/stroma = CD8 area (mm2)/(TIL bed area–
tumor area) (mm2)

4.08 [1.23, 9.52] High Low

CD8/CD3 ratio = CD8 area (mm2)/CD3 area
(mm2)

36.93 [24.90, 50.26] High Low

Risk stratification Sum of score

Low 0–3

Intermediate 4–5

High 6

Abbreviation: TIL, tumor infiltrating lymphocyte.
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measured. Based on the measurements, the values of six
variables were obtained for all cases.

In the example case shown in Figure 2, the tumor bed
area was 33.893 mm2, tumor area was 8.557 mm2, tumor
bud count was 1651, TIL bed area was 40.790 mm2, and
the CD3 area and CD8 area were 1.262 and 0.268 mm2,
respectively; based on these measurements, the tumor–
stroma ratio (tumor/stroma) was 0.34, and tumor bud-
ding per tumor bed area (tumor budding/tumor bed) was
obtained (48.71 N/mm2), the TIL bed area–tumor bed
area ratio (TIL bed/tumor bed) was 1.2, the CD3+ T cells
per stromal area (CD3/stroma) and CD8+ T cells per
stromal area (CD8/stroma) were 3.92% and 0.83%, respec-
tively, and the CD8/CD3 percentage was 21.24%.

Median values with interquartile ranges of six vari-
ables in all 256 cases are shown in Table 2. When divided
into two groups based on the medians, all the variables
were significantly associated with prognosis by Kaplan–
Meier curves for OS (Figure S2(A)) and DFS (Figure S2

(B)). In the univariate and multivariate analyses, all vari-
ables except for the TIL bed area–tumor bed area ratio in
the multivariate analysis were significantly associated
with prognosis for OS and DFS (Table 3).

3.3 | Classification of all cases according
to pathological risk based on the scoring
system

Every case was scored based on six variables (from score
0 to score 6) and classified into three risk groups as previ-
ously described. The score of the case shown in Figure 2
was 5; therefore, this case was classified in the
intermediate-risk group (Table 2). Of all 256 cases, the
number of cases in the low-risk group (score 0–3) was
148, that in the intermediate-risk group (score 4–5)
was 63, and that in the high-risk group (score 6) was
45 (Table 4). In the multivariate Cox proportional

TABLE 3 Univariate and multivariate analysis of overall survival and disease-free survival

Variables No. of patients

Univariate

Overall survival Disease-free survival

HR 95% CI p value HR 95% CI p value

Age, >60 years 88/256 1.808 1.110–2.946 0.017 1.584 1.039–2.417 0.033

Sex, male 160/256 1.332 0.791–2.241 0.281 1.159 0.748–1.795 0.508

Stage

I–II 122/256

III 50/256 2.949 1.364–6.378 0.006 1.898 0.997–3.615 0.051

IV 84/256 6.627 3.461–12.690 <0.001 5.054 3.053–8.367 <0.001

Tumor/stroma, low 128/256 4.960 2.698–9.119 <0.001 4.584 2.780–7.559 <0.001

Tumor budding/tumor bed, high 128/256 10.870 5.000–23.810 <0.001 8.418 4.662–15.193 <0.001

TIL bed/tumor bed, low 128/256 2.208 1.326–3.676 0.002 2.259 1.458–3.501 <0.001

CD3/stroma, low 128/256 4.418 2.443–7.990 <0.001 5.712 3.359–9.714 <0.001

CD8/stroma, low 128/256 5.863 3.127–10.990 <0.001 7.111 4.073–12.420 <0.001

CD8/CD3, low 128/256 5.396 2.935–9.919 <0.001 5.525 3.320–9.194 <0.001

Variables No. of patients

Multivariate

Overall survival Disease-free survival

HR 95% CI p value HR 95% CI p value

Tumor/stroma, low 128/256 2.909 1.509–5.606 0.001 2.951 1.715–5.077 <0.001

Tumor budding/tumor bed, high 128/256 8.333 3.846–19.608 <0.001 7.342 2.964–13.596 <0.001

TIL bed/tumor bed, low 128/256 1.246 0.725–2.141 0.426 1.494 0.938–2.379 0.091

CD3/stroma, low 128/256 2.418 1.251–4.677 0.009 3.997 2.202–7.256 <0.001

CD8/stroma, low 128/256 3.304 1.620–6.740 0.001 5.295 2.834–9.893 <0.001

CD8/CD3, low 128/256 3.423 1.795–6.529 <0.001 4.119 2.402–7.064 <0.001

Note: Bold values denote statistical significance (p values ≤ 0.05). Abbreviations: CI, confidence interval; HR, hazard ratio; TIL, tumor infiltrating lymphocyte.
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hazards regression model based on age and stage, the risk
groups were highly significant prognostic factors
(Table 4). The HRs of the intermediate-risk group and
high-risk group evaluated in each stage (I–II, III, and IV)
were all significant (p ≤ 0.05), as shown in Table 4.

4 | DISCUSSION

In the present study, possible risk factors based on histo-
pathologic morphology, including the concept of the
tumor percentage (tumor–stroma ratio), tumor budding,
and TIL, were comprehensively reviewed. We first aimed
to design a detailed and novel method to evaluate each
risk factor in a way that could incorporate whole slide
images and an automated process and devise a compre-
hensive risk prediction model by integrating each evalu-
ated risk factor into one model.

4.1 | Tumor–stroma ratio (tumor/
stroma)

In most previous studies, the evaluation of whether the
stroma percentage was more than or less than 50% was
decided not with a quantitative evaluation but rather by
the naked eye at high magnification (100×); for example,

the fields with the largest amount of stroma were
selected, and the fields were defined as stroma rich
(≥50%) or stroma poor (<50%).6,23,24

In this study, as we attempted to express each risk fac-
tor as a quantitative value using whole slide images and a
semiautomated process, the tumor bed area and tumor
area, not the stroma, were selected as the objects of mea-
surement. Although the tumor area subtracted from the
tumor bed area might not necessarily represent the stro-
mal area, the degree of the stromal area is believed to be
reflected by these two measurements that can be deter-
mined on pan-cytokeratin-stained slides. Through the
method introduced in the current study, we tried to mini-
mize possibly subjective steps. In the background of this
attempt, there was a hypothesis that not only the pres-
ence or absence of a high stromal area but also the entire
stromal area could contribute to a poor prognosis. Inter-
estingly, the median (0.96), based on which two groups
were distinguished, did not make a significant difference
with the pre-existing cutoff of 50%.

4.2 | Tumor budding per tumor bed area
(tumor budding/tumor bed)

An agreement was made on an international, evidence-
based standardized scoring system for tumor budding in

TABLE 4 Subgroup analysis of overall survival and disease-free survival according to stage

No. of patients

Overall survival Disease-free survival

HR 95% CI p value HR 95% CI p value

All stages

Low risk 148/256

Intermediate risk 63/256 5.621 2.723–11.600 <0.001 6.085 3.336–11.100 <0.001

High risk 45/256 17.543 8.754–35.160 <0.001 20.318 11.221–36.790 <0.001

Stage I–II

Low risk 102/122

Intermediate risk 16/122 4.926 1.429–17.440 0.014 3.831 1.428–10.280 0.008

High risk 4/122 11.337 2.234–57.530 0.004 42.431 11.019–163.390 <0.001

Stage III

Low risk 27/50

Intermediate risk 14/50 6.083 1.226–30.190 0.027 7.711 1.599–37.190 0.011

High risk 9/50 12.464 2.493–62.320 0.002 14.940 3.072–72.670 <0.001

Stage IV

Low risk 19/84

Intermediate risk 33/84 4.443 1.001–19.720 0.050 7.113 1.654–30.590 0.008

High risk 32/84 12.972 3.045–55.260 <0.001 21.448 5.059–90.930 <0.001

Note: Bold values denote statistical significance (p values ≤ 0.05). Abbreviations: CI, confidence interval; HR hazard ratio.
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colorectal cancer25; tumor budding was determined on
H&E-stained slides and assessed in one hotspot (in a field
measuring 0.785 mm2) at the invasive front.25 Numerous
studies on OSCC used a similar method; in general, five
buds were adopted as the cutoff for high or low tumor
budding,9,12-14 but Angadi et al. used 10 buds.10

Takamatsu et al.21 recently used a novel computer-
assisted semiautomated method to evaluate tumor bud-
ding in colorectal cancer and suggested an optimal cutoff
value of 12 buds as opposed to 10 buds (by the manual
method). In the current study, we chose to refer to the
idea described in the study by Takamatsu et al. on T1
colorectal cancer21 to determine the range of the tumor
budding area: 100–700 μm2 (Figure 3). Through auto-
mated detection, tumor bud counts of all 256 cases were
obtained, which ranged from 0 to 10 777 buds.

Tumor budding on the whole slide image with tumor
bed area in the denominator (tumor budding/tumor bed
area) was determined as a parameter for the following
reasons: (1) to minimalize the subjective process, includ-
ing selecting the “hot spot”; (2) to include intratumoral
tumor budding25,26; and (3) to not exclude the possibility
that the whole amount of tumor budding, not only the
existence of one hot spot area, might be related to prog-
nosis. The cutoff used in the conventional method, five
buds at 200× magnification (in a field measuring
0.785 mm2), is approximately 6.4 N/mm2 when converted
into the same unit. In other words, the average tumor
bud count of the whole slide image with a cutoff of
4.26 N/mm2 was used instead of the hotspot tumor bud
count, with a cutoff of 6.4 N/mm2, in the current study.

4.3 | TIL-associated variables (TIL
bed/tumor bed, CD3/stroma, CD8/stroma,
and CD8/CD3)

The assessment of TILs is currently gaining importance
and has been the focus of numerous researchers. The
concept of the Immunoscore was suggested as a potential
indicator of prognostic information and therapeutic man-
agement27-29; by definition, the Immunoscore contains
the quantification of CD3+ and CD8+ cells in two
regions: the center of the tumor (CT) and the IM.27 The
International Immuno-oncology Biomarker Working
Group suggested guidelines for the overall assessment of
TILs in solid tumors30; it is recommended to report stro-
mal TILs (sTILs) and intratumoral TILs (iTILs) sepa-
rately; one full section is preferred over biopsies, and a
full assessment of the average TILs in the tumor area
should be used rather than focusing on hotspots; and
TILs should be assessed as continuous variables.30 Due to

the complexity, the evaluation of TILs is inevitably lim-
ited in routine practice despite its prognostic power.

As there is no consensus methodology for evaluating
TILs in head and neck squamous cell carcinoma
(HNSCC),31,32 there is not enough evidence to evaluate
sTILs and iTILs individually or to separate CT and
IM. Additionally, it has been suggested that TILs are able
to migrate within a living tissue microenvironment, and
as iTILs tend to parallel sTILs, scoring iTILs does not pro-
vide any more information than scoring sTILs.33 Simi-
larly, distinction of TILs in CT and IM might not be
necessary as they can migrate within the TIL bed. As
OSCCs tend to show dense TILs in the tumor margin
area with marked variation in the “thickness” of the area,
defining a 1 mm distance as the diameter of the IM area
may have limitations. Therefore, the current study evalu-
ated the amount of area occupied by TILs in the whole
TIL bed area without arbitrarily dividing the
compartment.

We thought that densely packed TILs in the periphery
of tumors should be included in the TIL evaluation and
therefore chose the TIL bed to be reflected as background
in the TIL assessment. When we collected data on the
TIL bed from all 256 cases, the degree of TIL aggregates
in the tumor IM showed marked variation. This led us to
hypothesize that the TIL bed itself, which is the back-
ground of the TIL assessment, partly reflects prognosis.
Accordingly, the first variable from the TIL-associated
measurement was the TIL bed area–tumor bed area ratio
(TIL bed/tumor bed).

The next variables obtained from TIL measurements
were the CD3+ T cells per stromal area (CD3/stroma)
and CD8+ T cells per stromal area (CD8/stroma), which
were obtained from area measurements of CD3-stained
slides and CD8-stained slides, respectively, and previ-
ously collected TIL bed areas and tumor areas. An addi-
tional variable, the CD8+ T cell–CD3+ T cell ratio (CD8/
CD3), was also included. The measured area was
obtained using an automated process rather than counts
of each cell type, as suggested by recommendations from
the International Immuno-oncology Biomarker Working
Group.30

As described previously, CD3/stroma and
CD8/stroma were both associated with prognosis, with a
higher HR of CD8/stroma for both OS and DFS (Table 3).
These results are consistent with those from numerous
previous studies that have shown the powerfulness of
CD8+ T cells in prognostic assessments.32,34-38 In this
study, a novel parameter, CD8/CD3, was suggested for
two reasons: (1) CD8+ T cells seem to be superior prog-
nostic indicators to other markers, and we wanted to
reflect the importance of CD8+ T cells; and (2) among
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the cases showing CD3-high/CD8-high or CD3-low/CD8-
low, there existed a subgroup of cases showing a high
CD8/CD3 ratio, which might be linked to different
prognoses.

4.4 | Proposal of the scoring and grading
system for predicting pathological risk

In the current study, a simple scoring system was pro-
posed in which one point per variable was added if the
value of the variable was associated with a poor progno-
sis, and the grading risk was determined according to the
score (Table 2). This type of scoring system was previ-
ously verified and used in various types of cancer: the
Nottingham histologic grade in breast cancer, the
FNCLCC grade in soft tissue sarcoma, the histological
grade in mucoepidermoid carcinoma, and the pheochro-
mocytoma of the adrenal gland scaled score (PASS).

To our knowledge, this is the first attempt to generate
a prognosis prediction model by quantifying and integrat-
ing pathological risk factors. Although the risk factors
that can be extracted from microscopic findings have
been emphasized by numerous researchers, these aspects
of tumors cannot reflect the cancer stage or used to pre-
dict prognosis in a clinical setting. One of the reasons for
the gap might be that such pathologic risk factors have
been studied individually and not integrated into a com-
prehensive model. Another reason might be due to the
difficulty associated with establishing a standard evalua-
tion method for each risk factor. Due to the development
of methods that incorporate whole slide images and
image findings, the quantification and automated mea-
surement of the aspects of tumors, including the tumor
area, TIL area, and tumor budding, have become possi-
ble. The current study attempted to actively utilize such
developments to propose a novel prediction model.

In recent years, research using deep learning has
become active and extensive, and the same is true in the
field of cancer research, especially prognosis prediction.39

In contrast to several well-investigated cancer types, such
as colorectal cancer and breast cancer, there are relatively
few studies on deep learning applications in OSCC, and
most have focused on the diagnosis and identification of
pathologic characteristics rather than prognostic fac-
tors.40 Although artificial intelligence has proved an
excellent performance across various cancer types, one of
the major limitations challenging its clinical application
is the “black box” problem, which refers to difficulty in
understanding how the complex artificial intelligence
model arrives at its decisions.41 In this respect, the cur-
rent study attempted to extract and calculate information
that could predict the prognosis from pathological

features in a deductive way, which is in contrast to the
“black box” problem.

The limitation of this scoring system, which is not an
issue with the deep learning method, is that the possibil-
ity of risk factors other than those included in the current
study could not be considered. As a comparatively simpli-
fied grading system, it also could not calculate and reflect
the degree of each variable's contribution to risk by uni-
formly giving the same point to all variables. Addition-
ally, measurements of each area on H&E-stained slides
are difficult in the same semiautomated method, because
this method used difference in color on the immunohis-
tochemical staining slides. This could be overcome when
applying the deep learning method. Nevertheless, we
believe that this approach might be applied in a comple-
mentary manner to deep learning in prognosis prediction
in the future when artificial intelligence becomes more
universally applicable in the clinic.

In conclusion, the current study proposed novel
semiautomated methods to evaluate pathological risk fac-
tors using whole slide images. Ultimately, we tried to
develop a novel scoring system to comprehensively assess
the pathological risk factors and evaluate the prognostic
prediction power for both OS and DFS. Further studies to
validate this scoring system, especially in conjunction
with deep learning methods, might be necessary to better
predict prognosis in patients with OSCC.
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