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Objectives: To study the determinants of locoregional control (LRC) on stage I/II oral squamous cell
carcinoma (OSCC) classified by AJCC 8th edition.
Methods: Retrospective analysis from 296 patients of pT1-2N0 oral OSCC treated with surgery (wide
local excision and selective neck dissection). Those receiving adjuvant therapy were excluded. Multi-
variate analysis was performed for impact of adverse pathological features (APFs) on LRC.
Results: In stage I, LRC was impacted by perineural invasion (PNI) (HR 7.72, p¼ 0.010, 95% CI 1.64e36.26)
and moderate/poor differentiation (MD/PD) (HR 3.04, p¼ 0.049, 95% CI 0.99e9.25). In stage II, LRC was
impacted by depth of invasion (DOI) (HR 1.59, p¼ 0.014, 95% CI 1.099e2.32), PNI (HR¼ 2.86, p¼ 0.005,
95% CI 1.36e5.98). Combined MD/PD and PNI were associated with worse LRC than either feature
individually (HR¼ 4.12, p< 0.001, 95% CI 2.16e7.85).
Conclusion: PNI and differentiation accurately predict LRC in AJCC 8th edition classified stage I/II OSCC.
PNI was a stronger predictor of locoregional failure than DOI in stage II disease. By incorporating these
parameters, we can improve precision in staging of early OSCC and identify potential candidates for
treatment escalation to improve outcomes.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Background

The incorporation of depth of invasion (DOI) into TNM staging
by the American Joint Committee on Cancer 8th edition [1] has
resulted in a paradigm shift in pathological staging of oral squa-
mous cell carcinoma (OSCC). Tumours having a DOI <5mm have
been designated as T1, those with a DOI of 5e10mm T2 and those
with DOI >10mm as T3. Given that DOI is a superior predictor of
disease specific survival than tumour diameter alone [2], it is
possible that it is a surrogate marker for tumour biology, with
limited diameter but extensive infiltration being more clinically
aggressive than thick exophytic tumours.

Stage I/II OSCC has been shown to have favourable outcomes,
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however an estimated 30e35% of patients have loco-regional re-
currences [3]. Identifying predictors of recurrence in this cohort is
therefore of prime importance, to consolidate treatment and offer
these patients the highest chance of cure. The role of histological
adverse pathological features (APFs) is well established; several
factors have been demonstrated to predict tumour behaviour and
the risk of recurrence. DOI, invasive fronts, close/involved margins,
perineural invasion (PNI), lymphovascular invasion (LVI), and poor
differentiation were initially used to predict the need for elective
neck dissection in view of the risk of occult lymph node metastasis
[4e6], and more recently as indicators for post-operative radio-
therapy (PORT) [7e9].

With the adoption of the new staging system, the role of APFs in
tumours classified as stage I/II OSCC by AJCC 8th edition is unclear;
all of the previous evidence has taken tumour diameter as the only
determinant for staging and incorporation of DOI is likely to cause
significant stage migration in these patients, resulting in evenmore
opean Society of Surgical Oncology. All rights reserved.
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uncertainty in an already contentious cohort. The purpose of this
study was to identify factors associated with poor loco-regional
control in patients reclassified as stage I/II by AJCC 8th edition
who were treated with surgery alone. In doing so, we hoped to
identify patients with the ‘new’ intermediate-stage early oral can-
cer, who would potentially benefit from treatment escalation.

Materials and methods

From a prospectively maintained database of patients treated in
our institution, Amrita Institute of Medical Sciences, Kochi, be-
tween 2006 and 2014, we identified 296 patients of OSCC (tongue,
floor of mouth and buccal mucosa) classified as pT1-2N0 by AJCC
8th edition (those with diameter <2 cm and DOI �5mm staged as
pT1 and those with diameter 2e4 cm or DOI 6e10mm staged as
pT2). To avoid bias, we included consecutive patients; all patients
treated during this period who fulfilled the inclusion criteria were
included. All patients were treated with wide excision of the lesion
(a gross margin of 1e1.5 cm aiming for a minimum microscopic
margin of 5mm) and ipsilateral selective neck dissection, and
appropriate reconstruction when required. Those with a closest
radial margin below 5mm during primary excision (even if sub-
sequently revised) and those who received any prior therapy or
adjuvant therapy were excluded. In view of the retrospective na-
ture of the study it was exempt from ethical clearance.

Information extracted from this database included age, gender,
tumour pathological stage, adverse pathological features, devel-
opment of recurrences, pattern of recurrence, treatment details,
status at last follow-up, disease free survival and overall survival.
Reporting of differentiation was done based on Broder's grading
system [10] and perineural or lymphovascular invasion was re-
ported as positive when at least 33% of the nerve or vessel was
surrounded by tumour cells [11]. In our cohort any identifiable area
of nerve or lymphatic vessel invasion satisfying this criterion,
irrespective of size and focality, was considered positive. For
assessment of DOI, patients treated between 2010 and 2014
(n¼ 264) had DOI specifically measured and mentioned on his-
tology reports, while for those treated from 2006 to 2009 (n¼ 32),
patients had either DOI or tumour thickness mentioned often
interchangeably. Slide and block review for the cohort treated be-
tween 2006 and 2009 was not possible due to logistical difficulties.
Given that it has been shown that when DOI is not available,
tumour thickness can be used as a reasonable substitute in the AJCC
8th edition staging system [12], we included these cases in our
analysis as well.

Recurrent disease was defined as any proven local, regional or
distant disease occurring at least threemonths after date of surgery.
Table 1
Patient, treatment and disease characteristics (according to AJCC 8th edition).

Total: 296 patients
Sex F

M
Age
Least margin (mm)
Diameter (mm)
Perineural invasion (%)
Lymphovascular invasion (%)
Differentiation (%) Well

Moderate
Poor

Nodal yield on neck dissection (n, range)
Recurrences
Locoregional recurrence
Distal recurrence
Locoregional control was defined as time from surgery to occur-
rence of local or nodal disease.

Statistical analysis was performed using STATA version 14 (Sta-
taCorp, TX, USA), Excel version 2010 (Microsoft, Redmond, WA,
USA). The endpoint for analysis was disease free survival (DFS).
Survival curveswere generated using the KaplanMeiermethod and
log rank test. Univariate analysis for categorical datawas performed
with chi-square test. Multivariate analysis was performed using the
Cox proportional hazards model. All statistics were 2-sided, and
p< 0.05 was considered statistically significant.

Results

Patient and disease and characteristics

Patient, treatment and disease characteristics for our cohort of
stage I/II OSCC is shown in Table 1. The median age of our patients
was 55.2 years (range 18e78 years), with males accounting for 78%
of our cohort. DOI correlated well with tumour diameter; for pT1
tumours (DOI<5mm), mean diameter was 14.4mm, while for pT2
tumours (DOI 6e10mm), mean diameter was 26.7mm. However,
the median least tumour margin was comparable between the two
groups - 7.86mm and 7.84mm for pT1 and pT2 respectively. The
nodal yield on neck dissection between the two groups was also
comparable and adequate; only 2 patients in the entire cohort
(0.7%) had a nodal yield <18 nodes (see Table 2).

The incidence of APFs was seen to correlate significantly with T-
stage. PNI was seen in 12% of stage I and 40% of stage II (p< 0.001),
LVI was associated with 13% of stage I and 47% of stage II (p< 0.001)
and moderate/poor differentiation was noted in 35% of stage I and
53% of stage II patients (p< 0.001) on univariate analysis.

Impact of adverse pathological features on locoregional control

The median follow-up in our cohort was 28 months (range,
6e132 months) with a 5-year overall survival (OS) of 90% and 88%
for stage I and II respectively, and a locoregional control (LRC) of
70% and 60% for stage I and II respectively.

For stage I OSCC, PNI had a significant impact on LRC by multi-
variate analysis (HR 7.72, p¼ 0.010, 95% CI 1.64e36.26); the presence
of any PNI on histology was associated with almost eight times
higher risk of a locoregional recurrence. Moderate or poor differen-
tiation (MD/PD)was also found tohave a significant impact on LRCby
multivariate analysis (HR 3.04, p¼ 0.049, 95% CI 0.99e9.25), with
moderately or poorly differentiated tumours having three-times
higher likelihood of a locoregional recurrence when compared to
patients with well-differentiated tumours. LVI, however, was not a
pT1N0 pT2N0 p-value

154 142
34 32 0.346
120 110
55.2± 13.3 55.1± 13.3 0.673
7.86± 3.12 7.84± 3.14 0.176
14.4± 3.9 26.7± 5.3 <0.001
19 (12%) 57 (40%) <0.001
20 (13%) 41 (47%) <0.001
100 (65%) 67 (47%) 0.001
50 (33%) 70 (50%)
4 (2%) 5 (3%)
22 (16-68) 20 (18-74) 0.753
42 (27%) 36 (25%) 0.707
31 (74%) 30 (83%) 0.627
11 (23%) 6 (17%)



Table 2
Predictors of locoregional control stage-wise on multivariate analysis by Cox pro-
portional hazards regression model.

Hazard ratio p-value 95% confidence
interval

Stage I Referent

LVI 1.21 0.699 0.159 3.423
PNI 7.72 0.010* 1.64 36.26
MD/PD 3.04 0.049* 0.99 9.25
PNI and MD/PD 8.67 0.006* 1.84 40.76

Stage II Referent

DOI 1.59 0.014* 1.099 2.32
LVI 1.08 0.744 0.361 2.133
PNI 2.86 0.005* 1.36 5.98
MD/PD 1.62 0.141 0.85 3.08
PNI and MD/PD 4.12 <0.0001 2.16 7.85

Key: LVI e lymphovascular invasion, PNI e perineural invasion, MD e moderate
differentiation, PD e poor differentiation.
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significant predictor of LRC. When looking at a combination of
adverse features, it was noted that stage I tumourswith both PNI and
MD/PD, had a very poor locoregional control rate (HR¼ 8.67,
p¼ 0.006, 95% CI 1.84e40.76); these patients had a nearly nine-
times higher risk of locoregional relapse by multivariate analysis.

LCR rates are reflected in Fig. 1 as plotted by the Kaplan Meier
method; LCR for stage I without APFs, with MD/PD, with PNI and
with both MD/PD and PNI was 92%, 75%, 50% and 27% respectively.
PNI and MD/PD individually impacted LCR in stage I OSCC but in
combination their effect was profound. It is to be noted, however,
that only 6 patients had both PNI and MD/PD (4% of the cohort);
hence multiple APFs in stage I OSCC occurred rarely.

For stage II OSCC, we first considered the impact of DOI on
locoregional control. Using stage I (diameter <2 cm and DOI
�5mm) as the referent cohort, we looked at the effect of DOI
5e10mm had on locoregional control. Increasing DOI was associ-
ated with poorer LRC; tumours with DOI 5e10mm had a 60%
higher chance of locoregional failure by multivariate analysis (HR
1.59, p¼ 0.014, 95% CI 1.099e2.32). PNI again had a significant
Fig. 1. Locoregional control in pT1N0 OSC
impact on LRC bymultivariate analysis (HR¼ 2.86, p¼ 0.005, 95% CI
1.36e5.98), with locoregional failure being almost thrice as likely in
patients with any PNI noted on histology. MD/PD was associated
with a slightly lower LRC thanwell-differentiated tumours, but this
effect was not statistically significant by multivariate analysis
(HR¼ 1.62, p¼ 0.141, 95% CI 0.85e3.08). LVI was not a significant
predictor of locoregional recurrence in this cohort. As with stage I
OSCC, a combination of PNI and MD/PD was predictive of a signif-
icantly higher risk of locoregional failure than either factor indi-
vidually by multivariate analysis (HR¼ 4.12, p< 0.001, 95% CI
2.16e7.85). Unlike in stage I OSCC, the association of PNI and MD/
PD was not rare; 28 patients (20%) with stage II OSCC had both of
these adverse features on histology.

5-year LCR for stage II OSCC is shown in Fig. 2; the LRC for stage
II without APFs, with MD/PD, with PNI and with both MD/PD and
PNI was 78%, 72%, 48% and 25% respectively.

Discussion

Reclassification of OSCC by AJCC 8th edition by incorporating
DOI resulted in better prognostic grouping. This was reflected in a
good stratification of APFs; stage II had a significantly higher as-
sociation of LVI, PNI and poorer differentiation when compared
with those having stage I disease.

As expected, DOI was an independent predictor of locoregional
control on multivariate analysis, with node-negative tumours with
DOI 5e10mm having a 60% higher chance of locoregional failure
than those with DOI <5mm. Like other recent publications, our
findings validate the impact of DOI in early oral cancer [13,14] and
reiterate that DOI is an independent adverse pathological feature
independent of propensity for nodal spread [15,16]. Interestingly,
the HR for DOI >5mm in our cohort was 1.59 for LRC, which was
comparable to the HR for OS (1.56) in a recent large National Cancer
Data Base review of nearly forty thousand patients [16]; this may be
a reaffirmation of our belief that LRC is a good surrogate marker for
OS in T1/2 tumours.

LVI failed to predict recurrence in our cohort. Previous studies
[18e20] have shown the impact of LVI on recurrence and survival
C with adverse pathological features.



Fig. 2. Locoregional control in pT2N0 OSCC with adverse pathological features.
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however this premise has been based on the associationwith occult
nodal metastases; all of the patients in our cohort received elective
neck dissection. It is interesting to note that studies showing LVI as
a prognostic factor [21,22] were those without elective treatment of
the neck; whether elective neck dissection significantly mitigates
the risk associated with LVI in unclear and requires further study.
More recent data has shown that LVI is a strong prognostic deter-
minant in advanced OSCC (T3/4) but not early cancer (T1/2) [23].
The potential reason for this observation is controversial and not
well substantiated; it is believed that early stage OSCC patients
with LVI are at risk for nodal failure, which may be pre-empted by
an elective neck dissection, while advanced stage OSCC patients
with LVI are at risk for distal failure, the risk of which may not be
completely addressed with PORT.

The incidence of PNI in our cohort was high compared to
existing literature. PNI was seen in 12% of stage I and 40% of stage II
OSCC in our cohort; in comparison, it has been seen in only 10e20%
of patients with early OSCC [24,25]. The reason for this disparity is
likely our definition of PNI on histology; we included any patient
with nerve involvement in >33% of the nerve circumference as
‘positive’ in our analysis, however other studies may have been
more selective. The only standard definition for PNI in literature is
involvement of over 33% of the nerve circumference, though mul-
tiple other stratifications exist, including unifocal or multifocality,
small nerve (�1mm diameter), large nerve (>1mm diameter) and
‘named’ nerve involvement. Although it has been demonstrated
that these distinctions may impact prognosis [26], it was our
intention to use a broad definition of PNI in this study in order to
make our results as widely applicable and relevant as possible;
many centres do not have dedicated onco-pathologists, and many
patients of OSCC in the developing world are not treated in cancer
centres, hence we intended to determine if we could use simple
well-established histological criteria to improve precision in stag-
ing. Any PNI, when identified in histology, was a strong, indepen-
dent predictor of locoregional recurrence in stage I/II OSCC; hence
our data suggests that inclusion of any PNI noted on histology is a
reasonable approach to improve the precision of AJCC 8th edition
staging in early stage oral cancer.
Differentiation was also a strong prognostic determinant in
stage I/II OSCC. First described by Broder in 1920 [10,27], grading of
squamous cell carcinoma has been shown to be associated with
both recurrence and survival [28e30]. Further refinements were
made by incorporation of host-tumour interface [31] and other
morphological features like degree of keratinization, nuclear
polymorphism and number of mitoses [32]. Although attractive,
the complexities of these grading systems and inter-observer
variation preclude their routine use in clinical practice, even in
specialized centres. Further confusion arises when a recommen-
dation of PORT needs to be made on these staging systems, where
two pathologists may not concur.

When considering differentiation as an APF, we grouped mod-
erate and poor differentiation and compared them to well differ-
entiated tumours as a reference. This was because very few
tumours in our cohort were classified as poorly differentiated (3%);
a significantly larger proportion of tumours, however, were clas-
sified as moderate-to-poorly differentiated (17%). This grouping
allowed us to make a more reasonable comparison. Additionally,
we believe that this may, to some extent, address the inter-observer
variability in OSCC differentiation reporting, which has been well
established [33]. It also reduces potential confusion when different
parts of the tumour have different grades.

Our incidence of MD/PD is comparable to literature [23,24];
well-differentiated tumours accounted for 65% of stage I patients
but only 47% of stage II. MD/PD had a hazard ratio of 3.04 for
locoregional recurrence in stage I (p¼ 0.049), while in stage II the
hazard ratio was 1.62 (p¼ 141). Given the large proportion of
moderately differentiated tumours in stage II (50%), it is likely that
considering moderate-to-poor differentiation or poor differentia-
tion (excluding moderate differentiation) as an adverse feature
would be a better predictor of recurrence in larger tumours. It is
likely that as tumour size increases, the impact of MD/PD on LRC
reduces. However it is important to note that the combination of
MD/PD and PNI in stage II OSCC has a significantly worse LCR than
(HR¼ 4.12) than PNI (HR¼ 2.86) or MD/PD (HR¼ 1.62) individually,
which suggests differentiation cannot be completely excluded as an
APF; a moderately-differentiation pT2N0 tumour with PNI has a
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risk of locoregional failure four times higher than a well-
differentiated pT2N0 tumour. It is our belief that refinement of
the pathological reporting would demonstrate this distinction,
however it was not possible to perform it in this cohort of patients
due to logistical constraints.

Although AJCC 8th edition has significantly improved OSCC
staging by incorporating DOI into T-stage, is it adequate for early
stage tumours? Our recent publication [34] showed that AJCC 8th
edition staging better predicted overall survival for T1/2 tumours,
however we considered node positive patients as well. We
demonstrated that the hazard ratio for death in patients with T1/2
OSCC was 2.46 in PNI and 2.19 in MD/PD, in spite of 63% of these
patients receiving adjuvant radiotherapy or chemoradiotherapy.
Hence for patients with stage I/II disease who do not receive PORT,
the impact of these adverse features are likely to be even more
marked.

In our cohort of stage II tumours as described in this study, DOI
5e10mm increases the risk of locoregional failure by 60%, whereas
PNI increased this risk of by 186%. MD/PD also increased this risk by
62%, although it was not statistically significant. It is our opinion
that incorporation of DOI alone into tumour staging is unsatisfac-
tory for early stage tumours; without accounting for other adverse
features the staging system is insufficient and inadequate. By
incorporating PNI and differentiation into the new classification,
wewere able to better prognosticate early stage OSCC. Based on the
presence of PNI and MD/PD, LRC ranged between 92% and 27% for
stage I and 78% and 25% for stage II OSCC; it is our belief that
incorporation of these well-established APFs into staging signifi-
cantly improved its precision in staging early OSCC.

Although there is no consensus on the role of PORT in PNI and
poor differentiation in early OSCC, our data would suggest that
these patients may benefit from treatment escalation since the
pattern of failure in these patients was predominantly locoregional
(88%); in the presence of adequate margins and an adequately
dissected neck, PORT is a reasonable addition to surgery to improve
LRC in intermediate-risk early stage OSCC. Although no high quality
evidence exists to determine the use of PORT in early OSCC, it is
crucial to attempt to identify intermediate-risk patients whowould
benefit from PORT to prevent recurrence and potentially improve
survival.

Conclusion

DOI alone is insufficient to predict LRC in early stage OSCC. Until
other adverse features are integrated into the staging system, the
prediction of LRC in early OSCC will be imprecise. Our results
suggest that by incorporating PNI and differentiation into staging
for early stage OSCC, patients at higher risk of locoregional failure
are effectively identified for potential treatment escalation.
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