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Low-risk population among patients with tumor-node-metastasis
stage III/IV oral squamous cell carcinoma
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Abstract. A novel system auxiliary to the Union for Interna-
tional Cancer Control classification may allow the prognosis of
patients with malignant tumors at similar stages to be predicted,
as currently this is challenging. The present study generated a
novel system to predict populations at low risk among patients
with stage III/TV oral squamous cell carcinoma (OSCC).
A total of 41 patients who were diagnosed at stages III/IV
OSCC and underwent surgical tumor resection were analyzed.
Band-like or follicular lymphocyte infiltration, intraepithelial
micro-abscess formation and natural killer (NK) cell infiltra-
tion were histopathologically evaluated. Cox's proportional
hazards regression model was used to identify prognostic
factors, and a set of factors was selected from a combina-
tion of those prognostic factors to create a logic covariate
model. A logic regression analysis for 41 patients with OSCC
revealed that the presence of intraepithelial micro-abscesses
and a lower density of NK cells were significantly associated
with a favorable prognosis among patients with stage III/IV
OSCC. These results suggested that the host innate immune
responses, including neutrophil and NK cell infiltrations, are
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useful for prognostic prediction in patients with advanced
malignant tumors.

Introduction

The tumor-node-metastasis (TNM) classification that was
established by the Union for International Cancer Control is
universally used to reliably predict the prognosis of patients
with malignant tumors, and is based on the anatomical distri-
bution of malignant tumors (1). Typically, tumors at relatively
early stages (stage I/II) are distributed in a limited area and
should have a better prognosis, compared with those at more
advanced stages (III/IV). However, certain patients with
early-stage tumors may have a poor prognosis, whereas others
with advanced tumors may have a good prognosis. The aim of
the present study was to create models for predicting the prog-
nosis of malignant tumors in a manner that may be auxiliary
to TNM staging.

The present study investigated the prognostic predictors
of oral squamous cell carcinoma (OSCC) based on informa-
tion about proteins expressed in OSCC cells combined with
patients' clinical information. Vascular endothelial growth
factors (VEGFs) are associated with tumor angiogenesis
or lymphovasculogenesis (2-4), and a number of previous
studies of oral pathology have attempted to use intracellular
levels of VEGF expression in OSCC cells to predict the
prognosis of patients with OSCC; however, these results were
variable (5-12). In a previous study, a novel model was proposed
to predict the prognosis of patients with OSCC using their age
and the expression levels of VEGF-A and VEGF-C (13). It
has also been revealed that podoplanin, a platelet-aggregation
glycoprotein (14,15) that is expressed by OSCC cells (16-20),
may serve as a prognostic predictor of OSCC (21). Thus the
present study analyzed molecules expressed by OSCC tumor
cells at all stages.

The present study also aimed to identify low-risk popula-
tions among patients with advanced OSCC (stage ITII/IV) using
logic regression analysis, as previously described (13). Proteins
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that are expressed by tumor cells and the host responses raised
against these cells can influence the prognosis of malignant
tumors (22). Immunoreactions are important host responses
against tumor invasion, and inflammatory cell infiltration is
a key histological factor for assessing host immunoreactions
against tumor infiltration (23). Variable mucosal inflamma-
tion frequently occurs in the oral cavity and is visible in a
number of histopathological tissue samples (24). Considering
the variability of inflammatory lesions in the oral mucosa, the
prognosis of OSCC with or without inflammatory reactions
may be challenging to evaluate. However, it may have specific
value for separately detecting innate and adaptive immunity
if included in the logic regression analysis. The present study
analyzed the ability of neutrophils and natural killer (NK)
cells to detect innate immunity, and of lymphocytes to detect
adaptive immunity, and then applied these to a statistical model
to predict low-risk populations in patients with stage I1I/IV
OSCC.

Materials and methods

Patients and materials. The present study analyzed data from
41 patients (male,n=30;female,n=11;agerange,31-85-years-old)
who were admitted to Nagasaki University Dental Hospital
(Nagasaki, Japan) between October 1986 and September
2002, with histopathologically diagnosed stage III/IV OSCC
and underwent surgical tumor resection. Histopathological
analysis diagnosed 31 patients with well-differentiated OSCC
and 5 each with moderately- and poorly-differentiated OSCC,
respectively. A total of 22 patients were treated with preop-
erative irradiation (total, 30 Gy) using a Clinac 2100C linear
accelerator (Varian Medical Systems, Palo Alto, California,
USA) and pepleomycin. Of the 41 aforementioned patients,
4 patients were treated with preoperative irradiation only,
8 patients were treated with preoperative pepleomycin only
and 7 patients were not treated prior to surgery. All patients
were followed up at the hospital until 2005; overall survival
was analyzed, and 34 patients succumbed to disease and
7 survived during the follow-up period. The present study was
approved by the Ethics Committee of Nagasaki University
Hospital (Nagasaki, Japan; approval no. 16020839).

Histopathological analyses. Tissue sections (3-um thick) were
cut from paraffin-embedded blocks of biopsy or surgical tissue
samples. Sections from patients with OSCC were stained with
hematoxylin and eosin (HE) using a standard protocol. After
deparaffinization, sections were stained with Meyer's hema-
toxylin solution at room temperature for 5 min. After rinsing
under running water for 15 min, sections were further stained
with eosin solution for 3 min at room temperature. Lymphocyte
infiltration was then graded by light microscopy (magnifica-
tion, x40) as follows: 1, tissue samples with band-like or
follicular lymphocyte infiltration at x40 magnification were
categorized as having dense infiltration; 0, no band-like or
follicular lymphocyte infiltration. Neutrophil infiltration was
evaluated as follows: 1, presence or 0, absence of intraepithe-
lial micro-abscesses of OSCC in HE-stained tissue samples.
Tumors were also assessed in HE-stained sections as well,
moderately or poorly differentiated, which were categorized as
0, 1 and 2, respectively. The mode of invasion was categorized
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as 0, 1 or 2, which representing Jakobsson's grade 1/2, 3
and 4 , respectively (25). NK cells were stained using an
antibody against NKp46 (dilution, 1:50; cat. no. MAB1850;
R&D Systems, Inc., Minneapolis, MN, USA), as previously
described (13) and samples were graded as -, 1 or 2 using light
microscopy, indicating sample staining was undetectable, in
<5 or =5 cells, respectively, in each whole specimen. In brief,
deparaffinized sections were treated with 2% bovine serum
albumin diluted with PBS at room temperature for 30 min,
prior to incubation with antibody overnight at 4°C. Immuno-
histochemical detection was carried out using the EnVision+
system (Dako; Agilent Technologies, Inc., Santa Clara, CA,
USA). Specimens were analyzed by light microscopy.

Statistical analysis. Prognostic status was defined for patients
who succumbed during the observation period as poor and for
patients who survived as good. The overall survival time was
defined as the duration from the date of the initial surgery and
the date of mortality from any cause, or the date of last contact
during the follow-up period for survivors. To identify the prog-
nostic factors, Cox's proportional hazards regression model
was used for univariate and multivariate analyses, as previ-
ously reported (13). Factors were selected from a combination
of prognostic factors to create a logic covariate model, and
Akaike's Information Criterion (AIC) was used for the model
selection (26). Log-rank test with y? statistics was used to test
survival curves. Statistical procedures were performed using
Statistical Language R-3.2.5 (27). P<0.05 was considered to
indicate a statistically significant difference.

Results

Histopathological analyses. Lymphocytes and neutrophils
were detected in all analyzed tissue samples. Lymphocytes
formed band-like or follicular infiltrates in tissue samples
with dense infiltration (Fig. 1A). However, few tissue samples
exhibited intraepithelial micro-abscesses (Fig. 1B). Table 1
summarizes the histopathological findings. NKp46-positive
cells were detected in 14 of the 41 tissue samples (Table I).
Cells positive for NKp46 were sparse even in tissue samples
categorized as 2 (Fig. 1D). NKp46-potitive cells were absent
in 27 of the 41 tissue samples (Table I). NKp46-positive cells
were identified in the stromal regions of biopsy and surgical
tissue samples; the positive cells were not always contact with
tumor cells (Fig. 1C and D).

Statistical findings. Univariate analysis of sex, age, clinical
stage, T-stage, N-stage, dense lymphocyte infiltration, micro-
abscess, differentiation grade, mode of invasion and NKp46
expression revealed that dense lymphocyte infiltration and the
presence of intraepithelial micro-abscesses predicted the good
prognosis of patients with OSCC, whereas NKp64 alone was
not significantly associated with a good prognosis (Table I).
Logic combinations of covariates used in the univariate anal-
ysis, including dense lymphocyte infiltration, micro-abscesses,
NKp46 and patients' age were further analyzed using the Cox's
proportional hazards model. It was revealed that logic combi-
nations of NKp46 and micro-abscesses had a smaller P-value
(0.001) and a smaller AIC (201.8), compared with the other
univariate and multivariate models. Logic combinations that
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Table I. Study subjects by factors and their estimated RR.

Prognosis Cox Regression
Sample
Factor Category size Good Poor RR P-value

Sex 0 11 1 10 1.000 -
1 30 6 24 0.733 0416

Age -69 22 5 17 1.000 -
70- 19 2 17 1.577 0.187

Stage 1 9 2 7 1.000 -
v 32 5 27 1.475 0.362

T-stage 1,2 13 3 10 1.000 -
3 4 1 3 1.012 0.985
4 24 3 21 1.689 0.176

N-stage 0 6 1 5 1.000 -
1 13 2 11 0.777 0.640
2 22 4 18 0.761 0.590

Dense lymphocyte infiltration 0 24 1 23 1.000 -
1 17 6 11 0471 0.044

Microabscess 0 33 2 31 1.000 -
1 8 5 3 0.221 0.014

Differentiation grade 0 5 2 3 1.000 -
1 5 1 4 1.770 0458
2 31 4 27 1.571 0.460

Mode of invasion 0 20 2 18 1.000 -
1,2 21 5 16 0.732 0.368

NKp46 0 27 6 21 1.000 -
1 10 1 9 1.222 0.619
2 4 0 4 1.496 0473

RR, relative risk; T, tumor; N, node.

Figure 1. Representative images of OSCC tissue samples with dense lymphocyte infiltration and micro-abscesses. (A) “Dense lymphocyte infiltration. (B) Arrows
indicate micro-abscesses. Representative expression profiles of NKp46 categorized as (C) 1 and (D) 2. The arrows in C and D indicate NKp46-positive cells.
Original magnification, x200. OSCC, oral squamous cell carcinoma; NK, natural killer.
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Table II. Results of Cox proportional hazards regression models (N=41).

95% confidence

interval

Covariate Estimated coefficients SE P-value RR Lower  Upper AIC
Selected logic regression model

IPF* -1.875 0.74 0.11 0.15 0.04 0.65 201.8
Other univariate and multivariate models
with a linear combination of covariates
Univariate model 1

Dense lymphocyte infiltration -0.752 0.37 0.044 0.47 0.23 0.98 208 .4
Univariate model 2

Microabscess -1.510 0.61 0014 0.22 0.07 0.73 203.8
Multivariate model

Dense lymphocyte infiltration -0.170 041 0.681 0.84 0.38 1.90 205.6

Microabscess -1.390 0.68 0.041 0.25 0.07 0.95

*N; number of patients in the model. IPF=1 when NKp46=(0 or 1) and microabscess=1, IPF=0 when (NKp46=2) or (NKp46=(0 or 1) and
microabscess=0). SE, standard error; AIC, Akaike's Information Criterion; IPF; important prognostic factors.
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Figure 2. Estimated relative risk for patients with stage III/IV OSCC as evalu-
ated by IPF. IPF=1 when NKp46=0, or IPF=1 and micro-abscesses=1. IPF=0
when NKp46=2, or NKp46=0 or 1 and micro-abscesses=0. IPF, important
prognostic factor; OSCC, oral squamous cell carcinoma; NK, natural killer.

were significantly associated with the lowest P-value (0.001)
in patients with advanced OSCC were named important prog-
nostic factors (IPF). An IPF had a value of 1 when NKp46
expression <2 (when the number of positive cells <5 at x100
magnification in each specimen) and micro-abscesses=1 (pres-
ence of intraepithelial micro-abscesses of OSCC), and a value
of 0 otherwise (Table II). Fig. 2 presents the estimated relative
risk for stage III/TV OSCC evaluated by IPF, and Fig. 3 depicts
the estimated survival curves for patients with stage III/IV
OSCC and each IPF status. Patients with an IPF of 1 had
statistically significant favorable survival as calculated using
a Log-rank test (P=0.004).

Discussion
In a cohort of patients with OSCC, the host defense system

was analyzed based on inflammatory reactions and NK cell
infiltration; subsequently, a novel logic combination model
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Figure 3. Kaplan-Meier estimator curves for patients with stage I1I/TV OSCC
evaluated by IPF. IPF, important prognostic factor, IPF=1 when NKp46=(0
or 1) and Microabscess=1, IPF=0 when (NKp46=2) or (NKp46=(0 or 1) and
Microabscess=0); OSCC, oral squamous cell carcinoma. The x-axis is the
observation period (year) and the y-axis is the survival rate.

was proposed using intraepithelial micro-abscess formation
and NK cell infiltration as covariates to identify low risk popu-
lations in patients with advanced OSCC. In a previous study
from our group, a logic combination model was proposed for
predicting the prognosis of patients OSCC using the expres-
sion levels of VEGF-A and VEGF-C: This combination model
appeared to predict the prognosis of patients with stage I and
I OSCC (12). Therefore, the previous study (12) hypothesized



that proteins expressed by tumor cells that correlate with tumor
malignancy may predict the poor prognosis of patients with
early-stage OSCC. The present study proposed a logic combi-
nation model using host responses as covariates to predict
the good prognosis of patients with stage III/IV OSCC. Host
responses, including inflammatory reactions may also have
been more applicable in predicting the prognosis of patients
with advanced, rather than early-stage, disease when the host
responses against tumors were evident.

Lymphocytes use numerous mechanisms to eliminate
tumor cells, including direct attack by cytotoxic lympho-
cytes (23). Infiltration by lymphocytes may be associated with
the prognosis of patients with malignant tumors, including
OSCC (28). In the present study, univariate analysis revealed
an association between dense lymphocyte infiltration and an
improved prognosis. The present study immunohistochemi-
cally distinguished other lymphocyte populations from NK
cells, which attack tumor cells without recognizing major
histocompatibility complex class I molecules and are part
of the innate immune response (23). In the present study,
NK cells were sparse in the biopsy and surgical tissue
samples, as previously reported (29,30), despite reports of
dense infiltration of NK cells in OSCC (31). Therefore, NK
cells may have a limited ability to eliminate OSCC cells at
advanced stages. In contrast to dense lymphocyte infiltration,
univariate analysis did not reveal an association between
NK cell density and the prognosis of patients with OSCC.
The present study also analyzed host response based on the
presence of intraepithelial micro-abscesses. Direct evidence
of neutrophil contribution to protection against tumors
has not previously been reported. In this study, univariate
analysis has demonstrated a close associated of neutrophils
with prognosis of OSCC. Thus, the present study assumed
that intraepithelial micro-abscesses do not directly eliminate
tumor cells, but reflect the immune competence of patients
with OSCC to a certain extent.

Variables revealed to be significantly associated by univar-
iate analysis usually serve as covariates in further analyses.
Lymphocyte infiltration and micro-abscess formation were
significantly associated with the prognosis of patients with
OSCC in univariate analysis, and the present study also further
analyzed NK cell density. The logic combination model named
IPF, in which patients with OSCC exhibited intraepithelial
micro-abscesses and a lower density of NK cells, revealed
the lowest AIC scores and a predicted 6-fold lower risk of a
poor prognosis, compared with other patients. Furthermore,
considering the biological function of NK cells in tumor
immunity, patients with a higher density of NK cells experi-
enced a markedly higher risk of having a poor prognosis. The
biological explanation may suggest that NK cells tend to appear
in response to highly malignant tumor cells at advanced stages.

The biological mechanisms underlying inflammation-asso-
ciated carcinogenesis have been investigated in association
with chemokines (32,33). Crosstalk via chemokines and their
receptors among tumor cells, tumor stromal cells and endo-
thelial cells of tumor-associated blood vessels contribute to
the progression of tumors in vivo (34). However, the inhibition
of the chemokine C-C motif chemokine ligand 2 accelerated
breast cancer metastasis in animal models; therefore, under-
standing of the roles of chemokines on carcinogenesis and
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tumor progression must be improved (22). In addition, lympho-
cytes may promote tumor metastasis in association with their
affinity for endothelial cells by forming tumor cell-lymphocyte
chimeras (35). These hypotheses do not comply with the notion
of tumor immunity, which is an advantageous biological reac-
tion to remove dangerous transformed tumor cells, and indicates
a biphasic biological role in the inflammatory reaction to tumor
cells. The biphasic role may be associated with a relatively
limited contribution of lymphocyte infiltration to prognostic
prediction for patients with OSCC. Furthermore, oral mucosa
is often accompanied by various degrees of inflammation and
the prevalence of immune-mediated diseases, including lichen
planus as well as allergic reactions, are high in oral mucosa (24).
This may partially explain the inflammatory reaction and why
the prognosis of patients with OSCC is difficult to predict.

In conclusion, the present study developed a logic combi-
nation model to predict low risk populations among patients
with stage III/TV OSCC using intraepithelial micro-abscesses
and NK cell density as covariates. Host responses to tumor
infiltration may be effective in evaluating the prognosis of
patients with advanced OSCC.
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