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Abstract

Background: Our aim was to investigate the prognostic significance of tumor-infiltrating lymphocytes (TILs) in
operable tongue cancer patients.

Methods: The presence of CD3+, CD4+, CD8+, and forkhead box protein P3-positive (FOXP3+) TILs in tumor tissues
obtained from 93 patients during surgery was examined using immunohistochemistry.

Results: The 3-year overall survival (OS) of patients with a low CD8/FOXP3 ratio was significantly lower than that of
patients with a high CD8/FOXP3 ratio (63.8% vs. 87.3%, p = 0.001). Patients with high FOXP3 had a significantly
lower 3-year regional recurrence-free survival (RRFS) than did patients with low FOXP3 (49.3% vs. 87.3%, univariate
log rank p = 0.000). A low CD4/FOXP3 ratio (68.4% vs. 93.7%, univariate log rank p = 0.002) was significantly unfavorable
prognostic factors for 3-year distant metastasis-free survival (DMFS).

Conclusions: In addition to clinicopathological characteristics, TIL markers represent prognosticators for clinical outcomes.
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Background
Head and neck cancer is the sixth most common malig-
nancy worldwide and comprises different anatomical sub-
sites with various biological and clinical behaviors [1].
Curative treatment includes primary radiotherapy (RT)
with and without different combinations of chemotherapy
or curative surgery followed by adjuvant RT or concurrent
chemoradiotherapy (CCRT) as clinically indicated.
An obstacle in improving the treatment outcome of head

and neck cancer is immunoediting, including tumor elimin-
ation, equilibrium, and escape [2]. Tumor-infiltrating lym-
phocytes (TILs) are major components in the immune
microenvironment. Major subtypes of TILs include CD3+

T cells, CD4+ T cells, CD8 cells, and CD4+CD25+ regula-
tory T cells (Treg cells; forkhead box protein P3 [FOXP3]
cells). CD3 is a protein complex that functions as the

coreceptor of T-cell receptor (TCR) and is required for
T-cell activation; hence, CD3 is recognized as a pan-T
cell marker. CD4 is a glycoprotein expressed on T cells
that functions as a coreceptor of TCR and interacts
with major histocompatibility complex (MHC) II on
antigen-presenting cells. The interaction of CD4 with
MHC II mediates a major pathway in which CD4 T
cells differentiate into helper T cells and release cyto-
kines that stimulate B cells, natural killer NK cells, and
CD8 cytotoxic T cells. CD8 is expressed on cytotoxic T
cells and functions as a coreceptor of TCR and binds to
MHC I. CD8 cytotoxic T cells are capable of direct
tumor cell killing and are vital for antitumor immunity.
However, in antitumor immunity, these cells are coun-
teracted by the immunosuppressive effect of Treg cells.
Treg cells inhibit effector immune cells by direct cell–
cell contact, producing immunosuppressive cytokines,
such as IL-10 and TGFβ. FOXP3 is a surrogate marker
for Treg and its main transcription factor [3].
Previous studies investigating the role of TILs in head

and neck cancer have been limited by heterogenous
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anatomical sites, small sample size, and various treat-
ment modalities. In this study, we assessed the role of
TIL markers (CD3, CD4, CD8, and FOXP3) in a large
cohort of patients with pure tongue squamous cell car-
cinoma receiving maximal curative treatment involving
radical surgery and adjuvant RT or adjuvant CCRT.

Methods
Patients
This is a single institutional study. The study protocol was
approved by the Research Ethics Committee of National
Taiwan University Hospital (NTUH: 201412056RINC).
The patients’ medical data were anonymized prior to ac-
cess and analysis. The institutional review board waived
the need for written informed consent from the study sub-
jects because all potentially patient-identifying informa-
tion was removed prior to data analysis. We included
patients diagnosed with pathologically proven tongue can-
cer who received curative surgery and adjuvant RT with
or without chemotherapy between 2004 and 2010. We ex-
cluded patients who received neoadjuvant chemotherapy
or who had immune-related diseases or distant metastasis.

Treatment
A total of 93 patients were included in this study. The
patients were staged according to the AJCC sixth edition
staging system. Surgical techniques included partial glos-
sectomy and supraomohyoid neck dissection for patients
with early-stage disease. Patients with locally advanced
disease received nearly total or total glossectomy and
modified radical neck dissection. As a cancer center, in
our hospital newly diagnosed head and neck cancer pa-
tients were discussed in multidisciplinary tumor board,
in terms of staging, operation technique and whether
chemotherapy/targeted therapy or radiotherapy is needed
or not. Surgery was performed by 4 experienced head and
neck surgeons. Generally speaking, surgical tumor resec-
tion was performed with attempted 1-cm margin whenever
possible. For small T/T2 tumors, tumor wide excision with
adequate margin could be achieved without reconstruction.
For advanced T3/4 tumors, tumor excision followed by
pectoris major myocutaneous flap (PMMCF) or anterolat-
eral thigh (ALT) flap reconstruction.
This study included patients receiving adjuvant RT

for the minor pathological risk factors of a close margin
(< 0.5 cm), lymphovascular invasion (LVI), perineural
invasion (PNI), advanced primary tumor (T3/T4), ad-
vanced nodal status (N2/N3), or positive lymph node in
neck level IV or V. Pathological N1 patients received
adjuvant radiotherapy at the discretion of treating phy-
sicians. Adjuvant concurrent chemoradiation with weekly
cisplatin at 40 mg/m2 was administered to patients with a
positive margin and extracaspular extension (ECE). Patients
with 2 or more minor risk factors were given chemotherapy

at the discretion of treating physician. RT included 2D
radiotherapy (2DRT) in 7 (7.5%) patients, 3D conformal
radiotherapy (3DCRT) in 33 (35.5%), and intensity modula-
tion radiotherapy (IMRT) in 53 (57%). The radiation field
included primary tumor/neck surgical bed and bilateral
prophylactic neck irradiation. The highest RT dose pre-
scribed was 60–70 Gy to the surgical tumor bed, with 2 Gy
per fraction and 5 fractions per week.

Immunohistochemistry
Formalin-fixed, paraffin-embedded tumor specimens col-
lected during curative surgery were used for immunostain-
ing with primary antibodies against the following markers:
CD3, pan-T cell marker (clone TR66; Enzo Life Sciences,
Farmingdale, NY, USA), CD4, helper T cell marker (clone
1F6; Novocastra, Leica Microsystems, Buffalo Grove, IL,
USA), CD8, cytotoxic T cell marker (clone 4B11; Novocas-
tra, Leica Microsystems), and FOXP3, Treg cell marker
(clone mAbcam 22,510; Abcam, Cambridge, UK). The rep-
resentative areas containing the most densely cellular viable
invasive carcinoma tissue were chosen for evaluation of
TILs by experienced pathologists (YLC and CTW) blinded
to the treatment and outcome. TILs that positively
stained for designated markers (CD3, CD4, CD8, and
FOXP3) were numerated using a 20× objective lens.
The percentage of TILs positive for the following
markers was calculated: CD3, CD4, CD8, FOXP3, with
the ratios CD3/CD4, CD3/CD8, CD4/CD8, CD3/FOXP3,
CD4/FOXP3, and CD8/FOXP3. High or low expression
for each marker was defined using the median number as
the cutoff point.

Statistical analysis
The significance of the correlation of markers with clini-
copathological characteristics was assessed using the
Wilcoxon rank sum test. Spearman’s rank order correl-
ation was used to determine whether a positive or nega-
tive correlation was observed among different markers.
The definition for survival endpoints were as follows:
Overall survival (OS): the time elapsed between oper-
ation and death from any cause; Local recurrence free
survival (LRFS): the time elapsed between operation and
local recurrence or death from any cause; Regional re-
currence free survival (RRFS): the time elapsed between
operation and regional recurrence or death from any
cause; Distant metastasis free survival (DMFS): the time
elapsed between operation and distant metastasis or
death from any cause. Patient survival curves were gen-
erated using the Kaplan–Meier method and compared
using log-rank tests. Cox’s proportional hazards regres-
sion analysis was used for multivariate analyses. Vari-
ables with a p-value < 0.15 were selected for subsequent
multivariate analysis with entry method. Statistical
analyses were performed using IBM SPSS Statistics,
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Version 19 (SPSS, Chicago, IL, USA). All tests were
2-sided, with significance established at p < 0.05.

Results
Clinicopathological characteristics and
immunohistochemistry of TIL markers
The clinicopathological characteristics of the patients are
shown in Table 1. A total of 93 patients were included in
this study, with 77 (82.8%) men and 16 (17.2%) women; the
median age was 49 years (range, 26–76 years). Of the 93
patients, 33 (3.5%) patients were non-smokers. The median
smoking amount was 10 pack-year. Fifty-one (54.8%) pa-
tients had smoking of ≧10 pack-year. The margin status
was a negative margin in 41 (44.1%) patients. Thirty-two
(34.4%) patients had a close margin, and 18 (19.4%) had a
positive margin. Of node-positive patients, 39 had ECE of
the lymph node. Eighty (86%) patients underwent adjuvant
CCRT with weekly cisplatin at 40 mg/m2. The median ad-
juvant radiation dose was 66 Gy (range, 6–70 Gy).
The degree of intratumoral lymphocyte infiltration

varied according to the marker (Fig. 1). The percentage
of TILs that stained positively for CD3 (median, 70%;
range 5–80; Q1-Q3, 57–70) and FOXP3 (median, 70%;
range, 10–85; Q1-Q3, 70–75) was higher than that of
cells positive for CD4 (median, 20%; range 1–80; Q1-Q3,
3–55), whereas the percentage for CD8 (median, 3%;
range, 1–50; Q1-Q3, 1–5) was the lowest.

Associations of TIL markers with pathological
characteristics
The percentages of TIL markers differed according to
the pathological LVI status. The percentage of CD4 in
LVI-negative tumors (median, 45%; range, 1–70; Q1-Q3,
13–60) was significantly higher (p = 0.006) than that in
LVI-positive tumors (median, 5%; range, 1–75; Q1-Q3,
1–48) (Fig. 2a). The CD4/FOXP3 ratio in LVI-negative
tumors (median, 0.7; range, 0–1; Q1-Q3, 0.2–0.9) was
significantly higher (p = 0.012) than that in LVI-positive
tumors (median, 0.1; range, 0.1–1.3; Q1-Q3, 0.1–0.7)
(Fig. 2b). Similarly, the CD4/CD8 ratio in LVI-negative tu-
mors (median, 10; range, 0.3–60; Q1-Q3 2–21) was signifi-
cantly higher (p = 0.006) than that in LVI-positive tumors
(median, 1.9; range, 0.1–55; Q1-Q3, 1–7.3) (Fig. 2d). By
contrast, the CD3/CD4 ratio was significantly lower
(p = 0.043) in LVI-negative tumors (median; 1.4; range,
1–70; Q1-Q3, 1.2–43) than in LVI-positive tumors
(median, 7.5; range, 1–80; Q1-Q3, 1.4–32.5) (Fig. 2c).
The degree of correlation among the TIL markers

also differed according to the pathological status. In
LVI-positive tumors, CD4 TIL infiltration moderately cor-
related with the CD8/FOXP3 ratio (r = 0.491, p = 0.001)
(Fig. 2f), whereas in LVI-negative tumors, the correlation
of CD4 with the CD8/FOXP3 ratio did not reach statistical
significance (r = 0.271, p = 0.281) (Fig. 2e).

Prognostic role of TIL markers and clinicopathological
characteristics for survival
The median follow-up time for all patients was 31.4 months
(range, 0.2–99.8 months). Table 2 summarizes the results
of the univariate and multivariate analysis of the prognostic
role of TIL markers and clinicopathological characteristics
for OS, LRFS, RRFS, and DMFS. In univariate analysis, the
3-year OS of patients with ECE (46.2% vs. 94.4%, p = 0.000),
N2/N3 disease (56.8% vs. 93.4%, p = 0.001), advanced-stage
tumors (66.4% vs. 94.7%, p = 0.009), and a low CD8/FOXP3
ratio (63.8% vs. 87.3%, p = 0.001) (Fig. 3a) were significantly

Table 1 Clinicopathologic characteristics of the patients

Total patients

No. (%)

Gender

Female 16 (17.2%)

Male 77 (82.8%)

Age

< 60 years 75 (80.6%)

≧ 60 years 18 (19.4%)

T classification

T1/T2 52 (55.9%)

T3/T4 41 (44.1%)

N classification

N0/N1 35 (37.6%)

N2/N3 58 (62.4%)

LVI

No 29 (39.7%)

Yes 44 (60.3%)

PNI

No 15 (18.7%)

Yes 65 (81.3%)

ECE

No 36 (48%)

Yes 39 (52%)

Differentiation

Well 17 (34.7%)

Moderate/Poor 32 (65.3%)

Margin

Negative 41 (45.1%)

Close/Positive 50 (54.9%)

Median RT dose (cGy) 6600 (range, 600–7000)

Chemotherapy

RT alone 13 (14%)

CCRT 80 (86%)

Abbreviation: CCRT concurrent chemoradiotherapy, ECE extracapsular extension,
LVI lymphovascular invasion, PNI perineural invasion, RT radiotherapy
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lower. In multivariate analysis, positive ECE (hazard ra-
tio [HR] = 19.713, 95% CI = 2.594–149.833, p = 0.004)
and N2/N3 (HR = 6.473, 95% CI = 1.465–28.609, p = 0.014)
remained significant adverse prognostic factors for OS
whereas a high CD8/FOXP3 ratio was a favorable prog-
nostic factor for OS (HR = 0.015, 95% CI = 0.017–0.791,
p = 0.028). In univariate analysis for LRFS, patients with
moderate/poor differentiation (58.5% vs. 93.3%, p = 0.017),
male sex (70.9% vs. 100%, p = 0.019), and close/positive
margin (66.9% vs. 85.8%, p = 0.030) had significantly worse
3-year LRFS. Multivariate analysis showed that moderate/
poor differentiation was a significant factor for LRFS
(HR = 8.679, 95% CI = 1.127–66.871, p = 0.038).
We further assessed the association of the TIL markers

with RRFS and DMFS of these patients. In univariate
analysis for RRFS, the 3-year RRFS of patients with
positive ECE and negative ECE were 57.8% and 86.0%,
respectively (p = 0.018). Patients with N2/N3 disease
(65.2% vs. 81.7%, p = 0.098), moderate/poor differenti-
ation (57.7% vs. 88.2%, p = 0.059), low CD8 (65.9% vs.
83.2%, p = 0.069), high FOXP3 (49.3% vs. 87.3%, p =
0.000) (Fig. 3b), and a low CD8/FOXP3 ratio (61.8% vs.
84.1%, p = 0.014) had significantly lower 3-year RRFS.
Multivariate analysis showed that in addition to the
clinicopathological characteristics of ECE (HR = 5.268,
95% CI = 1.503–18.466, p = 0.022) and N2/N3 disease
(HR = 16.335, 95% CI = 1.484–179.799, p = 0.024), patients
with high FOXP3 still had worse RRFS (HR = 7.487, 95%
CI = 1.786–31.395, p = 0.006). For DMFS, ECE (66.8% vs.
94.4%, p = 0.007), N2/N3 disease (70.3% vs. 97.1%, p =
0.003), advanced-stage tumors (72.0% vs. 100%, p = 0.005),
a high CD3/CD4 ratio (70.2% vs. 90.5%, p = 0.026), and a
low CD4/FOXP3 ratio (68.4% vs. 93.7%, p = 0.002) (Fig. 3c)
were significantly less favorable prognostic factors for
3-year DMFS. In multivariate analysis, ECE (HR = 3.929,

95% CI = 0.489–31.590, p = 0.042) and N2/N3 disease
(HR = 2.980, 95% CI = 0.370–24.033, p = 0.035) remained
significant adverse factors for DMFS whereas a high CD4/
FOXP3 ratio remained a favorable prognostic factor
for DMFS in multivariate analysis (HR = 0.032, 95%
CI = 0.003–0.384, p = 0.007).

Discussion
High total TIL levels, reflecting an immune response to
tumors, are associated with improved disease-specific
survival (DSS) and progression-free survival (PFS) sur-
vival in human papillomavirus (HPV)-positive oropha-
ryngeal cancer (OPSCC) [4]. Similarly, we demonstrated
that abundant lymphocyte infiltrations were present in
tumor microenvironments and tumor cells of our pa-
tients with tongue squamous cell carcinoma. Moreover,
we further classified TIL markers into 4 groups: CD3
(pan-T cells), CD4 (CD4 helper T cells), CD8 (cytotoxic
T cells), and FOXP3 (Treg cells). This study demon-
strated that in LVI-negative tumors, the CD4 percentage,
CD4/FOXP3 ratio, and CD4/CD8 ratio were higher,
whereas the CD3/CD4 ratio was lower. Furthermore, in
LVI-positive tumors, a correlation was found between
CD4 and the CD8/FOXP3 ratio, whereas in LVI-negative
tumors, the correlation between CD4 and CD8/FOXP3
ratio did not reach statistical significance. Similarly,
Pagès et al. [5] showed that in colorectal cancer without
signs of early metastatic invasion, including vascular em-
boli, lymphatic invasion, and PNI (collectively referred
to as “VELIPI”), increased numbers of CD8+ T cells and
high levels of messenger RNA for products of type 1
helper effector T cells and high levels of infiltrating
memory CD45RO+ cells were observed. Our study dem-
onstrated that in tongue squamous cell carcinoma,
higher CD4 infiltration and higher CD4/CD3, CD4/CD8,

Fig. 1 Representative specimens of immunostaining: high expression of CD3 (a), low expression of CD3 (b), high expression of CD4 (c), low
expression of CD4 (d), high expression of CD8 (e), low expression of CD8 (f), high expression of FOXP3 (g), and low expression of FOXP3 (h)
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and CD4/FOXP3 ratios were associated with the absence
of LVI, indicating the role of CD4 TILs in the prevention
of early metastatic invasion. We also found that patients
with advanced-stage tumors had less CD4 and CD8,
lower CD4/FOPX3 and CD8/FOXP3 ratios, and higher
CD3/CD4 and CD3/CD8 ratios, which may suggest
that as their tumors progressed, the tumor microenvir-
onment shifted toward a more immunosuppressive
environment.
The other key findings of this study are that patients

with a low CD8/FOXP3 ratio, high FOXP3 expression,
and a low CD4/FOXP3 ratio had significantly less favor-
able OS, RRFS, and DMFS, respectively. Previous studies
have revealed that a high density of FOXP3+ TIL is asso-
ciated with worse OS in breast cancer [6], hepatocellular

carcinoma [7], and ovarian cancer [8]. In stage I lung
adenocarcinoma, a high density of FOXP3+ TIL was also
associated with shorter recurrence-free probability [9].
By contrast, a high density of FOXP3 was associated
with improved survival in tumors related to the lymph-
oid system, such as follicular lymphoma [10] and clas-
sical Hodgkin lymphoma [11], or tumors exposed to a
bacterial inflammatory environment, such as colorectal
cancer [12].
In head and neck cancer, where tumors are exposed to

several microbes, FOXP3 T cells were reported to be
positively correlated with locoregional control [13] and
OS [14]; this could be partially explained by the inhib-
ition of harmful protumor inflammation by immunosup-
pressive Tregs [13, 15]. By contrast, other studies have

Fig. 2 Correlation of tumor-infiltrating lymphocyte markers with pathological characteristics. The degree of correlation among CD4 (a), CD4/
FOXP3 ratio (b), CD3/CD4 ratio (c), CD4/CD8 ratio (d) differs according to the pathological lymphovascular invasion (LVI) status. The correlation
between CD4 and the CD8/FOXP3 ratio in LVI-negative (e) and LVI-positive tumors (f)
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Table 2 Significance of clinicopathologic parameters and TIL markers for survival

Univariate p value Multivariate p value

3-Year survival HR (95% CI)

OS

ECE (Yes vs. No) 46.2% vs. 94.4% 0.000 19.713 (2.594–149.833) 0.004

N classification (N2/N3 vs. N0/N1) 56.8% vs. 93.4% 0.001 6.473 (1.465–28.609) 0.014

Margin (Close/Positive vs. Negative) 60.6% vs. 80.8% 0.054

Stage (early vs. advanced) 94.7% vs. 66.4% 0.009

CD8/FOXP3 (High vs. Low) 87.3% vs. 63.8% 0.006 0.115 (0.017–0.791) 0.028

LRFS

Differentiation (Moderate/Poor vs. Well) 58.5% vs. 93.3% 0.017 8.679 (1.127–66.871) 0.038

Gender (Male vs. Female) 70.9% vs. 100% 0.019

Margin (Close/Positive vs. Negative) 66.9% vs. 85.8% 0.030

ECE (Yes vs. No) 66.4% vs. 79.0% 0.095

RRFS

ECE (Yes vs. No) 57.8% vs. 86.0% 0.018 5.268 (1.503–18.466) 0.022

N classification (N2/N3 vs. N0/N1) 65.2% vs. 81.7% 0.098 16.335 (1.484–179.799) 0.024

Differentiation (Moderate/Poor vs. Well) 57.7% vs. 88.2% 0.059

CD8 (Low vs. High) 65.9% vs. 83.2% 0.069

FOXP3 (High vs. low) 49.3% vs. 87.3% 0.000 7.487 (1.786–31.395) 0.006

CD8/FOXP3 (High vs. Low) 84.1% vs. 61.8% 0.014

DMFS

ECE (Yes vs. No) 66.8% vs. 94.4% 0.007 3.929 (0.489–31.590) 0.042

N classification (N2/N3 vs. N0/N1) 70.3% vs. 97.1% 0.003 2.980 (0.370–24.033) 0.035

Stage (early vs. advanced) 100% vs. 72.0% 0.005

CD3/CD4 (High vs. Low) 70.2% vs. 90.5% 0.026

CD4/FOXP3 (High vs. Low) 93.7% vs. 68.4% 0.002 0.032 (0.003–0.384) 0.007

Abbreviation: Advanced stage 4, CI confidence interval, DMFS distant metastasis free survival, Early stage stage 1/2/3, ECE extracapsular extension, HR hazard ratio,
LRFS local recurrence free survival, OS overall survival, RRFS regional recurrence free survival

Fig. 3 Kaplan–Meier survival curve: for (a) OS according to CD8/FOXP3 ratio, b RRFS according to FOXP3 expression, and (c) DMFS according to
CD4/FOXP3 ratio
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shown that FOXP3 expression does not influence the
clinical outcome of head and neck cancers [16–20]. The
existence of heterogenous anatomical sites and various
treatments, including surgery with adjuvant RT/CCRT
or primary CCRT +/− induction chemotherapy, in previ-
ous studies may explain the differential roles of FOXP3
in the clinical outcomes of head and neck cancer. Our
current study comprised a homogeneous population of
patients with tongue cancer receiving curative surgery
and adjuvant RT/CCRT. This finding is in accordance
with that of Weed et al., who demonstrated that nuclear
FOXP3 TIL was associated with tumor recurrence
within 3 years in a small cohort of patients with T1/T2
tongue SCC [21]. In addition, Hanakawa et al. revealed
that in tongue SCC, a high level of FOXP3 infiltration
into both cancer nests and stroma correlated with worse
disease-free survival [22]. The different outcomes of
FOXP3 in HPV-positive oropharyngeal cancer and tongue
SCC indicate the minor role of microbial-associated
pathogenesis in tongue SCC. Thus, the role of FOXP3
Treg in head and neck cancer should be reinterpreted re-
garding the different context of subsites, respective treat-
ment, and additional functional markers [23].
In contrast to the immunosuppressive effect of FOXP3

Treg cells, CD8 cytotoxic T cells are considered to be
the major effector immune cells against tumor cells.
High CD8 T-cell infiltration has been demonstrated to
be associated with higher survival [14, 16, 18, 20, 24, 25]
and locoregional control [17]. A low CD8/FOXP3 ratio
implies a shift in the balance toward greater FOXP3 im-
mune inhibition over the CD8 tumoricidal effect. Simi-
larly, a low CD8/FOXP3 ratio was correlated with worse
disease-free survival in tonsillar squamous cell carcin-
oma [20]. A low stromal CD8/CCR4 Treg ratio was an
independent prognostic factor for lower survival in oral
squamous cell carcinoma [24]. Our data and the findings
of published studies suggest that the balance between
cytotoxic T cells and Treg cells is a crucial predictive
marker for the clinical outcome of head and neck cancer.
The role of CD3 and CD4 in head and neck cancer

has been less documented. Balermpas et al. [16] reported
that patients with high immunohistochemical CD3 ex-
pression had significantly increased OS, progress-free
survival (PFS), and DMFS compared with those without.
CD4 expression was not associated with clinical out-
comes in most published studies [14, 16, 18, 25]. A study
with a small cohort of patients with oral cavity squa-
mous cell carcinoma showed that patients with high
CD4 counts had decreased survival [26]. The CD4/CD8
ratio was associated with tumor recurrence but not OS
in 52 patients with oral cancer [17].
There are several limitations in our study that

should be discussed. One is its retrospective design,
which introduces inherent biases. Patient source was

single institution, which may result in selection bias.
In addition, although two pathologist examined IHC
stains independently, surgical specimen evaluation with
formalin-fixed, paraffin-embedded slides could not well
represent intra-tumoral heterogeneity, which is a common
bias with all IHC studies.

Conclusion
In summary, our study demonstrated that in addition to
clinicopathological characteristics, TIL markers in the
tumor immune microenvironment represent prognosti-
cators for the clinical outcomes of patients with tongue
cancer who received curative surgery followed by adju-
vant RT with and without chemotherapy.

Abbreviations
2DRT: 2D radiotherapy; 3DCRT: 3D conformal radiotherapy; ALT: Anterolateral
thigh; CCRT: Concurrent chemoradiotherapy; DMFS: Distant metastasis free
survival; DSS: Disease-specific survival; ECE: Extracaspular extension;
FOXP3: Forkhead box protein P3; HPV: Human papillomavirus; IMRT: Intensity
modulation radiotherapy; LRFS: Local recurrence free survival; LVI: Lymphovascular
invasion; MHC: Major histocompatibility complex; OPSCC: Oropharyngeal cancer;
OS: Overall survival; PFS: Progress-free survival; PMMCF: Pectoris major
myocutaneous flap; PNI: Perineural invasion; RRFS: Regional recurrence-free sur-
vival; RT: Radiotherapy; TCR: T-cell receptor; TILs: Tumor-infiltrating lymphocytes;
Treg: Regulatory T cells

Funding
The authors thank the Cancer Registry, Office of Medical Records, National
Taiwan University Hospital for providing the necessary patient information.
Grant Support: This study was supported by research grants, NTUH 102-M2228,
NTUH 104-M286, NTUH 105-N3224, NTUH 104-S2710, and 107-S3883 from Na-
tional Taiwan University Hospital, MOST 107-2314-B-002 -217 -MY3 from the
Ministry of Science and Technology, and MOHW107-TDU-B-211-114017 and
MOHW107-TDU-B-211-123002 from the Ministry of Health and Welfare, Taiwan.

Availability of data and materials
Please contact author for data requests.

Authors’ contributions
WYC analyzed the data and wrote the manuscript. CTW and YLC interpreted
the pathological results. CWW, KHL, HKL, and BSH participated in the draft of
manuscript. YLC, SHK and ALC supervised and study design and manuscript
writing. All authors read and approved the final manuscript.

Ethics approval and consent to participate
The study protocol was approved by the Research Ethics Committee of
National Taiwan University Hospital (NTUH: 201412056RINC).

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Division of Radiation Oncology, Department of Oncology, National Taiwan
University Hospital, No. 7, Chung-Shan South Rd, Taipei 100, Taiwan.
2Graduate Institute of Clinical Medicine, National Taiwan University College
of Medicine, Taipei, Taiwan. 3Cancer Research Center, National Taiwan
University College of Medicine, Taipei, Taiwan. 4Graduate Institute of
Pathology, College of Medicine, National Taiwan University, Taipei, Taiwan.

Chen et al. Radiation Oncology  (2018) 13:157 Page 7 of 8



5Department of Pathology, National Taiwan University Hospital and National
Taiwan University College of Medicine, No. 7, Chung-Shan South Road, Taipei
10002, Taiwan. 6Department of Radiology, College of Medicine, National
Taiwan University, Taipei, Taiwan. 7Graduate Institute of Oncology, National
Taiwan University College of Medicine, Taipei, Taiwan. 8Department of
Radiation Oncology, Chang Gung Memorial Hospital and Chang Gung
University, Taoyuan, Taiwan. 9Department of Internal Medicine, National
Taiwan University Hospital, Taipei, Taiwan. 10National Taiwan University
Cancer Center, College of Medicine, National Taiwan University, Taipei,
Taiwan.

Received: 7 September 2017 Accepted: 14 August 2018

References
1. Argiris A, Karamouzis MV, Raben D, Ferris RL. Head and neck cancer. Lancet.

2008;371:1695–709.
2. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating

immunity's roles in cancer suppression and promotion. Science (New York,
NY). 2011;331:1565–70.

3. Fridman WH, Pages F, Sautes-Fridman C, Galon J. The immune contexture
in human tumours: impact on clinical outcome. Nat Rev Cancer. 2012;12:
298–306.

4. Ward MJ, Thirdborough SM, Mellows T, et al. Tumour-infiltrating lymphocytes
predict for outcome in HPV-positive oropharyngeal cancer. Br J Cancer. 2014;
110:489–500.

5. Pages F, Berger A, Camus M, et al. Effector memory T cells, early metastasis,
and survival in colorectal cancer. N Engl J Med. 2005;353:2654–66.

6. Merlo A, Casalini P, Carcangiu ML, et al. FOXP3 expression and overall
survival in breast cancer. J Clin Oncol. 2009;27:1746–52.

7. Gao Q, Qiu SJ, Fan J, et al. Intratumoral balance of regulatory and cytotoxic
T cells is associated with prognosis of hepatocellular carcinoma after
resection. J Clin Oncol. 2007;25:2586–93.

8. Curiel TJ, Coukos G, Zou L, et al. Specific recruitment of regulatory T cells in
ovarian carcinoma fosters immune privilege and predicts reduced survival.
Nat Med. 2004;10:942–9.

9. Suzuki K, Kadota K, Sima CS, et al. Clinical impact of immune
microenvironment in stage I lung adenocarcinoma: tumor interleukin-12
receptor beta2 (IL-12Rbeta2), IL-7R, and stromal FoxP3/CD3 ratio are
independent predictors of recurrence. J Clin Oncol. 2013;31:490–8.

10. Lee AM, Clear AJ, Calaminici M, et al. Number of CD4+ cells and location of
forkhead box protein P3-positive cells in diagnostic follicular lymphoma
tissue microarrays correlates with outcome. J Clin Oncol. 2006;24:5052–9.

11. Greaves P, Clear A, Coutinho R, et al. Expression of FOXP3, CD68, and CD20
at diagnosis in the microenvironment of classical Hodgkin lymphoma is
predictive of outcome. J Clin Oncol. 2013;31:256–62.

12. Salama P, Phillips M, Grieu F, et al. Tumor-infiltrating FOXP3+ T regulatory
cells show strong prognostic significance in colorectal cancer. J Clin Oncol.
2009;27:186–92.

13. Badoual C, Hans S, Rodriguez J, et al. Prognostic value of tumor-infiltrating
CD4+ T-cell subpopulations in head and neck cancers. Clin Cancer Res.
2006;12:465–72.

14. Wansom D, Light E, Thomas D, et al. Infiltrating lymphocytes and human
papillomavirus-16--associated oropharyngeal cancer. Laryngoscope. 2012;
122:121–7.

15. Ladoire S, Martin F, Ghiringhelli F. Prognostic role of FOXP3+ regulatory T
cells infiltrating human carcinomas: the paradox of colorectal cancer. Cancer
Immunol Immunother. 2011;60:909–18.

16. Balermpas P, Michel Y, Wagenblast J, et al. Tumour-infiltrating lymphocytes
predict response to definitive chemoradiotherapy in head and neck cancer.
Br J Cancer. 2014;110:501–9.

17. Wolf GT, Chepeha DB, Bellile E, et al. Tumor infiltrating lymphocytes (TIL)
and prognosis in oral cavity squamous carcinoma: a preliminary study. Oral
Oncol. 2015;51:90–5.

18. Distel LV, Fickenscher R, Dietel K, et al. Tumour infiltrating lymphocytes in
squamous cell carcinoma of the oro- and hypopharynx: prognostic impact
may depend on type of treatment and stage of disease. Oral Oncol. 2009;
45:e167–74.

19. Pretscher D, Distel LV, Grabenbauer GG, et al. Distribution of immune cells
in head and neck cancer: CD8+ T-cells and CD20+ B-cells in metastatic

lymph nodes are associated with favourable outcome in patients with oro-
and hypopharyngeal carcinoma. BMC Cancer. 2009;9:292.

20. Nasman A, Romanitan M, Nordfors C, et al. Tumor infiltrating CD8+ and
Foxp3+ lymphocytes correlate to clinical outcome and human
papillomavirus (HPV) status in tonsillar cancer. PLoS One. 2012;7:e38711.

21. Weed DT, Walker G, De La Fuente AC, et al. FOXP3 subcellular localization
predicts recurrence in oral squamous cell carcinoma. PLoS One. 2013;8:
e71908.

22. Hanakawa H, Orita Y, Sato Y, et al. Regulatory T-cell infiltration in tongue
squamous cell carcinoma. Acta Otolaryngol. 2014;134:859–64.

23. Zhuo C, Xu Y, Ying M, et al. FOXP3+ Tregs: heterogeneous phenotypes and
conflicting impacts on survival outcomes in patients with colorectal cancer.
Immunol Res. 2015;61:338–47.

24. Watanabe Y, Katou F, Ohtani H, et al. Tumor-infiltrating lymphocytes,
particularly the balance between CD8(+) T cells and CCR4(+) regulatory T
cells, affect the survival of patients with oral squamous cell carcinoma. Oral
Surg, Oral Med, Oral Pathol, Oral Radiol Endod. 2010;109:744–52.

25. Nordfors C, Grun N, Tertipis N, et al. CD8+ and CD4+ tumour infiltrating
lymphocytes in relation to human papillomavirus status and clinical
outcome in tonsillar and base of tongue squamous cell carcinoma. Eur J
Cancer (Oxford, England : 1990). 2013;49:2522–30.

26. Moreira G, Fulgencio LB, DEM EF, et al. T regulatory cell markers in oral
squamous cell carcinoma: relationship with survival and tumor
aggressiveness. Oncol Lett. 2010;1:127–32.

Chen et al. Radiation Oncology  (2018) 13:157 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Treatment
	Immunohistochemistry
	Statistical analysis

	Results
	Clinicopathological characteristics and immunohistochemistry of TIL markers
	Associations of TIL markers with pathological characteristics
	Prognostic role of TIL markers and clinicopathological characteristics for survival

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

