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Background: This study aimed to derive distant metastases (DM) risk-groups in oral cavity squamous cell
carcinoma (OSCC) patients treated with postoperative intensity-modulated radiation therapy (PO-IMRT).
Methods: OSCC patients treated with PO-IMRT were divided into discovery (2005-2012) and validation
(2013-2014) cohorts. DM predictors were identified from multivariable analysis (MVA) to derive low-
and high-risk groups in the discovery-cohort. The result was subsequently evaluated in validation-cohort.
Results: Overall 447 patients were included (discovery-cohort: n =300, and validation-cohort: n = 147).
Between the two cohorts, there were no significant differences in DM (p = 0.16) or OS (p = 0.26). MVA
identified pN2-3 and histological grade 2-3 (G2-3) as DM predictors. High-risk group included patients
who had both poor predictors (pN2-3 and G2-3), while low-risk group included patients with no or only
one poor predictor. In discovery-cohort, 3-year distant control (DC) was 78% and 97% in high- and low-
risk groups respectively (p < 0.001, concordance index = 0.72). In validation-cohort, risk-group classifica-
tion performed similarly (concordance index = 0.73). The 3-year OS for high- versus low-risk group was
85% versus 95% in discovery-cohort (p < 0.001), and 74% versus 93% in validation-cohort (p < 0.001).
Conclusion: A model (G2-3/pN2-3) which identifies high DM risk was validated internally. This model
might be used to design future prospective studies investigating treatment intensification and/or DM
surveillance.
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A total of more than 300,000 new cases of oral cavity cancer
were reported in 2012 worldwide [1]. Over the last decades, the
introduction of a multidisciplinary team approach and the techni-
cal advancements in both surgery and radiotherapy, together with
the implementation of concurrent chemotherapy in the adjuvant
setting for oral cavity squamous cell carcinoma (OSCC) patients,
have resulted in improving the locoregional control [2-6].
Conversely, rates of distant metastases (DM) in OSCC patients have
increased [6,7], potentially due to this improved locoregional con-
trol allowing patients to survive to have distant failure.
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Patients with OSCC who have DM are generally not considered
curable and often receive palliative treatment alone. Therefore,
identification of patients who are at high risk of DM could have
important implications on designing a screening schedule and/or
avoiding unnecessary or inappropriate treatment [8,9].

We have previously reported the characteristics of DM follow-
ing postoperative intensity-modulated radiation therapy (IMRT)
for OSCC patients [10]. The objective of this study was to define
DM risk group classification and to validate the prognostic value
of this risk-group in an independent population.
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Methods

Study design and patients cohorts

Following institutional research ethics board approval, a retro-
spective review was conducted of newly diagnosed (>18 years
old) OSCC patients, who were treated at our institution with post-
operative IMRT with or without concurrent chemotherapy.
Patients with metastatic disease prior to initiation of postoperative
IMRT were excluded from this analysis. Two sequential cohorts of
OSCC patients compromised the discovery (2005-2012) and vali-
dation (2013-2014) cohorts. The discovery cohort, aimed at defin-
ing the variables to be included in the risk groups, and a validation
cohort, aimed at confirming the prognostic value of the risk group-
ing in an independent population. The details of surgery and post-
operative IMRT +/— concurrent chemotherapy have been
previously described [11,12]. For patients with microscopic extra-
nodal extension and/or positive resection margin, a 66 Gy in 33
fractions to the site of preoperative (primary or nodal) gross dis-
ease was prescribed whenever feasible. The operative bed (includ-
ing dissected nodal regions) received 60 Gy in 30-33 fractions,
while undissected at risk nodal levels were treated with
54-56 Gy in 30-33 fractions.

Data collection

Prospectively collected clinical and outcomes data were
retrieved from the Head and Neck Anthology of Outcomes [13].
All patients were staged according to the UICC/AJCC 7th edition.
PET-CT was not routinely used during the study period, however
pre-treatment CT scan of the chest was generally performed in
all patients except those with early stage disease with no smoking
history where chest X-ray was deemed sufficient. Diagnosis of DM
following postoperative radiotherapy was based on follow-up
images which were performed on the basis of new indicative
symptoms or following the diagnosis of local and/or regional fail-
ure, while pathologic confirmation of DM was obtained in patients
with lung metastasis with difficult radiological differentiation
between primary lung cancer and lung metastasis. The details of
our institutional guidelines for surgical management, postopera-
tive IMRT, concurrent chemotherapy and follow-up schedule for
OSCC patients have been previously described [10].

Risk-group classification

In the discovery cohort, a set of variables was evaluated by mul-
tivariable analysis (MVA) as potential predictors of DM, including:
pT-category, pN-category, resection margin status, extranodal
extension, maximum primary tumor size, primary tumor thick-
ness, histological grade, lymphovascular invasion and perineural
invasion. The variables which were associated with DM in the
MVA model were used to derive risk groups, and then we com-
pared distant control (DC) and overall survival (OS) according to
the derived risk groups in the discovery cohort and subsequently
in the validation cohort.

Statistical analysis

Descriptive statistics were used to describe patient and treat-
ment characteristics. Fisher’s exact test was used for comparison
of categorical variables. Student’s t-test and Kruskal-Wallis test
were used for comparison of continuous variables for normally dis-
tributed and non-normally distributed data respectively. Distant
control (DC) rate was estimated by the cumulative incidence func-
tion. Kaplan-Meier method was used to analyze OS. For this study,
we applied complete-case analysis. The univariable analysis was

conducted on each of the potential predictors including categorical
or continuous variables. The Fine-Gray competing risk regression
model was used for both univariable and multivariable analyses.
The model selection procedure is based on backward selection
algorithm with significance level less than 0.1 to enter the model
and significance level less than 0.05 to stay in the model. The con-
cordance index (C-index) of the competing risk model was used to
assess the predictive ability, and was calculated using R package
PEC with Bootstrap cross validation.

Results

Patient and treatment characteristics

A total of 447 eligible patients were included; 300 in the discov-
ery cohort (median follow-up: 4.2 years [range, 0.3-9.6]) and 147
in the validation cohort (median follow-up: three years [range,
0.5-4.2]). Between the two cohorts, there were no significant dif-
ferences in the clinico-pathological features, except for more fre-
quent pT3-4 category (55% vs. 40%, p<0.01) and larger
maximum primary tumor size (mean [sd]): 3.5 [1.4] cm vs. 3.3
[1.6] cm, p = 0.045) in the validation cohort. The details of patient
and treatment characteristics in the entire study, discovery and
validation cohorts are summarized in Table 1.

Distant metastases characteristics

With a median follow-up of 3.5 years (range, 0.3-9.6) of all
identified patients, the estimated 3-year DC was 87% (95% Cl:
83-90%). A total of 63 patients developed DM at a median (range)
time of nine (3-49) months following the surgery; 39 in the dis-
covery cohort and 24 in the validation cohort. In comparison of
the discovery versus the validation cohort, there was no significant
difference in the 3-year DC (88% [95% Cl: 84-91%] versus 84% [95%
Cl: 77-89%], p = 0.16), Fig. 1. The characteristics and treatment of
DM are summarized in Tables 2 and 3.

Development of risk-group classification (discovery cohort)

The final MVA model identified only two predictors of DM:
pN2-3 (p<0.001) and histological grade 2-3 (G2-3, p <0.001),
Table 4. A high risk group consisted of patients who had both
adverse predictors (pN2-3 and G2-3) together, while low risk
group consisted of patients who had one or no poor predictors.
In the discovery cohort, the 3-year DC rate was 78% (95% CI: 70—
84%) and 97% (95% CI: 92-99%) in high- and low-risk groups
respectively (p < 0.001), Fig. 2, and the C-index value was 0.72.

Confirmation of risk-group classification (validation cohort)

In the validation cohort, the risk-group classification performed
similarly. The 3-year DC in high risk group (patients who had pN2-
3 and G2-3) was 69% [95% Cl: 54-79%] compared to 95% [95% ClI:
87-98%] in low risk group (p <0.001), Fig. 2. The estimated C-
index value was 0.73. Among the whole identified patients
(n =447), the effect of risk stratification (high risk versus low risk
group) was not different in the subgroup of patients who received
concurrent chemotherapy (n=115; [the 3-year DC was 66% {95%
Cl: 54-75%} versus 97% {95% CI: 78-100%}, p < 0.001]) and those
who did not receive concurrent chemotherapy (n=332; [the 3-
year DC was 81% {95% CI: 73-87%} versus 96% {95% CI: 92-98%]},
p <0.001]).

Survival outcome

A total of 136 patients died; 90 in the discovery cohort and 46 in
the validation cohort. The 3-year OS in the entire study cohort was
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Table 1
Clinico-pathological characteristics in the entire study, discovery and validation cohorts.
Characteristic Entire study cohort (n = 447) Discovery cohort (n =300) Validation cohort (n =147) p-Value'
Age’
Median (range), years 61 (20-87) 60 (20-87) 62 (26-87) 0.35
Gender
Female 156 (35%) 108 (36%) 48 (33%) 0.53
Male 291 (65%) 192 (64%) 99 (67%)
Smoking history at the time of diagnosis
Current 191 (45%) 127 (46%) 64 (44%) 0.24
Ex-smoker 79 (19%) 45 (16%) 34 (23%)
Non-smoker 152 (36%) 103 (37%) 49 (33%)
Missing 25 25 0
pT-category
pT1-2 245 (55%) 179 (60) 66 (45%) <0.01
pT3-4 202 (45%) 121 (40) 81 (55%)
pN-category
pNO-1 242 (54%) 159 (53%) 83 (56%) 0.48
pN2-3 205 (46%) 141 (47%) 64 (44%)
UICC/AJCC pathologic stage grouping
[ 24 (5%) 14 (5%) 10 (7%) 0.44
1 58 (13%) 43 (14%) 15 (10%)
11 74 (17%) 53 (18%) 21 (14%)
IVA 282 (63%) 183 (61%) 99 (67%)
IVB 9 (2%) 7 (2%) 2 (1%)
Pathologic margin status
Negative 355 (79%) 236 (79%) 119 (81%) 0.38
Positive 89 (20) 64 (21%) 25 (17%)
Undetermined 3 (1%) 0 3 (2%)
Extranodal extension
No 315 (70%) 211 (70%) 104 (71%) 1
Yes 132 (30%) 89 (30%) 43 (29%)
Subsite
Tongue 197 (44%) 135 (45%) 62 (42%) 0.61
Other subsites 250 (56%) 165 (55%) 85 (58%)
Maximum primary tumor size”
Mean (SD), cm 3.3(1.5) 3.3(1.6) 3.5(14) 0.045
Primary tumor thickness?
Mean (SD), cm 1.5(1) 1.6 (1.1) 1.5(0.9) 0.97
Histological grade
1 22 (5%) 13 (4%) 9 (6%)
2 307 (69%) 214 (72%) 93 (63%) 0.17
3 116 (26%) 71 (24%) 45 (31%)
Missing 2 2 0
Lymphovascular invasion
No 390 (88%) 259 (88%) 131 (89%) 0.76
Yes 53 (12%) 37 (12%) 16 (11%)
Missing 4 4 0
Perineural invasion
No 173 (39%) 115 (39%) 58 (39%) 1
Yes 269 (61%) 180 (61%) 89 (61%)
Missing 5 5 0
Concurrent chemotherapy
No 332 (74%) 227 (76%) 105 (71%) 0.36
Yes 115 (26%) 73 (24%) 42 (29%)

1 Discovery versus validation cohort.

2 Normality test was applied and it was significant for “age”, but not significant for “maximum tumor size” and “tumor thickness”. Student’s t-test was conducted for age,
while Kruskal-Wallis test was used for maximum primary tumor size and primary tumor thickness.

71% (95% Cl: 67-75%), with no significant difference between dis-
covery and validation cohort (72% [95% Cl: 67-77%] versus 69%
[95% CI: 61-77%], p = 0.26), Fig. 1. The median survival after detec-
tion of DM was 1.5 months (range, 0-44). Among patients with
oligo-metastases in the entire study cohort (n=18), the median
OS from the date of DM was 17 months (range, 5-24) for patients
treated with metastatectomy or stereotactic body radiotherapy
(n=5), 11 months (range, 5-13) for those who received palliative
chemotherapy (n =3), and three months (range, 0-5) for patients
who were managed with best supportive measures. The 3-year

0S for high- versus low-risk group was 85% (95% CI: 79-91%) ver-
sus 95% (95% Cl: 91-98%) in the discovery cohort (p < 0.001), and
74% (95% CI. 63-86%) versus 93% (95% Cl: 87-99%) in the valida-
tion cohort (p < 0.001), Fig. 2.

Discussion

This study validated a high DM risk-group in OSCC patients
treated with postoperative IMRT with or without concurrent
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Fig. 1. Distant control and overall survival in the discovery and validation cohorts.
Table 2
Characteristics and treatment of distant metastases.

Characteristics Patients with DM in the entire Patients with DM in the Patients with DM in the p-
study cohort discovery cohort validation cohort value
n=63 n=39 n=24

Time to DM from the date of surgery

Median (range), months 9 (3-49) 12 (3-49) 8 (3-27) -

Metastatic pattern

DOF vs. DM subsequent to LRF 33 (52%) vs. 30 (48%) 20 (51%) vs 19 (49%) 13 (54%) vs 11 (46%)
Oligo-' vs. disseminated- metastasis 18 (29%) vs. 45 (71%) 12 (31%) vs. 27 (69%) 6 (25%) vs. 18 (75%) -

Metastatic sites

Single site
Lung 31/63 (49%) 21/39 (54%) 10/24 (42%)

Bone 9/63 (14%) 7/39 (18%) 2/24 (8%)

Others 4/63 (6%) 1/39 (3%) 3/24 (12.5%)

Multiple sites

Including lung metastasis 16/63 (25%) 10/39 (26%) 6/24 (25%)
Not including lung metastasis 3/63 (5%) 0 3/24 (12.5%) -

Treatment for DM

Metastatectomy 3 (5%) 1/39 (3%) 2(24 (8.3%)
SBRT 2 (3%) 0 2/24 (8.3%)
Chemotherapy 6 (9.5%) 4/39 (10%) 2/24 (8.3%)
Best supportive care/palliative RT 52 (82.5%) 34/39 (87%) 18 (75%) -

Tumor characteristics

pT3-4 category 32 (51%) 16 (53%) 16 (48%) 0.8
PN2-3 category 53 (84%) 26 (87%) 27 (82%) 0.74
Positive resection margin(s) 14 (23%) 6 (20%) 8 (25%) 0.76
Extranodal extension 39 (62%) 19 (63%) 20 (61%) 1
Maximum primary tumor size (cm), mean (sd) 3.5 (1.65) 3.3 (1.5) 3.6 (1.7) 0.63
Primary tumor thickness (cm), mean (sd) 1.6 (1) 1.8(1.2) 1.5 (0.8) 0.69
Histological grade 1 0 (0) 0(0) 0(0) 1
Lymphovascular invasion 13 (21%) 6 (20%) 7 (21%) 1
Perineural invasion 44 (70%) 19 (63%) 25 (76%) 0.41
Treatment characteristics

Median (range) interval between surgery and start of 8 (4-23) 8 (4-23) 8 (4-23) 0.18
PORT, weeks

Median (range) interval between surgery and end of 14 (10-29) 14 (10-29) 14 (10-29) 0.76

DM, distant metastasis; DOF, distant-only failure; LRF; locoregional failure; SBRT, stereotactic body radiotherapy; RT, radiotherapy, PORT, postoperative radiation therapy.
! Oligometastasis: <5 metastatic lesions in single organ.

chemotherapy. Patients with G2-3/pN2-3 were shown to be at high
risk of DM and poor survival in the subsequent validation cohort.
Identifying this high risk group may allow alternate treatment
strategies to be explored to improve the outcomes.

Several studies identified the histological grade, pN-category
and extranodal extension as independent risk factors of DM in
0SCC [7,14-16]. In the current analysis, pathologic nodal category
(pN2-3) and histological grade (G2-3) were associated with DM,
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Table 3
Stage distribution for patients with distant metastases.

Discovery cohort

Category NO N1 N2a N2b N2c N3
n=103 n=>55 n=6 n=104 n=30 n=1
T1 - 1 2 5 - -
T2 - 2 - 9 4 -
T3 - - - 3 - -
T4 - 3 - 6 4 -
Total - 6 2 23 8 -
Validation cohort
Category NO N1 N2a N2b N2c N3
n=62 n=21 n=3 n=43 n=17 n=1
T1 - - 1 2 - -
T2 - - - 3 2 -
T3 1 1 - 1 3 -
T4 2 1 - 5 2 -
Total 3 2 11 7 -
Table 4
Univariable and multivariable analyses to identify predictors of distant metastases in the discovery cohort.
Variable Univariable analysis Multivariable analysis
HR (95% CI) p-value  HR (95% CI) p-
value
pT3-4 category 1.06 (0.56-2.01) 0.86 - -
pN2-3 category 8.74 (3.46-22.08) <<0.001 5.98 (2.31-15.49) <0.001
Positive resection margin(s) 1.19 (0.46-3.06) 0.91 - -
Extranodal extension 3.89 (2.07-7.33) <<0.001 1.82(0.93-3.57) 0.08
Maximum primary tumor size 1.03 (0.85-1.25) 0.77 - -
Primary tumor thickness 1.03 (0.78-1.37) 0.83 - -
Histological grade one' 7.7*1077 <0.001 1.4*10°%(5.6*1077- <0.001
(41*1077-1.4*1075) 13.8*1075)
Lymphovascular invasion 1.56 (0.7-3.49) 0.28 - -
Perineural invasion 1.35 (0.7-2.6) 0.37 - -
Time interval between surgery and start of PORT (days)? 0.99 (0.98-1.01) 0.39 - -
Time interval between surgery and end of PORT (days), overall treatment 0.99 (0.98-1.01) 0.29 - -

a3
time

PORT, postoperative radiation therapy.

1 Due to no events in histological grade 1 subgroup, the HR estimation for histological grade is very close to 0 (7.7 * 10~7). However, the Fine-Gray competing risk regression
model still can estimate the standard error of the HR and its corresponding test statistic, that is why the p-value can be calculated based on the test statistic (Wald Test

Statistic = 1923.6) which is very small and less than 0.001.

2 Fine-Gray competing risk regression was also used to evaluate the association between time interval between surgery and start of postoperative radiation therapy (days)
and risk of locoregional failure (HR: 1.01, 95%CI: 1-1.01, p = 0.23), while Cox proportional-hazards model was used to evaluate the association between time interval between
surgery and start of postoperative radiation therapy (days) and overall survival (HR: 1.95%Cl: 0.99-1.01, p=1).

3 Fine-Gray competing risk regression was also used to evaluate the association between time interval between surgery and end of postoperative radiation therapy (days)
and risk of locoregional failure (HR: 1.01, 95%Cl: 1-1.02, p = 0.07), while Cox proportional-hazards model was used to evaluate the association between time interval between
surgery and end of postoperative radiation therapy (days) and overall survival (HR: 1.95%CI: 0.99-1.01, p = 0.69).

while the association between extranodal extension and DM was
not statistically significant on MVA (p = 0.08). This could be due
to treatment intensification for patients with extranodal extension
(n=89 in the discovery cohort) using higher radiation dose
(>60Gy) in 63 out of 89 (71%) and concurrent (cisplatin)
chemotherapy in 42 out of 89 (47%), which resulted in improving
the regional control and decreased the DM subsequent to regional
failure. However, with a larger sample and more events, extranodal
extension may also be identified as an independent factor which
could be incorporated into a more detailed future risk classification
system. While there were no significant differences in the clinico-
pathological features between the discovery and validation
cohorts, except for more frequent pT3-4 category and larger pri-
mary tumor in the validation cohort, locally advanced disease
(i.e. pT3-4) was not associated with higher risk of DM in the dis-
covery cohort on univariable or multivariable analyses.

Advances in imaging, such as PET-CT scan, could enable early
identification of small clinically silent DM through a designed
surveillance schedule for patients with high risk of DM [8,9]. More-
over, detection of limited extent DM (i.e. oligometastasis) could

allow for local ablative therapy with metastatecomy and/or stereo-
tactic body radiotherapy [17,18]. Interestingly, in the entire study
cohort, five patients with oligometastasis were treated with such
local therapy for DM with a median OS of 17 months following
the diagnosis of DM. However, a prospective evaluation is war-
ranted to determine whether a screening approach would result
in improving the outcomes for patients with high risk of DM.

Neoadjuvant chemotherapy using cisplatin and fluorouracil for
advanced resectable OSCC patients was evaluated in a phase Il
randomized controlled trial. With a median follow-up of 11.5 year,
the 5-year cumulative incidence for DM was 4.1% for patients who
received preoperative chemotherapy versus 9.3% for patients man-
aged with up-front surgery (p =0.15) [19]. Furthermore, addition
of docetaxel to cisplatin and fluorouracil as a neoadjuvant treat-
ment for OSCC was examined in a phase IIl randomized controlled
trial and showed a trend toward a lower incidence of DM com-
pared to patients treated with up-front surgery (5.5% versus
8.7%), however there was no statistically significant difference in
distant metastasis free survival (HR=0.9, 95% CI: 0.6 to 1.4,
p=0.7) [20].
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Fig. 2. Distant control and overall survival according to risk-group classification in the discovery and validation cohort.

The use of concurrent docetaxel-cetuximab regimen in the
adjuvant setting showed improvement of DC with a derived-
benefit in disease-free survival in a phase Il randomized controlled
trial [21], and the ongoing phase Il RTOG 1216 study
(NCT01810913) may provide a better understanding of the out-
comes and pattern of failure following postoperative concurrent
chemoradiation using taxane-based regimen.

This study should be interpreted within the context of its limi-
tations. First, the study is retrospective; however the outcome data
were prospectively collected. Second, the validation was per-
formed in a subsequent cohort of patients with a shorter follow
up duration, though the median time to metastasis in the discovery
cohort was similar to the validation cohort. Third, all patients were
treated at the same institution, and external validation is war-
ranted before prospective evaluation. Finally, the analysis did not
include any biologic, genomic, or molecular marker in the risk-

group classification, though it is unclear that HPV or other molec-
ular markers are of significant relevance within OSCC [22,23].
Nonetheless, the study has contributed toward predicting DM
and OS outcomes following postoperative radiotherapy for OSCC.
From a practical viewpoint, this simple validated model can be
used as a “road map” with respect to predicting DM which is help-
ful for physician’s best estimate and patient’s best knowledge in
terms of the DM probability. It can be used to measure the accu-
racy and success of future DM risk-stratification models which
are built based on non-clinicopathologic features (e.g. radiomics
and/or molecular genomics biomarkers). The logical next step is
to use this validated model (G2-3/pN2-3) to identify OSCC patients
who may benefit from: 1) more aggressive screening for DM
(before initiating the treatment) in order to avoid unnecessary or
inappropriate management, 2) experimental systemic treatment
intensification to impact development of DM, and 3) a more



16 Distant Metastases Risk-Groups in OSCC

aggressive post-treatment surveillance schedule for early detection
of DM and consideration of experimental ablative treatments for
oligometastatic or early systemic treatment for non-
oligometastatic disease.

Conclusion

The validated DM high risk group has poor survival, which
could be used for the design of future prospective studies investi-
gating treatment intensification and/or surveillance of DM in OSCC.
Additional external validation should be attempted in prospective
trials.
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