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Abstract 

Objective: To evaluate the efficacy of induction chemotherapy in young adults with locally 
advanced oral squamous cell carcinoma (OSCC) and the usefulness of ERCC1 as a prognostic 
indicator. 
Methods: A total of 156 young adults with locally advanced OSCC were retrospectively analyzed 
from May 2007 to May 2017. Cisplatin based induction chemotherapy followed by surgery and 
upfront surgery were the primary treatment options for locally advanced OSCC. ERCC1 was 
evaluated by immunohistochemistry. Multivariate analysis was performed to identify significant 
prognostic factors for the overall survival (OS) in young adults with locally advanced OSCC.  
Results: Extracapsular spread (ECS) (p<0.0001) and UICC staging (p<0.0001) were critical 
prognostic factors for OS in young adults with locally advanced OSCC. The 5-year OS was 83.2% in 
N0 patients received induction chemotherapy and 61.7% in N0 patients received upfront surgery 
(p<0.05). Patients with a low ERCC1 expression were more likely to benefit from induction 
chemotherapy, as the 5-year OS was 22.4% in patients with a high ERCC1 expression and 84.7% in 
patients with a low ERCC1 expression, respectively (p<0.0001). However, induction chemotherapy 
resulted in a higher 5-year OS (84.7%) than upfront surgery (59.1%) in patients with a low ERCC1 
expression (p=0.03). 
Conclusions: Induction chemotherapy can improve the outcome of N0 patients. However, the 
ERCC1 expression should be determined in young patients with locally advanced OSCC prior to 
induction chemotherapy, as it is a useful biomarker for predicting the outcome after induction 
chemotherapy. 
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Introduction 
The squamous carcinoma of the oral cavity is the 

most prevalent form of oral malignancies, accounting 
for > 90% of all oral mucosal malignancies.1 Currently, 
wide resection and radiotherapy have been 
considered the gold standards for the treatment of 

oral squamous cell carcinoma. However, 
chemotherapy is recommended only for high risk 
patients after surgery, and the 5-year overall survival 
(OS) has remained at about 55% over the past three 
decades.2,3 Recently, induction chemotherapy with 
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docetaxel, cisplatin and fluorouracil has been shown 
to be useful for nonsurgical management of patients 
with head and neck squamous cell carcinoma 
(HNSCC).4 A randomized phase III trial of induction 
chemotherapy in locally advanced resectable oral 
squamous cell carcinoma (OSCC) has also 
demonstrated the favorable pathologic or clinical 
response to cisplatin-based chemotherapy.3  

The optimal treatment options depend on many 
factors, including the size and location of the primary 
tumor, cervical lymph node (CLN) status, 
pathological differentiation, patient’s tolerance to 
treatment and patient’s desires.3,5 The prognostic 
value of age has rarely been studied as oral cancers 
occur most commonly in middle-aged and older 
patients, but seldom in young individuals.6 However, 
recent studies have reported an increased incidence of 
OSCC in young adults, especially in young white 
women.7-9 Young adults with OSCC typically have no 
risk factors like tobacco use, alcohol use, and human 
papillomavirus infection, which are likely to be 
clinically and histologically distinct from other 
OSCCs. 10,11 However, the treatment and outcome of 
OSCC in young adults remain controversial. Some 
retrospective studies reported that the outcome and 
treatment option are similar in young and older OSCC 
patients,9,12 while some studies reported that young 
adults had an aggressive clinical phenotype and often 
required intensive multimodality treatments.13,14  

In this study, we retrospectively analyzed the 
clinical features, treatments, and outcomes of 156 
young adults with locally advanced (stage III or IVA, 
according to the Union for International Cancer 
Control (UICC) [2002]) OSCC from May 2007 to May 
2017 in the 9th Hospital of Shanghai Jiaotong 
University, a leading center for the treatment of OSCC 
in China. Specifically, we aimed to (1) define the 
clinical features of OSCC in young adults; 15 (2) 
evaluate the efficacy of induction chemotherapy in 
young adults with locally advanced OSCC, and (3) 
evaluate whether ERCC1 can be a prognostic 
indicator of OSCC in young adults.  

Patients and methods 
A total of 156 young adults with locally 

advanced (stage III or IVA) OSCC (87 males and 69 
females aged <40 years at diagnosis) hospitalized in 
the 9th Hospital of Shanghai Jiaotong University from 
May 2007 to May 2017 were recruited for this study. 
The data collected included gender, age, primary site, 
tumor size, CLN status, therapy mode, ERCC1 
expression and survival time. Patients were excluded 
if they were above 40 years of age, or had unresectable 
tumors or prior radiotherapy. The primary disease 
was diagnosed by biopsy. The CLN status was 

evaluated by clinical examination, ultrasound or 
radiological examination, including magnetic 
resonance imaging (MRI) and computed tomography. 
The final diagnosis was confirmed by the pathological 
examination after neck resection.  

Of the 156 young patients, 89 received induction 
chemotherapy consisting of docetaxel 75 mg/m2 
intravenously on day 1, followed by cisplatin 75 
mg/m2 intravenously on day 1 and fluorouracil 750 
mg/m2/d as a 120-h continuous intravenous infusion 
on days 1 through 5. Induction chemotherapy was 
administered every 3 weeks for two cycles, followed 
by radical surgery and postoperative radiotherapy. 
The other 76 patients received only radical resection 
and radiotherapy. Radical resection of the primary 
lesion and full neck dissection (functional or radical) 
with appropriate reconstruction (pedicle or free flap) 
were performed (Fig. 1). The safety margins of the 
primary lesion were 1.5 cm away from the palpable 
margins. However, the safety margins were 1.0 cm 
away from the marks made before induction 
chemotherapy in patients who received induction 
chemotherapy (Fig. 2). Radiotherapy was initiated 4 to 
6 weeks after surgery. Standard conformal or 
intensity-modulated radiotherapy was allowed at a 
dose of 1.8 to 2 Gy per day, 5 days per week, for 6 
weeks (54 to 60Gy in total). 

 

 
Figure 1: A forearm flap was performed for the reconstruction of tongue. 

 

ERCC1 expression 
The ERCC1 expression was evaluated by 

immunohistochemistry using the 8F1 monoclonal 
antibody (1: 80 dilutions, Neomarkers, USA). A 
semi-quantitative H-score (intensity * expression) was 
calculated for ERCC1 expression. To overcome 
variance in pre-analytic processing, the staining 
intensity of the nuclei of non-neoplastic basal 
epithelial cells (internal control, present in all 
samples) was designated 2+ as previously described. 
The staining intensity of tumor cell nuclei was 
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compared with the internal control on a scale of 0 to 
3+, with 0 representing no staining, and 3+ 
representing intense staining. The percentage of cells 
staining for ERCC1 was assigned a weighted 
expression score as described previously (None=0, 
1–9%=1,10–49%=2, and 50–100%=3). The H-score>=6 
indicated increased ERCC1 expression, while 
H-score<6 indicated decreased ERCC1 expression.16,17 

 

 
Figure 2: The marks was made 1.0 cm away from the tumor border before 
induction chemotherapy.  

Statistical analysis 
Survival was measured from the date of 

pathologic diagnosis, and patients still alive in May 
2018 or lost in follow-up were censored. The outcome 
was defined by the overall survival (OS). Statistical 
analysis was performed using SAS 9.13. The survival 
rate was calculated by the Kaplan-Meier method. The 
prognostic variables considered in this study included 
gender, age, primary site, tumor size, CLN status, 
ERCC1 expression and therapy mode. The statistical 
significance of differences between survival curves 
was established by the log-rank test. 

Results 
Patient characteristics 

The clinical and epidemiological characteristics 
of the 156 patients were shown in Table 1. There were 
87 males and 69 females with a male-to-female ratio of 
1.26: 1. The mean age at presentation was 33.2 years 
(range: 17-40 years); and the mean follow-up was 72 
months (range: 12-132 months). Lesions occurred on 
tongue in 146 patients, gum in 6 patients and buccal in 
4 patients, respectively. The 5-year OS was 51.4% (Fig. 
3), with no significant difference between genders, 
primary sites or T-stages. Heavy smoking was 
reported in only 11 male patients. Of the 18 patients 
received HPV testing, none showed a positive result. 
Three patients had a history of leukemia, and 2 
patients had a history of nasopharyngeal carcinoma 
(NPC). 

Table 1. 5-year OS by Prognostic Variables 

Variable NO. of 
patient 

5-Year OS % p Log-rank 

Sex   0.32 — 
Men 87 54.9   
Women 69 46.3   
Primary site   0.61 — 
tongue 146 47.2   
gum 6 49.4   
buccal 4 58.2   
T-stage   0.12 — 
T1 or T2 68 62.2   
T3 or T4 88 47.8   
TNM-stage   <0.0001  24.49 
stage III 77 71.8   
stage IVA 79 31.8   
CLN status   <0.0001 34.65 
Positive with ECS 18 8.9   
Positive without 
ECS 

74 37.3   

negative 64 78.9   
Induction chemo   0.6 — 
Yes 89 52.5   
No 77 49.6   
Chemo for N0   0.018 7.21 
Yes 39 83.2   
No 25 61.7   
Chemo for N+   0.09  
Yes 50 16.7   
No 42 42.3   
ERCC1 expression   <0.0001 29.94 
Low 48 84.7   
High 41 22.4   
Low ERCC1 
expression  

  0.03 4.46 

Chemo group 41 84.7   
Upfront surgery 
group 

24 59.1   

Abbreviations: CLN, cervical lymph nodes; N0, negative cervical lymph nodes; N+, 
positive cervical lymph nodes; Chemo, chemotherapy. 

 

Extracapsular spread (ECS) in CLN was a poor 
prognostic factor 

The CLN status was evaluated by clinical 
examination, ultrasound or radiological examination, 
and then confirmed by neck dissection. Ten patients 
who were clinically N0 before treatment had positive 
CLN after neck dissection, while 8 patients who had 
clinically positive CLN before treatment had N0 
diseases at the end. There were 64 patients with N0 
diseases and 92 patients (58%) with positive CLN. Of 
the 92 patients, ECS in CLN was found in 18 patients. 
These 18 patients showed the worst prognosis with a 
5-year OS of only 9%; while the best prognosis was 
found in N0 patients, whose 5-year OS was as high as 
79%. The 5-year OS of patients with positive but 
without ECS was 37% (Log-Rank =34.65, p<0.0001) 
(Fig. 4). Univariate analysis identified ECS in CLN as 
an independent poor prognostic factor for OS. 
Interestingly, of the 18 patients with ECS in CLN, 10 
had a N1 stage and 8 had a N2 stage. 
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UICC staging was a critical prognostic factor 
According to the UICC-TNM staging system 

(version 2012), 77 patients were classified as stage III 
with a 5-year OS of 72%, while 79 patients were 

classified as stage IVA with a 5-year OS of 32% 
(Log-rank=24.49, p <0.0001) (Fig. 5). Univariate 
analysis showed that UICC staging was an 
independent prognostic factor for OS. 

 

 
Figure 3: The overall survival of all patients. 

 
Figure 4: The overall survival by CLN status. 

 
Figure 5: The overall survival by TNM-staging. 
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Induction chemotherapy couldn’t improve the 
outcome of patients 

A total of 89 patients received induction 
chemotherapy, and the response was in accordance 
with RSICIST 1.1. However, there was no significant 
difference in the 5-year OS between patients with and 
without induction chemotherapy (p =0.60), indicating 
that induction chemotherapy could not improve the 
outcome in young adults with locally advanced 
OSCC.  

Induction chemotherapy for N0 patients 
Of the 64 patients with N0 OSCCs, 39 received 

induction chemotherapy with a 5-year OS of 83.2%, 
while the rest 25 patients without induction 
chemotherapy had a 5-year OS of 61.7% 
(Log-rank=7.21, p=0.018) (Fig. 6), indicating that 
induction chemotherapy could improve the OS in 
young adults with N0 OSCCs. 

Induction chemotherapy for CLN positive 
patients 

Fifty out of 92 patients with positive CLN 
received induction chemotherapy, and there was no 
significant difference in the 5-year OS between 
patients with and without induction chemotherapy 
(16.7% versus 42.3%, p=0.09).  

Patients with a lower ERCC1 expression were 
more likely to benefit from induction 
chemotherapy 

Of the 138 patients received ERCC1 testing, 73 
had a high ERCC1 expression (Fig 7), and 65 had a 
low ERCC1 expression (Fig 8). Of the 89 patients 
received induction chemotherapy, 48 patients had a 
high ERCC1 expression, and 41 had a low ERCC1 
expression. The 5-year OS was 22.4% in patients with 
a high ERCC1 expression and 84.7% in patients with a 
low ERCC1 expression (Log-rank=29.94, p<0.0001) 
(Fig. 9), indicating that patients with a lower ERCC1 
expression were more likely to benefit from induction 
chemotherapy. 

 

 
Figure 6: The overall survival of N0 patients by treatment mode. 

 
Figure 7: High ERCC1 expression: the percentage of cells staining for ERCC1 was 2 points, with intense staining(3+),and the H-score>=6. 
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Figure 8: Low ERCC1 expression: the percentage of cells staining for ERCC1 was 2 points, with no staining, and the H-score=0. 

 
Figure 9: The overall survival by ERCC1 expression. 

 
Figure 10: The overall survival of low ERCC1 expressions by treatment mode. 

 

Induction chemotherapy modified by ERCC1 
improved the outcome 

Of the 65 patients with a low ERCC1 expression, 
41 received induction chemotherapy, and 24 did not 

(Table 2). There was a significant difference in the 
5-year OS between the two groups (84.7% versus 
59.1%, Log-rank=4.46, p=0.03) (Fig. 10). Multivariate 
analysis with the Cox proportional hazard model 
was used to validate the outcome, and 



 Journal of Cancer 2019, Vol. 10 

 
http://www.jcancer.org 

2089 

demonstrated that induction chemotherapy was an 
independent prognostic factor that improving the 
outcome of young adults with low expression of 
ERCC1.  

 

Table 2. 5-Year OS of low ERCC1 expression by prognostic 
variables. 

 
Variable 

NO. of 
patients 

P, chi-square 
Univariate Multivariate 

T-stage  0.06, 3.40 0.782, 1.62 
T1 or T2 35   
T3 or T4 30   
TNM-stage  0.02, 8.15 0.0001, 14.94 
stage III 39   
stage IVA 26   
CLN status  <0.0001, 17.41 <0.0001, 17.16 
Positive  25   
negative 40   
Low ERCC1 expression   0.03, 6.17 0.0297,4.73 
Chemo group 41   
Upfront surgery group 24   

 

Treatment failure and AEs 
Nine patients (6%) were lost to follow up. 

Myelosuppression occurred in 28 patients (31.4%), 
while liver injury occurred in 12 patients (13.4%). 
However, no irreversible myelosuppression and liver 
injury were found. Totally 68 patients (44%) died, 65 
of whom died of local recurrence, and 3 of whom died 
of distant metastases. 

Discussion 
OSCC occurs predominantly in middle-aged and 

older individuals with a long history of tobacco or 
alcohol use.6,18,19 However, recent studies have 
reported an increased incidence of OSCC in young 
adults.7-9 Tobacco or alcohol use may not be the 
etiology of OSCC in young adults, as our study has 
demonstrated that only 7% (11/156) patients had 
heavy smoking. HPV infection, which has been 
thought to be a potential factor of OSCC in 
middle-aged and older patients, was not found in 
young adults with locally advanced OSCC in this 
study. Other possible causal factors include genetic 
abnormalities, oncogenic viral infections, and/or 
other environmental exposures.9 In our study, five 
patients suffered from other malignant cancers such 
as leukemia and NPC before the diagnosis of OSCC, 
which may be associated with the immunodeficiency. 

There is a male predominance in the incidence of 
OSCC, with a male-to-female ratio of about 2: 1. 3,20,21 
However, the incidence of OSCC has been increasing 
in young white women, with a male-to-female ratio of 
1.6: 1.9 In this study, the male-to-female ratio is 1.3: 1. 
Despite the high incidence of OSCC in young women, 
gender is not a significant prognostic factor in this 

study. However, previous studies have suggested that 
gender can significantly predict occult nodal, and 
women are more likely to have occult nodal 
diseases.22  

In this study, we found that 10 patients who 
were clinically N0 before treatment had positive CLN 
after neck dissection. The CLN status is thought to be 
the most accurate predictor of OS in OSCC patients.23 
Especially, the outcome is worse when ECS is present 
in the positive CLN.24,25 This is also supported by our 
results. Pinsolle et al. reported a strong relationship 
between clinical N classification and ECS, and ECS 
was present in 35% of clinical N1 patients, 55% of 
clinical N2 patients and 74% of clinical N3 patients, 
respectively.26 However, the association between 
clinical N classification and ECS is not confirmed in 
our study. 

Induction chemotherapy could not improve the 
OS of all patients with locally advanced OSCC, but it 
can improve the outcome of patients with a good 
pathological or clinical response to chemotherapy.3 In 
this study, induction chemotherapy also resulted in 
no improvement in OS of all young patients with 
locally advanced OSCC, but it improved the OS of N0 
patients. N0 is confirmed by neck dissection rather 
than the primary clinical N classification in this study. 
Meanwhile, the primary clinical N classification has 
an error with the real node status confirmed by neck 
dissection. Therefore, both favorable pathological or 
clinical response to chemotherapy and real nodes 
status are the results after treatment. Thus, it is 
critically important to identify a useful predictor 
biomarker for induction chemotherapy. 

Cisplatin is the most commonly used 
chemotherapy for locally advanced OSCC. Cisplatin 
resistance is one of the most important factors for the 
failure of induction chemotherapy, which can be 
caused by increased DNA repair.27-30 ERCC1 is the 
first human DNA repair gene identified by molecular 
cloning, and ERCC1 expression is negatively 
correlated with the survival and/or responsiveness to 
cisplatin-based regimens in several human neoplasms 
including bladder, colorectal, gastric, head and neck, 
and non-small cell lung cancers.31-34 In our study, we 
have also found that patients with a lower ERCC1 
expression are more likely to benefit from 
cisplatin-based induction chemotherapy. In patients 
with a low ERCC1 expression, induction 
chemotherapy resulted in a better outcome than 
upfront surgery. Therefore, ERCC1 expression can be 
a useful predictor biomarker for induction 
chemotherapy. 

In conclusion, induction chemotherapy could 
not improve the outcome of all young adults with 
locally advanced OSCC. However, it would be a good 
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choice for them to have an ERCC1 test before 
treatment, as the ERCC1 expression is a useful 
biomarker for predicting the outcome after induction 
chemotherapy.  

The study was a retrospective study, and the 
findings of induction chemotherapy in young adults 
with locally advanced OSCC and ERCC1 as a 
prognostic indicator must be validated in our future 
prospective studies. 
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