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pT3–4 disease were also independent RFs for DFS, DSS, and OS. A

prognostic scoring system was formulated by summing up the signifi-

cant covariates (UDT-Seq, ECS, pT3–4) separately for each survival
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Abstract: An improved prognostic stratification of patients with oral

cavity squamous cell carcinoma (OSCC) and pathologically positive

(pNþ) nodes is urgently needed. Here, we sought to examine whether an

ultra-deep targeted sequencing (UDT-Seq) gene panel may improve the

prognostic stratification in this patient group.

A mutation-based signature affecting 10 genes (including genetic

mutations in 6 oncogenes and 4 tumor suppressor genes) was devised to

predict disease-free survival (DFS) in 345 primary tumor specimens

obtained from pNþ OSCC patients. Of the 345 patients, 144 were

extracapsular spread (ECS)-negative and 201 were ECS-positive. The 5-

year locoregional control, distant metastases, disease-free, disease-

specific, and overall survival (OS) rates served as outcome measures.

The UDT-Seq panel was an independent risk factor (RF) for 5-year

locoregional control (P¼ 0.0067), distant metastases (P¼ 0.0001), DFS

(P< 0.0001), disease-specific survival (DSS, P< 0.0001), and OS

(P¼ 0.0003) in pNþ OSCC patients. The presence of ECS and
ow Chen, MD, Ka MD, PhD,
ua-Chien Chen, PhD, and Tzu-Chen Yen, MD, PhD

endpoint. The presence of a positive UDT-Seq panel (n¼ 77) signifi-

cantly improved risk stratification for all the survival endpoints as

compared with traditional AJCC staging (P< 0.0001). Among ECS-

negative patients, those with a UDT-Seq-positive panel (n¼ 31) had

significantly worse DFS (P¼ 0.0005) and DSS (P¼ 0.0002). Among

ECS-positive patients, those with a UDT-Seq-positive panel (n¼ 46)

also had significantly worse DFS (P¼ 0.0032) and DSS (P¼ 0.0098).

Our UDT-Seq gene panel consisting of clinically actionable genes

was significantly associated with patient outcomes and provided better

prognostic stratification than traditional AJCC staging. It was also able

to predict prognosis in OSCC patients regardless of ECS presence.

(Medicine 95(8):e2751)

Abbreviations: AJCC = American Joint Committee on Cancer,

CCRT = concomitant chemoradiation, DFS = disease-free survival,

DSS = disease-specific survival, ECS = extracapsular spread, MVA

= multivariate analyses, OS = overall survival, OSCC = oral

cavity squamous cell carcinoma, PFS = progression-free survival,

pNþ = pathological neck node metastases, RF = risk factor, RT =

radiotherapy, TCGA = The Cancer Genome Atlas, UDT-Seq =

ultra-deep targeted sequencing, UVA = univariate analyses.

INTRODUCTION

O ral cavity squamous cell carcinoma (OSCC) is a common
malignancy of the head and neck area that currently ranks

sixth among all tumors in Taiwan. It is the most common form
of cancer in Taiwanese males aged between 30 and 50 years
because of their indulgence in risky oral habits (ie, betel quid
chewing, cigarette smoking, and alcohol drinking).1–3 Surgical
excision remains the mainstay of treatment for OSCC, either
with or without adjuvant therapy (depending on the presence of
specific risk factors [RFs]). According to the Taiwanese official
statistics (2004�2010, n¼ 23,360), the overall survival (OS)
rates of OSCC patients critically depend on disease stage, being
80% for stage I, 70% for stage II, 57% for stage III, and 37% for
stage IV.1 In general, the presence of tumor relapse and distant
metastases is associated with dismal outcomes. In this context,
the prognostic stratification of OSCC patients continues to
be largely based on traditional clinicopathological RFs (eg,
American Joint Committee on Cancer [AJCC] staging and
extracapsular spread [ECS]).

Pathological neck node metastases (pNþ)—indicating
the presence of a disease stage III–IV—are a major adverse
prognostic factor in OSCC patients.4–7 Although pN� OSCC
rates of 80%, only 45% of pNþ patients
However, OSCC patients with nodal
a uniformly poor prognosis.8,9
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Because OSCC patients with similar clinicopathological
RFs can have large differences in how their disease evolves over
time, new insights into risk stratification, and, simultaneously,
novel targeted therapies are eagerly awaited. In this scenario,
novel sequencing techniques hold great promise for expanding
our understanding of the molecular basis of OSCC.10,11 In this
retrospective study, we examined whether genetic mutations
identified by ultra-deep targeted sequencing (UDT-Seq) (ie,
molecular risk stratification) may improve traditional prognos-
tic models based on common clinicopathological RFs in pNþ
OSCC patients.10

PATIENTS AND METHODS

Patients and Clinical Management
We retrospectively reviewed the records of 345 pNþ

patients with previously untreated first primary OSCC who
were referred for radical tumor excision and neck dissection
between 1996 and 2011. The flow diagram of the patients
through the study is depicted in Figure 1. All of the participants
underwent an extensive evaluation before primary surgery.7,8

Tumor staging was performed using the 1997 (5th edition) and
2010 (7th edition) AJCC staging criteria as previously described
in detail.2 Surgery and adjuvant therapy were performed in
accordance with our institutional policy.3 RFs were classified
according to the National Comprehensive Cancer Network
(NCCN)12 guidelines before 2008 or according to our published
criteria3 thereafter. The indications for concomitant chemora-
diation (CCRT, 66 Gy)7,8,13 and the applied chemotherapy regi-

Liao et al
mens13,14 have been previously reported. The study was granted
ethical approval by the Institutional Review Board of the Chang
Gung Memorial Hospital (CGMH 101-4457B). The need for

FIGURE 1. Flow of the participants through the study.
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informed consent was waived because of the retrospective
nature.

Ultra-Deep Targeted Sequencing Signature Gene
Selection and Confirmation

In our previous study, a mutation-based signature invol-
ving 6 oncogenes and 4 tumor suppressor genes (HRAS, BRAF,
FGFR3, SMAD4, KIT, PTEN, NOTCH1, AKT1, CTNNB1,
and PTPN11) was identified from 45 cancer-related genes
(29 oncogenes and 16 tumor suppressor genes: ABL1,
AKT1, ALK, APC, ATM, BRAF, CDH1, CDKN2A, CSF1R,
CTNNB1, EGFR, ERBB2, ERBB4, FBXW7, FGFR1, FGFR2,
FGFR3, FLT3, GNAS, HNF1A, HRAS, IGH1, JAK3, KDR,
KIT, KRAS, MET, MLH1, MPL, NOTCH1, NPM1, NRAS,
PDGFRA, PIK3CA, PTEN, PTPN11, RB1, RET, SMAD4,
SMARCB1, SMO, SRC, STK11, TP53, VHL) as a predictor
of 5-year disease-free survival (DFS) in 345 primary tumor
specimens obtained from pNþ OSCC patients.10 Of the
345 OSCC patients, 77 were UDT-Seq-positive and 268
UDT-Seq-negative.

Validation of the UDT-Seq Gene Signature15

The prognostic value of the UDT-Seq signature has been
internally validated by our group using 2 different resampling
methods (randomization and enrollment period).10 Here, we
externally validated the signature by analyzing its association
with clinical outcomes using the head and neck squamous cell
carcinoma dataset from The Cancer Genome Atlas (TCGA).

Medicine � Volume 95, Number 8, February 2016
Mutation and survival data for the head and neck squamous cell
carcinoma dataset were downloaded from the TCGA database
using the cBioPortal (http://www.cbioportal.org/).16 Only
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samples with complete progression-free survival (PFS) infor-
mation (n¼ 226) were used for the analysis.

Statistical Analysis
A total of 19 clinicopathological RFs were analyzed. The

5-year rates of locoregional control, distant metastases, DFS,
disease-specific survival (DSS), and OS served as outcome
measures. DFS was defined from the date of surgery to the
date of local, regional, distant progression, or the date of last
follow-up. DSS was calculated from the date of surgery to the
date of death from OSCC or the last follow-up. OS was
calculated from the date of surgery to the date of last follow-
up or death. Survival curves were plotted using the Kaplan–
Meier method and compared with the log-rank test. Cox
regression models were used to identify the independent pre-
dictors of outcomes. All of the study variables were considered
as potential predictors/covariates in both univariate analyses
(UVA, log-rank test) and multivariate analyses (MVA, Cox
regression models). A stepwise forward selection procedure
was used to identify the independent variables after allowance
for potential confounders in MVA. Model fit assessment and
model improvement were performed with the �2log likelihood
statistics. Stratification of risk groups was based on the score
calculated using the sum of the predictors as a grouping factor,
and comparisons were performed accordingly. Data were ana-
lyzed using the SPSS 17.0 statistical software (SPSS, Inc.,
Chicago, IL). Two-tailed P values <0.05 were considered
statistically significant.

RESULTS

Patients
The characteristics of the study patients and their clinico-

pathological RFs are reported in Table 1. The study cohort
consisted of 345 OSCC patients (325 males and 20 females; age
range: 27–89 years; mean age: 49.6 years). A history of
preoperative alcohol drinking was identified in 246 patients
(71%). In addition, 282 (82%) and 313 (91%) patients had a
positive preoperative history of betel chewing and cigarette
smoking, respectively. Pathological stages of III and IV were
present in 85 (25%) and 260 (75%) patients, respectively.
Twenty-five (7.2%) patients received surgery only. Surgery
plus radiotherapy (RT) and surgery plus CCRT were utilized
in 108 (31.3%) and 212 (61.4%) patients, respectively.

Clinical Course in the Entire Study Group
All of the participants were followed for at least 30 months

after primary surgery or until death (mean: 55.0 months,
median: 42.0 months, range: 1–211 months). At the end of
the study period, 139 patients (40.3%) were alive, and 206
(59.7%) were dead. The patterns of recurrences and second
primary tumors were as follows: local recurrence, 19.7%
(n¼ 68); neck recurrence, 24.6% (n¼ 85); distant metastases,
25.8% (n¼ 89); and second primary tumors, 18.6% (n¼ 64).
Salvage therapy was performed in 60 (48.4%) of the 124
patients with local and/or neck recurrences. Among the patients
who were salvaged, 20 (33.3%) were still alive when the data
were analyzed, whereas the remaining 40 (66.7%) were dead.

UDT-Seq-Identified Gene Panel and Clinical

Medicine � Volume 95, Number 8, February 2016
Outcomes
We found significant differences in terms of 5-year out-

comes according to the presence or absence of the UDT-Seq

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
panel, as follows: locoregional control, 47% versus 66%,
P¼ 0.0067; distant metastases, 44% versus 23%, P¼ 0.0001;
DFS, 31% versus 57%, P< 0.0001; DSS, 39% versus 64%,
P< 0.0001; OS, 33% versus 53%, P¼ 0.0003 (Figure 2A–E).

External Validation of the UDT-Seq Gene Panel
Using the TCGA Dataset

A total of 226 head and neck cancer patients were ident-
ified in the TCGA dataset (median follow-up: 13.6 months). We
thus analyzed externally validated the UDT-Seq signature by
examining its impact on PFS in the TCGA cohort. Sixty-two
(27.4%) cases were event-positive and 33 (14.6%) tumors
were positive for our gene signature. Kaplan–Meier analysis
revealed that the median PFS for UDT-Seq(þ) and UDT-
Seq(�) patients was 25.7 and 53.1 months, respectively.
Although the difference was marginally significant (P¼
0.0673; Figure 3), there was a trend toward a poorer PFS
for UDT-Seq(þ) patients (hazard ratio [HR]¼ 1.826, 95%
confidence interval [CI]¼ 0.958–3.479).

Univariate and Multivariate Analyses of 5-Year
Outcomes

In the entire study cohort, we observed the following 5-
year outcomes: locoregional control, 62%; distant metastases,
27%; DFS, 51%; DSS, 58%; and OS, 48%. We then examined
the entire study cohort (n¼ 345) with respect to the ability of
UDT-Seq panels and other clinicopathological RFs (sex, age,
preoperative alcohol drinking, preoperative betel quid chewing,
preoperative cigarette smoking, pT status, pN status, p-Stage,
ECS, lymph node density [optimal cutoff value¼ 0.043], differ-
entiation, tumor depth, margin status, perineural invasion,
lymphatic invasion, vascular invasion, skin invasion, bone
marrow invasion) to predict the study outcomes. Tables 1
and 2 show the results of UVA and MVA of 5-year outcomes
in the entire study cohort. The results indicated that the
UDT-Seq panel was independently associated with all of the
5 outcomes (locoregional control, distant metastases, DFS,
DSS, and OS) even after allowance for traditional RFs
(Table 2). The presence of ECS and pT3–4 disease were also
independent RFs for distant metastases and all 3 survival
endpoints.

The UDT-Seq Panel Improves the 5-Year
Prognostic Stratification When Compared With
AJCC Staging

A prognostic scoring system was formulated by summing up
the 3 significant covariates identified in multivariate analysis: 0
for UDT-Seq negative and 1 for UDT-Seq positive; 0 for without
ECS and 1 for with ECS; 0 for pT1–2 disease and 1 for pT3–4
disease. We then constructed the Kaplan–Meier curves to
examine the 5-year distant metastases and survival rates accord-
ing to the prognostic scoring system (from score 0 to score 3)
(Figure 4A–D). The results demonstrated that the presence of a
positive UDT-Seq panel (n¼ 77) significantly improved risk
stratification with wider ranges of 4 subgroups in curves for 5-
year distant metastases and survival rates seen with the use of the
prognostic scoring system compared with the traditional AJCC
staging (P< 0.0001). We used the �2log likelihood statistics to
assess model fit and improvement. The P values for the �2log

Ultra-deep Targeted Sequencing in OSCC
likelihood tests (multivariate Cox regression models for predict-
ing DFS) were 6.4� 10�5, 1.1273� 10�7, and 9.5195� 10�11

for AJCC staging, pT3–4/ECS, and UDT-Seq/pT3–4/ECS,
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FIGURE 2. Five-year Kaplan–Meier estimates for all OSCC patients with ([þ]) and without ([�]) a positive UDT-Seq panel.
(A) Locoregional control, (B) distant metastases, (C) disease-free survival, (D) disease-specific survival, (E) overall survival.
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respectively. These results indicate that the UDT-Seq panel
improves the prognostic prediction offered by the pT3–4/ECS
model. Both the pT3–4/ECS and UDT-Seq/pT3–4/ECS models
were prognostically superior to the AJCC staging. To further
analyze the prognostic improvement offered by the UDT-Seq
panel, we formulated another 3-point scoring system based on
ECS and pT3–4 only (ie, without the inclusion of UDT-Seq
panel). Table 3 summarizes the outcome comparisons of the
UDT-Seq/pT3–4/ECS vs pT3–4/ECS scoring systems vs AJCC
staging. The UDT-Seq/pT3–4/ECS scoring systems having
stronger P values and hazard ratios compared with either
pT3–4/ECS scoring systems or AJCC staging. Among pNþ
patients who presented with p-Stage IV disease (n¼ 260), the
presence of a positive UDT-Seq panel (n¼ 62) also significantly
improved risk stratification for DFS and DSS as compared with
traditional AJCC staging (P< 0.0001, Figure 4E and F).

Prognostic Value of the UDT-Seq Panel in
Relation to the Presence of ECS

Of the 345 patients, 144 were ECS-negative and 201
were ECS-positive. Among ECS-negative patients (n¼ 144),
those with a UDT-Seq-positive panel (n¼ 31) had significantly
worse DFS and DSS (P¼ 0.0005 and P¼ 0.0002 respectively,
Figure 5A and B). Among ECS-positive patients (n¼ 201),
those with a UDT-Seq-positive panel (n¼ 46) had significantly
worse DFS and DSS (P¼ 0.0032 and P¼ 0.0098 respectively,
Figure 5C and D).

DISCUSSION
An improved prognostic stratification of pNþ OSCC

patients is urgently needed to devise tailored treatment strat-
egies and optimize clinical outcomes. Molecular classifications
of OSCC have been introduced to identify subsets of patients
that share common biological features.17 In this study, we used
UDT-Seq with the goal of identifying genetic mutations specifi-
cally associated with 5-year clinical outcomes. Notably, the
selection of genes for UDT-Seq was focused on oncogenes and
tumor suppressor gene that could serve as potential therapeutic

FIGURE 3. Five-year Kaplan–Meier estimates of progression-free
survival for head and neck cancer patients in the TCGA dataset.
targets. We also aimed at investigating whether UDT-Seq-
identified genetic mutations might improve risk stratification
beyond traditional clinicopathological RFs. T
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FIGURE 4. Five-year Kaplan–Meier estimates for OSCC patients according to prognostic scoring system and the AJCC p-Stage III or IV.
(A) distant metastases, (B) disease-free survival, (C) disease-specific survival, (D) overall survival; according to prognostic scoring system
and the AJCC p-Stage IV, (E) disease-free survival.
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Among the 45 genes submitted to UDT-Seq, we identified
mutations in 10 genes as significantly associated with 5-year
DFS.10 We have previously performed an internal validation of
the UDT-Seq panel using 2 different resampling methods
(randomization and enrollment period).10 Here, the results
obtained in the external validation using the TCGA dataset
indicated a borderline statistical significance (P¼ 0.0673) in the
prediction of PFS. The possible reasons for the different prog-
nostic impact of the gene panel in distinct cohorts include, but
are not limited to, the following reasons: different types of
malignancies (oral SCC in our study vs head and neck cancers in
TCGA), different risky oral habits (betel nut chewing in ende-
mic in our country but not in patients enrolled in TCGA), and
ethnicity (Asian countries vs Western countries). In this study,
we further analyzed different outcomes using 19 clinicopatho-
logical RFs identified before as potential covariates
(Table 1).7,18 Our results indicated that the UDT-Seq panel
not only predicted 5-year DFS, but also other clinical outcomes
including locoregional control, distant metastases, DSS, and
OS. Importantly, after allowance for potential confounders, we
found that UDT-Seq panel was 1 of the 3 independent factors
(the remaining 2 being pT3–4 and ECS) significantly associ-
ated with all of the survival endpoints (Table 2). ECS is widely
recognized as a major adverse prognostic factor in OSCC
patients.12,19 The results of the present study indicate that the
UDT-Seq gene panel combined with other independent RFs
(pT3–4 and ECS) significantly improved the prognostic stra-
tification provided by traditional AJCC staging in both pNþ
patients and p-Stage IV patients (Table 3). Of note, UDT-Seq
panel also identified patients with poor outcomes in both the
ECS-negative and ECS-positive subgroups.

The genes signature identified in this study can be classi-
fied into 3 major pathways, that is, the RTK-RAS-MAPK
pathway, the PI3K-AKT-mTOR pathway, and the NOTCH1-
TGF-beta-Wnt signaling pathways. The genes in the RTK-
RAS-MAPK signaling pathway include FGFR3, KIT, HRAS,
and BRAF. KIT encodes for a stem cell factor receptor involved
in the regulation cell shape, motility, and adhesion via cyto-
skeletal changes.20 KIT mutations have been frequently
reported in patients with primary adenoid cystic carcinoma
of the salivary glands, but rarely in oral cavity cancer.21

FGFR3—encoding the fibroblast growth factor receptor 3—
plays a key role in mitogenesis and differentiation.22 BRAF is a
protein kinase that mediates intracellular signaling through the
MAPK pathway and acts downstream to the RAS protein.23

Although HRAS mutations are common in OSCC, BRAF gene
mutations are generally found in approximately 3% of
such tumors.24 All of these genes encode for tyrosine kinase
receptors that are targeted by pharmacological agents already
available or currently under development.25

The PI3K-AKT-mTOR pathway is a prototypic survival
pathway that is frequently activated in several malignancies,
including OSCC.26 Two genes involved in this pathway (AKT1
and PTEN) are significantly associated with OSCC relapse.
AKT1 encodes a protein kinase that regulates apoptosis and cell
cycle progression.27 PTEN encodes a lipid phosphatase which
normally suppresses activation of the PI3K-AKT-mTOR path-
way and is frequently inactivated in cancer.28 Moreover, PTEN
genetic mutations have been shown to predict prognosis in
patients with head-and-neck squamous cell carcinoma under-
going postoperative RT.29

Ultra-deep Targeted Sequencing in OSCC
Three differentiation-related genes (NOTCH1, SMAD4,
and CTNNB1) were associated with poor survivals. NOTCH1
encodes a transcription factor which plays an important role in
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promoting the differentiation of squamous cells.30 SMAD4 is a
critical component of the TGF-beta signaling pathway which
suppresses cell proliferation and induces cell differentiation.31

CTNNB1 encodes a transcription factor that acts as a key
mediator of the canonical Wnt signaling pathway.32 We thus
hypothesize that OSCC carcinogenesis may be linked to a
dysregulated Wnt signaling (due to CTNNB1 activation and/
or SMAD4 and NOTCH1 inactivation). Our results are con-
sistent with the notion that an altered keratinocyte differen-
tiation is critical for OSCC development.33,34

Strengths of our study include the large sample size of
patients treated in a homogenous manner (radical surgery plus
RT/CCRT for high-risk patients) and the long follow-up time.
However, we acknowledge three main limitations to our report.
First, our study has a long enrollment period. Consequently, the
RFs used to select patients for RT/CCRT, level I–III or level I–

FIGURE 5. Five-year Kaplan–Meier estimates for ECS-negative p
Disease-free survival, (B) disease-specific survival; for ECS-positive
disease-free survival, (D) disease-specific survival.
V neck dissections, or RT techniques might have changed over
time. The existence of a selection or treatment bias should not
therefore be excluded. Second, the single-center, retrospective

10 | www.md-journal.com
nature of the study limits the generalizability of our results.
Finally, the study participants were enrolled in a betel quid
chewing endemic area. Therefore, the question as to whether
our findings can be applied to other populations remains
open.

Resected OSCC patients sharing similar clinicopathologi-
cal features may show marked differences in terms of clinical
outcomes. Consequently, improved risk stratification strategies
informed by novel sequencing techniques are eagerly awaited.
To date, only small sized, single-center studies have searched
for specific gene mutations of prognostic significance. More-
over, only a gene expression panel has been identified as having
predictive value for clinical outcomes.17 In this study, a UDT-
Seq identified mutation panel was proven to predict several
distinct endpoints. Notably, our panel was mainly consisted of
clinically actionable genes that may serve as therapeutic targets.

nts with ([þ]) and without ([�]) a positive UDT-Seq panel. (A)
ients with ([þ]) and without ([�]) a positive UDT-Seq panel, (C)
Importantly, the UDT-Seq-identified molecular mutations
improved the prognostic stratification beyond that provided
by traditional AJCC staging. Further external validation is

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



warrant by independent research groups to confirm the clinical
usefulness of our UDT-Seq panel for OSCC targeted therapy.
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