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Summary
Squamous cell carcinomas of the oral cavity represent the largest group of malignancies in this area. Currently, there are many prognostic 
histopathological factors, according to which the maxillofacial surgeon in collaboration with the oncologist is able to determine the prognosis 
and subsequently also set an appropriate therapy. Nowadays, the squamous cell carcinoma invasion pattern in the area of the “invasive tumor 
front” seems to be a very important prognostic factor. The invasion pattern is connected to metastatic potential (and to the presence of subclinical 
microscopic metastases) and may well be the answer to why even early-stage tumors do not respond to standard therapy. That is to say, based 
on varying invasion pattern, oral cavity squamous cell carcinomas with identical TNM manifest varying clinical behavior and growth tendencies 
and a varying metastatic potential. 
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mous cell carcinomas [10–13]. The pres-
ence of nodal metastases reportedly re-
duces the overall survival by up to 50% 
[12,14,15].

In the case of early-stage squa-
mous cell carcinomas of the oral cavity 
 (T1-T2N0M0), the presence of nodal me-
tastases is not expected; the distance 
of the tumor from the resection mar-
gins, which determines the necessity of 
postoperative adjuvant therapy (radio-
therapy, chemotherapy or their combi-
nation) is the decisive factor. Ideally, the 
surgeon is trying to reach a free margins 
resection (R0) so that the distance be-
tween the tumor mass margin and the 
healthy tissue is > 5 mm in squamous 
cell carcinomas of the oral cavity (Fig. 1). 

Extirpation of the tumor into macro-
scopically healthy tissue, often accom-
panied by an elective cervical dissection, 

oral cavity [5]. Squamous cell carcinoma 
accounts for up to 95% of all head and 
neck cancers, and its 5-year survival rate 
ranges from 50 to 60% [6]. 

The prognosis and treatment type de-
pends on many factors, the most im-
portant being the staging, i.e. the TNM 
classification, which can be determined 
preoperatively on the basis of a combi-
nation of clinical examination and im-
aging methods that can predict 60–70% 
of nodal metastases, which are frequent 
metastases for this type of tumor [7,8]. If 
the oral cavity and oropharyngeal squa-
mous cell carcinomas metastasize, the 
cervical lymph nodes are affected most 
often [9]. The presence or absence of 
lymph node metastases is an impor-
tant factor that determines the survival 
and prognosis of patients suffering from 
oral cavity and oropharyngeal squa-

Introduction
Oral cavity tumors represent 2% of all 
malignancies and they are the cause of 
nearly 180,000 deaths per year world-
wide [1]. However, their incidence man-
ifests a significant geographical variabil-
ity. In Papua New Guinea, and Central 
and South Asia, oral cavity tumors are ac-
tually the most common cause of death 
in general, which can be explained by 
the consumption of betel nut, which is 
highly popular among the local popula-
tion. In these geographical latitudes, oral 
cavity carcinomas account for up to 1/3 
of all cancers [2,3]. In European countries, 
these carcinomas are the most prevalent 
in France and Hungary and they even 
represent the second most common 
type of cancer in the male population [4].

Squamous cell carcinoma is the most 
common of all malignant tumors of the 
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(ITC) [21,22]. These can be detected im-
munohistochemically and/or using mo-
lecular analysis, but these methods are 
not routinely used in common practice 
[12,18–20,22]. Determination of the in-
vasion pattern by a pathologist may be 
a definite and a  rather important clue 
to the presence of nodal metastases in 
early stages of cancer [23,24]. On the 
basis of the available information, the 
pattern of invasion seems to be closely 
related to the very presence or absence 
of nodal metastases [8,16,17,23–25]. In 
contrast to submicroscopic occult me-
tastases, the pattern of invasion can 
also be determined from excision bi-
opsy specimen stained with hematox-
ylin and eosin [18].

The sources for this manuscript were 
mainly searched in Medline database, 
specifically from the articles published 
between 1989 and 2021. Key words for 
searching were oral squamous cell car-
cinoma and pattern of invasion. Articles 
that did not address the issue were ex-
cluded. Additional published sources 
were retrieved by searching the bibli-
ography of major articles on the topic 
(Fig. 2).

Discussion 
An invasion pattern refers to the way 
in which the tumor tissue infiltrates the 
surrounding tissue [26]. When assessing 
the pattern of invasion, the histopathol-
ogist focuses on the "invasive front" of 
the tumor, which may have the follow-
ing appearance: 
1) "broad" tumor front – when viewed 

under microscope, the tumor is quite 
clearly separated from the host’s tis-
sue, it pushes the tumor margin 
"broadly";

2) finger-like protrusions – the invasive 
tumor front invades the surround-
ing tissue in the form of finger-like 
protrusions;

3) tumor cell islets with >15 cells per 
islet;

4) tumor cell islets with <15 cells or indi-
vidual tumor cells;

clinically or radiologically due to their 
very small size. The only way to detect 
them is to use light microscopy, i.e. de-
tection is only possible postoperatively 
after a block neck dissection [12,18,20]. 
However, some occult metastases may 
also be "submicroscopic" in size, i.e. 
they remain unseen even to a light mi-
croscope during standard hematoxy-
lin and eosin staining. Their largest di-
mension usually ranges from 0.2 to  
2 mm, and submicroscopic metastases 
< 0.2 mm in the largest dimension are 
then referred to as isolated tumor cells 

is the main type of therapy for these car-
cinomas [10,11]. However, in the case of 
some tumors (T1-T2N0), standard treat-
ment may not be successful depend-
ing on the pattern of the invasive tumor 
front [16,17]. 

One of the reasons for this treatment 
failure is the fact that a certain percent-
age of patients (5–40%) develop oc-
cult (sometimes also referred to as sub-
clinical) nodal metastases already in 
the early stages of the oral cavity carci-
noma  (T1-2N0M0) [10,12,18,19]. These 
metastases are impossible to detect 

Fig. 1. Resected tumor of the floor of the oral cavity. A surgeon is trying to 
reach free margins of resection (R0) so that the distance between the tumor 
mass margin and the healthy tissue is > 5 mm.

Fig. 2. A patient with oral squamous cell carcinoma of the floor of the mouth, 
cT2-3.
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tumor cells at the tumor margin [36]. The 
most aggressive cells are located here, 
and the tumor is less differentiated than 
its other parts [32,36–40]. At the area of 
the invasive front, a histopathologist can 
detect other characteristics besides the 
pattern of invasion, including the de-
gree of keratinization, the presence and 
extent of lymphocytic-plasmocytic in-
filtration, and nuclear polymorphism. 
Even though these characteristics can 
also be learned from the central parts 
of the tumor, they once again (similarly 
to the invasion pattern) have the great-
est informative value in the area of the 
invasive front and they can also be con-
nected to the prognosis of the cancer 
[27–29, 34,41].

Changes at the cellular level can be de-
tected in the area of the invasive front of 
the tumor, which then lead to easier me-
tastases of squamous cell carcinomas. 
The most important of these changes in-
clude loss of tumor cell adhesion (clas-
sified by invasion pattern – cohesive, 
non-cohesive or widely dispersed – see 
above), followed by a secretion of pro-
teolytic enzymes, increased cell prolifer-
ation, and angiogenesis [38,39]. Multiple 
invasion patterns may be represented in 
the invasive front – the worst of these 

on the pattern, a clinician is then able to 
modify, and, if necessary, radicalize the 
therapy [17,24]. In effect, this means that 
squamous cell carcinomas with identi-
cal staging can and often do exhibit dif-
ferent clinical behaviors and growth pat-
terns [24,28,29].

To determine the prognosis of oral 
cavity squamous cell carcinomas, a num-
ber of markers have been identified in 
the past, which were referred to as prog-
nostic factors (depth of invasion, peri-
neural invasion, distance of the tumor 
from the excision margins), but none 
of them has been completely reliable 
[28,29,31,32]. According to more recent 
findings, when assessing the pattern of 
tumor invasion and thus its aggressive-
ness, the histopathologist focuses on 
the “invasive front” of the tumor (from 
which the invasion pattern can be de-
termined). On the basis of the availa-
ble information, it seems that the most 
relevant information regarding the ag-
gressiveness of the tumor and thus also 
the likely presence of nodal metasta-
ses, which is closely related to prognosis, 
can be acquired from the invasive front 
of the tumor [17,23,27,31,33–35] The in-
vasive tumor front consists of 3–6 layers 
of cells or several islands or clusters of 

5) satellite tumor cells separated from 
the invasive tumor front by a distance 
of > 1 mm. 

These five patterns of invasion can 
be classified into three groups: cohe-
sive  (invasion patterns 1–3), non-co-
hesive (invasion pattern 4), and widely 
dispersed (pattern 5), referred to as the 
"worst pattern of invasion" in English 
 literature [26,27].

In the course of determination of the 
subsequent therapy in bulky oral cavity 
and oropharyngeal squamous cell car-
cinomas, tumor staging, which is now-
adays essential despite the available 
histopathological, biochemical or im-
munochemical markers, is of the utmost 
importance [13,25]. On the other hand, 
in early stages of oral cavity and oro-
pharyngeal tumors (T1-2N0M0), it is ad-
visable to focus on other criteria (espe-
cially the histopathological ones) as well. 
These other criteria include the afore-
mentioned invasion pattern – it is the cri-
terion which is the best in predicting the 
metastatic potential of oral cavity squa-
mous cell carcinomas [8,16,17,23–26, 29].  
The advantage of this histopathologi-
cal marker lies in its possible detection 
already from a biopsy specimen stained 
only with hematoxylin and eosin [25]. 
In these cases, classical staging is often 
insufficient to determine the progno-
sis of the disease, because in these early 
stages, some patients have already de-
veloped occult neck metastases that 
cannot be detected by any clinical or 
radiological examination [12,18,20]. 
Sometimes, it is even impossible to de-
tect them in a standard biopsy specimen 
stained with hematoxylin and eosin; in 
such cases, these metastases are referred 
to as submicroscopic [18,19,22,30]. We 
can learn information about the metas-
tatic potential (the ability and willing-
ness of a tumor to metastasize, even sub-
microscopic ones) of a tumor just from 
the very area of the invasive tumor front. 
For this, the invasion pattern needs to be 
determined by a histopathologist. Based Fig. 3. Oral squamous cell carcinoma of the floor of the mouth.
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When determining the invasion pat-
tern, the histopathologist focuses on 
the areas in the “invasive front” of the 
tumor, in which the least differentiated 
tumor cells can be found. If more than 
one invasion patterns are present in the 
invasive tumor front, the worst of them 
is considered to be the decisive one. 
Therefore, it is advisable to include the 
deepest possible part of the tumor into 
the sample already at the time of di-
agnostic excision. From such a sample, 
a  pathologist is already able to make 
a  preoperative statement on the area 
of the invasive tumor front. Diagnostic 
excision from suspicious tumorous tis-
sue should be bio psied with first signs 
of a malignant lesion. Many changes at 
the molecular level occur in the area of 
the invasive front of squamous cell car-
cinomas of the oral cavity and orophar-
ynx. However, these do not need to be 
identified and defined in order to de-
termine prognosis because most of 
them will be reflected in the very in-
vasion pattern. This means that unfa-
vorable changes at the molecular level 
(such as the increased laminin produc-
tion, decreased syndecan-1 expression, 
increased cortactin synthesis, etc.) will 
be reflected in an unfavorable invasion 
pattern and vice versa, i.e. by a  lower 
tumor cell cohesion and easier spread of 
tumor cells. The unfavorable pattern of 
invasion (widely dispersed pattern, non-
cohesive) is then manifested by a higher 
metastatic potential of oral cavity squa-
mous cell carcinomas. In such a case, it is 
advisable to radicalize the therapy even 
in early stages  (T1-T2N0M0) of squa-
mous cell carcinomas of the oral cavity 
and oropharynx. 

Whether it is necessary to increase 
the distance of the resection margins 
from healthy tissue in patients with un-
favourable invasion type is still unclear. 
Currently, the minimum distance of tu-
mour margins from healthy tissue is rec-
ommended to be 5mm in oral squa-
mous cell carcinomas. Further research 
is needed in this area. However, based 

syndecan-1 expression have a  worse 
prognosis – they metastasize more fre-
quently and more willingly [8,24,45].

Cortactin synthesis is another change 
at the molecular level that correlates 
with prognosis. Cortactin is a  protein 
which plays a role in cell motility and in-
vasion. Its increased expression means 
higher tumor aggressiveness, higher 
metastatic potential and therefore 
a worse prognosis [24,46]. Decreased ex-
pression of fibronectin is also common; 
fibronectin belongs among high-mo-
lecular-weight glycoproteins and it is in-
volved in a number of processes at the 
cellular level – cell adhesion and migra-
tion. Its decreased expression in the cells 
of the invasive tumor front allows eas-
ier spreading of tumor cells, which once 
again results in a higher metastatic po-
tential [24,47]. 

For this very reason, it is important to 
focus on the invasive front of the tumor; 
based on the front, we are able to deter-
mine the metastatic potential and adapt 
the therapy correspondingly [8,17,48]. 

Conclusion
The TNM classification is important in 
determination of the prognosis of oral 
cavity and oropharyngeal squamous cell 
carcinomas. However, the classification 
itself does not provide a lot of informa-
tion about the prognosis of the tumor, 
as it has been shown recently. There-
fore, it is advisable to take several mark-
ers into consideration – the invasion pat-
tern belongs among the most important 
ones. The advantage of this marker lies 
in its easy detection by the histopathol-
ogist even from a  sample commonly 
stained with hematoxylin and eosin. On 
the basis of this marker, we can predict 
the metastatic potential of squamous 
cell carcinomas of the oral cavity and 
oropharynx with relatively high proba-
bility. The metastatic potential may be 
high even in early stages (T1-T2N0M0). 
In these stages, occult (subclinical) me-
tastases in the cervical lymph nodes may 
already be present. 

patterns is always considered in the clas-
sification [17].

In the invasive front of the tumor, we 
encounter increased secretion of the 
laminin glycoprotein, for example. On 
the surface of oral cavity squamous cell 
carcinoma cells, there are receptors for 
laminin, which trigger the secretion of 
enzymes upon binding of this protein. 
These enzymes then induce a rupture of 
the basement membrane by destruction 
of collagen IV and degradation of the 
aforementioned laminin. This process fa-
cilitates the invasion of tumor cells into 
the surrounding tissue [42]. Disruption 
of basement membrane integrity is es-
sential for tumor invasion into the sur-
rounding area and for metastatic spread 
(Fig. 3). 

Secretion of the tenascin protein may 
also be increased at the invasive tumor 
front [24,43]. Increased tenascin pro-
duction occurs physiologically during 
embryogenesis at the junction of epi-
thelium and mesenchyme. At the time 
of embryogenesis, it is important for 
proper cell differentiation, motility, and 
cell proliferation [43]. If it is produced 
by tumor cells, the tumor is less differ-
entiated, the tumor cells adhere to each 
other less (tenascin has "anti-adhesive 
effects"), thus a non-cohesive or widely 
dispersed invasion pattern in the inva-
sive tumor front is more common when 
the expression of tenascin is increased 
[8,24,43,44]. 

Other changes at the molecular level 
in the invasive front include decreased 
synthesis of syndecan-1. It belongs to 
a group of proteoglycans found on the 
surface of cells. Syndecan-1 is mainly in-
volved in cell adhesion. In a number of 
tumors (including oral cavity squamous 
cell carcinomas), we may encounter de-
creased expression of syndecan-1. De-
creased expression of this glycoprotein 
correlates with the invasion pattern and 
thus with tumor prognosis. The lower the 
expression of syndecan-1, the lower the 
cell adhesion and the worse the invasion 
pattern. Therefore, tumors with lower 
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on the findings presented in this arti-
cle, we anticipate that these patients will 
require more radicality in both surgical 
and subsequent oncologic treatment.
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