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Abstract

Purpose: This study aimed to elucidate how histopatho-
logical findings relate to the existence of metastases in
lymph nodes in a cohort of surgical cases with squamous
cell carcinoma of the larynx.

Material and Methods: A cohort of cases from the ENT
department, who had partial or total laryngectomy and
dissection of the neck in the period spanning January
2008 to June 2017 were evaluated retrospectively. 150
cases were deemed appropriate for inclusion in the study.
The histopathological notes and clinical findings of these
cases were compared to each other.

Findings: The glottic group had lower levels of lympho-

Introduction

Squamous cell carcinoma of the larynx is amongst the most
frequently encountered of head and neck neoplasms asso-
ciated with raised mortality and unfavourable outcome.
The rate of new neoplasms of this type diagnosed exceeds
12,500 per annum and annual mortality from the condi-
tion is 3,560. Therapy, diagnosis and prevention can only
improve through deeper knowledge of the complex natural
history of the tumour (1). Smoking, alcohol use and HPV

vascular invasion (p<0.05). Tumours staged at T3 or T4
level or endophytic in subtype were, however, more like-
ly to have lymphovascular invasive features (p<0.05). For
neoplasms with a high degree of differentiation, it was
less frequent to observe invasion of lymphatics, metasta-
sis to the cervical nodes or invasion beyond the capsule
(p<0.05). Perineural invasion was not associated with a
greater risk of the neoplasm metastasizing to the cervi-
cal lymphovasculature, but invasion of the lymphatics did
signal an increase in metastasis (p<0.05).

Conclusion: Cervical lymphatic metastasis of squamous
cell carcinoma of the larynx has a high degree of correla-
tion with histopathological grading.

Key Words: Laryngeal cancer, perineural invasion, lym-
phovascular invasion, cervical lymphatic metastasis

are known risk factors. Laryngeal carcinoma is subdivided
into four principal divisions on the basis of anatomical site:
supraglottic, glottic, subglottic and transglottic (1,2).
Despite the advances in treatment brought about by
organ-sparing treatment regimens, there has been no im-
provement in survival from laryngeal SCC. If the factors
that affect prognosis can be understood, improved treat-
ment protocols may be able to be developed. The principal
factor determining a worse prognosis in head and neck ma-
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lignancies is the existence of metastasis to the lymphatics.
Despite this, staging the nodes only (pN +) fails to predict
prognosis in a consistent fashion. Thus, knowing what ad-
ditional actors influence prognosis in pN+ cases will allow
better treatment planning, including the use of adjuvant
therapy modalities (3). There has been an extensive re-
search effort aiming to elucidate markers of prognosis for
carcinoma of the larynx. Indeed, there has been a strong
focus on histopathology as a way to realise such markers.
NO neck management is advocated when the probability of ocular
neck metastases is more than 20%. Local recurrence of laryn-
geal SCC is recognised as a key factor in prognosis. Histo-
pathological grading of the degree to which the carcinoma
is differentiated has also been suggested as prognostically
useful. There are also associations between the presence of
tumour outside the capsule (N+ neoplasm), the amount of
keratin pearl formation, perineural invasion or small vascu-
lature involvement and a worsened prognosis. These histo-
pathological features need to be recorded in all cases (4).

Just as with other neoplasms of the head and neck re-
gion, there are three main growth patterns in laryngeal
carcinoma: exophytic, endophytic or combined. It is usual
for the exophytic type neoplasms, which grow outwards in
a cauliflower-like form, to be detected at an earlier stage
and to have a correspondingly better associated outcome.
The endophytic subtype grows inwards, invading the ba-
sal lamina and only becoming symptomatic at a late stage.
Having breached the basal lamina, the neoplasm then
infiltrates the lymphovasculature situated in the lamina
propria (5).

If there are neoplastic cells found within the three lay-
ers of the neural sheath (epi-, peri- or endoneurium) (6),
perineural invasion (PNI) is diagnosed. Extension along
the neural sheath may occur both in a proximal and distal
direction. The usual pattern is for invasion to occur ini-
tially towards the terminal end of the nerve and then track
backwards to bigger neural structures (7). It is frequently
difficult for the histopathologist to be sure whether PNI
has taken place. Whilst the nerve may become entirely en-
cased in neoplastic cells, on occasion, a single neoplastic
cell found perineurally is the only indicator of PNI on a
routine section. Since section thickness is usually 5 mi-
crons, to examine to a depth of Imm would require 200
sections to be cut (8), and since this is impractical, there is
a high chance of routine sectioning missing PNI.

Vascular invasion occurs when malignant cells can be
demonstrated within vessels (whether lympho- or haemo-

vascular), and adhering to the vessel lining or to throm-
botic lesions in the vein (9). A number of researchers have
reported that vascular invasion is associated with greater
likelihood of regional metastasis and a worsened clinical
outlook (10).

The present study aimed to evaluate any relationship
between histopathological grading and occurrence of me-
tastasis to the neck lymph glands, a key factor in the prog-
nosis for laryngeal SCC.

Materialand Methods

Ethical approval was granted at the outset of the study.
A retrospective review was undertaken on 223 cases at-
tending EN'T from January 2008 to June 2017 who were
diagnosed with SCC of the larynx. In 73 cases, the records
were excluded from the review. In these cases, rescue op-
erations or neck dissection had occurred, or the diagnosis
was of oesophageal carcinoma, either hypopharyngeal or
cervical. The remaining 150 records were from individu-
als who underwent partial or complete laryngectomy and
neck dissection. Patients were evaluated retrospectively
for the presence of lymphatic metastasis, extracapsular
extension, T and N stages, tumour location, pattern of tu-
mour spread, histopathological tumour type, the develop-
ment of perineural invasion and lymphovascular invasion.
The data from the review were used to compare the asso-
ciation of particular variables, and the level of statistical
significance was determined.

The NCSS (Number Cruncher Statistical System)
2007 Statistical Software (Utah, USA) application was
used for statistical analysis. Descriptive statistical values
were obtained for means and standard deviations. The
data were checked for a normal distribution using the Kol-
mogorov-Smirnov test. Groups were compared pairwise
using the independent samples t test. Qualitative values
were compared with the Fisher exact and Fisher Freeman
Halton Exact tests. Causality was ascertained between
variables by a logistic regression technique. A value of
p<0.05 was taken to indicate statistical significance.

A post hoc power analysis revealed that the lowest power
lay between 0.238 and 0.721 and overall power lay between
0.394 and 1.000.

Results

One hundred and fifty patients (147 males and 3 females)
participated in the study. The mean age at the onset of
the study was 59.8+/-5.6. Supraglottic tumours were de-
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tected in 41 patients (27.3%), transglottic tumours in 94
patients (62.6%) and glottic tumours in 15 patients (10%).
In no case was any isolated subglottic tumour seen. The
histopathological type was “moderately differentiated”
in 76 patients (50.6%), “well differentiated” in 35 patients
(23.3%) and “poorly differentiated” in 39 patients (26%).
Laryngeal SCC was classified as exophytic, endophytic or
mixed type depending on the pattern of growth. The exo-
phytic growth pattern was observed in 87 (58%) patients,
endophytic growth in 54 (36%) and mixed type growth in
9 (6%) patients. Seven patients (4.6%) had perineural inva-
sion, 41 patients (27.3%) had lymphovascular invasion, and
6 patients (4%) had both perineural and lymphovascular
invasion. Cervical lymphatic metastasis was not detected
in 96 patients. Fifty-four (36%) of the patients had one or
more lymphatic metastases in the neck area. Extracapsular
extension was seen in 23 lymph nodes (15.3%).

The study looked at any relationship between T stage
and perineural invasion, lymphovascular invasion, cervical

Table 1: Distribution of cases

lymphatic metastasis or extracapsular invasion. Tumours
staged T3 and T4 were significantly more likely to show ev-
idence of lymphovascular infiltration than the other types
(p=0.005), and, in addition, such tumours were associated
at the level of statistical significance (p=0.035) with higher
N stage than other tumours. T-stage, perineural invasion
and extracapsular spread were not related at the level of
statistical significance (p>0.05). T-stage (early to advanced)
had a statistically significant relationship (p<0.0001) with
the anatomical location of the tumour (see Table 1).

The study also investigated any relationship between
metastases in the cervical lymph glands and perineural
or lymphovascular infiltration. N-stage and the presence
of perineural infiltration were not related at the level of
statistical significance (p=0.425). However, N-stage was
associated with invasion of the lymphatics. In cases where
lymphovascular invasion was demonstrated, there was a
significant association with a higher N-stage (p=0.0001).
(See Table 2).

T stage (early-advanced)

Early (T1-T2) Advanced (T3-T4)
n % n % p
N stage NO 51 72.86 45 56.25
0.035
N+ 19 27.14 35 43.75
Perineural invasion Negative 66 94.29 71 88.75
0.229
Positive 4 5.71 9 11.25
Lymphovascular invasion Negative 56 80.00 47 58.75
0.005
Positive 14 20.00 33 41.25
Extracapsular invasion Negative 63 90.00 64 80.00
0.090
Positive 7 10.00 16 20.00
Tumor localization Glottic 14 20.00 1 1.25
Supraglottic 24 34.29 17 21.25 pi0.0001
Transglottic 32 45.71 62 77.50
Histologic differentisation Poorly 14 20.00 25 31.25
Moderate 36 51.43 40 50.00 0.158
Well 20 28.57 15 18.75
Growth pattern Exophytic 5 7.14 4 5.00
Endophytic 36 51.43 51 63.75 0.281
Mixed pattern 29 41.43 25 31.25
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Table 2: The relationship between perineural and lymphovascular invasion with cervical node metastasis.

Perineural Invasion (-) Perineural Invasion (+) P
89 65,0% 7 53,9%
NO 0,425
N Stage N+ 48 35,0% 6 46,1%
/ Lymphovascular Invasion (-) Lymphovascular Invasion (+) P
NO 90 87,4% 6 12,8%
0,0001
N Stage N+ 13 12,6% 41 87,2%

Table 3: The affect of tumor location to the perineural and lymphovascular invasion.

Tumor Location

Glottic
Perineural invasion (-) 15 100,0%
(+) 0 0,0%
Lymphovascular inva- O] 14 93,3%
sion
(+) 1 6,7%

Supraglottic Transglottic

38 92,7% 84 89,3%

7,3% 10 10,7% 0,372
24 58,5% 65 69,1%
17 41,5% 29 30,9% 0,045

Table 4: The affect of tumor histological type to the perineural or lymphovascular invasion, nodal metastasis, tumor location and extracap-

sular invasion

Moderate

Histological type Well differentiated differentiated Poorly differentiated p

Location glottic 4 26.67% 8 53.33% 3 20.00% 0.381
supraglottic 5 12.20% 24 58.54% 12 29.27%
transglottic 26 27.66% 44 46.81% 24 25.53%

Lymphovascular invasion Positive 5 14.29% 24 31.58% 18 46.15% 0.013
Negative 30 85.71% 52 68.42% 21 53.85%

Perineural Positive 6 17.14% 3 3.95% 4 10.26% 0.066
Negative 29 82.86% 73 96.05% 35 89.74%

N stage NO 29 82.86% 46 60.53% 21 53.85% 0.023
N+ 6 17.14% 30 39.47% 18 46.15%

Extracapsuler Invasion Positive 1 2.86% 11 14.47% 11 28.21% 0.01
Negative 34 97.14% 65 85.53% 28 71.79%

The study also examined the relationship between site
of the tumour (glottic, supra- or trans-glottic) and the
presence of invasive features (perineural or lymphovascu-
lar), but concluded no such relationship existed (p=0.372).
However, glottic tumours were associated with a lower
risk of lymphovascular infiltration (p<0.05) (see Table 3).

Tumour site and histopathological type were not as-
sociated at the level of statistical significance (p=0.381).
The researchers evaluated the relationship between his-
topathological tumour typing and invasion (perineural or
lymphovascular), metastasis to the neck glands and exten-
sion beyond the capsule. For tumours showing well-dif-

ferentiated features, extension outside the capsule, inva-
sion of the lymphatics and metastasis to the cervical lymph
nodes were also significantly less common (p=0.013) (see
Table 4).

The associations between the pattern of growth of
the neoplasm, perineural or lymphovascular infiltration,
N staging and extracapsular spread were evaluated. The
groups did not differ significantly in terms of perineural
infiltration, metastasis to neck lymph nodes or extraca-
psular spread. Lymphovascular infiltration was a more
frequent event in neoplasms exhibiting an endophytic
growth pattern (p<0.05) (see Table 5).



HowDoHistopathologicalFindingsRelateToCervicalLymphNode MetastasisInLaryngeal Cancer? ARetrospective Study AndLiteratureReview

Table 5: The affect of tumor growth pattern to the perineural invasion and lymphovascular invasion, nodal metastasis and extracapsular

invasion
Tumor growth pattern Endophytic Mixed pattern Exophytic p

Lymphovascular invasion yes 34 39.08% 12 22.22% 1 11.11% 0.045
no 53 60.92% 42 77.78% 8 88.89%

Perineural invasion yes 9 10.34% 4 7.41% 0 0% 0.529
no 78 89.66% 50 92.59% 9 100%

N stage NO 54 62.07% 35 64.81% 7 77.78% 0.638
N+ 33 37.93% 19 35.19% 2 22.22%

Extracapsuler invasion yes 15 17.24% 8 14.81% 0 0.00% 0.390
no 72 82.76% 46 85.19% 9 100%

Logistic regression was performed to determine which
parameters determine tumour T stage. The Hosmer-Le-
meshow test was used for model fit and the model was not
found suitable for interpretation. (p = 0.036) The fact that
the patient’s tumour was transglottic increased the likeli-
hood of being at an advanced stage by 1.664 fold compared
to supraglottic tumours (p = 0.039). Glottic lesions were
0.069 times less likely to be advanced, compared to the
supraglottic cases. In other words, supraglottic tumours
carry 14492 times higher risk of being advanced than
glottic tumours.

Discussion

One of the key prognostic indicators in laryngeal carci-
noma is the lymph node status. The rationale for elective
neck dissection procedures in patients with neoplasms of
the upper airway and digestive tract is based on the high-
ly probable spread of metastasis via the lymphatic system
(11).

Mamelle et al. were the first to suggest (in 1994) that
the number of lymph nodes harbouring metastases could
help inform the prognosis in head and neck malignancies
(12). Currently, this is accepted as a key differentiator in
estimating prognosis. Imre er a/. proposed that the den-
sity of lymph node involvement may offer a more accu-
rate measure of future prognosis. Density is assessed as
the proportion of resected lymph nodes that are found to
harbour tumour. Imre et 4/. found that, provided it is low,
density acts independently to predict prognosis (3). In the
present study, the relationship between histopathological
appearances and metastasis to the cervical lymph nodes
was evaluated. The present authors believe that increasing
density of metastatic lymph node involvement reflects a
raised risk of local tumour recurrence.

Published research puts the rate of perineural infil-
tration in head and neck squamous cell malignancies at
6-30% (13). The American Cancer Research Committee
(AJCC) classification from 2010 posits perineural invasion
as a marker of worse prognosis in laryngeal carcinoma
(14). PNT has also been demonstrated to have a key effect
on recurrence locally or regionally as well as predicting
the survival rate in head and neck malignant squamous
neoplasms (15, 16, 17). Chatzistefanou er 4l. asserted that
perineural invasion functioned independently to influence
the likelihood of cervical metastasis and regional tumour
recurrence (18). Soo et al. reported a 3-year survival rate of
49 to 23% following perineural infiltration by carcinoma
of the larynx (17). Johannes et 4/. demonstrated that per-
ineural infiltration by laryngeal SCC has an association
with local recurrence. The inward and outward growth of
malignant SCC cells into the perineurium is what medi-
ates local recurrence, it is now known (19).

McGavran er al. propose that amongst factors that
raise the likelihood of metastasis to the neck is the pres-
ence of perineural infiltration (2). Yilmaz ez 4/. claim that
perineural invasion leads to a greater likelihood of metas-
tasis within the neck and lessens survival in supraglottic
malignant lesions (20). In contrast to the findings of Yil-
maz et al., Ozdek et al. asserted that there was no relation-
ship between perineural invasion and cervical metastasis
in supraglottic cancers (5, 20). Our findings, pace Ozdek et
al., suggest a rate of 46.15% for perineural invasion, and
35.04% in patients without perineural invasion, independ-
ent of cervical metastasis. We were unable to identify any
significant relationship between perineural invasion and
cervical metastasis that reached the level of statistical sig-
nificance (p=0.425).

In research published by Renato er al., it was shown
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that, whilst vascular invasion does not affect the likeli-
hood of latent cervical metastases in patients with squa-
mous cell malignancies of the oral cavity, perineural in-
vasion does raise the risk of latent cervical metastases in
other squamous cell neoplasms (21). Gavran et al. found
that lymphovascular infiltration and lymph node metas-
tasis were not correlated (2). However, Yilmaz et al. did
correlate lymphovascular involvement with metastasis to
the cervical lymph nodes, but only in supraglottic lesions,
not those which were glottic or transglottic (20). Ozdek
et al. found that 93% of cases where lymphovascular in-
filtration occurred had produced metastases in the neck
region, and the correlation was powerful (5). The findings
in our study are in accord with the findings published by
Ozdek et al. In our study, the rate of cervical metastases in
patients with lymphovascular invasion was 87.23% and the
result was highly statistically significant (p=0.0001).

The key indicator of unfavourable prognosis in malig-
nancies of the head and neck is extension of the malig-
nancy beyond its capsule. This factor was emphasised by
both Bennett ez a/. and Eskiizmir et 4. in their writing on
laryngopharynegal carcinomas (22, 23). However, Chirila
et al. failed to correlate metastatic formation in the neck
lymph nodes and rupture of the capsule (16). In the present
study, cases where the neoplasm retained a well-differen-
tiated appearance did have lower incidences of metastases
in the neck nodes, lymphatic involvement and rupture of
the capsule, but this relationship did not reveal statistical
significance (p=0.066).

So far, no study has been published on the subject of
how tumour staging, lymphatic infiltration and growth
pattern are interrelated. Santos et 2/. commented that ne-
oplasms that grow endophytically are a marker of poor
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