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Abstract. The aim of this study was to evaluate clinico-
pathological risk factors associated with the fatal outcome 
of oral squamous cell carcinoma (OSCC) in a large cohort 
of Chinese patients, and to construct tissue microarrays 
(TMAs) using this cohort. Univariate and multiple logistic 
regression analyses were performed to evaluate the predic-
tors of poor prognosis in a cohort of 232 patients with OSCC, 
after which the patient tumor tissues were used to construct 
TMAs. Univariate logistic regression analysis indicated that a 
poor outcome of OSCC was associated with the male gender, 
a history of smoking, the tumor-node-metastasis stage and 
lymph node metastasis. Multiple logistic regression analysis 
demonstrated that an increased risk of mortality in patients 
with OSCC was significantly and independently associated 
with lymph node metastasis (odds ratio, 3.421; 95% confidence 
interval, 1.609-7.273). Therefore, the results of the present 
study suggested that lymph node metastasis is an independent 
risk factor associated with a poor prognosis of OSCC patients. 
TMAs of OSCC were successfully constructed, and are the 
first TMAs to be reported in mainland Chinese patients.

Introduction

Oral squamous cell carcinoma (OSCC) is the sixth most 
common malignancy worldwide, accounting for ~90% of 
malignant oral lesions (1). Despite improvements in its clinical 
management, OSCC continues to have a high local recurrence 
and a poor 5-year survival rate (2,3). Local tumor recurrence 

develops in ~60% of patients, and metastases affect 15-25%, 
leading to a poor prognosis and encouraging further research 
on factors that might correlate with disease outcome (4).

At present, the tumor-node-metastasis (TNM) staging 
system is described as the most effective prognostic tool for 
tumor survival (5,6). Furthermore, the clinical characteristics of 
patients, including their age, gender and smoking and drinking 
habits, are important for selecting the appropriate therapeutic 
strategy, and for determining the risk of complications and 
the prognosis of several types of cancer (7,8). Therefore, the 
identification of factors associated with a poor prognosis has 
emerged as an important issue in the management of OSCC. 
Previous studies have evaluated various clinicopathological 
parameters as prognostic factors of OSCC, and the age (7) 
and smoking status (8) of patients, extracapsular spread in 
the cervical lymph nodes (9), TNM stage (5,10), status of the 
surgical resection margin, bone involvement and the size of 
the mandibulectomy (11), as well as the tumor size and micro-
vascular invasion (12,13), have been shown to be independent 
prognostic factors in patients with OSCC. However, previous 
studies have assessed only few or groups of risk factors that 
might influence the prognosis, and the association between 
these factors and the prognosis of OSCC is inconsistent and 
complex. Therefore, it is important to identify characteristics 
that may be suggestive of a poor prognosis in patients with 
OSCC.

The construction of tissue microarrays (TMAs), in which 
multiple samples are incorporated into a single paraffin 
block, allows for the immunohistochemical analysis of large 
numbers of tissue samples simultaneously, thereby standard-
izing immunohistochemical staining (14). Not only does this 
markedly reduce costs, but it also increases the number of 
studies that can be performed on a small piece of tissue, since 
smaller cores of tissue are used rather than cut sections (15). 
By using TMAs, Lourenço et al (16) demonstrated that claudin 
expression patterns were related to the evolution and prognosis 
of OSCC. Furthermore, Liu et al (17) reported that the expres-
sion levels of carbonic anhydrases (CAs) I/II in OSCC samples 
may be used to predict local tumor growth in OSCC patients. 
However, there has yet to be a comparable analysis of OSCC 
patients from the mainland Chinese population.
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The present study has taken into consideration numerous 
characteristics and prognostic factors, in order to identify 
important independent risk factors of a poor prognosis in a 
relatively large cohort of Chinese patients with OSCC. In 
addition, this cohort of patients was used to construct the first 
OSCC TMAs from mainland Chinese patients.

Patients and methods

Study participants. After obtaining approval from the West 
China Hospital Ethics Board (Chengdu, China), a cohort of 
232 histologically confirmed OSCC patients was recruited from 
the West China Hospital of Stomatology, Sichuan University 
(Chengdu, China) between February 2002 and October 2009. 
Patients were eligible for data collection if they met the 
following inclusion criteria: i) They had been histologically 
diagnosed with oral squamous cell carcinoma; and ii) they had 
been treated with primary surgery. The exclusion criteria were: 
i) Recurrent or metastatic disease; and ii) malignant disease of 
the salivary glands, tonsils and oropharynx or hypopharynx.

Data collection. Clinicopathological parameters were 
obtained by a registry review, and included: i) Demographic 
data, such as age, gender and history of smoking and alcohol 
consumption; ii) tumor-related information, including loca-
tion, size, TNM stage [the patients were staged according to 
the American Joint Committee on Cancer TNM classifica-
tion system (18)], histological differentiation and lymphatic 
metastasis; and iii) status at the last follow-up (April 30, 2011), 
mainly the condition of survival or mortality.

Statistical analysis. Categorical variables are expressed as 
frequencies and percentages. To compare the data between 
two groups, the Pearson χ2 test was implemented for qualita-
tive variables. Univariate logistic regression (χ2 test with Yate's 
continuity correction) was performed for the demographic and 
clinical characteristic variables that were significantly associ-
ated with an increased risk of mortality. Factors with P<0.25 in 
the univariate analysis were included for multivariate logistic 
regression analysis to identify the independency of these factors 
(the α‑level of significance was relaxed to 0.25 in order to avoid 
missing important variables). Independent variables with P<0.05 
in the multiple logistic regression analysis were selected for 
receiver operating characteristic (ROC) curve analysis. Plots of 
sensitivity (true‑positive fraction) vs. 1‑specificity (false‑positive 
fraction) were constructed, and the diagnostic performance of 
the significant independent variable was expressed as the area 
under the ROC curve (AUC). All statistical analyses were 
performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, 
USA). For unadjusted comparisons, P<0.05 was considered to 
indicate a statistically significant difference.

TMAs design and construction. According to the character-
istics of OSCC donor paraffin wax (OSCC tissues with or 
without lymph node metastasis, the pericarcinomatous tissues 
or the metastatic lymph node tissues that met the inclusion 
criteria), we designed four sets of arrays, the arrangements of 
which were as follows: i) TMA1, which included 162 tissue 
cores from 81 patients (Fig. 1A); ii) TMA2, which included 
118 tissue cores from 58 patients (Fig. 1B); iii) TMA3, which 

included 161 tissue cores from 161 patients (Fig. 1C); and 
iv) TMA4, which included 162 tissue cores from 162 patients 
(Fig. 1D).

The representative pathology regions were observed 
by hematoxylin and eosin (HE) staining, after which the 
HE-stained sections were overlaid onto the surface of the 
corresponding donor blocks to guide the transfer of tissue 
cores from morphologically representative sites into defined 
loci in the recipient block using a steel stylet. Tissue cores with 
a diameter of 1.5 mm, and the recipient blocks, were heated 
in a 52˚C oven until they had fused to become the TMA 
blocks. Consecutive sections (4-µm thick) were cut, and every 
10 slides were collected to assess by HE staining. The specific 
processes were performed as described previously (14).

Results

Clinical characteristics. Clinicopathological parameters 
of 232 patients with OSCC, including 175 fatal cases and 
57 non-fatal cases, were analyzed. The 232 patients with 
OSCC included 169 males and 63 females, with an age range 
of 24-83 years. The 57 non-fatal cases included 37 males and 
20 females, of which 26 patients were aged >60 years. Of 
the 175 fatal cases, 132 were male and 43 were female, and 
82 patients were aged >60 years. There was no significant 
difference in age and gender between the non-fatal and fatal 
groups (P=0.918 and 0.121, respectively; Table I). Similarly, no 
significant differences in smoking and alcohol consumption 
were observed between the fatal and non-fatal groups (smoking 
habit, 53.1 vs. 43.9%, respectively; alcohol consumption, 
50.9 vs. 50.9%, respectively; P=0.223 and 0.998, respectively). 
The baseline clinical presentations were similar between the 
fatal and non-fatal groups in terms of the tumor stage, size and 
location (P=0.117, 0.799 and 0.972, respectively). However, 
lymphatic metastasis was significantly more frequent in fatal 
patients than in non-fatal patients (78.3 vs. 17.5%, respectively; 
P=0.002; Table I). In addition, well-differentiated OSCC was 
significantly associated with fatal cases (P=0.049). The basic 
characteristics of the 232 study participants are shown in 
Table I.

Determinants of a poor OSCC prognosis. The associations 
between the clinical characteristics of patients with OSCC 
and a poor prognosis were evaluated. Univariate logistic 
regression analysis revealed that the male gender (P=0.123), a 
history of smoking (P=0.225), tumor stages I and III (P=0.129 
and 0.147, respectively), and lymphatic metastasis (P=0.002) 
were significantly associated with patient survival (Table II).

Table III shows the final model for the predictors in the 
multivariate logistic regression analysis to identify factors 
that were independently associated with a poor prognosis. 
The risk of mortality in patients with lymphatic metastasis 
was 3.421-times higher than those with normal lymph nodes, 
after adjusting for gender, smoking history and TNM stage 
(95% confidence interval, 1.609-7.273; P=0.001), which was 
demonstrated as independent prognostic factor in all OSCCs. 
The male gender (P=0.077), a history of smoking (P=0.438) 
and the TNM stage (P>0.05) were not shown to be indepen-
dent prognostic factors of OSCC. The AUC for the prediction 
model was 0.62 (Fig. 2).
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HE staining of TMAs. HE staining of the four TMAs is shown 
in Fig. 3. HE staining identified cancerous tissues (Fig. 4A), 
pericarcinomatous tissues (Fig. 4B) and metastatic lymph 
node tissues (Fig. 4C). 

Discussion

A previous study suggested that cohort studies could be 
employed to support the existence of associations between 
suspected risk factors and disease outcome (19). OSCC 

accounts for ~90% of malignant oral lesions, and is widely 
recognized as the most frequently occurring malignant tumor 
of oral structures (2). The mortality rate of OSCC is relatively 
high, with a 5-year survival rate of 50% (20). Therefore, the 
present study analyzed clinical symptoms and pathological 
parameters in 232 cases of OSCC, including 175 that were 
fatal and 57 that were non-fatal, in order to identify factors 
associated with a poor prognosis. The parameters of gender, 
age, smoking and drinking habits, tumor location, size and 
stage, as well as lymphatic metastasis, were analyzed. Notably, 
a multiple regression analysis identified lymphatic metastasis 
as an important independent factor associated with a fatal 
outcome of OSCC. To the best of our knowledge, this is one 
of the largest studies to assess numerous factors as survival 
predictors in patients with OSCC.

Previous reports on risk factors and a poor prognosis of 
OSCC have indicated the existence of various and incon-
sistent determinants (7,12). Grimm (12) retrospectively 
reviewed pathological parameters of patients with OSCC, 
including age, gender, site distribution, tumor size, lymph 
node involvement and grading, and demonstrated that an 
increased tumor size and microvascular invasion were 
independent prognostic factors for predicting survival in 
patients with OSCC. However, Rossi et al (7) reported that 
patients diagnosed before reaching 65 years-of-age showed 
an improved prognosis, as compared with patients diagnosed 
when aged >65 years, while the gender distribution was 
almost equal.

Figure 1. Design and construction of tissue microarrays (TMAs) using tissue cores from 232 patients with oral squamous cell carcinoma (OSCC) from 
mainland China. (A) Arrangement of tissue cores in TMA1. The red dots indicate cancerous tissues without lymph node metastasis and pericarcinomatous 
tissues (51 samples). The green dots indicate cancerous tissues with lymph node metastasis and pericarcinomatous tissues (30 samples). (B) Arrangement of 
tissue cores in TMA2. The red dots represent cancerous tissues without lymph node metastasis and pericarcinomatous tissues (23 samples). The green dots 
represent cancerous tissues with lymph node metastasis and pericarcinomatous tissues (23 samples). The blue dots correspond to cancerous tissues without 
lymph node metastasis and pericarcinomatous tissues within the same dot (4 samples). The yellow dots indicate cancerous tissues with lymph node metastasis, 
pericarcinomatous tissues and a metastatic lymph node located in the corresponding 3 cores (7 samples). The grey/purple dots correspond to cancerous tissues 
with lymph node metastasis and pericarcinomatous tissues in the same loci (1 sample). (C) Arrangement of tissue cores in TMA3. The red dots correspond to 
cancerous tissues without lymph node metastasis (80 samples). The green dots represent cancerous tissues with lymph node metastasis (32 samples). The blue 
dots correspond to metastatic lymph node tissues (39 samples). The yellow dots represent non-metastatic lymph node tissues (10 samples). (D) Arrangement of 
tissue cores in TMA4. The red dots indicate cancerous tissues without lymph node metastasis (108 samples). The pink dots correspond to pericarcinomatous 
tissues without lymph node metastasis (20 samples). The green dots indicate cancerous tissues with lymph node metastasis (22 samples). The yellow dots 
represent metastatic lymph node tissues (12 samples).
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Figure 2. Receiver operating characteristics curve. Model was obtained from 
the multivariate logistic regression with the area under the curve = 0.62.
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The TNM staging system has been widely accepted as the 
basis of cancer staging, since it provides a reasonably precise 
description of the extent of disease (21). The main failing of 
the system, however, is that it does not include information 
about the clinical features of the patient. Ribeiro et al (5) 
demonstrated that survival estimates may be improved by 
the addition of patient clinical features to the TNM staging 
system, generating a more powerful and precise system in the 
determination of prognosis.

Kang et al (22) reported that the presence of patho-
logical node metastases was an independent predictor of the 
5-year outcomes of 467 patients, although, only for those 
patients with well-differentiated OSCC. Kawakita et al (8) 
conducted a retrospective cohort analysis of 222 patients 
with OSCC, in which they assessed the association between 
smoking status of patients and clinical outcome. Further-
more, Munoz Guerra et al (11) analyzed a 20-year cohort 
of 106 patients to assess the association between a worse 
prognosis and factors related to the surgical treatment of oral 
cancer.

No definitive assumptions regarding the prognostic factors 
for OSCC outcome can be drawn, due to the incomplete design 
or small sample size of previous studies (15-17). Therefore, the 
present study aimed to screen as many factors as possible, 
including age, gender, history of smoking and alcohol 
consumption, tumor location and size, TNM stage, histo-
logical differentiation and lymphatic metastasis, in a relatively 
large cohort, in order to obtain a more precise estimation of 
the independent predictors for a worse prognosis. Univariate 
logistic regression analysis revealed that the smoking status, 
male gender, tumor stages I and III, and lymphatic metastasis 
were significantly associated with clinical outcomes. However, 
following a multivariate logistic regression analysis, only 
lymph node metastasis was identified as an independent risk 
factor for a poor prognosis.

An association between smoking and the risk of developing 
OSCC has previously been demonstrated (23,24); however, the 
relationship between the smoking status and clinical outcome of 
a patient remains inconclusive. Previous studies have reported 
that tobacco smoke promotes tumor hypoxia associated with 

Table I. Clinical characteristics of fatal and non-fatal oral squamous cell carcinoma cases.

Variable Fatal (n=175) Non-fatal (n=57) P-value

Gender (% male) 132 (75.4) 37 (64.9) 0.121
Age (years)   0.918
  <40 14 (8.1) 4 (7.0) 
  40-60 77 (44.5) 27 (47.4) 
  >60 82 (47.4) 26 (45.6) 
Smoking 93 (53.1) 25 (43.9) 0.223
Alcohol consumption 89 (50.9) 29 (50.9) 0.998
Location   0.972
  Buccal mucosa 25 (14.3) 7 (12.3) 
  Tongue 48 (27.4) 17 (29.8) 
  Gingiva 26 (14.9) 8 (14.0) 
  Other sites 76 (43.4) 25 (43.9) 
Tumor size (cm)   0.799
  <2 54 (33.5) 16 (29.6) 
  2-4 84 (52.2) 31 (57.4) 
  ≥4 23 (14.3) 7 (13.0) 
Differentiated type   0.049a

  Well  158 (91.3) 55 (98.2) 
  Moderately 10 (5.8) 0 (0.0) 
  Poorly 5 (2.9) 1 (1.8) 
TNM stage   0.117
  I 27 (15.9) 10 (18.2) 
  II 34 (20.0) 18 (32.7) 
  III 42 (24.7) 7 (12.7) 
  IV 67 (39.4) 20 (36.4) 
Lymphatic metastasis 137 (78.3) 10 (17.5) 0.002a

Values are presented as n (%). Certain data are missing due to incomplete medical records or as teh patients were lost to follow-up. The Pearson 
χ2 test was used to compare qualitative variables. Statistical analyses were performed using SPSS 17.0 software. aP<0.05 was considered 
statistically significant. TNM, tumor‑node‑metastasis.
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resistance to radiotherapy (RT) and upregulation of the epidermal 
growth factor receptor, and demonstrated that a mutation in the 
p53 gene was associated with resistance to apoptosis (25-27). 

Kawakita et al (8) hypothesized that the pre-treatment smoking 
status of patients with OSCC was associated with survival, but 
only in patients receiving chemoradiotherapy (CRT)/RT, thus 
suggesting that the impact of smoking on patient survival may 
differ according to the treatment method. In addition, several 
studies have reported that smoking cessation during RT was 
beneficial to clinical outcome (28-30). In the present study, 
smoking was not considered an independent factor.

In the present study, the age and gender distributions of 
patients were not significantly different between the fatal and 
non-fatal cases, which was mainly consistent with previous 
reports (1,7). Even when the incidence of OSCC has been 
shown to be age‑ or gender‑related (31), it is difficult to consider 
them as independent prognostic factors.

OSCC often metastasizes to the lymph nodes, which was 
shown in the present study to be the most important predictor 
of patient survival. Approximately 50% of patients with 
OSCC have detectable lymph node involvement, and <40% of 
patients with lymph node metastasis survive for 5 years, as 
compared with 90% of patients without metastasis (32). There-
fore, lymph node metastasis may be considered important for 
predicting the prognosis of patients with OSCC. Generally, the 

Table II. Univariate logistic regression analysis.

Variable B SE P-value  OR (95% CI)

Gender (male) -0.506 0.328 0.123a 0.603 (0.317-1.147)
Age (years)    
  <40 0.104 0.610 0.864 1.110 (0.336-3.668)
  40-60 -0.101 0.317 0.751 0.904 (0.486-1.684)
  >60b   0.919 
Smoking 0.373 0.307 0.225a 1.452 (0.795-2.649)
Alcohol consumption 0.000 0.305 0.998 0.999 (0.550-1.817)
Location    
  Buccal mucosa 0.161 0.486 0.740 1.175 (0.453-3.044)
  Tongue -0.074 0.364 0.839 0.929 (0.455-1.897)
  Gingiva 0.067 0.465 0.886 1.069 (0.429-2.662)
  Other sitesb   0.972 
Tumor size (cm)    
  <2b   0.800 
  2-4 -0.220 0.354 0.535 0.803 (0.401-1.606)
  ≥4 -0.027 0.517 0.959 0.974 (0.353-2.682)
Differentiated type    
  Wellb   0.882 
  Moderately 20.148 1.271x104 0.999 0.562 (0.000-5.347)
  Poorly 0.554 1.107 0.617 1.741 (0.199-15.226)
TNM    
  Ib   0.129a  
  II -0.357 0.471 0.448 0.700 (0.278-1.762)
  III 0.799 0.551 0.147a 2.222 (0.755-6.545)
  IV 0.216 0.449 0.631 1.241 (0.514-2.994)
Lymphatic metastasis 1.120 0.369 0.002a 3.064 (1.487-6.313)

aP<0.25; breference category; B, beta; SE, standard error; OR, odds ratio; CI, confidence interval; TNM, tumor‑node‑metastasis.
 

Table III. Multivariate logistic regression analysis.

Variable B SE P-value  OR (95% CI)

Gender (male) -0.607 0.343 0.077 0.545 (0.278-1.067)
Smoking 0.304 0.392 0.438 1.356 (0.629-2.923)
TNM
  Ia   0.516
  II -0.357 0.483 0.460 0.700 (0.271-1.804)
  III 0.392 0.573 0.494 1.480 (0.481-4.550) 
  IV -0.206 0.477 0.666 0.814 (0.319-2.074)
Lymphatic 1.230 0.385 0.001b 3.421 (1.609-7.273)
metastasis

aReference category. bP<0.05. B, beta; SE, standard error; OR, odds 
ratio; CI, confidence interval; TNM, tumor‑node‑metastasis.
 



JIN et al:  ANALYSIS OF CLINICOPATHOLOGICAL CHARACTERISTICS ASSOCIATED WITH OSCC OUTCOME3180

TNM staging system, which is used to describe the anatomical 
extension of the disease, is considered the most important 
prognostic factor (5,6), which is inconsistent with the results of 
the present study. The TNM staging system consists of three 
parts (tumor, lymph node and metastasis), and it may be that 
the tumor size is not as important as lymphatic metastasis in 
determining the prognosis of a patient; thus, the tumor size 
may be a confounding factor when analyzing the TNM stage 
as a whole. For example, Kang et al (22) hypothesized that, in 
OSCC patients with pathologically negative node disease, a 
tumor depth of ≥8 mm (rather than tumor size) was the only 
independent prognostic factor for 5-year outcomes. However, 
the error caused by the small sample size for each stage of 
TNM system may be the reason for this result.

Increasingly, studies have focused on identifying the 
molecular markers associated with the diagnosis, treatment and 
prognosis of OSCC (33). The TMA is a high-throughput method 
that has been used due to its high efficiency, large‑scale, ability to 

save time, small sample requirements, and standardization (14). 
To date, few previous studies have employed OSCC TMAs. 
Chen et al (34) used an OSCC TMA to demonstrate that the 
expression of the fascin protein may have an important role in 
the progression of OSCC, while Chien et al (35) determined that 
the expression of CA XII in OSCC samples could predict the 
progression of OSCC and survival of OSCC patients. In order 
to form an experimental platform for the further detection of 
markers associated with OSCC, the present study used the tumor 
tissues of 232 patients with OSCC to construct TMAs. Each chip 
contained the target tissue cores, including carcinoma tissues, 
pericancerous tissues and lymph nodes. The epidemiological and 
clinical data of the patients used for construction of the TMAs 
was completely recorded. To the best of our knowledge, these 
are the first OSCC TMAs of the mainland Chinese population 
to be constructed, and include a large sample size and detailed 
records. They will form the experimental base for the further 
exploration of the molecular targets associated with OSCC.

Figure 3. Hematoxylin and eosin staining of the four tissue microarrays (TMAs) constructed using tissue cores from 232 patients with oral squamous cell 
carcinoma (OSCC) from mainland China (A) TMA1, (B) TMA2, (C) TMA3 and (D) TMA4.

Figure 4. Hematoxylin and eosin staining of (A) cancerous tissues (black arrow indicate cancer nests), (B) pericarcinomatous tissues and (C) metastastic lymph 
node tissues. Original magnification, x100.
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The present study had some limitations. First, tumor differ-
entiation has been shown to affect the treatment outcome in 
patients with OSCC, and poor differentiation typically indicates 
that the tumor cells have lost the characteristics of epithelial 
cells and have a more primitive nature (36,37). Chen et al (38) 
reported that a poorly-differentiated tumor was an independent 
risk factor for subsequent distant metastasis in patients with 
locoregionally advanced OSCC. However, the results of the 
present study suggested that tumor differentiation was not 
significantly associated with a poor outcome in a univariate 
logistic regression analysis. The reason for this could be that 
the number of patients with poorly- and moderately-differen-
tiated tumors in the cohort was too small (10 moderately and 
6 poorly), especially compared with the large number of patients 
with well-differentiated tumors (213 participants); this may 
have generated large standard errors and inaccurate regression 
coefficients. Second, this study overlooked some other factors, 
including comorbidities and treatment method, which may 
have affected the prognosis. Third, since the specific survival 
time of each patient was not obtained, a survival analysis could 
not be performed to estimate the time until death. Fourth, no 
definitive assumptions could be drawn due to the relatively 
small number of subjects in this retrospective cohort study. 
Therefore, a future OSCC cohort should include more partici-
pants, especially the current groups of small population.

In conclusion, the present study demonstrated that 
lymphatic metastasis was an independent risk factor for the 
prediction of a poor prognosis in a large OSCC patient cohort, 
in which a large number of clinicopathological variables were 
screened. However, more balanced cohort data are required to 
identify more precise prognostic factors. Furthermore, using 
this cohort, the first OSCC TMAs to be reported for a main-
land Chinese population were successfully established.
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