
Summary. Oral squamous cell carcinoma (OSCC) is the 
most common oral malignancy, representing 90% of all 
malignant neoplasms in the head and neck region. 
Patients with this aggressive tumor have an overall 5-
year survival rate of approximately 50%, which drops to 
less than 30% when tumors are diagnosed at advanced 
clinical stages. Over decades, several studies provided 
high-level evidence of the impact of histopathological 
features on treatment guidelines and prognosis of OSCC. 
The 8th American Joint Committee on Cancer (AJCC) 
TNM staging system recognized the importance of depth 
of invasion to the T category and extranodal extension to 
the N category for OSCC. This review provides the 
current knowledge on emerging histopathological 
parameters identified as potential biomarkers for OSCC, 
such as depth of invasion, tumor thickness, the pattern of 
invasion, inflammatory profile, and tumor-stroma ratio, 
evaluating their clinical relevance on patient outcomes. 
Analysis, limitations, and potential biological 
mechanisms are highlighted and discussed. Assessing 
and reporting these markers are cost-effective and can be 
incorporated into daily practice. 
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Introduction 
 
      Oral squamous cell carcinoma (OSCC) is the most 
common type of oral cancer, accounting for up to 90% 
of all head and neck malignant neoplasms (Sung et al., 
2021). Recent global statistics indicate that lip and oral 
cavity cancers represent the 16th most common 
malignant neoplasm worldwide, with almost 377,000 
new cases per year, making it a significant public health 
problem (Miranda-Filho and Bray, 2020). A higher 
prevalence is observed in males aged 50 years and older, 
though an increasing number of cases in women and in 
the younger age group has been observed in recent years 
(Coletta et al., 2020; Warnakulasuriya and Kerr, 2021). 
Like other malignancies, OSCC occurs due to a 
multistep process characterized by distinct genetic and 
epigenetic alterations (Guan et al., 2019; Georgaki et al., 
2021). Regardless of the factors, whether exogenous 
(e.g., smoking, alcohol, oncogenic HPV) or endogenous 
(e.g., genetic predisposition), a fundamentally common 
feature in oral carcinogenesis is the gradual 
accumulation of defects, changes that together initiate 
the phenotypic (clinical and microscopic) transformation 
from normal to the dysplastic epithelium (oral 
potentially malignant disorders) and, finally, to invasive 
carcinoma (Georgaki et al., 2021). 
      With new therapeutic modalities such as targeted 
therapy and immunotherapy still restricted to recurrent 
and/or metastatic cases, surgery with or without neck 
dissection and adjuvant radiochemotherapy are the 
standard care for OSCC (Chinn and Myers, 2015; 
Warnakulasuriya and Kerr, 2021). Classically, clinical 
measures of tumor location and extension (size, volume) 
and growth and invasive properties (e.g., surgical 
margins, lymph node metastasis, extranodal extension 
and lymphovascular and neural invasion) have been used 
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to guide the treatment approaches. However, despite 
advances in cancer treatment, the 5-year mortality rate 
ranges from 40 to 50%, without any improvement in 
recent decades (Chinn and Myers, 2015; Wong and 
Wiesenfeld, 2018). Thus, identifying possible prognostic 
markers is necessary for managing cancer patients and 
predicting the tumor's biological behavior (Almangush 
et al., 2017; Pansini et al., 2021). 
      Histopathological parameters, such as the pattern of 
invasion, tumor budding, tumor-stroma ratio (TSR), and 
tumor-infiltrating lymphocytes (TILs), have been 
proposed as prognostic indicators of OSCC (Dolens et 
al., 2021). Recently, the 8th American Joint Committee 
on Cancer (AJCC) TNM staging system for oral cavity 
cancers included the depth of invasion (DOI) of the 
primary tumor in the T category and extracapsular 
infiltration in lymph nodes as a critical parameter to 
define clinical staging, thus recognizing the importance 
of histopathological features (Amin et al., 2017). 
      This review provides the current knowledge on 
emerging histopathological parameters identified as 
potential biomarkers in OSCC, evaluating their impact 
on prognosis. Analysis, limitations, and potential 
biological mechanisms are highlighted and discussed. 
 
Depth of invasion (DOI) and tumor thickness: do these 
different parameters provide better prognostic data? 
 
      DOI and tumor thickness are measured in different 
ways, though both are supposed to represent invasion 
depth. DOI is measured by drawing a perpendicular line 
from the basement membrane of the adjacent intact 
mucosa to the deepest point of invasion (Amin et al., 
2017), whereas tumor thickness is measured from the 
surface of the invasive OSCC to the deepest point of 
invasion (Edge and Compton, 2010). Before the 8th 
edition of the AJCC TNM staging system, many studies 
did not include a clear definition of measurement or 
simply defined each parameter inconsistently (Kane et 
al., 2006; Huang et al., 2009; Melchers et al., 2012). As 
a result, the prognostic significance related to tumor 
thickness and DOI in OSCC has been discussed over the 
years. The cut-off values for DOI and tumor thickness 
reported in the literature also vary, ranging from 1.5 to 
10 mm (van Lanschot et al., 2020). 
      Although the insertion of the DOI in the clinical 
staging has shown promising results and points to a 
personalized direction of the OSCC according to its 
morphological and molecular characteristics, it must be 
emphasized that only the long-term follow-up of 
prospective studies can provide clear evidence of the 
impact of the insertion of the DOI in the clinical staging 
in the prognosis of the cases diagnosed as OSCCs. 
Tumor thickness can be greater than DOI in exophytic 
tumors and smaller in endophytic/ulcerated growth 
patterns (Fig. 1). Tumor thickness has been shown to be 
less predictive of lymph node metastasis (Shim et al., 
2010; Amin et al., 2017; van Lanschot et al., 2020). 
Thus, DOI is not the same as tumor thickness, and the 

two are not interchangeable (Dirven et al., 2017; Salama 
et al., 2021). 
      A few studies have compared DOI and tumor 
thickness (Dirven et al., 2017; Liu et al., 2020; Salama et 
al., 2021). In a study developed by Dirven et al. (2017), 
26 (5.7%) patients had a different T category when using 
thickness instead of depth. However, the outcome of the 
patients, represented by both disease-specific survival 
and overall survival, was quite similar if based on DOI 
or tumor thickness. Liu et al. (2020) observed that DOI 
and tumor thickness significantly correlated with each 
other and the nodal spread of disease. The cut-off points 
with the best prediction of lymph node metastasis were 
4.5 mm for DOI and 8 mm for tumor thickness, 
recognizing these features as distinct parameters that 
need to be reported appropriately (Liu et al., 2020). 
However, Lee et al. (2021) pointed out that tumor 
thickness was not a significant prognostic factor for 
early-stage OSCC, whereas DOI was associated with 
disease-free survival. Ideally, prospective multi-center 
studies are needed to define the optimal cut-off for each 
parameter and to identify whether there is a significant 
difference in the prognostic value when analyzing them. 
      The results of the International Consortium for 
Outcome Research, a multi-institutional study involving 
3,149 patients, demonstrated that every 5 mm increase in 
DOI is enough to upstage the T category (<5 mm: T1, 5-
10 mm: T2, and >10 mm: T3/T4) (Ebrahimi et al., 
2014). Almangush et al. (2018a) reclassified the cases of 
early-stage oral tongue cancers (tumors ≤4 cm in 
diameter) with a basis in 4 mm and compared the 
prognostic value with 5 mm of the 8th edition of the 
AJCC TNM staging system. For this group of tumors, 
DOI set at a cut-off of 4 mm provided better survival 
prediction than 5 mm. In the recent large meta-analysis 
(Dolens et al., 2021), the DOI cut-off point varied 
among studies, and the majority applied either 4- or 5-
mm. Pooled analyses confirmed that both cut-off were 
significantly associated with poor outcomes, though the 
HR values were higher, with less heterogeneity and 
pooled lower confidence intervals for the cut-off of 4 
mm (Dolens et al., 2021). Although the results of these 
studies successfully demonstrated an association 
between DOI and prognosis, they did not clear the 
biological mechanisms. 
      Several studies indicate DOI as an important 
predictor of lymph node metastasis in OSCC (Barriere et 
al., 2015; Xu et al., 2020; Salama et al., 2021). Among 
other factors, metastasis involves (1) intravasation 
(invasion into the bloodstream and/or lymphatic system), 
(2) immune system evasion, (3) extravasation (exit from 
the bloodstream to a potential new site of tumor 
development), and (4) establishment (Hapach et al., 
2019; Neinavaie et al., 2021). The biological 
characteristics of the neoplastic cell will also be 
necessary. For example, epithelial-mesenchymal 
transition (EMT), especially in more invasive areas of 
the tumor, produces a phenotype characterized by 
greater motility that more easily invades adjacent tissues, 
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including those that form the walls of blood vessels 
(Barriere et al., 2015). Thus, intravasation involves 
tumor dispersal mechanisms (Joosse et al., 2015) and 
produces cancer cells that enter the bloodstream as 
circulating tumor cells. Several studies pointed to DOI 
as an independent risk factor for recurrence and worse 
survival (Almangush et al., 2018a; Xu et al., 2020; 
Salama et al., 2021), and the combination of DOI with 
tumor budding and inflammatory response revealed 
promising results on OSCC prognostic assessment 
(Almangush et al., 2015; Yu et al., 2019; Domingueti et 
al., 2021). 
      As a limiting factor, DOI is usually determined only 
a few days after excisional surgery based on the 
histopathological evaluation of the surgical specimen. 
Although there is no reliable method to estimate DOI 
before or during the initial surgery, it can be measured 
on diagnostic incisional biopsies; however, these 
measurements are often not representative of the 
specimen and generate conflicting results (Alsaffar et al., 
2016; Mao et al., 2019; Xu et al., 2020). However, a 
previous study demonstrated that representative 
incisional biopsies can provide important prognostic 
morphological parameters, with such findings being in 
consonance with post-operative resection samples (Bello 
et al., 2021). 
      Although DOI cut-off values adopted by the AJCC 

are universal for all sites in the oral cavity, the different 
anatomical areas of the mouth may need different and 
specific cut-off to improve its prognostic potential. In 
this context, studies should be designed to assess 
whether DOI cut-off values need to be modified based 
on the specific intraoral locations. 
 
The pattern of invasion: prognostic relevance and clinical 
significance 
 
      The tumor invasion front represents the deepest area 
of the tumor, where it is expected to observe poor 
cellular differentiation and cell dissociation. Several 
molecular events of importance for tumor growth occur 
at the invasion front, such as gain or loss of adhesion 
molecules, secretion of proteolytic enzymes, increased 
cell proliferation and angiogenesis (Bryne, 1998; 
Almangush et al., 2018b; Dolens et al., 2021). Thus, the 
invasive front of the tumor has become an area of 
interest to study the biological behavior of the tumor. 
      The pattern of invasion and tumor budding (TB) are 
two important parameters that determine the risk of 
lymph node metastasis in OSCC (Almangush et al., 
2018b; Bjerkli et al., 2020). The worst pattern of 
invasion (WPOI) refers to the dissociative infiltration 
capacity of neoplastic cells at the tumor/host interface 
and includes five types (WPOI -1 to -5), though the 
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Fig. 1. Schematization of 
tumor thickness (A)  and 
depth of invasion (DOI) (B) in 
exophytic and ulcerated 
lesions. C. In a same tumor, 
differences in DOI and tumor 
thickness.



studies in the literature trend to divide WPOI in 2 
groups: cohesive pattern (grouping WPOI-1, -2 and -3) 
and infiltrative pattern (grouping WPOI-4 and -5) 
(Almangush et al., 2014). Evidence showed that patients 
with WPOI-4 and -5 have higher rates of mortality, 
locoregional recurrence, and occult neck metastasis 
compared to WPOI1-3 patients (Fu et al., 2021; Mishra 
et al., 2022). In two recent meta-analyses, WPOI proved 
to be a valuable prognostic marker for patients with 
OSCC (Dolens et al., 2021; Elseragy et al., 2022). 
      TB is defined as the presence of single tumor cells or 
small clusters of up to 5 cells in the tumor stroma (Fig. 
2). This is inherent to the mechanism of carcinogenesis: 
loss of cell cohesion and high motility of tumor cells 
(Wang et al., 2011). It is believed that TB is strongly 
linked to EMT. EMT is a biological process that 
converts an epithelial cell into a highly motile cell with a 
mesenchymal phenotype, a hallmark of invasion and 
subsequent metastasis (de Morais et al., 2023). Wang et 
al. (2011) suggested that tumor buds may represent cells 
undergoing EMT, as indicated by the reduced expression 
of E-cadherin and increased vimentin expression in 
tongue SCC. Furthermore, aldehyde dehydrogenase 1 
(ALDH1), a cancer stem cell marker, was elevated in the 
budding area compared to other areas, suggesting that 
tumor buds in OSCC have a phenotype like cancer stem 
cells, conferring migratory and invasive properties 
(Marangon Junior et al., 2019). Several studies have 
reported TB as an independent prognostic factor (Bjerkli 

et al., 2020; Togni et al., 2022). A meta-analysis study 
published by Almangush et al. (2018b) included 16 
articles that evaluated the prognostic value of tumor 
sprouting in OSCC. The group showed a significant 
association between TB and advanced clinical staging 
and poorer survival. 
      There are two methods for analyzing the pattern of 
invasion and TB: manually or digitally using 
hematoxylin-eosin (H&E)-stained or immunohisto-
chemically (IHC) stained (pan-cytokeratin) slides 
(Shimizu et al., 2018). The most used method is manual 
evaluation using H&E-stained slides. In OSCC, the most 
accepted method, proposed by Wang et al. (2011), is 
sample analysis under a low magnification (×200 
magnification) where TB is counted in the field that has 
the highest number of buds. Further, the samples are 
categorized as high-density budding (5 or more buds) 
and low intensity budding (<5 buds). This classification 
is widely accepted in studies of OSCC (Almangush et 
al., 2018b; Bjerkli et al., 2020; Dourado et al., 2020).  
      Although H&E staining is highly recommended for 
the analysis of TB, a method that can be easily used 
during the routine by professional pathologists (Lugli et 
al., 2017), the evaluation in H&E sections cannot be 
reliable and then the use of IHC is necessary for a better 
visualization, especially in cases with an excessive 
peritumoral inflammatory infiltrate (Almangush et al., 
2018b). It should be emphasized that TB is considered a 
low-cost histological parameter that can be easily 
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Fig. 2. Diagrammatic representation of the pattern of invasion (A) and tumor budding (B) in OSCC. Representative tumors composed by large tumor 
islands (C) and small tumor islands (D). E. Arrows indicate tumor buds at the invasive lesion.



assessed by pathologists, with good interobserver 
agreement (Almangush et al., 2018b).  
      Another point that must be discussed is that TB and 
WPOI are analyzed in surgical specimens, which 
comprise the entire depth of the tumor tissue, allowing 
easy assessment of the front of invasion. However, Seki 
et al. (2017) evaluated this parameter in incisional 
biopsy specimens and demonstrated positive correlation 
with postoperative TB count and survival rates. A recent 
systematic review showed that the presence of 
preoperative TB has significant prognostic value for 
lymph node metastasis, overall survival, and disease-free 
survival. According to Almangush et al. (2019), this 
analysis may be especially beneficial if we can predict 
tumor aggressiveness preoperatively and apply it to 
therapeutic considerations. It should be noted that, if TB 
needs to be assessed in preoperative biopsy specimens, 
surgeons should include the deepest area of the tumor to 
clearly visualize the invasion front, which may not be 
feasible in all cases analyzed. An appropriate incisional 
biopsy results in a better described lesion and 
significantly increases the likelihood that the best 
therapeutic strategy will be chosen upfront thanks to the 
evaluation of many tumor/stromal prognostic 
characteristics (Bello et al., 2021). Bello et al. (2021) 
suggest that clinicians should take representative deep 
biopsies (>5 mm), thus enabling the analysis of 
important morphological parameters. 

Inflammatory profile of the tumor microenvironment: 
identification of prognostic markers in tumor stroma 
 
      Bidirectional communication between tumor cells 
and their microenvironment is critical for cancer 
progression (Orr, 1938). Thus, it emerges that tumors are 
not simply collections of disordered malignant cells but 
rather maladaptive organisms composed of tumor and 
different cell populations supporting cancer growth 
(Tarin, 2012; Binnewies et al., 2018) (Fig. 3). Major 
structural and functional changes occur at the interface 
between tumor cells and adjacent stromal cells (Shan et 
al., 2022). In 1989, Bryne et al. suggested that the tumor 
invasion front should be evaluated in OSCC using the 
degree of keratinization, nuclear pleomorphism, invasion 
pattern, and inflammatory infiltrate as parameters. Based 
on this system, it was suggested that cells at the invasion 
front exhibit molecular characteristics that differ from 
those in areas of the tumor surface. These interactions at 
the invasion front are crucial for cancer dissemination, 
which directly impacts the prognosis. 
      T lymphocytes play a central role in anti-tumor 
immune response and are the dominant element in the 
tumor microenvironment (Hiam-Galvez et al., 2021). 
The tumor-specific antigen can activate highly specific 
CD8+ T cells, CD4+ T cells and tumor-specific 
antibodies (Muenst et al., 2016). In OSCC, tumor cells 
may have the support of immune cells to promote tumor 
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Fig. 3. Tumor 
microenvironment in 
OSCC. The diagram 
highlights tumor-
infiltrating lymphocytes 
(TILs), cancer-
associated fibroblasts 
(CAFs), myeloid-
derived suppressor 
cells (MDSCs), 
dendritic cells, NK 
cells, and tumor-
associated 
macrophages (TAMs).



cell proliferation, angiogenesis, and metastasis (Hiam-
Galvez et al., 2021). These cells can evade the host's 
immune system, preventing their own immunogenicity 
and expression of immunosuppressive signals 
(Burkholder et al., 2014; Shrihari, 2017; Ronca et al., 
2018). The pro-tumor microenvironment is generally 
characterized by a chronic inflammatory pattern 
consisting of immunosuppressive cells with pro-tumor 
activity: regulatory T lymphocytes (Treg cells), M2 
macrophages, N2 neutrophils, and myeloid-derived 
suppressor cells (Curry et al., 2014; Landskron et al., 
2014). 
      More than a decade ago, Klintrup et al. (2005) 
proposed a method (Klintrup-Mäkinen [KM] grading 
system) for the classification of the inflammatory 
reaction in colorectal cancer and showed that high-grade 
inflammation at the invasive margin was associated with 
better survival. The KM grading system evaluates 
generalized inflammatory cell infiltration (Fig. 4). The 
analysis is performed at the invasion front of the tumor, 
where the density of inflammatory cells is graded on a 4-
point scale: low grade (absence/low density of 
inflammatory cells) or high grade (a prominent 
inflammatory reaction that forms a continuous band at 
the invasive margin). Yu et al. (2019) evaluated OSCC 
samples by KM grade, and showed that KM grade is an 
independent prognostic factor. 
      Current research suggests TILs as a promising 
prognostic biomarker in several types of tumors, 
including OSCC (Almangush et al., 2022). TILs can 
limit or promote tumor growth and metastasis (Hendry et 
al., 2017). Among the different populations of TILs, 
including macrophages, dendritic cells and mast cells, 
TILs are considered a selected population of T cells with 

higher specific immune reactivity against tumor cells 
than non-infiltrating lymphocytes (Badalamenti et al., 
2019). TILs can be easily quantified in slides stained 
with H&E, which are already part of the clinical routine, 
from different subsites of head and neck tumors 
(Heikkinen et al., 2019, Silva et al., 2023). Therefore, 
they are likely to be implemented in daily practice.  
      A standardized method for evaluating TILs was 
introduced by the International Immuno-oncology 
Biomarker Working Group (IIBWG) and has shown 
consistent results (Hendry et al., 2017; Almangush et al., 
2021a). In brief, the percentage of stromal TILs present 
in the stromal area of the tumor and intratumoral TILs 
(scored as the percentage of tumor islands occupied by 
lymphocytes) is evaluated. Mononuclear immune cells 
are scored, while polymorphonuclear leucocytes are 
excluded. Furthermore, TILs in stromal areas not 
adjacent to the tumor are excluded. TILs are evaluated in 
percentages as a rolling score. Almangush et al. (2022) 
identified that a low number of TILs (<20%) is 
associated with a low disease-specific survival. 
      Immune analysis by evaluating the infiltration of 
TILs is a promising method that can be implemented as 
a means of prognostic analysis (Heikkinen et al., 2019; 
Almangush et al., 2021a; Silva et al., 2023). Heikkinen 
et al. (2019) evaluated the prognostic value of TILs in 
the stromal and intraepithelial compartments (in the 
invasive front and the center of the tumor). The authors 
identified a worse prognosis in cases with low 
infiltration of stromal TILs in the invasive front of the 
tumor in the multivariate analysis. Almangush et al. 
(2021a) reported that the TNM-Immune system, 
combination of TNM clinical stage and TILs, can 
independently predict survival and recurrence risk in 
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Fig. 4. The assessment of the tumor-infiltrating lymphocytes (TILs) in representative samples. Continuous dense lymphocytic infiltrate is noted at the 
tumor interface (arrows) (A) (H&E), and a tumor with low density of lymphocytes (B) (H&E). A, x 200; B, x 40.



patients diagnosed with early-stage OSCC. 
      Understanding the characteristics of the oral cancer 
microenvironment can provide essential insights into the 
biological behavior of the tumor. The control of the 
neoplastic process depends on the magnitude of the 
initial immune response and the ability to sustain this 
response for a prolonged period (Piva et al., 2011). The 
primary antitumor defense mechanism is the death of 
cancer cells mediated by CD8 T lymphocytes, also 
known as cytotoxic T lymphocytes, which are able to 
identify and kill neoplastic cells that express peptides 
derived from mutant cellular proteins associated with 
MHC class I (Pluhar et al., 2015). The participation of 
CD4 T lymphocytes seems to be related to the 
production of TNF by macrophages and IFN-γ by the 
Th1 population. In addition, these lymphocytes may be 
responsible for increased MHC-I expression by tumor 
cells, which results in the sensitization of CD8 T 
lymphocytes and consequent lysis of tumor cells 
mediated by the perforin/granzyme system or by the 
binding of Fas present on tumor cells to Fas-L (CD95) of 
lymphocytes (Hiam-Galvez et al., 2021). However, the 
immunosuppressive property of CD4 T cells has been 
associated with a low survival rate in patients with 
ovarian cancer (O’Higgins et al., 2018). 
      Taken together, the results show that, more 
important than the presence/intensity of the inflamma-
tory infiltrate, the profile of inflammatory cells present 
at the tumor invasion front dictates the biological 
behavior of the tumor, and these cells serve as essential 
markers of prognosis and future therapeutic targets. 
Immunotherapy is a new strategy for tumor therapy, 
which applies biotechnology and immunological 
methods to improve the specific immune response to the 

tumor (Mohan et al., 2019; Mei et al., 2020). Tumor 
immunotherapy was awarded as the most important 
scientific breakthrough by Science in 2013 due to its 
excellent efficacy and innovation (Guan et al., 2019). In 
2020, the Nobel Prize in Chemistry was awarded to 
French microbiologist Emmanuelle Charpentier and 
American biologist Jennifer Doudna for their 
"development of genome editing methods." 
Immunotherapy has outstanding application value in 
tumor therapy, including adoptive cell immunotherapy, 
antibody-based therapy, cytokine therapy, tumor 
vaccines therapy, and gene therapy. 
 
Tumor-stroma ratio (TSR): the crosstalk between 
neoplastic cells and the associated stroma contributes to 
the functional and structural support of the tumor 
microenvironment 
 
      TSR, defined as the proportion of tumor tissue 
relative to surrounding stromal tissue at the invasive 
front, has been recently introduced as a valuable 
prognostic feature in many solid tumors (Almangush et 
al., 2018c; Morais et al., 2022). The TSR, evaluated in 
H&E-stained sections, was proposed for the first time by 
Mesker et al. (2007) for patients with colorectal cancer 
and has now been extended to other types of cancer, 
including OSCC (Morais et al., 2022). In such a grading 
system, tumors are divided into “stroma-rich” and 
“stroma-poor” according to the cut-off point of TSR of 
50%, and stroma-rich tumors are associated with a poor 
prognosis (Fig. 5). 
      Almangush et al. (2021b), in a meta-analysis, 
identified an association between TSR and prognostic 
factors in head and neck cancers, such as tumor stage, 
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Fig. 5. The assessment of tumor-stroma ratio (TSR) at the invasive front of tumor. Stroma-poor tumor represented by a ratio <50% (A) and stroma-rich 
tumor with stroma occupied by ≥50% of fibrosis in the connective tissue (B).



perineural invasion, TB and poor lymphocytic response. 
A recent study conducted by Dourado et al. (2020), 
showed that the combination of TSR and TB provided a 
risk stratification model with discrimination capability to 
predict the prognosis of patients with OSCC in the 
tongue. This outcome is probably related to the 
combination of independent prognostic parameters 
significantly increasing the prognostic power (Dourado 
et al., 2020). Silva et al. (2023) also identified that 
stroma-rich tumors were significantly and independently 
associated with poor cancer-specific survival and 
disease-free survival. The underlying mechanisms that 
connect TSR with more aggressive biological behavior 
are still not fully understood. However, among the many 
postulated theories, the one involving cancer-associated 
fibroblasts (CAFs) is receiving attention (Qiu et al., 
2023). 
      CAFs, that produce the components of the 
desmoplastic stroma, are shown to have a role in tumor 
progression in different types of cancer (Marsh et al., 
2012). During the stages of progression, CAFs serve as 
promoters of growth and invasive process after their 
activation by different factors secreted by the tumor, 
such as fibroblast activation protein, smooth muscle α-
actin, platelet-derived growth factor, basic fibroblast 
growth factor, and interleukin 6 (Ping et al., 2021). 
Furthermore, the activation of CAFs influences a wide 
range of events, including the induction of EMT, 
secretion of growth factors, tumor metabolic 
reprogramming, preparation of the metastatic niche, and 
resistance to therapy (Ping et al., 2021; Asif et al., 2021). 
Stromal cells also promote metastasis by enhancing 
angiogenesis and lymphangiogenesis, thus significantly 
negatively affecting prognosis (Shan et al., 2021). 
      As the main component of the tumor micro-
environment, the stroma is essential for maintaining 
epithelial tissues and their malignant counterparts. 
Naturally, the stroma could act as a barrier to 
tumorigenesis and invasion, restricting the proliferation 
of tumor cells in normal tissue (Shan et al., 2022). 
However, cancer-related stromal components can 
actively facilitate neoplastic cell growth, differentiation, 
and motility (Wu et al., 2016). Indeed, the stroma 
surrounding malignant neoplastic cells is not passive but 
instead plays a dynamic role in the support and nutrition 
of tumor parenchyma (Tarin., 2013). The crosstalk 
between neoplastic cells and the associated stroma 
contributes to the functional and structural support of the 
tumor microenvironment, leading to tumor progression 
and metastasis (Haga et al., 2021; Shan et al., 2022). 
Furthermore, highly aggressive tumor cells explore the 
tumor microenvironment, transforming the surrounding 
tissue and modifying the metabolism of resident cells 
(Shan et al., 2022). Thus, tumor-related stroma may be a 
target for new and alternative treatment strategies for 
malignant tumors. 
      In recent decades, investigations of histopathological 
prognostic markers have been based exclusively on the 
characteristics of tumor cells. However, tumor-related 

stroma may be a valuable therapeutic target (Schiavoni 
et al., 2013). In the case of tumor cells, the development 
of drug-resistant tumor cell clones can result in treatment 
failure because of the genetic instability of tumor cells. 
Given their immutable and stable nature, stromal cells 
are less likely to develop mutations and drug resistance, 
resulting in a stable therapeutic effect and thus could be 
used to predict the prognosis and therapeutic response of 
malignant diseases. The tumor-related stromal 
components are complex, including the extracellular 
matrix (ECM), various cell types, and different secreted 
factors. As an intermediary, the ECM helps cancer cells 
communicate with the stroma so that neoplastic cells can 
colonize the microenvironment and metastasize 
(Valkenburg et al., 2018). Factors that degrade the ECM, 
including matrix metalloproteinases (Yin et al., 2021), 
also facilitate tumor initiation and invasion. 
      In contrast to using molecular markers, the 
determination of the TSR is simple and fast. It can be 
done in routine histological material without the need for 
additional special techniques and extra costs, thus 
facilitating the repetition of the assessment. Therefore, 
the TSR is a convenient and valuable tool for a clinical 
application that could be an asset to the prognostic 
determination. 
 
Future directions 
 
      OSCC treatment is standardized and involves 
defined clinical parameters. Ideally, histopathological 
and molecular parameters should be considered in the 
decision-making process of OSCC treatment. Nowadays, 
several groups are trying to develop Artificial 
Intelligence (AI) tools to incorporate histological 
characteristics for outcome prediction. Creating AI 
clinical assistant tools could enhance risk stratification 
prediction and prognostication. It would be interesting if 
multicentric and longitudinal studies assessing the 
impact of histopathological parameters could be 
performed at early clinical stages where prognostication 
is challenging. Furthermore, the value of each 
histological parameter at different OSCC sub-sites 
should be considered during the study's designs. 
      It is not a single parameter alone which impacts the 
patient’s survival, but a combination of biological 
characteristics, so the development and analysis of 
multiple histopathological parameters could add more 
accurate information to the prognosis. The possibility of 
using less invasive diagnostic methods or biopsies to 
identify tumors with aggressive behavior is the research 
focus of several groups worldwide to help clinicians 
during the decision-making process. Validating the 
prognostic value in diagnostic biopsies of emerging 
histopathological parameters should be a priority in 
future studies. The standardization of analysis methods 
for each morphological parameter, seeking to select 
models with greater inter- and intra-rater agreement, 
should be carried out to increase reproducibility without 
reducing the prognostic power of the variables. 
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      The analysis of the different histopathological 
parameters discussed in this article in incisional biopsies 
may enhance the impact of such markers in the 
evaluation of the prognosis of patients with OSCC and 
help in adequate therapeutic planning. However, the 
biopsy technique and biomarker evaluation methods 
need to be standardized and validated in clinical trials. In 
the studies developed, few details are reported about the 
procedures applied to perform the biopsy (Bruschini et 
al., 2021). This information is of utmost importance, as 
the reliability of the specimen from a biopsy strictly 
depends on the quality and quantity of tissue collected. 
The biopsy should be deep enough to possibly include 
the tumor invasion front and underlying healthy tissue. 
Therefore, the role of incisional biopsy, whose function 
is mainly to define the diagnosis of a tumor, can be 
aimed at guiding the appropriate therapeutic choice and 
analyzing the prognosis of patients with OSCC through 
the analysis of histopathological markers with prognostic 
value. 
 
Final considerations 
 
      This review provides a comprehensive view of the 
emerging histopathological parameters associated with 
the prognosis of OSCC and the main biomolecular 
mechanisms associated with the oral carcinogenesis 
process. Promising results regarding combining these 
markers as a potential tool require further validation in 
extensive multi-center studies. 
 
Funding. E.F. de Moraes is a research fellow supported by Fundação de 
Amparo à Pesquisa do Estado de São Paulo-FAPESP (2022/00994-5). 
 
 
References 
 
Almangush A., Bello I.O., Keski-Säntti H., Mäkinen L.K., Kauppila J.H., 

Pukkila M., Hagström J., Laranne J., Tommola S., Nieminen O., 
Soini Y., Kosma V. M., Koivunen P., Grénman R., Leivo I. and Salo 
T. (2014). Depth of invasion, tumor budding, and worst pattern of 
invasion: Prognostic indicators in early-stage oral tongue cancer. 
Head Neck 36, 811-818. 

Almangush A., Coletta R.D., Bello I.O., Bitu C., Keski-Säntti H., Mäkinen 
L.K., Kauppila J.H., Pukkila M., Hagström J., Laranne J., Tommola 
S., Soini Y., Kosma V.M., Koivunen P., Kowalski L.P., Nieminen P., 
Grénman R., Leivo I. and Salo T. (2015). A simple novel prognostic 
model for early stage oral tongue cancer. Int. J. Oral. Maxillofac. 
Surg. 44, 143-150. 

Almangush A., Heikkinen I., Mäkitie A.A., Coletta R.D., Läärä E., Leivo I. 
and Salo, T. (2017). Prognostic biomarkers for oral tongue 
squamous cell carcinoma: A systematic review and meta-analysis. 
Br. J. Cancer 117, 856-866. 

Almangush A., Mäkitie A.A., Mäkinen LK., Kauppila J.H., Pukkila M., 
Hagström J., Laranne J., Soini Y., Kowalski L.P., Grénman R., 
Haglund C., Coletta R.D., Salo T. and Leivo I. (2018a). Small oral 
tongue cancers (≤ 4 cm in diameter) with clinically negative neck: 
from the 7th to the 8th edition of the American Joint Committee on 
Cancer. Virchows Arch. 473, 481-487. 

Almangush A., Pirinen M., Heikkinen I., Mäkitie A.A., Salo T. and Leivo 
I. (2018b). Tumour budding in oral squamous cell carcinoma: a 
meta-analysis. Br. J. Cancer 118, 577-586. 

Almangush A., Heikkinen I., Bakhti N., Mäkinen L.K., Kauppila J.H. and 
Pukkila M. (2018c). Prognostic impact of tumour-stroma ratio in 
early-stage oral tongue cancers. Histopathology 72, 1128-1135. 

Almangush A., Youssef O., Pirinen M., Sundström J., Leivo I. and 
Mäkitie A.A. (2019). Does evaluation of tumour budding in 
diagnostic biopsies have a clinical relevance? A systematic review. 
Histopathology 74, 536-544. 

Almangush A., Bello I.O., Heikkinen I., Hagström J., Haglund C., 
Kowalski L.P., Coletta R.D., Mäkitie, A.A., Salo T. and Leivo I. 
(2021a). Improving risk stratification of early oral tongue cancer with 
TNM-Immune (TNM-I) staging system. Cancers 13, 3235. 

Almangush A., Alabi R.O., Troiano G., Coletta R.D., Salo T., Pirinen M., 
Mäkitie A.A. and Leivo I. (2021b). Clinical significance of tumor-
stroma ratio in head and neck cancer: A systematic review and 
meta-analysis. BMC Cancer 21, 480. 

Almangush A., De Keukeleire S., Rottey S., Ferdinande L., Vermassen 
T., Leivo I. and Mäkitie A.A. (2022). Tumor-infiltrating lymphocytes in 
head and neck cancer: Ready for prime time? Cancers 14, 1558. 

Alsaffar H.A., Goldstein D.P., King E.V., de Almeida J.R., Brown D.H., 
Gilbert R.W., Gullane P.J., Espin-Garcia O., Xu W. and Irish J.C. 
(2016). Correlation between clinical and MRI assessment of depth of 
invasion in oral tongue squamous cell carcinoma. J. Otolaryngol. 
Head Neck Surg. 45, 61. 

Amin M.B., Greene F.L., Edge S.B., Compton C.C., Gershenwald J.E., 
Brookland R.K., Meyer L., Gress D.M., Byrd D.R. and Winchester, 
D.P. (2017). The Eighth Edition AJCC Cancer Staging Manual: 
Continuing to build a bridge from a population-based to a more 
"personalized" approach to cancer staging. CA Cancer J. Clin. 67, 
93-99. 

Asif P.J., Longobardi C., Hahne M. and Medema J.P. (2021). The role of 
cancer-associated fibroblasts in cancer invasion and metastasis. 
Cancers, 13, 4720. 

Badalamenti G., Fanale D., Incorvaia L., Barraco N., Listì A., Maragliano 
R., Vincenzi, B., Calò V., Iovanna J. L., Bazan V. and Russo A. 
(2019). Role of tumor-infiltrating lymphocytes in patients with solid 
tumors: Can a drop dig a stone? Cell Immunol. 343, 103753. 

Barriere G., Fici P., Gallerani G., Fabbri F. and Rigaud M. (2015). 
Epithelial mesenchymal transition: a double-edged sword. Clin. 
Transl. Med. 4, 14. 

Bello I. O., Wennerstrand P. M., Suleymanova I., Siponen M., Qannam 
A., Nieminen P., Leivo I., Almangush A. and Salo T. (2021). Biopsy 
quality is essential for preoperative prognostication in oral tongue 
cancer. APMIS 129, 118-127. 

Binnewies M., Roberts E.W., Kersten K., Chan V., Fearon D.F., Merad 
M., Coussens L. M., Gabrilovich D.I., Ostrand-Rosenberg S., 
Hedrick C.C., Vonderheide R.H., Pittet M.J., Jain R.K., Zou W., 
Howcroft T.K., Woodhouse E.C., Weinberg R.A. and Krummel M.F. 
(2018). Understanding the tumor immune microenvironment (TIME) 
for effective therapy. Nat. Med. 24, 541-550. 

Bjerkli I.H., Laurvik H., Nginamau E.S., Søland T.M., Costea D., Hov H., 
Uhlin-Hansen L., Hadler-Olsen E. and Steigen S.E. (2020). Tumor 
budding score predicts lymph node status in oral tongue squamous 
cell carcinoma and should be included in the pathology report. PLoS 
One 15, e0239783. 

Bruschini R., Maffini F., Chiesa F., Lepanto D., De Berardinis R., Chu 
F., Tagliabue M., Giugliano G. and Ansarin M. (2021). Oral cancer: 

9

Emerging histopathological parameters in the prognosis of OSCC



Changing the aim of the biopsy in the age of precision medicine. A 
review. Acta Otorhinolaryngol. Ital. 41, 108-119. 

Bryne M. (1998). Is the invasive front of an oral carcinoma the most 
important area for prognostication? Oral Dis. 4, 70-77. 

Burkholder B., Huang R.Y., Burgess R., Luo S., Jones V.S., Zhang W., 
Lv Z.Q., Gao, C.Y., Wang B.L., Zhang Y.M. and Huang R.P. (2014). 
Tumor-induced perturbations of cytokines and immune cell 
networks. Biochim. Biophys. Acta 1845, 182-201. 

Chinn S.B. and Myers J.N. (2015). Oral cavity carcinoma: current 
management, controversies, and future directions. J. Clin. Oncol. 
33, 3269-3276. 

Coletta R.D., Yeudall W.A. and Salo T. (2020). Grand challenges in oral 
cancers. Front Oral Health 1, 3. 

Curry J.M., Sprandio J., Cognetti D., Luginbuhl A., Bar-ad V., Pribitkin E. 
and Tuluc M. (2014). Tumor microenvironment in head and neck 
squamous cell carcinoma. Semin. Oncol. 41, 217-234. 

de Morais E.F., de Farias Morais H.G., de Moura Santos E., Barboza 
C.A G., Téo F.H., Salo T., Coletta R.D. and de Almeida Freitas R. 
(2023). TWIST1 regulates proliferation, migration, and invasion and 
is a prognostic marker for oral tongue squamous cell carcinoma. J. 
Oral Pathol. Med. 52, 127-135. 

Dirven R., Ebrahimi A., Moeckelmann N., Palme C.E., Gupta R. and 
Clark, J. (2017). Tumor thickness versus depth of invasion - 
Analysis of the 8th edition American Joint Committee on Cancer 
Staging for oral cancer. Oral Oncol. 74, 30-33. 

Dolens E.D.S., Dourado M.R., Almangush A., Salo T.A., Gurgel Rocha 
C.A., da Silva S.D., Brennan P.A. and Coletta, R.D. (2021). The 
impact of histopathological features on the prognosis of oral 
squamous cell carcinoma: a comprehensive review and meta-
analysis. Front. Oncol. 11, 784924. 

Domingueti C.B., Miwa K.Y.M., Dourado M.R., Sawazaki-Calone, Í., 
Salo T.A., Paranaíba L.M.R. and Coletta R.D. (2021). 
Prognostication for oral carcinomas based on two histological 
scoring systems (BD and iBD models). Oral. Dis. 27, 894-899. 

Dourado M.R., Miwa K.Y.M., Hamada G.B., Paranaíba L.M.R., 
Sawazaki-Calone Í., Domingueti C.B., Ervolino de Oliveira C., Furlan 
E.C.B., Longo B.C., Almangush A., Salo T. and Coletta R.D. (2020). 
Prognostication for oral squamous cell carcinoma patients based on 
the tumour-stroma ratio and tumour budding. Histopathology 76, 
906-918. 

Edge S.B. and Compton C.C. (2010). The American Joint Committee on 
Cancer: the 7th edition of the AJCC cancer staging manual and the 
future of TNM. Ann. Surg. Oncol. 17, 1471-1474. 

Elseragy A., Bello I.O., Wahab A., Coletta R.D., Mäkitie A.A., Leivo I., 
Almangush A. and Salo, T. (2022). Emerging histopathologic 
markers in early-stage oral tongue cancer: A systematic review and 
meta-analysis. Head Neck 44, 1481-1491. 

Fu Y., Zhang X., Ding Z., Zhu N., Song Y., Zhang X., Jing Y., Yu Y., 
Huang X., Zhang L., Hu Q., Ni Y. and Ding L. (2021). Worst pattern 
of perineural invasion redefines the spatial localization of nerves in 
oral squamous cell carcinoma. Front. Oncol. 11, 766902. 

Georgaki M., Theofilou V.I., Pettas E., Stoufi E., Younis R. H., 
Kolokotronis A., Sauk J.J. and Nikitakis N.G. (2021). Understanding 
the complex pathogenesis of oral cancer: A comprehensive review. 
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 132, 566-579. 

Guan X., Lin L., Chen J., Hu Y., Sun P., Tian H., Maruyama A. and 
Chen X. (2019). Efficient PD-L1 gene silence promoted by 
hyaluronidase for cancer immunotherapy. J. Control. Release 293, 
104-112. 

Haga K., Yamazaki M., Maruyama S., Kawaharada M., Suzuki A., 
Hoshikawa E., Chan N.N., Funayama A., Mikami T., Kobayashi T., 
Izumi K. and Tanuma J.I. (2021). Crosstalk between oral squamous 
cell carcinoma cells and cancer-associated fibroblasts via the TGF-
β/SOX9 axis in cancer progression. Transl. Oncol. 14, 101236. 

Hapach L.A., Mosier J.A., Wang W and Reinhart-King C.A. (2019). 
Engineered models to parse apart the metastatic cascade. NPJ 
Precis. Oncol. 3, 20. 

Heikkinen I., Bello I.O., Wahab A., Hagström J., Haglund C., Coletta 
R.D., Nieminen P., Mäkitie A.A., Salo T., Leivo I. and Almangush A. 
(2019). Assessment of tumor-infiltrating lymphocytes predicts the 
behavior of early-stage oral tongue cancer. Am. J. Surg. Pathol. 43, 
1392-1396. 

Hendry S., Salgado R., Gevaert T., Russell P.A., John T., Thapa B., 
Christie M., van de Vijver K., Estrada M.V., Gonzalez-Ericsson P.I., 
Sanders M., Solomon B., Solinas C., Van den Eynden G.G.G.M., 
Allory Y., Preusser M., Hainfellner J., Pruneri G., Vingiani A., 
Demaria S., Symmans F., Nuciforo P., Comerma L., Thompson 
E.A., Lakhani S., Kim S.-R., Schnitt S., Colpaert C., Sotiriou C., 
Scherer S.J., Ignatiadis M., Badve S., Pierce R.H., Viale G., Sirtaine 
N., Penault-Llorca F., Sugie T., Fineberg S., Paik S., Srinivasan A., 
Richardson A., Wang Y., Chmielik E., Brock J., Johnson D.B., Balko 
J., Wienert S., Bossuyt V., Michiels S., Ternes N., Burchardi N., 
Luen S.J., Savas P., Klauschen F., Watson P.H., Nelson B.H., 
Criscitiello C., O'Toole S., Larsimont D., de Wind R., Curigliano G., 
André F., Lacroix-Triki M., van de Vijver M., Rojo F., Floris G., Bedri 
S., Sparano J., Rimm D., Nielsen T., Kos Z., Hewitt S., Singh B., 
Farshid G., Loibl S., Allison K.H., Tung N., Adams S., Willard-Gallo 
K., Horlings H.M., Gandhi L., Moreira A., Hirsch F., Dieci M.V., 
Urbanowicz M., Brcic I., Korski K., Gaire F., Koeppen H., Lo A., 
Giltnane J., Rebelatto M.C., Steele K.E., Zha J., Emancipator K., 
Juco J.W., Denkert C., Reis-Filho J., Loi S. and Fox S.B. (2017). 
Assessing tumor-infiltrating lymphocytes in solid tumors: a practical 
review for pathologists and proposal for a standardized method from 
the international immunooncology biomarkers working group: Part 1: 
Assessing the host immune response, TILs in invasive breast 
carcinoma and ductal carcinoma in situ, metastatic tumor deposits 
and areas for further research. Adv. Anat. Pathol. 24, 235-251. 

Hiam-Galvez K.J., Allen B.M. and Spitzer M.H. (2021). Systemic 
immunity in cancer. Nat. Rev. Cancer 21, 345-359. 

Huang S.H., Hwang D., Lockwood G., Goldstein D.P. and O'Sullivan B. 
(2009). Predictive value of tumor thickness for cervical lymph-node 
involvement in squamous cell carcinoma of the oral cavity: A meta-
analysis of reported studies. Cancer 115, 1489-1497. 

International Consortium for Outcome Research (ICOR) in Head and 
Neck Cancer, Ebrahimi A., Gil Z., Amit M., Yen T.C., Liao C.T., 
Chaturvedi P., Agarwal J.P., Kowalski L.P., Kreppel M., Cernea 
C.R., Brandao J., Bachar G., Bolzoni Villaret A., Fliss D., Fridman 
E., Robbins K.T., Shah J.P., Patel S.G. and Clark J.R. (2014). 
Primary tumor staging for oral cancer and a proposed modification 
incorporating depth of invasion: An international multicenter 
retrospective study. JAMA Otolaryngol. Head Neck Surg. 140, 1138-
1148. 

Joosse S.A., Gorges T. M. and Pantel K. (2015). Biology, detection, and 
clinical implications of circulating tumor cells. EMBO Mol. Med. 7, 1-
11. 

Kane S.V., Gupta M., Kakade A.C. and D' Cruz A. (2006). Depth of 
invasion is the most significant histological predictor of subclinical 
cervical lymph node metastasis in early squamous carcinomas of 

10

Emerging histopathological parameters in the prognosis of OSCC



the oral cavity. Eur. J. Surg. Oncol. 32, 795-803. 
Klintrup K., Mäkinen J.M., Kauppila S., Väre P.O., Melkko J., Tuominen 

H., Tuppurainen K., Mäkelä J., Karttunen T. J. and Mäkinen M.J. 
(2005). Inflammation and prognosis in colorectal cancer. Eur. J. 
Cancer. 41, 2645-2654. 

Landskron G., De la Fuente M., Thuwajit P., Thuwajit C. and Hermoso 
M.A. (2014). Chronic inflammation and cytokines in the tumor 
microenvironment. J. Immunol. Res. 2014, 149185. 

Lee Y.J., Kwon T.G., Kim J.W., Lee S.T., Hong S.H. and Choi S.Y. 
(2021). Evaluation of depth of invasion and tumor thickness as a 
prognostic factor for early-stage oral squamous cell carcinoma: A 
retrospective study. Diagnostics (Basel) 12, 20. 

Liu B., Amaratunga R., Veness M., Wong E., Abdul-Razak M., Coleman 
H., Gebski V. and Sundaresan P. (2020). Tumor depth of invasion 
versus tumor thickness in guiding regional nodal treatment in early 
oral tongue squamous cell carcinoma. Oral Surg. Oral Med. Oral 
Pathol. Oral Radiol. 129, 45-50. 

Lugli A., Kirsch R., Ajioka Y., Bosman F., Cathomas G., Dawson H., El 
Zimaity H., Fléjou J.F., Hansen T.P., Hartmann A., Kakar S., 
Langner C., Nagtegaal I., Puppa G., Riddell R., Ristimäki A., 
Sheahan K., Smyrk T., Sugihara K., Terris B., Ueno H., Vieth M., 
Zlobec I. and Quirke P. (2017). Recommendations for reporting 
tumor budding in colorectal cancer based on the International Tumor 
Budding Consensus Conference (ITBCC) 2016. Mod. Pathol. 30, 
1299-1311. 

Mao M.H., Wang S., Feng Z.E., Li J.Z., Li H., Qin L.Z. and Han Z.X. 
(2019). Accuracy of magnetic resonance imaging in evaluating the 
depth of invasion of tongue cancer. A prospective cohort study. Oral 
Oncol. 91, 79-84. 

Marangon Junior H., Melo V.V.M., Caixeta Â.B., Souto G.R., Souza 
P.E.A., de Aguiar M.C.F. and Horta M.C.R. (2019). Immuno-
localization of cancer stem cells marker ALDH1 and its association 
with tumor budding in oral squamous cell carcinoma. Head Neck 
Pathol. 13, 535-542. 

Marsh T., Pietras K. and McAllister S.S. (2012). Fibroblasts as 
architects of cancer pathogenesis. Biochim. Biophys. Acta 1832, 
1070-1078. 

Mei Z., Huang J.W., Qiao B. and Lam A.K.Y. (2020). Immune 
checkpoint pathways in immunotherapy for head and neck 
squamous cell carcinoma. Int. J. Oral Sci. 12, 16. 

Melchers L.J., Schuuring E., van Dijk B.A., de Bock G.H., Witjes M.J., 
van der Laan B.F., van der Wal J E. and Roodenburg J.L. (2012). 
Tumour infiltration depth ≥4 mm is an indication for an elective neck 
dissection in pT1cN0 oral squamous cell carcinoma. Oral Oncol. 48, 
337-342. 

Mesker W.E., Junggeburt J.M., Szuhai K., de Heer P., Morreau H., 
Tanke H.J. and Tollenaar R.A. (2007). The carcinoma-stromal ratio 
of colon carcinoma is an independent factor for survival compared to 
lymph node status and tumor stage. Cell Oncol. 29, 387-398. 

Miranda-Filho A. and Bray F. (2020). Global patterns and trends in 
cancers of the lip, tongue and mouth. Oral Oncol. 102, 104551. 

Mishra A., Das A., Dhal I., Shankar R., Bhavya B. M., Singh N., Tripathi 
P., Daga D., Rai A., Gupta M. and Sahu G.C. (2022). Worst pattern 
of invasion in oral squamous cell carcinoma is an independent 
prognostic factor. J. Oral Biol. Craniofac. Res. 12, 771-776. 

Mohan S.P., Bhaskaran M.K., George A.L., Thirutheri A., 
Somasundaran M. and Pavithran A. (2019). Immunotherapy in oral 
cancer. J. Pharm. Bioallied Sci. 11, S107-S111. 

Morais E.F., Morais H.G., Martins H.D., Carlan L.M., Costa A.D. and 

Freitas R.D. (2022). Prognostic and clinicopathological significance 
of tumor-stroma ratio in head and neck squamous cell carcinoma: A 
systematic review. Med. Oral. Patol. Oral Cir. Bucal. 27, e301-e309. 

Muenst S., Laubli H., Soysal S.D., Zippelius A., Tzankov A. and Hoeller 
S. (2016). The immune system and cancer evasion strategies: 
therapeutic concepts. J. Intern. Med. 279, 541-562. 

Neinavaie F., Ibrahim-Hashim A., Kramer A.M., Brown J.S. and 
Richards C.L. (2021). The genomic processes of biological 
invasions: From invasive species to cancer metastases and back 
again. Front. Ecol. Evol. 9, 681100. 

O'Higgins C., Ward F.J. and Abu Eid R. (2018). Deciphering the role of 
regulatory CD4 T cells in oral and oropharyngeal cancer: A 
systematic review. Front. Oncol. 8, 442. 

Orr J. (1938). The changes antecedent to tumour formation during the 
treatment of mouse skin with carcinogenic hydrocarbons. J. Pathol. 
Bacteriol. 46, 495-515. 

Pansini P.F., do Valle I.B., Damasceno T.C.D., de Abreu P.M., Có 
A.C.G., López R.V. M., Lenzi J., Rocha R.M., Souza E.D., Curado 
M.P., Mehanna H., Nankivell P., de Podestá J.R.V. and von Zeidler 
S.V. (2021). Differential expression of potential biomarkers of oral 
squamous cell carcinoma development. Head Neck Pathol. 15, 
1127-1136. 

Ping Q., Yan R., Cheng X., Wang W., Zhong Y., Hou Z., Shi Y., Wang 
C. and Li R. (2021). Cancer-associated fibroblasts: Overview, 
progress, challenges, and directions. Cancer Gene Ther. 28, 984-
999. 

Piva M.R., DE Souza L.B., Martins-Filho P.R., Soares R.C., De Santana 
Santos T. and De Souza Andrade E.S. (2011). Role of inflammation 
in oral carcinogenesis (Part I): Histological grading of malignancy 
using a binary system. Oncol. Lett. 2, 1225-1231. 

Pluhar G.E., Pennell C.A. and Olin M.R. (2015). CD8⁺T cell-independent 
immune-mediated mechanisms of anti-tumor activity. Crit. Rev. 
Immunol. 35, 153-172. 

Qiu J., Jiang E. and Shang Z. (2023). Prognostic value of tumor-stroma 
ratio in oral carcinoma: Role of cancer-associated fibroblasts. Oral 
Dis. 29, 1967-1978. 

Ronca R., Van Ginderachter J.A. and Turtoi A. (2018). Paracrine 
interactions of cancer-associated fibroblasts, macrophages and 
endothelial cells: Tumor allies and foes. Curr. Opin. Oncol. 30, 45-
53. 

Salama A.M., Valero C., Katabi N., Khimraj A., Yuan A., Zanoni D.K., 
Ganly I., Patel S.G., Ghossein R. and Xu B. (2021). Depth of 
invasion versus tumour thickness in early oral tongue squamous cell 
carcinoma: which measurement is the most practical and predictive 
of outcome? Histopathology 79, 325-337. 

Schiavoni G., Gabriele L. and Mattei F. (2013). The tumor 
microenvironment: A pitch for multiple players. Front. Oncol. 3, 90. 

Seki M., Sano T., Yokoo S. and Oyama T. (2017). Tumour budding 
evaluated in biopsy specimens is a useful predictor of prognosis in 
patients with cN0 early stage oral squamous cell carcinoma. 
Histopathology 70, 869-879. 

Shan Q., Takabatake K., Kawai H., Oo M. W., Sukegawa S., Fujii M., 
Nakano K. and Nagatsuka, H. (2022). Crosstalk between cancer 
and different cancer stroma subtypes promotes the infiltration of 
tumor-associated macrophages into the tumor microenvironment of 
oral squamous cell carcinoma. Int. J. Oncol. 60, 78. 

Shan Q., Takabatake K., Omori H., Kawai H., Oo M. W., Nakano K., 
Ibaragi S., Sasaki A. and Nagatsuka H. (2021). Stromal cells in the 
tumor microenvironment promote the progression of oral squamous 

11

Emerging histopathological parameters in the prognosis of OSCC



cell carcinoma. Int. J. Oncol. 59, 72. 
Shim S.J., Cha J., Koom W.S., Kim G.E., Lee C.G., Choi E.C. and 

Keum K.C. (2010). Clinical outcomes for T1-2N0-1 oral tongue 
cancer patients underwent surgery with and without postoperative 
radiotherapy. Radiat. Oncol. 5, 43. 

Shimizu S., Miyazaki A., Sonoda T., Koike K., Ogi K., Kobayashi J.I., 
Kaneko T., Igarashi T., Ueda M., Dehari H., Miyakawa A., 
Hasegawa T. and Hiratsuka H. (2018). Tumor budding is an 
independent prognostic marker in early stage oral squamous cell 
carcinoma: With special reference to the mode of invasion and worst 
pattern of invasion. PLoS One 13, e0195451. 

Shrihari T.G. (2017). Dual role of inflammatory mediators in cancer. 
Ecancermedicalscience 11, 721. 

Silva G.V.D., da Silva Dolens E., Paranaíba L.M.R., Ayroza A.L.C., 
Gurgel Rocha C.A., Almangush A., Salo T., Brennan P.A. and 
Coletta R.D. (2023). Exploring the combination of tumor-stroma 
ratio, tumor-infiltrating lymphocytes, and tumor budding with WHO 
histopathological grading on early-stage oral squamous cell 
carcinoma prognosis. J. Oral Pathol. Med. 52, 402-409. 

Sung H., Ferlay J., Siegel R. L., Laversanne M., Soerjomataram I., 
Jemal A. and Bray F. (2021). Global Cancer Statistics 2020: 
GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J. Clin. 71, 209-249. 

Tarin D. (2012). Clinical and biological implications of the tumor 
microenvironment. Cancer Microenviron. 5, 95-112. 

Tarin D. (2013). Role of the host stroma in cancer and its therapeutic 
significance. Cancer Metastasis Rev. 32, 553-566. 

Togni L., Caponio V.C.A., Zerman N., Troiano, G., Zhurakivska K., Lo 
Muzio L., Balercia A., Mascitti M. and Santarelli A. (2022). The 
emerging impact of tumor budding in oral squamous cell carcinoma: 
Main issues and clinical relevance of a new prognostic marker. 
Cancers 14, 3571. 

Valkenburg K.C., de Groot A.E. and Pienta K.J. (2018). Targeting the 

tumour stroma to improve cancer therapy. Nat. Rev. Clin. Oncol. 15, 
366-381. 

van Lanschot C.G.F., Klazen Y.P., de Ridder M. A.J., Mast H., Ten 
Hove, I., Hardillo J.A., Monserez D.A., Sewnaik A., Meeuwis C.A., 
Keereweer S., Aaboubout Y., Barroso E.M., van der Toom Q.M., 
Bakker Schut T.C., Wolvius E.B., Baatenburg de Jong R.J., Puppels 
G.J. and Koljenović S. (2020). Depth of invasion in early stage oral 
cavity squamous cell carcinoma: The optimal cut-off value for 
elective neck dissection. Oral Oncol. 111, 104940. 

Wang C., Huang H., Huang Z., Wang A., Chen X., Huang L., Zhou X. 
and Liu X. (2011). Tumor budding correlates with poor prognosis 
and epithelial-mesenchymal transition in tongue squamous cell 
carcinoma. J. Oral Pathol. Med. 40, 545-551. 

Warnakulasuriya S. and Kerr A.R. (2021). Oral cancer screening: Past, 
present, and future. J. Dent. Res. 100, 1313-1320. 

Wong T. and Wiesenfeld D. (2018). Oral Cancer. Aust. Dent. J. 63, S91-
S99. 

Wu J., Liang C., Chen M. and Su W. (2016). Association between 
tumor-stroma ratio and prognosis in solid tumor patients: a 
systematic review and meta-analysis. Oncotarget 7, 68954-68965. 

Xu C., Yuan J., Kang L., Zhang X., Wang L., Chen X., Yao Q. and Li H. 
(2020). Significance of depth of invasion determined by MRI in 
cT1N0 tongue squamous cell carcinoma. Sci. Rep. 10, 4695. 

Yin P., Su Y., Chen S., Wen J., Gao F., Wu Y. and Zhang X. (2021). 
MMP-9 knockdown inhibits oral squamous cell carcinoma lymph 
node metastasis in the nude mouse tongue-xenografted model 
through the RhoC/Src pathway. Anal. Cell Pathol. 2021, 6683391. 

Yu P., Wang W., Zhuang Z., Xie N., Xu J., Wang C., Hou J., Han X. and 
Liu X. (2019). A novel prognostic model for tongue squamous cell 
carcinoma based on the characteristics of tumour and its 
microenvironment: iBD score. Histopathology 74, 766-779. 

   
Accepted May 29, 2023

12

Emerging histopathological parameters in the prognosis of OSCC


