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Purpose: The presence of CD8+ tumor-infiltrating lymphocytes (TILs) has been reported to 
be associated with treatment outcomes in many types of solid tumors. However, the results 
vary due to the various methods of visual estimation and subjective interpretation. The 
current study is the first to use digital image analyses to evaluate the density of CD8 
+/CD3+ TILs in tongue squamous cell carcinoma (TSCC).
Patients and Methods: From 2005 to 2015, a cohort of 258 TSCC patients were con-
secutively enrolled in this study. After immunohistochemistry on representative sections, the 
density of CD8+/CD3+ TILs at tumor invasive margins was evaluated by digital image 
analysis. The subjects were stratified by the median values of CD3+ cell density, CD8+ cell 
density, CD8/CD3, and scores (0, 1, and 2) to demonstrate the association with various 
clinicopathological manifestations.
Results: Low CD8+ TIL counts were associated with advanced tumor stages (p=0.034), and 
low CD8/CD3 ratios were associated with perineural invasion (p=0.043). Both parameters 
were also associated with increased tumor depths (p=0.034 and 0.004, respectively). 
Univariate analyses revealed that advanced tumor stages, perineural invasion, extranodal 
extension, tumor depth, lower CD8 counts, and lower scores (score 0 vs 2) were associated 
with poorer overall survival, and multivariate analysis further indicated that extranodal 
extension and low scores (score 0 vs 2) were both independent factors for overall survival 
(p < 0.0001 and p = 0.0369, respectively).
Conclusion: The use of digital image analysis to assess CD8+ TILs at the invasive margins 
provides an objective indicator of prognoses including overall survival.
Keywords: oral cavity, squamous cell carcinoma, oral cancer, SCC, tumor-infiltrating 
lymphocyte, TIL

Introduction
Oral cavity squamous cell carcinoma (OSCC) is a key cause of mortality in patients 
with head and neck cancer worldwide and the fifth most common type of cancer 
among males in Taiwan.1 Furthermore, tongue squamous cell carcinoma (TSCC) is 
the most common malignancy in the oral cavity worldwide.1–3 The 5-year overall 
survival (OS) for TSCC remains 50~60% in spite of aggressive multimodal treatments 
including radical surgery, concurrent chemoradiotherapy and/or adjuvant 
chemotherapy.4 Several previous studies have attempted to predict the OS of OSCC 
patients by evaluating the density of tumor-infiltrating lymphocytes (TILs) in OSCC 
tumors in various parts of the oral cavity:5–8 However, the heterogeneous anatomic 

Correspondence: Kai-Ping Chang 
Department of Otolaryngology - Head & 
Neck Surgery, Chang Gung Memorial 
Hospital, No. 5, Fu-Hsing Street, Kwei- 
Shan, Taoyuan 333005, Taiwan  
Tel +886-3-3281200 ext 3972  
Fax +886-3-3979361  
Email dr.kpchang@gmail.com

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 8275–8285                                                   8275

http://doi.org/10.2147/CMAR.S255816 

DovePress © 2020 Huang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-9647-1135
http://orcid.org/0000-0003-1777-9578
mailto:dr.kpchang@gmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


location of OSCC and the lack of consistent evaluation 
methods has delayed the generation of a solid conclusion.

Among the different subsets of leukocytes that play 
distinct roles in the tumor microenvironment, CD8+ TILs 
have been shown to play a major role in antitumor immunity 
by releasing cytotoxic granules containing perforin, granu-
lysin and granzymes to eliminate the encountered tumor 
cells, and a higher number of CD8+ TILs have been noted 
to be associated with better prognosis in several types of 
cancer, including breast, colorectal, and head and neck 
cancer.6–11 Lee et al used cytokeratin immunohistochemis-
try to separate the epithelial from the stromal compartment 
in tissue microarrays from 91 patients (corresponding to 
182 samples).12 The authors found that high infiltrating 
CD8+ TILs (that is, in the epithelial compartment) were 
associated with an inferior survival status in patients treated 
with adjuvant radiotherapy. The authors hypothesized that 
radiotherapy might alter the tumor microenvironment. 
Additionally, previous studies had several limitations. 
First, the association of CD8+ TILs with clinicopathologi-
cal features and their clinical impacts on OS might vary due 
to the heterogeneity of the tumor location in the oral cavity. 
Second, manual methods of evaluating the density of CD8+ 
TILs in the tumor microenvironment might lead to incon-
sistent intra- and interobserver reproducibility. Although 
one study investigated the role of CD8+ TILs in TSCC 
tumors,5 it was limited by a small number of patients and 
a manual method to enumerate CD8+ TILs. To the best of 
our knowledge, no application of digital image analysis for 
studying the role of tumor-infiltrating lymphocytes in 
a large cohort of TSCC cases has been reported.

The aim of this study was to use digital image analyses 
to quantify the density of CD3+ and CD8+ TILs by 
examining the invasive margins in a large cohort of 
TSCC patients. The density of CD3+ and CD8+ TILs in 
histopathological examination was stratified by the median 
values of CD3+ and CD8+ TILs based on the density 
(TILs/mm2). The association of the CD8 to CD3 ratio 
with clinicopathological factors and survival was further 
analyzed to demonstrate the potential roles of CD8+ and 
CD3+ TILs in TSCC tumors and patients.

Patients and Methods
Patient Characteristics and Clinical 
Specimens
In this study, we retrospectively enrolled consecutive 
patients with TSCC who were diagnosed at Chang Gung 

Memorial Hospital between September 2005 and 
December 2015. The patients were defined as betel nut 
chewers if they chewed 2 or more betel nuts daily for at 
least 1 year, as cigarette smokers if they smoked 
every day for at least 1 year, and as alcohol drinkers if 
they consumed an alcoholic beverage 1 or more times per 
week for at least 6 months. Patients with at least one of 
the following conditions were considered ineligible for 
study inclusion: other concomitant primary cancer (syn-
chronous or metachronous), recurrent disease, any prior 
history of malignancy, or treatment with neoadjuvant 
therapy. This study was approved by the institutional 
review board. The patients underwent standard preopera-
tive work-ups per institutional guidelines, including 
a detailed medical history, complete physical examina-
tion, blood tests, computed tomography or magnetic reso-
nance imaging scans of the head and neck, chest 
radiographs, bone scan, and abdominal ultrasound. The 
primary tumors were excised with adequate margins 
using intraoperative frozen section controls transorally 
or via lip splitting with a mandibular swing approach, 
and neck dissections were simultaneously performed in 
level I–III (for clinical N0 neck disease) or level I–V (for 
clinical N+ disease). Surgical defects were primarily 
closed or immediately reconstructed, if necessary, by 
plastic surgeons using local, pedicled, or free flaps. 
Following surgical treatment, the pathological TNM clas-
sification of all tumors was established according to the 
American Joint Committee on Cancer Staging Manual 
(2010). Patients with stage pT4 tumors, pathologically 
positive lymph nodes, or microscopic close margins 
(<5 mm) were administered adjuvant radiotherapy, and 
concurrent chemoradiation therapy was administered to 
patients with extranodal extension, positive surgical mar-
gins, or multiple positive lymph node metastases. The 
chemotherapy was a cisplatin-based regimen, and the 
total radiation dose for radiotherapy was usually ~70 
Gy. The prescribed dose was delivered 2 Gy per day 
and 5 days per week. After discharge, all patients under-
went regular follow-up visits every 2 months for the 
first year, every 3 months for the second year, and every 
6 months thereafter.4

Immunohistochemistry and Digital Image 
Analysis
Hematoxylin and eosin (HE)-stained slides were obtained 
from the archives of the Department of Anatomic Pathology, 
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Chang Gung Memorial Hospital (Taoyuan, Taiwan). The 
invasive margin was defined as a region centered on the border 
separating the host tissue from the tumor cells, with an extent 
of 1 mm.13 An automatic slide scanner was unfortunately not 
available at the time of conducting this study; therefore, four 
representative fields (region of interest, ROI, corresponding to 
0.58 mm2) in each section were selected at 200x magnification 
per field after an initial screen under a microscope at low 
power (40x). The representative images photographed at low 
magnification (20x) are shown in Figure 1. The corresponding 
sections were cut at 3 μm thickness and incubated with mouse 
anti-human monoclonal CD3 (1:100; Novocastra LN10, Leica 
Microsystems, Wetzlar, Germany) and CD8 (1:100; 
Novocastra 4B11, Leica Microsystems, Wetzlar, Germany) 
antibodies using a Leica BOND-MAX autostainer (Leica 
Microsystems, Wetzlar, Germany). Isotype-matched mouse 
monoclonal antibodies were used as negative controls.

Images were captured in four different areas with the 
highest densities of CD3+ and CD8+ cells along the inva-
sive margin under 200X magnification, equivalent to 0.58 
mm2 with a 22-mm field of ocular view. The ROI images 
were captured under the Olympus BX50 microscope 
(Olympus, Tokyo, Japan). The numbers of CD3 + and 
CD8 + TILs were identified using ImagePro software 
and then averaged for each slide. The results are shown 
as the mean number per mm2 (Figure 1E–H). The densities 
of CD3+ and CD8+ cells (number of positive cells per 
mm2) were analyzed using Image-Pro Premier 9.1 (Media 
Cybernetics, Rockville, MD, USA).

Statistical Analysis
Chi-square and Wilcoxon tests were used to compare the 
clinicopathological characteristics in TSCC patients. All 
patients underwent follow-up evaluations at our outpatient 
clinic until June 2018 or death. Survival analyses were 
plotted using the Kaplan-Meier method, and differences 
were evaluated using the Log rank test. Cox proportional 
hazards models were employed to define the independent 
factors for OS. Statistical analyses were performed using 
SAS software (version 9.3; SAS Institute, Cary, NC). The 
statistical significance of all p-values was set at p < 0.05.

Results
Patient Characteristics and 
Clinicopathological Data
During the study period, 258 patients consisting of 222 
(86.0%) males and 36 (14.0%) females were enrolled. Of 

the enrolled patients, 73.3% were smokers, 62.8% were 
alcohol consumers, and 73.6% were betel nut chewers. 
The patient age at diagnosis ranged from 21.9 to 83.9 
years old (mean, 52.7 ± 11.8); CD3+ cell density ranged 
from 309.4 to 4594.8/mm2 (mean, 2059.0 ± 868.7); CD8+ 
cell density ranged from 151.7 to 3491.3/mm2 (mean, 
1253.8 ± 693.3); and the CD8 to CD3 ratio ranged from 
0.16 to 1.02 (mean, 0.59 ± 0.16). The most common TNM 
stage was IV (34.5%), followed by II (24.8%), I (24%) and 
III (16.7%). All patient characteristics are described in 
Table 1. Dichotomization of the patients by CD3+ cell 
density, CD8+ cell density and the CD8 to CD3 ratio 
was performed using the median values as cut-offs, 
which were 2016/mm2 for CD3+ cell density, 1125/mm2 

for CD8+ cell density and 0.592 for CD8/CD3.

Association of Clinicopathological 
Manifestations with CD3+ TILs, CD8+ 
TILs, CD8/CD3, and Scores
The subjects were stratified by the median values of CD3+ 
cell density, CD8+ cell density, CD8/CD3, and scores (0, 1, 
and 2) to demonstrate the association with various clinico-
pathological manifestations. Cases with CD8+ cell counts 
and CD8/CD3 ratio lower than the median values were 
given a score of 0, and cases with CD8+ cell counts and 
CD8/CD3 ratio higher than the median values were given 
a score of 2. The related details are shown in Table 2. 
Decreased CD8+ cell density and CD8/CD3 values were 
associated with a higher pT classification (p = 0.034 and 
0.043, respectively) and positive perineural invasion (p = 
0.449 and 0.043, respectively). More interestingly, lower 
CD8+ cell densities, CD8/CD3 values and scores were 
associated with increased tumor depths (p = 0.034, 0.004, 
and 0.018, respectively). These results indicate that lower 
CD8+ cell densities, CD8/CD3 values and scores may be 
related to more aggressive TSCC tumors in this retrospec-
tive cohort.

Association of CD3+ TILs, CD8+ TILs, 
CD8/CD3, and Scores with OS
The mean follow-up period was 4.5 ± 3.2 years, and the 
survival analyses for the entire cohort of 258 patients demon-
strated that the five-year OS was 70.6%. The OS probability 
analysis revealed the five-year OS incidence for patients in 
subgroups stratified by overall stages, perineural invasion, 
extranodal extension, tumor depth (<5 mm or ≥5 mm), CD3+ 
cell densities, CD8+ cell densities, and the CD8/CD3 ratio 
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Figure 1 (A–D) The invasive margin of two representative cases of tongue squamous cell carcinoma. (hematoxylin and eosin stain; 20x (A, B) and 200x (C, D) 
original magnification). (E–H) A case example of the tumor-infiltrating lymphocyte (TIL) counting strategy. Examples of images from the same region of interest under 
200x magnification from used to extract total positive staining counts in Image Pro. The total TIL counts were calculated based on the transfer of data from CD3 and 
CD8 IHC images to black-and-white grid format. (E, CD3 IHC image; F, CD3 Image-Pro image; G, CD8 IHC image, H, CD8 Image-Pro image; 200x original 
magnification).
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(Figure 2). In addition to the significant difference by overall 
pathological stages, perineural invasion, extranodal exten-
sion, and tumor depths, the current study further demon-
strated that the OS rates in for patients in subgroups 
stratified by CD3+ cell densities >2016/mm2 and ≤2016/ 
mm2 were 76.4% and 63.5%, respectively. These differences 
in OS were not significant based on the Log rank test 
(p =0.096; Figure 2E). Similarly, the OS probability analysis 
revealed that the five-year OS rates for patients in subgroups 
stratified by CD8/CD3 >0.592 and ≤0.592 were 76.5% and 
64.5%, respectively. These differences in OS were also not 
significant (p =0.056; Figure 2G): however, the OS probabil-
ity analysis revealed that the five-year OS rates for patients in 

subgroups stratified by CD8+ cell densities >1125/mm2 and 
≤1125/mm2 were 77.2% and 62.7%, respectively. These 
differences in OS were statistically significant (p =0.021; 
Figure 2F). Likewise, the OS probability analysis revealed 
that the five-year OS rates for patients in subgroups stratified 
by scores 2, 1 and 0 were 79.1%, 71.3% and 61.2%, respec-
tively, and these differences were also significant (p =0.034; 
Figure 2H).

A Cox proportional hazards model was also used to 
evaluate the association of the studied parameters and 
various clinicopathological factors with OS. When using 
the CD3 counts, the CD8 counts, and the CD8/CD3 ratio 
as the continuous variables, univariate analysis demon-
strated that the hazard ratio [95% confidence interval] 
was 1.00 [0.999–1.000] (p =0.040), 1.00 [0.999–1.000] 
(p =0.037), and 0.859 [0.206–3.575] (p =0.834), respec-
tively. Univariate analysis revealed that more advanced 
overall stages, perineural invasion, extranodal extension, 
tumor depth (>5 mm), lower CD8 counts, and lower scores 
(score 0 vs 2) indicated poorer OS (Table 3). To validate 
the independent prognostic factors, we performed 
a multivariate analysis that consisted of all the risk factors 
listed in the current AJCC staging as well as perineural 
invasion, which has long been regarded as a risk factor for 
locoregional recurrence and poorer survival. The results 
indicated that extranodal extension and lower scores (score 
0 vs 2) were both independent factors associated with OS 
(p < 0.0001 and p = 0.0369, respectively; Table 3).

Discussion
T cells mediate cellular immunity and are categorized into 
CD4+ helper T cells and CD8+ cytotoxic T cells, with the 
latter releasing cytotoxic granules to kill tumor cells.14 The 
role of TILs has been studied in melanoma for decades, but 
its prognostic importance was only recently emphasized in 
colorectal cancer.15,16 Galon et al quantified the densities of 
CD8+ and CD3+ TILs at both the invasive margin and 
tumor center in whole sections of colorectal cancer tumor 
tissue slides and found that the extent of CD8+ and CD3+ 
TILs at the tumor center and invasive margin was more 
predictive of clinical outcome than traditional TNM 
staging.17 In addition to colorectal cancer, extensive tumor 
lymphocyte infiltration is also associated with better overall 
survival and disease-free survival in non-small cell lung 
cancer.9 The total CD8+ cell count was also associated 
with improved cancer-specific survival in 1344 breast can-
cer patients:10 however, in head and neck cancer, 
a standardized method to evaluate tumor-infiltrating 

Table 1 Clinical, Pathological, and Laboratory Characteristics of 
Patients

Characteristics Number Percentage, %

Sex
Male 222 86.0

Female 36 14.0

pT classification
T1 70 27.1

T2 102 39.5

T3 29 11.3

T4 57 22.1

pN classification
N0 165 64.0

N1 33 12.8

N2 60 23.2

Overall pathological 

stage
I 62 24.0

II 64 24.8

III 43 16.7

IV 89 34.5

Alcohol consumption
No 96 37.2

Yes 162 62.8

Betel nut chewing
No 68 26.4

Yes 190 73.6

Smoking
No 69 26.7

Yes 189 73.3

Characteristics Number Mean ± SD (Max, Min)
Age (years) 258 52.7 ± 11.8 (83.9, 21.9)

CD3 (/mm2) 258 2059.0 ± 868.7 (4594.8, 309.4)

CD8 (/mm2) 258 1253.8 ± 693.3 (3491.3, 151.7)

CD8/CD3 258 0.59 ± 0.16 (1.02, 0.16)
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lymphocytes is still lacking. Here, digital image analysis 
was used for the first time to evaluate CD3+/CD8+ TILs at 
tumor invasive margins in a large homogeneous cohort of 
TSCC patients. The results showed that the CD8+ TIL 
density was significantly associated with more aggressive 
phenotypes and OS.

The spatial distribution of TILs can be divided into 
those in the tumor (epithelial component, intratumoral) or 
in the stroma (stromal component). Prior studies usually 
divide the TILs into these two components and many 
have focused on the intratumoral (epithelial) component. 
The stromal component has not been clearly defined in 
the literature and may or may not consist of the invasive 
margin, which may underlie the inconsistent conclusions 
on the TIL component that plays a more important role 
regarding patient survival. The role of TILs at the inva-
sive margin has been rarely studied in the setting of head 
and neck cancers. The importance of the invasive margin 
has already been emphasized in other types of cancer, for 
example in colorectal cancer.11 In addition, the risk 
model proposed by Brandwein-Gensler et al consists of 
perineural invasion, lymphocytic host response, and 
a worse pattern of invasion.18 The latter two parameters 
actually represent the evaluation of the invasive margin. 
We hypothesize that the invasive margin is the site where 
TILs mostly interact with the tumor cells for TSCC and 
other types of cancer as well. In addition, previous stu-
dies did not conclude whether epithelial or stromal CD8+ 
TILs are a better predictor associated with the survival of 
OSCC patients. Therefore, we focused on the role of 

TILs at the invasive margin in our large, homogeneous 
population.

Prior studies have demonstrated that TILs in different 
compartments are associated with patient prognosis and/or 
treatment outcomes in OSCC. Distel et al found that in the 
low-risk group, higher numbers of intraepithelial CD8+ 
TILs were associated with better survival.19 Oguejiofor 
et al found that the stromal infiltration of CD8+ TILs 
was associated with improved outcomes in HPV-related 
oropharyngeal SCC.20 More recently, another study 
demonstrated that a high density of CD8+ TILs in the 
tumor center (probably representing the intratumoral 
TILs) was associated with increased OS in OSCC.21 

Lechner et al investigated TILs in both the tumor centers 
and invasive margins, but little information was provided 
in their results regarding the spatial distribution and 
prognosis.22 Poropatich et al reported that a subset of 
cases (HPV-positive) displayed a unique TIL pattern con-
sisting of a circumferential peritumoral population of 
T cells, which was absent in the HPV-negative cases in 
40 oral tongue and oropharyngeal cancer patients.23 In 
breast cancer, TILs also contribute to patient response to 
neoadjuvant chemotherapy. Khoury et al found that intra-
tumoral TILs were an independent prognosticator of 
a pathological complete response in the luminal type of 
breast cancer, while both intratumoral and stromal TILs 
were independent predictors of a pathological complete 
response in triple negative breast cancer.24

The conflicting results may be due to the following: (1) 
the studied populations were not homogeneous, ranging 

Figure 2 The Kaplan-Meier plots demonstrates the association of (A) overall stage, (B) Perineural invasion, (C) Extranodal extension, (D) Tumor depth, (E) CD3+ tumor-infiltrating 
leukocytes (TILs), (F) CD8+ TILs, (G) CD8/CD3, and (H) Scores with patient prognoses.
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from HPV-related oropharyngeal cancers to oral cancers 
that probably includes oral tongue, base of the tongue, 
gingiva, and buccal mucosa; (2) the definition of the 
stromal and epithelial compartments was not clear. The 
epithelial compartment might be defined as TILs infiltrat-
ing in the tumor, but the TILs in the stromal compartment 
include all the TILs distributed from micrometers to milli-
meters away from the tumor; and (3) the number of 
patients included in each study differed, ranging from 
tens to hundreds of patients. The definition of the epithelial 
and stromal compartment of TILs differed among previous 

studies, and the TILs in the invasive margin of OSCC were 
only studied by Lechner et al and Zhou et al with rela-
tively small numbers of patients.21,22 Therefore, the cur-
rent study aimed to investigate the association of TILs at 
the invasive margins in a large, homogeneous population 
of TSCC.

Based on our preliminary observation, in OSCC, 
tumor-infiltrating immune cells were more likely to be 
concentrated at the invasive margins than at the tumor 
centers. Thus, in the current study, we did not follow the 
methods used by previous studies to measure the TILs in 

Table 3 Univariate and Multivariate Analyses of Overall Survival in Patients with Oral Cavity Squamous Cell Carcinoma After 
Treatment

Variables Univariate Multivariate

Hazard Ratio 95% CI P-value Hazard Ratio 95% CI P-value

Age (years) 1.002 0.984–1.020 0.8445 1.011 0.990–1.033 0.2933

Sex
Male Reference Reference
Female 0.834 0.430–1.619 0.5921 1.033 0.514–2.076 0.9279

Overall pathological stage
I–II Reference Reference

III–IV 5.449 3.145–9.440 <0.0001b 2.572 1.321–5.007 0.0054

Perineural invasion
No Reference

Yes 1.926 1.453–2.553 <0.0001b

ENE
(-) Reference Reference
(+) 5.952 3.799–9.325 <0.0001b 3.084 1.827–5.206 <0.0001b

Tumor depth (mm)
≤5 mma Reference Reference

>5 mma 5.460 2.206–13.513 0.0002b 2.332 0.872–6.234 0.0916

CD3
<2016/mm2a Reference
>2016/mm2a 0.690 0.444–1.071 0.0980

CD8
<1125/mm2a Reference

>1125/mm2a 0.597 0.383–0.930 0.0227b

CD8/CD3
<0.592a Reference

>0.592a 0.652 0.419–1.015 0.0580

Score
2 Reference Reference
1 0.657 0.388–1.111 0.1174 0.718 0.420–1.229 0.2270

0 0.512 0.301–0.871 0.0135b 0.559 0.324–0.965 0.0369b

Notes: aMedian. bStatistically significant 
Abbreviations: CI, confidence interval; ENE, extranodal extension.
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the tumor cores.17 The current study demonstrated the 
superiority of evaluating TILs at the invasive margins to 
those at the tumor centers. The results showed that lower 
CD8+ cell counts and CD8 to CD3 ratio at the invasive 
margins were associated with increased tumor depths in 
TSCC. These findings might be explained by the cytotoxic 
activity of CD8+ TILs at the invasive margin, which could 
impede the growth of tumor cells and hence enhance 
antitumor immunity in the microenvironment. Similarly, 
in a previous study of malignant melanoma, TIL measure-
ments revealed that the presence of sparse TILs and tumor 
thickness were significant and independent predictive his-
tologic factors for prognosis.25

Several publications have discussed the prognostic role of 
TILs in OSCC. Fang et al found that a higher CD8 and CD57 
expression in TILs in the tumor stroma was correlated with 
longer OS in 78 patients with oral cavity cancer.6 Cho et al 
evaluated the intratumoral and peritumoral densities of CD4 
+/CD8+ TILs, PD-L1 expression in tumor cells, and tumor- 
associated fibroblasts in 45 OSCC patients and found that 
peritumoral TILs were significantly associated with tumor 
size, lymph node metastasis and clinical stage.26 Shimizu 
et al evaluated the density of CD8+ TILs in five compart-
ments of 193 OSCC patients and found that a high stromal 
CD8+ TIL density at the tumor periphery and high parench-
ymal CD8+ TIL density at the invading edge were indepen-
dent prognostic markers for recurrence-free survival and 
OS.7 Wolf et al evaluated different subsets of tumor- 
infiltrating immune cells, including CD8+ TILs, in 39 
OSCC patients and found that CD68+ tumor-associated 
macrophages rather than CD8+ TILs were associated with 
poorer overall survival, demonstrating conflicting results 
with other studies.5–8 Additionally, most previous studies 
evaluated TIL densities by subjective measurement under 
microscopy with various fields of interest within OSCC 
specimens. In our investigation, we identified two main 
obstacles that can reduce the reliability and reproducibility 
of the visual assessment of TIL counts under microscopy. 
First, at the invasive margin, TILs tend to form aggregates, 
making it difficult to accurately determine the actual numbers 
of CD8+ TILs. Second, the staining intensities of CD3 and 
CD8 are usually homogeneous and strong, and thus a weaker 
and heterogeneous staining pattern could be neglected. To 
overcome these potential biases in the current study, we 
adopted digital image analysis at the invasive margins of 
TSCC tumors and found that this method was more objective 
and efficient in assessing the density of TILs at invasive 
margins.

OSCCs consist of tumors originating from the buccal 
mucosa, gingiva, hard palate, retromolar, floor of mouth, and 
tongue. Previous studies enrolled patients with oral cavity 
squamous cell carcinoma from various sublocations.6–8 In 
addition to tumors in the tongue, tumors originating from 
other sublocations might encroach upon physical barriers, 
such as skin or bone. These physical barriers might impede 
the growth of tumor cells and therefore lead to an underestima-
tion of the density of TILs at the invasive front. To achieve 
a more subjective and scientific evaluation, the current study 
only enrolled TSCC patients to investigate the effect of CD8+ 
TILs at the invasive margin on clinicopathological features and 
survival.

Conclusions
This study demonstrated the association of CD8+ and CD3 
+ TILs with overall survival and tumor depth in a large 
homogeneous cohort of TSCC patients using a digital 
image analysis method. Along with extranodal extension, 
a low abundance of CD8+ and CD3+ TILs predicted 
a shorter OS in TSCC. Together, the results emphasize 
the importance of CD8+ TILs in the prognosis of TSCC, 
and the application of simple immunohistochemistry com-
bined with digital image analysis to provide a novel para-
meter to supplement current TNM staging for TSCC 
patient stratification.
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