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Abstract. According to the eighth edition of the AJCC Cancer Staging Manual (AJCCS),
a depth of invasion (DOI) >10 mm is classified as pT3, representing a locally advanced
tumour requiring postoperative radiotherapy (PORT). When node-negative, however,
evidence regarding whether PORT improves loco-regional control or survival is unclear.
To clarify this, two cohorts of patients were studied: (1) patients classified as pT3NO by
the seventh edition of the AJCC manual (AJCC7), with DOI >10 mm and a tumour
diameter >4 cm (17 patients who received PORT), and (2) patients classified as pT INO
and pT2NO by AJCC7, with DOI >10 mm and a tumour diameter <4 cm (55 patients
who did not receive PORT). Loco-regional control and survival were analysed. PORT
was found not to impact overall survival or disease-free survival. It was also found not to
impact local, regional, or distant recurrence. Although the two subsets of patients
considered here (DOI >10 mm with tumour diameter below or above 4 cm) were
previously distinct, they are both considered pT3 in AJCCS8. Data from this study indicate
that the routine administration of PORT to patients with a DOI >10 mm may not be
warranted in the absence of other risk features such as nodal disease or close margins.

International Journal of

Oral &
Maxil]qfacial

Surgery

Clinical Paper
Head and Neck Oncology

N. Subramaniam,

D. Balasubramanian, S. Murthy,

P. Rathod, S. Vidhyadharan,

K. Thankappan, S. lyer

Department of Head and Neck Oncology,
Amrita Institute of Medical Sciences, Amrita
Vishwa Vidyapeetham, Edappally, Kochi,
Kerala, India

Key words: oral cancer; AJCC 8" edition;
radiotherapy.

Accepted for publication
Available online 20 September 2018

0901-5027/020152 + 05 © 2018 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.


https://doi.org/10.1016/j.ijom.2018.07.009
https://doi.org/10.1016/j.ijom.2018.07.009

The eighth edition of the American Joint
Committee on Cancer (AJCC) Cancer
Staging Manual (AJCCS8), planned for
implementation from 2018, is the first to
incorporate depth of invasion (DOI) in the
T-staging of oral squamous cell carcinoma
(OSCC)'. Tumours are classified as pT1
when the diameter is <2 cm and DOI is
<5 mm, as pT2 when the diameter is 2—
4 ¢cm and DOI is <10 mm or the diameter
is <2 cm and DOl is 5-10 mm, and as pT3
when the diameter is >4 cm or DOI is
>10 mm. This was based on the work of
Spiro et al.?, who showed DOI to be a
predictor of nodal metastasis®*. DOI was
also later shown to be a better predictor of
disease-specific survival than tumour di-
ameter in a large multi-institutional cohort
study’. This helped address a major limi-
tation of the previous AJCC TNM staging
system — to distinguish between thin exo-
phytic and thick indurative tumours hav-
ing similar external diameters but
significant differences in DOI and behav-
iour®.

As a result, tumours with a DOI
>10mm will now be re-classified as
pT3 (locally advanced) even if their ex-
ternal diameter is <4 cm, and routine
postoperative radiotherapy (PORT) would
be indicated in such cases. When these
tumours are pathologically node-positive,
even if N1, PORT is likely to improve
survival’®, However, it remains unclear
whether PORT improves survival in node-
negative patients. Given the lack of pro-
spective evidence and the paradigm shift
in T-staging, it is unclear whether DOI
alone is an adequate indication for PORT
in the absence of other risk features, such
as close margins and nodal spread.

The purpose of this study was to deter-
mine whether PORT confers any benefit
on survival or loco-regional control in
patients classified as T3NO by AJCCS.
To determine this, two cohorts of patients
were studied: (1) patients classified as
pT3NO by the seventh edition of the AJCC
manual (AJCC7)’, with DOI >10 mm and
a tumour diameter >4 cm (who received
PORT), and (2) patients classified as
pTINO and pT2NO by AJCC7, with DOI
>10 mm and a diameter <4 cm (who did
not receive PORT) and who would have
been classified as pT3NO by AJCCS. Lo-
co-regional control and survival were an-
alysed.

Materials and methods

Patients with pT1-3NO OSCC (tongue,
buccal mucosa, and floor of mouth
tumours) classified according to AJCC7’
, with DOI >10 mm, were identified in a
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prospectively maintained database of
patients treated at Amrita Institute of Med-
ical Sciences, Kochi, India. Only those
who underwent treatment with curative
intent (surgical resection with or without
adjuvant radiotherapy) at the study insti-
tution and who had adequate surgical
margins (>5 mm) were included. Preop-
erative assessment included cross-section-
al imaging (contrast-enhanced computed
tomography or magnetic resonance imag-
ing of the head and neck). The surgery
performed was wide local excision with
selective neck dissection (levels I-1V).
The radiotherapy employed was confor-
mal or intensity-modulated radiotherapy,
with a total dose of 60 Gy in 30 fractions,
delivered over 5 days a week for 6 weeks.
Seventy-two patients were included in the
final analysis.

Recurrent disease was defined as any
proven local, regional, or distant disease
occurring at least 3 months after the date
of surgery. Overall survival (OS) was
defined as the time from initial surgery
to the date of death or last follow-up
evaluation. Disease-free survival (DFS)
was defined as the time from initial sur-
gery to the date of first recurrence or last
follow-up evaluation.

The statistical analysis was performed
using IBM SPSS Statistics version 20.0
(IBM Corp., Armonk, NY, USA) and
Excel version 2010 (Microsoft Corp.,
Redmond, WA, USA). The endpoint for
analysis was OS. Survival curves were
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generated using the Kaplan—Meier meth-
od, and univariate analysis was performed
using the log rank test. All statistics were
two-sided, and P < 0.05 was considered
statistically significant.

Results

Patient, disease, and treatment
characteristics

The final analysis included 72 patients
(Table 1), of whom 56 (78%) were male.
The subsites included were the tongue
(n=54, 75%), buccal mucosa (n=3,
4%), and floor of the mouth (n=15,
21%). Almost half of the patients (49%)
had a history of tobacco usage. The tu-
mour was well-differentiated in 52%,
moderately differentiated in 44%, and
poorly differentiated in 4%. Perineural
invasion was seen in 25% and lympho-
vascular invasion in 13%. Local recur-
rence occurred in 33%, nodal recurrence
in 11%, and distant recurrence in 3%.
PORT was administered in 17 (24%); only
those with a tumour diameter >4 cm re-
ceived PORT, as they were classified as
pT3 by AJCCT.

Determinants of overall and disease-free
survival

The univariate analysis performed for pre-
dictors of OS and DFS is shown in Table 2.
Lymphovascular invasion, perineural

Table 1. Patient, disease, and treatment characteristics.

Patient and tumour characteristics

Number (%)

Sex Male 56 (78%)
Female 16 (22%)
Subsite Tongue 54 (75%)
Buccal mucosa 3 (4%)
Floor of mouth 15 (21%)
Tumour staging® pT1 20 (28%)
pT2 35 (48%)
pT3 17 (24%)
Histological grade Well-differentiated 37 (52%)
Moderately differentiated 32 (44%)
Poorly differentiated 3 (4%)
Smoking Yes 35 (49%)
No 37 (51%)
Perineural invasion Yes 18 (25%)
No 54 (75%)
Lymphovascular invasion Yes 9 (13%)
No 63 (87%)
Local recurrences Yes 24 (33%)
No 48 (67%)
Nodal recurrences Yes 8 (11%)
No 64 (89%)
Distant recurrence Yes 2 (3%)
No 70 (97%)
Postoperative radiotherapy Yes 17 (24%)
No 55 (76%)

# According to the seventh edition of the American Joint Committee on Cancer (AJCC)

Cancer Staging Manual.
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Table 2. Univariate analysis for predictors of overall survival (OS) and disease-free survival (DFS).

Variable Number of patients 5-year OS % P-value 5-year DFS % P-value
Lymphovascular invasion
Yes 9 84% 0.920 60% 0.708
No 63 64% 58%
Perineural invasion
Yes 18 83% 0.540 60% 0.974
No 54 82% 58%
Histological grade
Well-differentiated 37 90% 0.657 58% 0.637
Moderate or poorly differentiated 35 78% 57%
Management
Surgery 55 90% 0.616 60% 0.867
Surgery + PORT 17 77% 59%

PORT, postoperative radiotherapy.

invasion, histological grade, and PORT
were considered in this analysis, and none
of these impacted OS or DFS. The use of
PORT in this cohort did not significantly
improve OS (Fig. 1) or DFS (Fig. 2).

Determinants of local, regional, and
distant control

The univariate analysis performed for predic-
tors of local recurrence-free survival (LRFS),
nodal recurrence-free survival (NRFS), and
distant recurrence-free survival (DRFS) is
shown in Table 3. Of the adverse pathological
features, only differentiation showed a trend
towards significance for LRFS; those with
well-differentiated tumours had a better 5-
year LRFS than those with moderately or

poorly differentiated tumours (70% vs.
50%, P =0.063). PORT did not impact local,
regional, or distant control rates.

Discussion

Overall, the outcomes were good in this
cohort of pT3NO OSCC, with the 5-year
OS and 5-year DFS in those treated with
surgery alone being 90% and 60%, respec-
tively. In this cohort, 24% of patients re-
ceived PORT; this was used when the
maximum tumour diameter was >4 cm.
PORT failed to improve loco-regional con-
trol or survival (P > 0.05). A limitation of
this study is that tongue, floor of mouth, and
buccal cancers were included, which may
have introduced heterogeneity into the study

Survival Functions

208 . radiotherapy
*—ﬁ' )
1
& i (T i |~ 0-censored
+—1-censored
0.8
8 06
>
1<)
3
wv
E
0.4
9]
0.2
0.0
J 1 1 | 1 |
.00 1.00 2.00 3.00 4.00 5.00
FU_time

Fig. 1. Kaplan—Meier curve showing overall survival in pT3NO patients receiving postoperative

radiotherapy (1) versus those who did not (0).

cohort, since the DOI is likely to be more
significant for nodal metastasis in tongue and
floor of mouth tumours than buccal tumours.
However it was felt that since AJCC8 applies
to all subsites of the oral cavity and only
pathologically node-negative tumours were
included, the study findings may also apply
to buccal cancers.

PORT is an integral part of the treat-
ment of OSCC; however it may cause
significant morbidity to the patient due
to local effects such as xerostomia, skin
and mucosal complications, and osteora-
dionecrosis. It is hence vital to advise the
use of PORT only in situations where it is
likely to improve loco-regional control or
survival.

Although the two subsets of patients
considered here (DOI >10 mm with tu-
mour diameter below or above 4 cm)
were previously distinct, they are both
considered pT3 in AJCCS. The purpose
of this study was two-fold: firstly, to
determine whether PORT confers any
benefit on loco-regional control or sur-
vival, and secondly, to determine factors
affecting recurrence and survival. A uni-
variate analysis of the entire cohort was
performed to identify factors associated
with recurrence or mortality that may
benefit from PORT, but none could be
identified.

Although T3NO is stage I1T and is likely to
merit PORT according to the National Com-
prehensive Cancer Network (NCCN) guide-
lines'® (which are yet to be updated to reflect
AJCCS), some groups have argued that T3
disease in the absence of nodal spread is still
aminor risk factor and does not merit routine
administration''. Studies that have shown a
DOI >10 mm to portend a poor prognosis
have also considered it a minor adverse
feature and have not advised PORT in the
absence of other risk features'>. Although
DOI is a robust indicator of disease-specific
survival, it is important to examine it as an
independent adverse feature and to weigh the
evidence in considering it an indication for
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Fig. 2. Kaplan—-Meier curve showing disease-free survival in pT3NO patients receiving
postoperative radiotherapy (1) versus those who did not (0).

Table 3. Univariate analysis for predictors of local recurrence-free survival (LRFS), nodal
recurrence-free survival (NRFS), and distant recurrence-free survival (DRFS).

Number of 5-year

S-year S-year

Variable patients ~ LRFS % P-value NRFS % P-value DRFS % P-value
Lymphovascular invasion
Yes 9 60% 0.564 84% 0.793  85% 0.135
No 63 69% 98% 97%
Perineural invasion
Yes 18 63% 0.517  83% 0.878  95% 0.406
No 54 57% 93% 93%
Histological grade
Well-differentiated 37 70% 0.063  93% 0.890 100%  0.247
Moderate or poorly 35 50% 83% 92%
differentiated
Management
Surgery 55 59% 0.692 84% 0.828  97% 0.331
Surgery + PORT 17 59% 92% 95%

PORT, postoperative radiotherapy.

PORT in the subsequent NCCN guidelines.
This was the intention of the present study:
this study is novel in examining the impact of
PORT on outcomes in pT3NO OSCC classi-
fied by AJCC8 in order to determine whether
a DOI >10 mm is an adequate risk factor in
isolation to warrant PORT.

Given the modest sample size of this
study, caution is advised in the gener-
alization of the results. However the
data suggest that a DOI >10 mm as
an isolated risk feature is insufficient
to warrant PORT in the absence of other
associated risk features. Further pro-

spective studies are required to improve
outcomes.

In conclusion, the administration of
PORT showed no loco-regional control
or survival benefit in patients classified
by AJCC8 as pT3NO. The DOI is a known
predictor of nodal metastases; however,
routine administration of PORT in patients
with a DOI >10 mm may not be warranted
in the absence of other risk features such
as nodal disease or close margins.

Funding

None.

155

Competing interests

None.

Ethical approval

An ethical exemption was sought and
given in view of the retrospective nature
of the study and no patient interaction.

Patient consent

Not required.

References

1. Amin MB, Edge S, Greene F, Byrd DR,
Brookland RK, Washington MK, Gershen-
wald JE, Compton CC, Hess KR, Sullivan
DC, Jessup JM, Brierley JD, Gaspar LE,
Schilsky RL, Balch CM, Winchester DP,
Asare EA, Madera M, Gress DM, Meyer
LR. AJCC cancer staging manual. Eighth
edition. Springer; 2017.

2. Spiro RH, Huvos AG, Wong GY, Spiro JD,
Gnecco CA, Strong EW. Predictive value of
tumor thickness in squamous carcinoma con-
fined to the tongue and floor of the mouth.
Am J Surg 1986;152:345-50.

3. Fukano H, Matsuura H, Hasegawa Y, Naka-
mura S. Depth of invasion as a predictive factor
for cervical lymph node metastasis in tongue
carcinoma. Head Neck 1997;19:205-10.

4. Pentenero M, Gandolfo S, Carrozzo M.
Importance of tumor thickness and depth
of invasion in nodal involvement and prog-
nosis of oral squamous cell carcinoma: a
review of the literature. Head Neck
2005;27:1080-91.

5. Ebrahimi A, Gil Z, Amit M, Yen TC, Liao
CT, Chaturvedi P, Agarwal JP, Kowalski LP,
Kreppel M, Cernea CR, Brandao J. Primary
tumor staging for oral cancer and a proposed
modification incorporating depth of inva-
sion: an international multicenter retrospec-
tive study. JAMA Otolaryngol Head Neck
Surg 2014;140:1138-48.

6. Low TH, Gao K, Elliott M, Clark JR. Tumor
classification for early oral cancer: re-evalu-
ate the current TNM classification. Head
Neck 2015;37:223-8.

7. Chen MM, Harris JP, Hara W, Sirjani D, Divi
V. Association of postoperative radiotherapy
with survival in patients with N1 oral cavity
and oropharyngeal squamous cell carcino-
ma. JAMA Otolaryngol Head Neck Surg
2016;142:1224-30.

8. Shrime MG, Gullane PJ, Dawson L, Kim J,
Gilbert RW, Irish JC, Brown DH, Goldstein
DP. The impact of adjuvant radiotherapy on
survival in TI-2N1 squamous cell carcino-
ma of the oral cavity. Arch Otolaryngol Head
Neck Surg 2010;136:225-8.

9. Edge S, Byrd DR, Compton CC, Fritz AG,
Greene F, Trotti A. AJCC cancer staging
manual. Seventh edition. Springer; 2010.


http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0045

156

Subramaniam et al.

10. Pfister DG, Ang KK, Brizel DM, Burtness

BA, Busse PM, Caudell JJ, Cmelak AlJ,
Colevas AD, Dunphy F, Eisele DW, Gil-
bert J, Gillison ML, Haddad RI, Haughey
BH, Hicks Jr WL, Hitchcock YJ, Kies
MS, Lydiatt WM, Maghami E, Martins R,
McCaffrey T, Mittal BB, Pinto HA, Ridge
JA, Samant S, Schuller DE, Shah JP,
Spencer S, Weber RS, Wolf GT, Worden
F, Yom SS, McMillian NR, Hughes M.
National Comprehensive Cancer Net-
work. Head and neck cancers, version
2.2013. Featured updates to the NCCN
guidelines. J Natl Compr Canc Netw
2013;11:917-23.

11.

12.

Liao CT, Chang JT, Wang HM, Ng SH,
Hsueh C, Lee LY, Lin CH, Chen IH, Huang
SF, Cheng AJ, See LC, Yen TC. Does adju-
vant radiation therapy improve outcomes in
pT1-3NO oral cavity cancer with tumor-free
margins and perineural invasion? Int J
Radiat Oncol Biol Phys 2008;71:371-6.
Fan KH, Wang HM, Kang CJ, Lee LY,
Huang SF, Lin CY, Chen EY, Chen IH, Liao
CT, Chang JT. Treatment results of postop-
erative radiotherapy on squamous cell carci-
noma of the oral cavity: coexistence of
multiple minor risk factors results in higher
recurrence rates. Int J Radiat Oncol Biol
Phys 2010;77:1024-9.

Address:

Deepak Balasubramanian
Department of Head and Neck Oncology
Amrita Institute of Medical Sciences
Amrita Vishwa Vidyapeetham
Edappally

Kochi

Kerala 682041

India

Tel.: +91 8089089887

E-mail: deepakbala@ live.com


http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30298-4/sbref0060
mailto:deepakbala@live.com

	Impact of postoperative radiotherapy on survival and loco-regional control in node-negative oral cavity tumours classified...
	Materials and methods
	Results
	Patient, disease, and treatment characteristics
	Determinants of overall and disease-free survival
	Determinants of local, regional, and distant control

	Discussion
	Funding
	Competing interests
	Ethical approval
	Patient consent
	References


