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Abstract. Extracapsular extension (ECE) has long been considered a poor prognostic
factor in oral cavity cancer, the presence of which warrants intensification of
adjuvant therapy. This study was done to analyze the survival of patients with ECE
who received adjuvant chemoradiation. Patients with pathologically confirmed
squamous cell carcinoma of the oral cavity, with a minimum of 2 years of follow-up,
who were treated at a tertiary cancer centre in New Delhi, India during the years
2009–2017, were included. On multivariate analysis, ECE was significantly
associated with depth of invasion >10 mm and tumour deposit size >5 mm. Among
the node-positive group, patients without ECE had a 5-year disease-free survival
(DFS) and 5-year overall survival (OS) advantage over ECE-positive patients of
7.8% (63.8% vs. 56.0%) and 16.5% (87.2% vs. 70.7%), respectively. For patients
with ECE, the hazard ratio for DFS and OS was 1.3 (95% confidence interval 0.97–
1.75, P = 0.078) and 2.30 (95% confidence interval 1.35–3.92, P = 0.002),
respectively. ECE remains one of the strongest predictors of recurrence and survival
in oral cancer patients, and despite aggressive adjuvant therapy, distant recurrence is
still significantly high.
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‘‘Oral cancers, an Indian pandemic’’ is
what authors are calling the recent worri-
some rise in the incidence of oral cancer in
India1. The National Cancer Registry Pro-
gramme has reported this rise in upper
aerodigestive tract malignancies in both
sexes2. Tobacco use is the major aetiolo-
gical factor, and the Global Adult Tobacco
Survey (GATS) conducted in 2009–10
indicated that 34.6% of adults (47.9% of
males and 20.3% of females) were current
tobacco users3. Oral cancer thus constitu-
tes a major health burden in India, and
identifying prognostic factors associated
with oral cancers has become an important
initial step in management. Lymph node
metastasis in head and neck cancers is a
well-known clinical and pathological
prognostic factor leading to worse surviv-
al4,5. In patients with nodal positivity,
extracapsular spread confers worse surviv-
al Association of Oral and Maxillofacial Surgeons.
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Table 1. Demographic profile of the study patients (N = 1431).

Variables n (%)a

Age, mean � SD (range) 49 � 12.4 (22–93)
Sex

Male 1201 (83.9%)
Female 230 (16.1%)

Smoking 386 (27.0%)
Tobacco use 1016 (71.0%)
Duration of complaints (months), median (range) 3 (1–23)
Gradeb

1 105 (7.3%)
2 1296 (90.7%)
3 28 (2.0%)
Lymph node positive 466 (32.6%)
Perineural invasion 303 (21.2%)
Lymphovascular invasion 505 (35.3%)
Adjuvant therapy
No 460 (32.1%)
RT 740 (51.7%)
CT/RT 231 (16.1%)
Extracapsular extension
Yes 205 (14.3%)
No 1226 (85.7%)
Follow-up (months), median (range) 40 (39.5–40.5)

RT, radiotherapy; CT, chemotherapy.
a Data are presented as the number and percentage of the total study population (N = 1431),

unless stated otherwise.
b Data for grade missing for two patients.
al; this was first described by Bennett et al.
in 19716. Furthermore, various studies
have shown that node-positive patients
with extracapsular extension (ECE) have
even worse survival than node-negative
patients with ECE7,8.
The decision to add chemotherapy to

radiotherapy as adjuvant treatment in
patients with ECE was based on the land-
mark studies by Bernier et al. and Cooper
et al.9–11. The importance of ECE in head
and neck cancers was considered in the
recent eighth edition of the American Joint
Committee on Cancer (AJCC) Cancer
Staging Manual, and ECE was incorporat-
ed in the TNM staging guidelines12,13. The
prognosis of ECE-positive patients
remains grim despite the use of trimodal-
ity treatment, and some studies have sug-
gested that irrespective of prognostic
factors, a third of the patients will experi-
ence recurrence even after adjuvant thera-
py14. The aim of this study was to observe
the effects of ECE on survival in oral
cancer patients and to look for pathologi-
cal predictive factors for ECE.

Methods

A retrospective analysis of histopatholog-
ically confirmed oral cancer was con-
ducted at Rajiv Gandhi Cancer Institute
and Research Centre, a tertiary care cancer
hospital in India. All oral cancer patients
registered at the centre during the time
period of 2009–2017 were considered.
Clinical and histopathological data were
extracted from the electronic medical
records. Only patients with a squamous
cell histology and those with a minimum
follow-up of 2 years, or who were fol-
lowed up until death, were included in this
analysis. Patients with upfront metastatic
disease and those who defaulted treatment
were excluded from the study. A total of
1431 patients were included in the cohort.
ECE positivity was considered if there was
an extension of metastatic carcinoma
through the fibrous capsule of the lymph
node into the surrounding connective tis-
sue. Adjuvant chemoradiation was given
to all patients with ECE and positive
margins.

Statistical analysis

Descriptive summaries are presented as
the mean and standard deviation (SD) or
median with range for continuous vari-
ables and as frequencies with percentages
for categorical variables. The two-sample
Z-test for proportions was performed
using MedCalc software version 18.5
(MedCalc Software bvba, Ostend,
Belgium) to determine the significance
for recurrences between the ECE positive
and negative groups. The distribution of
clinical and pathological factors in the
ECE positive and negative groups was
tested by cross-tabulation and signifi-
cance was tested by x2 test. Multiple
logistic regression was used to predict
ECE based on various clinical and path-
ological factors. The results of the uni-
variate and multivariate analyses are
presented as the odds ratio (OR) and
95% confidence interval (CI). The surviv-
al analysis was performed using the
Kaplan–Meier method and Cox regres-
sion analysis, and the log-rank test was
used to compare the difference in survival
between two factors. A P-value of <0.05
was considered statistically significant.
IBM SPSS Statistics version 23.0 (IBM
Corp., Armonk, NY, USA) was used for
the statistical analysis.

Results

The mean age of the cohort was 49 � 12.4
(range 22–93) years, and the male to fe-
male ratio was 5.2:1. Tobacco chewing
was reported by 71.0% of patients. Lymph
node positivity was seen in 32.6% of the
patients and ECE was present in 14.3% of
the whole cohort. The demographic char-
acteristics and tumour characteristics of
the study cohort are described in Table 1.
The distribution of patients in the
ECE-positive group did not differ sig-
nificantly from that of the ECE-negative
group with respect to sex, tobacco chew-
ing, or comorbidities; however the dis-
tribution of patients in the two groups
differed significantly with respect to T
and N stage (AJCC Cancer Staging Man-
ual seventh edition), lymphovascular in-
vasion (LVI), perineural invasion (PNI),
depth of invasion (DOI), and tumour
deposit size after adjustment by Bonfer-
roni correction (Table 2).
Logistic regression was applied to

identify predictive factors for ECE. The
results of the univariate and multivariate
analyses for factors predicting ECE are
given in Table 3. On univariate analysis,
LVI, PNI, DOI > 10 mm, and tumour de-
posit size >5 mm were significantly as-
sociated with ECE, with the maximum
OR for tumour deposit size in the lymph
nodes >5 mm. On multivariate analysis,
ECE was significantly associated with
DOI > 10 mm and tumour deposit
>5 mm, and there was a trend towards
significance for LVI (Table 3).
Patients with negative lymph node in-

volvement had an absolute 5-year disease-
free survival (DFS) and 5-year overall
survival (OS) advantage over lymph
node-positive patients of 19.8% (80.2%
vs. 60.4%) and 11.8% (93.1% vs.
81.3%), respectively. For lymph node-
positive patients, the hazard ratio (HR)
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Table 2. Distribution of patients in extracapsular extension positive and negative groups
(N = 466).

Extracapsular extension P-value

Positive Negative
Sex
Male 175 231 0.269
Female 30 31
Smoking
Yes 58 80 0.610
No 147 181
Tobacco use
Yes 155 189 0.459
No 50 72
Comorbidities
Yes 94 122 0.852
No 111 139
T stagea

1 29 57 0.005
2 108 144
3 20 19
4 48 41
N stagea

1 55 159 <0.001
2 150 102
Perineural invasion
Yes 130 131 0.005
No 75 130
Lymphovascular invasion
Yes 125 112 <0.001
No 80 149
Depth of invasion (mm)
<5 25 51 <0.001
6–10 69 121
>10 111 89
Mean size of the deposit in the node (mm)
<5 10 84 <0.001
>5 195 177
Median tumour deposit size (mm) 13 8 <0.001

aAccording to the seventh edition of the American Joint Committee on Cancer (AJCC)
Cancer Staging Manual.

Table 3. Logistic regression analysis for factors predicting extracapsular extension.

Prognostic factor
Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Age (years)
�45 1
>45 0.92 0.64–1.33 0.673
Sex
Male 1
Female 0.73 0.43–1.25 0.250
Tobacco use
Absent 1
Present 1.18 0.78–1.79 0.436
Lymphovascular invasion
Absent 1 1
Present 2.08 1.43–3.02 <0.001 1.53 0.99–2.36 0.053
Perineural invasion
Absent 1 1
Present 1.72 1.18–2.50 0.004 1.40 0.92–2.13 0.122
Depth of invasion (mm)
�10 1 1
>10 2.28 1.57–3.32 <0.001 1.87 1.23–2.83 0.003
Tumour deposit (mm)
�5 1 1
>5 9.25 4.66–18.39 <0.001 8.66 4.32–17.35 <0.001

OR, odds ratio; CI, confidence interval.
for DFS and OS was 2.36 (95% CI 1.92–
2.89, P < 0.001) and 2.56 (95% CI 1.77–
3.79, P < 0.001), respectively. In the node-
positive group, patients without ECE had a
5-year DFS and 5-year OS advantage over
patients with ECE of 7.8% (63.8% vs.
56.0%) and 16.5% (87.2% vs. 70.7%),
respectively. For patients with ECE, the
HR for DFS and OS was 1.3 (95% CI
0.97–1.75, P = 0.078) and 2.30 (95% CI
1.35–3.92, P = 0.002), respectively.
Kaplan–Meier curves depicting the sur-
vival difference are shown in Figs 1 and 2.
Disease recurrence (local/distant) was

seen in 359 of the 1431 patients (25.1%),
and 179 of these patients had node-posi-
tive disease. In the node-positive group of
patients, 87/205 (42.4%) patients with
ECE had recurrence as compared to 92/
261 (35.2%) without ECE (7.2%, 95% CI
1.63–16.02, P = 0.11). Distant recurrence
was seen in 34/205 (16.5%) ECE-positive
patients and in 23/261 (8.8%) patients
without ECE (distant 7.8%, 95% CI
1.67–14.07, P = 0.011). Amongst the
patients who had disease recurrence,
53.2% (191/359) were alive with disease
at the time of analysis.

Discussion

Numerous factors affect the prognosis in
oral cancer, and nodal metastasis remains
one of the most significant factors affect-
ing survival15. ECE was first described by
Willis in 1930 in their study entitled ‘‘Epi-
dermoid carcinoma of the head and neck,
with special reference to metastasis’’16.
ECE was later confirmed to be associated
with worse survival in various studies17–
19. Furthermore, some researchers have
observed that ECE affects regional and
distant recurrence20. Lymph node metas-
tasis in head and neck cancers has been
reported to occur in about 28% of
patients21,22; in the present study, this
was seen in 32.6% of patients. ECE, as
observed in various studies, is seen in
about 60% of lymph node-positive
patients22–24, and was seen in 44.0%
(205/466) of lymph node-positive patients
in the present study.
ECE is defined as the extension of

metastatic carcinoma through the fibrous
capsule of the lymph node into surround-
ing connective tissue13, however the defi-
nition is not standard and inter-observer
variability and discrepancy between path-
ological examination and actual ECE pos-
itivity has been observed in a few
studies25,26. Various pathological factors
have been found to be associated with
ECE and these associations have become
an important aid to the pathologist. These
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Fig. 2. Kaplan–Meier survival curves for 5-year disease-free survival (DFS) and 5-year overall survival (OS) in relation to extracapsular extension
(ECE).

Fig. 1. Kaplan–Meier survival curves for 5-year disease-free survival (DFS) and 5-year overall survival (OS) in relation to node positivity.
factors can act as adjunctive findings to
decide on the ECE status, thus leading to
reduced inter-observer variability.
Mair et al. evaluated factors associated

with ECE in early oral cavity cancers22. A
tumour thickness >5 mm and tumour de-
posit size in the lymph node >15 mm were
significantly associated with ECE on mul-
tivariate analysis22. In the present study,
ECE was found to be strongly associated
with a tumour deposit size >5 mm and
DOI > 10 mm.
LVI has long been postulated to be an

important prognostic factor and the pres-
ence of LVI can be considered an initial
first step in the development of nodal or
distant metastasis27. Adel et al. observed a
significant association of LVI with ECE
on multivariate analysis, with an OR of
1.83 (P = 0.007)28. In the present study, a
trend towards a significant association of
ECE with LVI was observed on multivar-
iate analysis, with an HR of 1.53 (95% CI
0.99–2.36, P = 0.053). The tumour deposit
size in the lymph node was found to have
the strongest association with ECE, with a
OR of 8.66 (95% CI 4.32–17.35, P
< 0.001).
Since occult micrometastatic ECE may

be present in 10.5–25% of clinically node-
negative patients20, identifying factors
strongly associated with ECE becomes
important. It is also proposed that the
presence of ECE is underestimated, as
the current techniques of pathological ex-
amination may miss microinvasions of the
capsule20 and nodal metastasis of <2 mm
can also be associated with ECE29. Diag-
nosing ECE is also important as it is one of
the two main factors in the decision to add
chemotherapy to adjuvant radiotherapy,
with the other factor being positive
margins9–11.
Mair et al. observed a 3-year DFS of

82%, 63%, and 57.5% (P = 0.001) for
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node-negative, node-positive without
ECE, and node-positive with ECE, respec-
tively22. Similarly, Maxwell et al. reported
a 3-year disease-specific survival of 45%
vs. 71% (P = 0.0018) for ECE-positive vs.
ECE-negative groups, respectively30. In
the present study, a 5-year DFS of
80.2%, 63.8%, and 56.0% was observed
for node-negative, node-positive without
ECE, and node-positive with ECE, respec-
tively. Other studies have reported 5-year
OS in lymph node-positive patients rang-
ing from 58% to 60%31,32. Mair et al.
observed 3-year OS of 84.4%, 68.5%,
and 59.2% in patients with lymph node-
negative, lymph node-positive without
ECE, and lymph node-positive with
ECE, respectively22. In the present study,
5-year OS was 87.2% for lymph node-
positive without ECE vs. 70.7% for lymph
node-positive with ECE. Other studies
including all head and neck cancers have
reported lower 5-year survival rates than
those observed in the present study, rang-
ing from 35% to 48% in lymph node-
positive patients with ECE18,33,34.
The reasons for the differences be-

tween studies could be that out of the
total patients with tumour recurrences in
the present study, 53.2% were alive with
disease at the time of analysis, of whom
58.1% were in the node-positive group,
and most of these patients were on palli-
ative chemotherapy or best supportive
care. Furthermore, the mean age of the
cohort was 49 years, representing a youn-
ger population when compared to other
studies. Also, two or more associated
comorbidities were seen in only 9.5%
of patients, and 48.0% of patients had
no comorbidities. Lastly, in the present
study it was observed that distant recur-
rences occurred more commonly in the
ECE-positive group than in the ECE-neg-
ative group (P = 0.011). This observation
corroborates the results of the meta-anal-
ysis by Mermod et al., who found distant
metastasis to be significantly associated
with ECE with an OR of 2.18 (95% CI
1.23–3.87)35.
Further studies are required to investi-

gate other therapeutic options, and ques-
tions of maintenance therapy in these
high-risk patients need to be answered
soon. Strengths of this study include the
long median follow-up time of the patients
and the number of patients included. This
appears to be one of the largest cohorts
studied to predict the risk factors for ECE.
The main drawbacks of this study are the
retrospective nature and the fact that the
pathological analysis was not done by a
single pathologist, which brings inter-ob-
server variability. This study did not ana-
lyse microinvasion of the capsule and its
impact on survival.
In conclusion, ECE remains one of the

strongest predictors of recurrence and sur-
vival in oral cancer patients, and the pres-
ence of ECE merits intensification of
adjuvant therapy. Pathological factors as-
sociated with ECE on multivariate analy-
sis were depth of invasion >10 mm and
tumour deposit size >5 mm, and there was
a trend towards significance for lympho-
vascular invasion. The authors believe that
there is scope for improvements in adju-
vant therapeutic options for patients with
ECE to decrease distant metastasis rates.
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