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Objective: Over many decades, studies on histopathological features have not only
presented high-level evidence of contribution for treatment directions and prognosis of
oral squamous cell carcinoma (OSCC) but also provided inconsistencies, making clinical
application difﬁcult. The 8th TNM staging system of OSCC has acknowledged the
importance of some histopathological features, by incorporating depth of invasion (DOI)
to T category and extranodal extension (ENE) to N category. The aim of this systematic
review with meta-analysis is to determine the most clinically relevant histopathological
features for risk assessment and treatment planning of OSCC and to elucidate gaps in
the literature.
Methods: A systematic review was conducted using PRISMA guidelines, and the
eligibility criteria were based on population, exposure, comparison, outcome, and study
type (PECOS). PubMed, Cochrane, Scopus, and Web of Science were searched for
articles exploring the impact of histopathological features on OSCC outcomes with Cox
multivariate analysis. Pooled data were subjected to an inverse variance method with
random effects or ﬁxed effect model, and the risk of bias was evaluated using quality in
prognosis studies (QUIPS). Quality of evidence was assessed with the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) criteria.
Results: The study included 172 articles published from 1999 to 2021. Meta-analyses
conﬁrmed the prognostic potential of DOI, ENE, perineural invasion, lymphovascular
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invasion, and involvement of the surgical margins and brought promising results for the
association of bone invasion, tumor thickness, and pattern of invasion with increased risk
for poor survival. Although with a small number of studies, the results also revealed a
clinical signiﬁcance of tumor budding and tumor-stroma ratio on predicted survival of
patients with OSCC. Most of the studies were considered with low or moderate risk of
bias, and the certainty in evidence varied from very low to high.
Conclusion: Our results conﬁrm the potential prognostic usefulness of many
histopathological features and highlight the promising results of others; however, further
studies are advised to apply consistent designs, ﬁlling in the literature gaps to the
pertinence of histopathological markers for OSCC prognosis.
Systematic Review Registration: International Prospective Register of Systematic
Reviews (PROSPERO), identiﬁer CRD42020219630.
Keywords: histopathological markers, prognosis, oral cancer, systematic review, meta-analysis

invasion (DOI), which represents the distance from the
basement membrane of epithelium to the deepest area of
invasive front of the tumor, was incorporated in the T
category, and the extranodal extension (ENE), deﬁned as the
extension of metastatic tumor cells through the lymph nodal
capsule, was included in the N category. Although both can be
determined clinically or through imaging examinations, the
histological evaluation is essential, particularly when those
features are not prominently detected (8, 9).
Several other histopathological characteristics, including the
traditional perineural invasion (PNI), lymphovascular invasion
(LVI), status of the surgical margins, pattern of invasion, bone
invasion, tumor thickness and inﬂammatory response, and the
more recently described features such as tumor budding and
tumor-stroma ratio (TSR), were evaluated in many studies in
relation to their prognostic impact or as indicators of necessity of
a multimodality treatment strategy in OSCCs. However, studies
have used different metrics and cutoff parameters, and even
deﬁnitions may vary for these, generating inconsistent results.
The classiﬁcation of PNI is a good example, since criteria may
vary from tumor cells invading the perineurium (inside nervus)
to tumor cells surrounding a nerve (only adjacent to the
structure) (10). As the associations of some of these
histopathological features with survival in OSCC remain
controversial, and there are inconsistencies in the deﬁnitions
and scales/cutoff, this systematic review and meta-analysis aims
to provide the state of our current understanding about
histopathological features as potential biomarkers for OSCC,
critically analyzing the gaps in knowledge that limit these
biomarkers use in the clinical practice.

INTRODUCTION
Oral cancer, represented as oral squamous cell carcinomas
(OSCC) in more than 90% of all oral cavity malignancies, is an
important cause of cancer mortality worldwide, with an
estimated 177,000 deaths every year (1). It is considered an
aggressive cancer, with a 5-year overall survival rate of
approximately 50%, reduced to less than 30% in advanced
stages (2). Tumor extension, lymph node metastasis, high rates
of locoregional recurrence, and development of second primary
tumors are the leading causes of death in OSCC patients (3). The
survival rates vary from developed to developing countries due
mainly to late diagnosis and inappropriate access to the latest
advances to the therapeutic options in developing countries (4).
Moreover, the lack of biomarkers to precisely characterize the
disease in an accurate prognostic level, which could indicate the
best treatment for each patient and posttherapeutic monitoring,
contribute to this unfavorable scenario that persists for
decades (4).
Nowadays, the standard care for OSCC is surgery associated
with adjuvant radiotherapy with or without chemotherapy. In
addition, immunotherapy and targeted therapy are showing very
promising results and have been approved to patients with
recurrent/metastatic disease (5). The therapeutic plan and the
estimation of prognosis for OSCC patients still rely on the
disease stage, but it does not appropriately reﬂect the biological
behavior of this heterogeneous group of tumors. Even at an early
stage, speciﬁcally tumors of the tongue and ﬂoor of mouth may
be very aggressive, with increased tendency to invasion,
metastasis, and consequently poor prognosis (6). Many
different biomarkers have been proposed as prognostic
indicators for OSCC, and among those are speciﬁc
histopathological features of the tumors. Indeed, those
microscopic features, individually or combined in a grading
system, are one of the oldest potential biomarkers to be
studied for OSCC. The AJCC/UICC 8th TNM staging system,
revised in 2017, has introduced two major histological
characteristics in the T and N staging (7). The depth of
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MATERIAL AND METHODS
This study was carried out following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines. The protocol on its methodology was registered in
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of bias, and in the remaining conditions, the studies were scored
as moderate risk of bias. To assess the overall quality of evidence
of each histological parameter, the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) was used
(12), with the aid of software GRADEpro Guideline
Development Tool (https://gradepro.org/).

the International Prospective Register of Systematic Reviews
(PROSPERO), under the number CRD42020219630.

Eligibility Criteria
The main objective was to determine the impact of
histopathological features on prognosis of OSCCs. The PECOS
approach was used to conceptualize the search strategy for this
review as follows: P (participants)—patients with OSCC, E
(exposition)—analysis of histological parameters based on
hematoxylin and eosin (HE)-stained slides, C (comparison or
control)—not applicable, O (outcome)—overall survival (OS),
disease-speciﬁc survival (DSS) or disease-free survival (DFS)
based on Cox multivariate regression analysis, S (types of
studies)—observational/cohort studies. Exclusion criteria
included: (1) studies based on tumors different than OSCC, (2)
studies based on a sample composed of biopsies, (3) studies
based on immunohistochemistry, (4) studies involving
histological grading systems, (5) studies reporting only
univariate survival analysis, (6) studies based only on
association analysis, (7) studies that did not report the HR
and/or its 95% conﬁdence interval (CI), (8) reviews of the
literature, letters and conference abstracts, (9) if full-length
articles were not available, (10) articles not written in English,
and (11) studies with sample reported in another study already
included in this review.

Statistical Analysis
The meta-analyses were conducted using the Review Manager
(RevMan, version 5.4.1, Cochrane), applying an inverse variance
method with random effects or ﬁxed effect model. If I2 was >50%,
random effects model was used, whereas ﬁxed effect model was
applied if I2 was <50%. The studies were pooled based on the
outcome reported in the studies, such as OS, DSS, and DFS. As
the description of recurrence was heterogeneous and included
local recurrence-free survival (LRFS), neck recurrence-free
survival (NRFS), distant recurrence-free survival (DRFS), and
loco-regional recurrence-free survival (LRRFS), all were
combined under DFS. When possible, subgroup analyses were
undertaken based on a speciﬁc cutoff of parameter.

RESULTS
Study Selection
The search strategy yield 3,280 articles (Figure 1). Following
duplicate removal, 2,490 studies were included in the title and
abstract screening, and of these, 2,074 studies were excluded,
leaving 416 studies meeting the criteria for full-text screening.
Other 22 additional studies were identiﬁed from Grey literature,
reference tracking or experts, ending with 438 studies for fulltext screening. After full-text review, 273 titles were excluded and
full details are depicted in Supplementary Table S1, resulting in
165 articles remaining for data abstraction. In the second
literature search, seven new articles, published in 2021, were
found and included in the study. The characteristics of 172
studies included are shown in Supplementary Table S2.

Database Search, Study Selection, and
Data Collection
Initially, the search was conducted on PubMed, Cochrane,
Scopus, and Web of Science and included all articles published
until December 2020. However, a second literature search was
performed using the same terms at the beginning of August 2021,
retrieving articles published between January and July 2021. The
Grey literature and the reference lists from included studies were
also searched. The keywords and the search strategy are depicted
in Supplementary File S1. The articles in duplicate were
removed, and references were transferred to the Rayyan QCRI
software for systematic reviews (https://rayyan.qcri.org). The
title and abstract screening and the full-text screening were
completed by two independent reviewers, and the
disagreements were resolved with the inclusion of a third
reviewer. The information extracted from each study included
the ﬁrst author and year of publication, country where the
samples were collected, number of cases, location and TNM
clinical stage of tumors, histological parameters, and HR and
95% CI based on multivariate analysis. All data were collected by
one reviewer and cross-checked by another.

Study Characteristics
The included articles were published from 1999 to 2021 and were
conducted in 26 different countries (Supplementary Table S2).
The most commons countries of publication were Taiwan, with
36 studies, and the USA, with 30 studies. Only seven (4.2%)
studies were performed with samples from more than one
country. The studies have explored different histological
characteristics, including DOI, ENE, PNI, LVI, surgical
margins, tumor thickness, bone invasion, pattern of invasion,
tumor budding, and TSR. Six articles analyzed the inﬂammatory
response, but they have applied different cutoff and systems of
evaluation, not allowing any further analysis.

Risk of Bias and Quality of Evidence
The risk of bias was evaluated using the Quality in Prognosis
Studies (QUIPS) tool (11) adjusted for this review. The features
under the six domains of QUIPS tool were evaluated for each
selected study by the two reviewers, and disagreements were
resolved after consensus discussion. To be considered a study
with low risk of bias, all six domains should be rated as low or
moderate, with at least four rated as low. If two or more of the
domains were scored as high, the study was classiﬁed as high risk
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Synthesis of Results
DOI
For evaluation of the signiﬁcance of DOI on OS, samples from 27
studies, accounting to 7,324 patients, were pooled, resulting in a
HR of 1.94 (95% CI: 1.54–2.44, p < 0.00001, I2 = 80%) (Table 1
and Supplementary Figure S1A). A similar tendency was
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The cutoff for dichotomization of the samples was variable
among the published studies. However, the most common cutoff
points were 4 or 5 mm, and subgroup meta-analyses were
performed. For the cutoff value of 4 mm, increased risk for
poor OS (HR: 3.10, 95% CI: 1.78–5.40, p < 0.0001, I2 = 0%)
(Supplementary Figure S2A), DSS (HR: 1.82, 95% CI: 1.40–2.37,
p < 0.00001, I2 = 53%) (Supplementary Figure S2B), and DFS
(HR: 2.12, 95% CI: 1.51–2.98, p < 0.0001, I 2 = 35%)
(Supplementary Figure S2C) were observed. Similarly, the
cutoff point of 5 mm DOI was associated with high hazards
for OS (HR: 2.06, 95% CI: 1.35–3.15, p = 0.0008, I2 = 78%)
(Supplementary Figure S3A), DSS (HR: 1.64, 95% CI: 1.09–2.47,
p = 0.02, I2 = 0%) (Supplementary Figure S3B), and DFS (HR:
1.74, 95% CI: 1.37–2.23, p < 0.00001, I2 = 0%) (Supplementary
Figure S3C). For those subgroup analyses, the ﬁndings of the
sensitivity analyses were not substantially different from those of
the main analyses.

ENE
ENE was evaluated in 55 articles by histopathological
examination. Meta-analysis involving 48,217 patients (40
studies) showed a HR of 2.18 (95% CI: 1.91–2.47, p < 0.00001)
for OS detected (Table 1 and Supplementary Figure S4A). A
similar trend was detected for both DSS and DFS, which included
7,460 (12 studies) and 12,835 (31 studies) patients respectively in
the meta-analyses. For DSS (Table 2 and Supplementary
Figure S4B), the HR was 1.88 (95% CI: 1.51–2.35, p <
0.00001) and for DFS (Table 3 and Supplementary Figure
S4C) was 2.26 (95% CI: 1.93–2.65, p < 0.00001). The
heterogeneity was high (I2 > 50%), but in all meta-analyses, the
number of samples among studies did not reach great variation,
and the pooled HR overlapped with the conﬁdence intervals of
most studies.

FIGURE 1 | PRISMA ﬂow diagram of literature search and selection criteria
applied in this study.

observed for DSS (HR: 1.45, 95% CI: 1.29–1.64, p < 0.00001, I2 =
20%), which counted with 11 studies spanning 7,781 patients
(Table 2 and Supplementary Figure S1B), and for DFS (HR:
1.53, 95% CI: 1.29–1.81, p < 0.00001, I2 = 76%), calculated with
6,348 patients reported in 27 studies (Table 3 and
Supplementary Figure S1C). For DSS, one study (13)
displayed a signiﬁcant weight (~64%) on the pooled HR, but
its exclusion made the association of DOI and cancer death even
stronger, with a HR of 1.75 (95% CI: 1.44–2.13, p < 0.00001,
I2 = 0%).

PNI
The literature search identiﬁed 69 articles that reported the impact
of PNI on OSCC prognosis. The majority of them classiﬁed PNI as
the presence of the tumor cells inside the nerve or surrounding it,
and only few studies have explored other speciﬁc aspects of PNI,
including the size of the involved nerve, the number of foci or its
localization (intratumoral or peritumoral) (14–17). For OS, 10,045

TABLE 1 | Effect of the selected histological features in the overall survival (OS) of patients with oral squamous cell carcinoma.

Depth of invasion
Extranodal extension
Perineural invasion
Lymphovascular invasion
Surgical margins
Tumor thickness
Bone invasion
Pattern of invasion
Cohesive system
Worst-pattern of invasion
Tumor budding
Tumor-stroma ratio

Number of studies

Number of cases

HR (95% CI)

p-value

Z effect

I2

27
40
33
30
31
5
4

7,324
48,217
10,045
30,481
63,470
1,651
1,603

1.94 (1.54–2.44)
2.18 (1.91–2.47)
1.66 (1.51–1.82)
1.81 (1.55–2.13)
1.56 (1.41–1.73)
1.09 (1.02–1.16)
1.91 (1.02–3.57)

<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
0.01
0.04

5.65
11.87
10.51
7.31
8.43
2.55
2.03

80%
60%
17%
52%
61%
28%
77%

Random effect
Random effect
Fixed effect
Random effect
Random effect
Fixed effect
Random effect

4
2
5
1

543
420
986
226

2.25 (1.56–3.23)
2.40 (1.19–4.84)
2.96 (1.36–6.45)
1.69 (1.02–2.81)

<0.0001
0.01
0.006
0.04

4.36
2.45
2.73
–

0%
0%
73
–

Fixed effect
Fixed effect
Random effect
–
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TABLE 2 | Effect of the selected histological features in the disease-speciﬁc survival (DSS) of patients with oral squamous cell carcinoma.

Depth of invasion
Extranodal extension
Perineural invasion
Lymphovascular invasion
Surgical margins
Tumor thickness
Bone invasion
Pattern of invasion
Cohesive system
Worst-pattern of invasion
Tumor budding
Tumor-stroma ratio

Number of studies

Number of cases

HR (95% CI)

p-value

Z effect

I2

Analysis model

11
12
26
13
19
3
5

7,781
7,460
7,523
4,411
20,680
638
2,773

1.45 (1.29–1.64)
1.88 (1.51–2.35)
1.63 (1.46–1.83)
1.71 (1.46–2.01)
1.71 (1.58–1.85)
1.07 (1.01–1.13)
2.12 (1.69–2.66)

<0.00001
<0.00001
<0.00001
<0.00001
<0.00001
0.02
<0.00001

6.22
5.64
8.52
6.57
13.20
2.28
6.51

20%
51%
38%
0
35%
0
41%

Fixed effect
Random effects
Fixed effect
Fixed effect
Fixed effect
Fixed effect
Fixed effect

4
2
5
3

1,229
122
969
724

2.63 (1.56–4.46)
2.42 (1.00–5.88)
1.72 (1.35–2.18)
2.26 (1.65–3.11)

0.0003
0.05
<0.00001
<0.00001

3.61
1.96
4.43
5.03

32%
0
0
49%

Fixed
Fixed
Fixed
Fixed

effect
effect
effect
effect

and Supplementary Figure S6B), and DFS (HR: 1.56, 95% CI:
1.22–1.99, p = 0.0003, I2 = 65%) (Table 3 and Supplementary
Figure S6C). Although both OS and DFS meta-analyses displayed
high heterogeneity (I2 > 50%), the exclusion of studies with high
weight in the estimation of the pooled HR did not alter the
statistical signiﬁcance of association.

patients from 33 studies were included in the meta-analysis
(Supplementary Figure S5A), revealing a pooled HR of 1.66
(95% CI: 1.51–1.82, p < 0.00001) (Table 1). A signiﬁcant
association of PNI and DSS was also detected in the metaanalysis containing 7,523 patients from 26 studies (pooled HR:
1.63, 95% CI: 1.46–1.83, p < 0.00001) (Table 2 and
Supplementary Figure S5B). For DFS, with a sample composed
of 15,268 patients from 45 studies, the meta-analysis revealed a
signiﬁcant association between PNI and tumor recurrence (pooled
HR: 1.62, 95% CI: 1.49–1.76, p < 0.00001) (Table 3 and
Supplementary Figure S5C). Low heterogeneity was found in
all meta-analyses (I2 = 17% for OS, I2 = 38% for DSS, I2 = 23%
for DFS).

Surgical Margins
There were 50 eligible studies for pooled analyses of surgical
margin, counting 63,470 patients for OS (31 articles), 20,680 for
DSS (19 articles), and 15,300 for DFS (25 articles). The cutoff to
deﬁne a clear margin was variable, but most studies considered the
distance of morphologically 5 mm of normal tissue. In fact, most
studies compared clear margin (>5 mm of normal tissue) against
the combination of close (1–4 mm of normal tissue) and involved
(<1 mm of normal tissue) margins. A large number of studies (n =
20, 39.2%) did not deﬁne the cutoff value, dividing the tumors in
clear margin or close/involved margin. Our pooled analyses
revealed that an involved resection margin, regardless the
distance of clear tissue, was signiﬁcantly associated with worse
OS (HR: 1.56, 95% CI: 1.41–1.73, p < 0.00001, I2 = 61%) (Table 1
and Supplementary Figure S7A), DSS (HR: 1.71, 95% CI: 1.58–
1.85, p < 0.00001, I2 = 35%) (Table 2 and Supplementary Figure
S7B), and DFS (HR: 2.47, 95% CI: 1.90–3.21, p < 0.00001, I2 =
76%) (Table 3 and Supplementary Figure S7C). Three studies
(21–23) represented more than 30% of the OS sample, but their

LVI
Forty-seven studies evaluated the clinical impact of LVI. For OS
were 30 articles with 30,481 patients, DSS were 13 articles with
4,411 patients, and for DFS were 30 articles with 8,187 patients.
Only three studies have brought a clear deﬁnition of LVI, with
two of them considering the presence of tumor cells inside lumen
of peripheral blood or lymphatic vessels (18, 19) and the third
study considering both presence of tumor nests either within or
adjacent to the endothelial cell lining (20). The presence of LVI
negatively impacted OS (HR: 1.81, 95% CI: 1.55–2.13, p <
0.00001, I2 = 52%) (Table 1 and Supplementary Figure S6A),
DSS (HR: 1.71, 95% CI: 1.46-2.01, p < 0.00001, I2 = 0%) (Table 2

TABLE 3 | Effect of the selected histological features in the disease-free survival (DFS) of patients with oral squamous cell carcinoma.

Depth of invasion
Extranodal extension
Perineural invasion
Lymphovascular invasion
Surgical margins
Tumor thickness
Bone invasion
Pattern of invasion
Cohesive system
Worst-pattern of invasion
Tumor budding
Tumor-stroma ratio

Number of studies

Number of cases

HR (95% CI)

p-value

Z effect

I2

27
31
45
30
25
4
5

6,348
12,835
15,268
8,187
15,300
1,556
2,511

1.53 (1.29–1.81)
2.26 (1.93–2.65)
1.62 (1.49–1.76)
1.56 (1.22–1.99)
2.47 (1.90–3.21)
2.22 (1.43–3.45)
1.97 (1.23–3.16)

<0.00001
<0.00001
<0.00001
0.0003
<0.00001
0.0004
0.005

4.88
10.08
11.34
3.59
6.74
3.54
2.80

76%
51%
23%
65%
76%
49%
67%

Random effect
Random effect
Fixed effect
Random effect
Random effect
Fixed effect
Random effect

4
5
5
4

505
892
1,142
950

2.20 (1.37–3.63)
2.82 (2.03–3.91)
2.02 (1.50–2.71)
2.05 (1.59–2.64)

0.001
<0.00001
<0.00001
<0.00001

3.26
6.22
4.64
5.51

46%
0%
30%
0

Fixed
Fixed
Fixed
Fixed
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exclusions did not affect the statistically signiﬁcant association
between margin and OS. For DFS, which also showed high
heterogeneity, none of the included studies showed a large
number of cases, and the sequential exclusion of each study did
not affect the results.
Subgroup analyses with studies applying the cutoff value of
5 mm to split into two groups (clear, ≥5 mm and close/
involved, <5 mm) revealed an increased risk for OS (HR: 1.53,
95% CI: 1.16–2.03, p = 0.003, I2 = 68%), which was based on 10
articles and 9,659 patients (Supplementary Figure S8A), for DSS
(HR: 1.68, 95% CI: 1.19–2.35, p = 0.003, I2 = 76%), based on eight
articles and 6,156 patients (Supplementary Figure S8B), and for
DFS (HR: 2.61, 95% CI: 2.10–3.24, p < 0.00001, I2 = 75%), based
on nine articles and 2,483 patients (Supplementary Figure S8C).

noncohesive, according to Bryne’s grading system, and 11 studies
have utilized the worst-pattern of invasion (WPOI).
The Yamamoto’s system represents the mode of invasion
proposed by Jakobsson et al. (27), with a small modiﬁcation. In
this system, grade 4 was subcategorized in two, grades 4C and
4D. In 4C, the invasive cells are found in cord-like structures,
whereas in 4D, the invasive cells are located deeply as single cells
or in nests with few cells (there is no indication of cell number in
this classiﬁcation). As the studies have applied quite different
ways of grouping, the number of studies was insufﬁcient for a
meta-analysis.
The classiﬁcation of pattern of invasion in cohesive and
noncohesive is based on Bryne’s grading system. In the
cohesive mode, the invasive cells are distributed in sheets or
strands with >15 cells, and the noncohesive mode is composed
of narrow strands or noncohesive small groups (<15 cells) or
single cells. Although two studies have applied the traditional
pattern of invasion of the Bryne’s grading system (30, 31), which
is based on four grades, they have grouped the samples in the
way that the tumors ended up classiﬁed as cohesive and
noncohesive. Thus, eight studies were included in the metaanalysis to evaluate the impact of the cohesive/noncohesive
pattern of invasion on OSCC survival. The pooled HR for OS,
which was based on four studies with 543 samples, was 2.25
(95% CI: 1.56–3.23, p < 0.0001, I 2 = 0%) (Table 1 and
Supplementary Figure S11A), for DSS, which was also based
on four studies but 1,229 samples, was 2.63 (95% CI: 1.56–4.46,
p = 0.0003, I2 = 32%) (Table 2 and Supplementary Figure
S11B), and for DFS was 2.20 (95% CI: 1.37–3.63, p = 0.001, I2 =
46%) (Table 3 and Supplementary Figure S11C), which
counted with 505 samples from four studies.
After modiﬁcation introduced by Brandwein-Gensler et al.
(32), WPOI has ﬁve grades and the studies identiﬁed in our
literature search have applied different criteria to dichotomize
those grades. However, seven studies have investigated the
inﬂuence of WPOI dividing the tumors in two groups, low
(grouping grades 1, 2, and 3) and high (grouping grades 4 and
5), and a meta-analysis was performed. The pooled HRs for
WPOI revealed a poor OS (HR: 2.40, 95% CI: 1.19–4.84, p = 0.01,
I2 = 0%) (Table 1 and Supplementary Figure S12A), DSS (HR:
2.42, 95% CI: 1.00–5.88, p = 0.05, I 2 = 0%) (Table 2;
Supplementary Figure S12B), and DFS (HR: 2.82, 95% CI:
2.03–3.91, p < 0.00001, I2 = 0%) (Table 3 and Supplementary
Figure S12C).

Tumor Thickness
Ten studies were included, with ﬁve of them in a total of 1,651
samples reporting tumor thickness inﬂuence on OS (Table 1),
three with 638 samples on DSS (Table 2), and four with a total of
1,556 samples on DFS (Table 3). As there was no uniform cutoff
for tumor thickness among the studies, we have assumed the
dichotomization of studies in low and high values. Although
signiﬁcant, the risk of high tumor thickness on OS (HR: 1.09,
95% CI: 1.02–1.16, p = 0.01, I2 = 28%) (Supplementary Figure
S9A) and DSS (HR: 1.07, 95% CI: 1.01–1.13, p = 0.02, I2 = 0%)
(Supplementary Figure S9B) was modest, whereas it was
stronger in DFS (HR: 2.22, 95% CI: 1.43–3.45, p = 0.0004, I2 =
49%) (Supplementary Figure S9C).

Bone Invasion
The risk of bone invasion was reported in eight studies. As only
three of these differentiated between cortical or medullary
invasion (24–26), we divided the samples in presence vs.
absence of bone invasion. The pooled HR indicated that
patients with bone invasion were at higher risk for OS (HR:
1.91, 95% CI: 1.02–3.57, p = 0.04, I2 = 77%), which was based on
four studies (1,603 samples) (Table 1 and Supplementary
Figure S10A), DSS (HR: 2.12, 95% CI: 1.69–2.66, p < 0.00001,
I2 = 41%), accounting to 2,773 patients spanned in ﬁve studies
(Table 2 and Supplementary Figure S10B), and DFS (HR: 1.97,
95% CI: 1.23–3.16, p = 0.005, I2 = 67%), with samples from ﬁve
studies (2,511 patients) (Table 3 and Supplementary Figure
S10C). Although the heterogeneity among studies was high, the
exclusion of study with the highest weight in the estimation of
the pooled HR for OS did not alter the signiﬁcance of association,
whereas for DFS, the exclusion made the association even more
signiﬁcant (HR: 2.06, 95% CI: 1.01–4.18, p = 0.0001, I2 = 0%).

Tumor Budding
Thirteen studies fulﬁlled the inclusion criteria for tumor
budding, with ﬁve studies (986 samples) for OS (Table 1), ﬁve
studies (969 samples) for DSS (Table 2), and ﬁve studies (1,142
samples) for DFS (Table 3). The majority of the studies
considered the cutoff value of ﬁve buds per ﬁeld (<5 buds or
5≥ buds). The presence of high bud activity was highly associated
with poor OS (HR: 2.96, 95% CI: 1.36–6.45, p = 0.006, I2 = 73%)
(Supplementary Figure S13A), DSS (HR: 1.72, 95% CI: 1.35–
2.18, p < 0.00001, I2 = 0%) (Supplementary Figure S13B) and
DFS (HR: 2.02, 95% CI: 1.50–2.71, p < 0.00001, I2 = 30%)
(Supplementary Figure S13C). The heterogeneity was

Pattern of Invasion
Altogether, 27 studies investigated the pattern of invasion impact
on OSCC survival, but they have applied different systems of
classiﬁcation. One study has applied the mode of invasion
described by Jakobsson et al. (27), six studies have applied the
system proposed by Yamamoto et al. (28), three studies have
applied the pattern of invasion of Bryne’s grading system (29),
six studies have classiﬁed the pattern of invasion in cohesive and
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signiﬁcantly high only for OS, and the exclusion of study of
Xu et al. (33) changed notably the results (HR: 4.14, 95% CI:
2.55–6.72, p < 0.00001, I2 = 0%).

Quality of Evidence
The GRADE methodology was used to assess the quality of
evidence for each prognostic parameter. If the studies at high and
low risk of bias provided similar estimates of association and the
weight of studies with high risk of bias contributed with a small
proportion of the pooled HR, we did not rate down for risk of
bias during judgment. The risk of bias was also assessed using the
funnel plots (data not shown). If the visual inspection
demonstrated that studies with small cohorts and without
important effects appeared to be missing for the analysis, we
did not rate down the level of evidence. For inconsistency
assessment, I2 values were taken into consideration, but the
pooled HRs and the 95% CI of the individual studies in
relation to decision thresholds were also carefully inspected.
When the pooled HR overlapped with the conﬁdence intervals
of most studies, we did not downgrade the evidence for this
reason. However, when different scales were used to pool across
studies (or the majority of studies did not clearly deﬁne the cutoff
point), we rated down the level of evidence. Although the
number of patients varied among the studies, the population
and the outcomes of interest were fully similar, bringing
directness to the quality of evidence. Not serious evidence of
indirectness was detected in the study. The quality of evidence
was rated down for imprecision if the pooled sample size was
small (<1,000 samples) or if the pooled conﬁdence intervals did
not exclude an HR of 1.0 by a considerable margin.
The quality of evidence varied from very low to high because
we found some situations of serious risk of bias, inconsistency,
and imprecision (Supplementary Table S4). The certainty for
DOI was low in general, because we have grouped a large number
of articles that displayed baseline confounding bias and applied
different scales/cutoff. However, when we grouped only articles
with speciﬁc cutoff (4 or 5 mm), the certainty of evidence was
high for DFS, albeit the number of samples dropped. A quite
similar situation was observed for surgical margins. In general,
the level of evidence was low, because different scales were used
to pool across studies, but using studies with a cutoff value of 5
mm, the evidence was improved. For the classical ENE and PNI,
the evidence ranged from moderate to high, whereas LVI showed
levels of evidence between low and high. The certainty of
evidence for tumor thickness, bone invasion, cohesive pattern
of invasion, WPOI, tumor budding, and TSR was mainly low or
very low, because of serious risk of bias and inconsistency. For
many of these parameters, the sample size was less than 1,000
and then we downgraded for imprecision.

TSR
We identiﬁed four studies that reported the impact of the TSR on
OSCC survival, and all applied the same cutoff. Only one study
veriﬁed TSR on OS (Table 1), while three studies investigated the
association with DSS (724 patients) (Table 2) and four studies
with DFS (950 patients) (Table 3). The pooled HR revealed a
clear negative inﬂuence of TSR on both DSS (HR: 2.26, 95% CI:
1.65–3.11, p < 0.0001, I2 = 49%) (Supplementary Figure S14A)
and DFS (HR: 2.05, 95% CI: 1.59–2.64, p < 0.0001, I2 = 0%)
(Supplementary Figure S14B).

Risk of Bias Within Studies
The overall risk of bias of each study is depicted in Supplementary
Table S3. Overall agreement on methodological quality scores
between the reviewers was 87.1%, with mainly disagreement
involving the prognostic factor measurement and the
determination of study confounding parameters. Cases in
disagreement were set up after discussion of evaluators. We
ended up with 26 (15.1%) studies classiﬁed with low risk of bias,
92 (53.5%) with moderate risk, and 54 (31.4%) with high risk. The
main sources of bias were associated with rating the study
attrition, the measurement of prognostic factors, the outcomes,
and the statistical analysis. In the study attrition, where the period
of follow-up is taken into consideration, several articles have
performed their conclusions with a follow-up of less than 5
years after diagnosis/treatment, compromising the quality of
evidence. A clear deﬁnition of the parameter, including cutoff
applied to classiﬁcation, is important under the domain prognostic
factor measurement, and in several studies, the parameters were
not clearly deﬁned. In many studies, for example, the authors
divided the samples based on clear or involved margins, without a
clear deﬁnition of the distance applied to deﬁne a clear margin.
Moreover, in this domain, it was considered if the analysis was
performed for more than one observer, increasing consistency in
the classiﬁcation. Most articles did not report it or it was
performed by only one observer. Although survival outcomes
are well known, lack of a clear deﬁnition was detected in 40
studies. Furthermore, in many articles analyzing relapse (DFS),
there was no description of whether the cases of recurrence were
histologically conﬁrmed. Ninety studies were classiﬁed as high risk
of bias in the studying confounding domain, because the studies
did not include important confounding variables in the model or
included recurrence as a parameter in the model, not as an
endpoint for DFS. The number and choice of adjustment factors
varied across studies, but if the study failed to include clinical stage
(or the TNM parameters individually) and treatment in the model,
it was directly classiﬁed as high risk of bias in this domain. The
strategy of the model building was not appropriately described in
23 articles, and as this is a crucial question for the quality of results,
hence these articles were directly downgraded in the domain and
classiﬁed as high risk of bias.
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DISCUSSION
An ideal biomarker should be speciﬁc, measurable, meaningful,
and preferentially of easy access and low cost. Although this ﬁeld
is rapidly developing and has become a routine practice for some
tumors, the OSCC therapeutic approach and prognosis are still
based on TNM clinical staging. Unfortunately, the TNM system
is nonspeciﬁc and yields inconsistent information regarding
disease biology. New biomarkers that complement the TNM
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measurement adds minimal depth, which is unlikely to be
clinically signiﬁcant (38). In this meta-analysis, we have
separated tumor thickness and DOI according to the deﬁnition
of the articles, and our results showed a similar pooled HR only
for DFS, suggesting superiority of DOI in discriminate tumors
with worse OS and DSS. Nevertheless, the number of samples
that analyzed tumor thickness was lower than those that
analyzed DOI. In a retrospective study, Dirven et al. (36)
found that the both T category and the TNM stage prognostic
performance of the 8th TNM staging of OSCC are similar
regardless of whether DOI or tumor thickness were used as the
T category modiﬁer, whereas the study by Liu et al. (37) revealed
that DOI and tumor thickness were similar regarding their
association with nodal metastasis, but the cutoff values were
quite different (4.5 mm for DOI and 8 mm for TT). In terms of
DOI and the 8th TNM staging of OSCC, Almangush et al. (39)
have demonstrated a better prognostic discrimination for early
oral tongue carcinomas lowering the cutoff to 2 mm for T1 and
to 4 mm for T2. Altogether, the interchangeable possibility
between DOI and tumor thickness and the ideal DOI cutoff to
upstage the T category represent gaps that deserve further
research. Interestingly, the method of measurement is not
often deﬁned within the literature.
The presence of ENE in OSCC is associated with poor survival
and increased risk for regional recurrence and distant disease (40)
and its presence is an important factor taken into consideration
for postoperative radiotherapy or chemoradiotherapy (41). With
a large number of samples among the relevant studies, the results
of this meta-analysis conﬁrmed that the presence of ENE
increased signiﬁcantly hazards for mortality and relapse. The
overall quality of evidence was considered good, suggesting it as a
true estimated effect. We have pooled only articles comparing
presence vs. absence of ENE, following the recommendation of
the current TNM classiﬁcation. However, few studies have
attempted to determine clinically relevant qualitative and
quantitative characteristics of ENE, including number of
metastatic nodes with ENE, size of the metastatic focus and
distance from the edge of the nodal capsule to the metastatic
tumor edge (42–44). Although our study has not analyzed lymph
node ratio (LNR), also called lymph node burden, recent
systematic reviews have demonstrated its prognostic impact for
OSCC (45, 46).
As recently revised by Abdel-Halim et al. (47), different
deﬁnitions of ENE are applied in the literature, which can
explain the signiﬁcant variations in the reported ENE
incidence, but all deﬁnitions refer to the extension of tumor
outside the capsule of a lymph node and into the perinodal soft
tissue. Indeed, several studies included in this meta-analysis did
not clearly deﬁne ENE. Traditionally, ENE is limited to the
perinodal soft tissue, making the clinical diagnosis somehow
difﬁcult. In a recent meta-analysis, the sensibility and sensitivity
of diagnostic accuracy of image systems, including computed
tomography, magnetic resonance imaging and positron emission
tomography with computed tomography, varied between 72%
and 80% and 77% and 83%, respectively, in relation to
histopathological examination, the gold standard tool for ENE

system, predicting a proper response to treatment and prognosis,
are therefore essential. This review explored the impact of
histopathological features diagnosed in HE-stained slides as
prognostic markers for OSCC patients. The advanced
progression in genomics has highlighted many mutations and
molecular events related to cancer, allowing the identiﬁcation of
several cancer biomarkers. However, characteristics identiﬁed in
HE-stained slides hold many of the ideal features for a
biomarker. HE staining is a highly standardized and universal
procedure, of low cost, that allows a uniform extraction
of information.
In this systematic review, 11 histopathological features of OSCC
associating with patient’s outcomes were identiﬁed from published
studies during the last two decades (1999 to 2021). Many of these
features have been examined in several studies, allowing robust
meta-analyses, whereas others were only examined in a limited
manner. Moreover, several relevant studies were published more
than 20 years ago, revealing the long-time interest in determining
the impact of histological features on survival of OSCC patients. The
results of our current meta-analyses conﬁrmed that traditional
histopathological factors such as DOI, ENE, PNI, LVI, and
involvement of the surgical margins are signiﬁcantly associated
with shortened OS, DSS, and DFS in patients with OSCC. Although
the certainty of evidence displayed signiﬁcant variation due to
situations of risk of bias, inconsistency, and imprecision, these
results were extracted from a large number of eligible studies with
thousands of patients, reducing bias of individual studies and
bringing magnitude for the conclusion. Moreover, promising
associations of tumor thickness, bone invasion, pattern of
invasion, tumor budding, and TSR with poor outcomes were also
detected, but the size of the combined samples was relatively small,
guaranteeing further research.
One of the most solid evidence of association of DOI with OSCC
outcome was reported by Ebrahimi and collaborators (13), after an
international collaborative study with 3,149 samples from cancer
centers in Italy, Brazil, Israel, Australia, Germany, USA, Taiwan,
and India. To our knowledge, only one meta-analysis has been
previously published on DOI in OSCC, and this study identiﬁed
high odds for lymph node metastasis at diagnosis and recurrence in
tumors with high DOI, regardless of the cutoff point (34). The major
difference between this previous meta-analysis and the current
study is the higher number of included articles in the current
study, the inclusion of HRs derived from multivariate analyses
and subgroup meta-analyses for different cutoff points. Although
the DOI cutoff point varied among studies, most studies have
applied either 4 or 5 mm. The subgroup analyses revealed that
both cutoffs were signiﬁcantly associated with low rates of OS, DSS,
and DFS, though the HR values were higher, with less heterogeneity
and the pooled lower conﬁdence intervals excluded an HR of 1.0 by
higher margins for the cutoff of 4 mm. In a recent study, Shinn et al.
(35) showed that the risk of regional recurrence in oral tongue
carcinomas begins to increase progressively with any DOI.
Even with clear deﬁnitions, DOI and tumor thickness are
commonly used interchangeably (36, 37). The main explanation
for this fact is that oral cancers present commonly as an
ulceration, and the inclusion or not of few epithelial layers into
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diagnosis (48). Given the widespread clinical use of ENE,
particularly after its incorporation in the TNM grading system,
clear deﬁnitions, classiﬁcation systems, and guides to avoid
interobserver variations are currently needed.
PNI has been reported to be associated with treatment
decisions and outcome in many types of cancer, including
OSCC, but the ﬁndings are not completely unanimous (49,
50). This controversy may be in part due to the application of
different criteria among studies, resulting in reported PNI
detection varying from 5.2% to 90% of patients with OSCC
(51). Although the deﬁnition proposed by Liebig and
collaborators (52) is the most frequently applied, where PNI is
classiﬁed as the presence of tumor cells inside nerve sheaths or
surrounding at least 1/3 of nerve circumference, many studies
call PNI when cells are only touching a portion of nerve (10). As
expected, the interobserver agreement for the diagnostic of PNI
was better applying the criteria of tumor cells invading the
nervus sheaths compared with the PNI deﬁnition was set as
tumor surrounding a nerve, which can involve subjectivity (53).
In such contextual disagreement, a meta-analysis is important to
settle controversies arising from conﬂicting results due to its
ability to disregard bias posed by individual studies. With a
moderate to high quality of evidence, the results of this metaanalysis showed that the presence of PNI was strongly associated
with increased risk of mortality and recurrence, conﬁrming two
previous meta-analyses on PNI (54, 55). Although there are some
overlap among the meta-analyses, the ﬁrst included head and
neck squamous cell carcinomas (54) and the second included
only oral tongue carcinomas (55), whereas we performed our
meta-analysis with studies that reported a Cox multivariateadjusted HR in oral cavity cancers, which brings reﬁnement for
the conclusion. Therefore, studies on PNI should focus on
formulating a clear deﬁnition, considering an objective and
more reproducible criteria for histopathologic assessment.
Moreover, further studies should conﬁrm the promising results
associated with quantitative and qualitative features of PNI,
including size of the involved nerve, number of foci, and
intratumoral or peritumoral localization (15–17). It is also
important to conﬁrm the importance of PNI in treatment
decision making, since recent reviews have not conﬁrmed
improved survival rates with adjuvant postoperative therapy
for patients with PNI (49, 56).
As an essential step in tumor metastasis, LVI has been
considered a prognostic marker for poor prognosis in patients
with OSCC (57). In the current meta-analysis of 30 studies for OS
(30,481 samples), 30 studies for DFS (8,187 samples), and 13 for
DSS (4,411 samples), we conﬁrmed the signiﬁcant prognostic role of
LVI for OSCC. However, the level of evidence was low for both OS
and DFS because of the large heterogeneity in the reported HRs.
Another important issue is regarding the deﬁnition of LVI. Only
three included studies have provided LVI deﬁnition, with Fives et al.
(18) and Mascitti et al. (19) deﬁning LVI as presence of tumor cells
within the vascular space and Liu et al. (20) classifying LVI as tumor
cells both within or adjacent to the vessels. Moreover, most studies
have followed the tendency of considering lymphatic or vascular
together under the concept of LVI, but some studies have classiﬁed
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the invasion separately as venous or lymphatic invasion. Some
studies have suggested that the prognostic value of LVI is
meaningless in OSCC (58, 59). Explanations for this negative
association may be due to heterogeneity of OSCC biology or
difﬁculties in identifying LVI in HE-stained sections. To avoid the
later problem, immunohistochemistry has been advocated, but a
recent study demonstrated little beneﬁts of immunohistochemical
analysis for CD31 and D2-40 on identiﬁcation of LVI on
histologically negative cases of tongue carcinomas (60). These
knowledge gaps present areas for further research. Even with
these difﬁculties, the results of this meta-analysis support the
clinical signiﬁcance of LVI as a marker for high-risk mortality
and recurrence.
Achieving negative resection margins is the main goal in surgical
oncology, because a clear margin is associated with reduced risk of
recurrence and long period of survival in OSCC (61). In contrast, a
positive margin or a margin with an inadequate distance of normal
tissue (the so called close margin) has negative prognostic
implications and adjuvant treatment is recommended (62). Our
ﬁndings show a strong association between positive margin and risk
of overall mortality, disease-speciﬁc mortality, and recurrence.
Regrettably, the certainty of evidence for these outcomes is
questionable based on very serious risks of bias and inconsistency
among included studies due to heterogeneous results, application of
different scales or lack of a clear deﬁnition of cutoff. However, in the
subgroup analysis with studies that applied the cutoff value of at
least 5 mm of normal tissue between the most invasive cancer cells
and the outer edge of the removed tissue, the certainty of negative
impact of positive margin on overall mortality (HR: 1.53), cancerspeciﬁc mortality (HR: 1.68), and recurrence (HR: 2.61) was
improved. The association of involved margin with increased
overall and disease-speciﬁc mortality is in line with the metaanalysis performed by Hamman et al. (63), who reported a higher
OS for clear margins after data extraction from nine studies, and
with the meta-analyses of Anderson et al. (64), which was based on
four studies, and Bulbul et al. (65), based on eight studies, who
demonstrated higher likelihood of local recurrence for a positive
margin. The results of our current meta-analysis, which is the
largest and the most comprehensive one to date, in combination
with those previous ones underscore the impact of a positive margin
on prognostic of OSCC, supporting current recommendations of
adjuvant postoperative chemoradiation therapy for cases with
involved margins. However, further studies should follow restrict
recommendations to deﬁne the exact cutoff applied to a
negative margin.
OSCC cells may invade the adjacent bones, particularly the
mandible, and such invasion worsens prognosis and requires
more complex therapeutic regimens (25). Bone invasion can
assume two typical patterns—a cortical pattern, when it is
superﬁcial, limited to the cortex, or a medullary pattern, when
tumor cells are found inside the bone, in small clusters or ﬁngerlike structures (66). To the best of our knowledge, no previous
meta-analysis has explored the impact of bone invasion on
OSCC prognosis. Only eight studies fulﬁlled the inclusion
criteria, and most of them have veriﬁed the effect of bone
invasion/inﬁltration on OSCC outcome, regardless of the
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OSCC (78–80). The results of current meta-analyses with four
eligible studies conﬁrmed that stroma-rich (low TSR) was
signiﬁcantly associated with poorer DSS and high risk for
recurrence. Concerning the quality of evidence, it was low
because of the limited number of samples to generate the
pooled HR, and the risk of bias among the included studies
because the subjectivity behind TSR cannot be measured, though
the studies have used the same methods and cutoff to assess TSR.
The ﬁndings of this meta-analysis are in line with the recent
review of TSR in head and neck tumors (81). As published by
Dourado et al. (74), the worse outcome associated to the ﬁbrotic
stroma is probably related to the interactions between tumor
cells and cancer-associated ﬁbroblasts (CAFs). These cells are
able to produce large amounts of collagen and other extracellular
matrix proteins that may control tumor cell proliferation,
survival, migration, and invasion and also affect angiogenesis
and immune function in the tumor microenvironment. Further
studies are recommended to validate those promising ﬁndings
and to deﬁne the mechanisms behind stroma-rich inﬂuences on
OSCC cells. Moreover, it is important to deﬁne more objective
methods to evaluate TSR.
Some limitations of our ﬁndings have already been discussed,
but others, in a more general context, deserve further attention.
Several of the included studies did not focus on the histological
features as the primary parameter of study. Therefore, these
studies may not be powered to detect changes in OSCC
outcomes. However, by pooling the data across the studies that
met the inclusion criteria, our analyses were sufﬁciently powered
to detect signiﬁcant associations of several histological
parameters in all outcomes. The diversity on the classiﬁcation
criteria of some parameters and the different cutoff applied in the
included studies could be regarded as limitations. To minimize
this, subgroup analyses according to more speciﬁc features were
performed when possible. Given our research question is of
prognostic nature, we included only observational studies, and
we expectedly did not identify any randomized controlled trial.
Longitudinal studies are always of interest. The selection of
studies with multivariate analysis to identify the independent
risk factors is one of the strengths of our meta-analysis. However,
in many of the primary studies, there was no description of the
variables included in the multivariate model or it was clear that
classical factors that may inﬂuence the prognosis of OSCC were
not accounted in the analysis. Therefore, our results may be
sensitive to confounding variables.
In this study, we present a comprehensive overview of the
published literature pertaining to the prognostic impact of
histopathological features on OSCC. Our results conﬁrm the
prognostic potential of DOI, ENE, PNI, LVI, and involvement of
the surgical margins as prognostic markers and bring promising
results for the association with bone invasion, tumor thickness,
pattern of invasion, tumor budding, and TSR. We have also
identiﬁed critical knowledge gaps that will help direct future
research activity, and the priorities include clear deﬁnition of the
parameters and determination of the best cutoff values,
improvement in assessment of patient-related covariates that
can inﬂuence outcome, and adequate strategies for building the

pattern. Although the pooled HR for all three outcomes reached
a signiﬁcant level, the number of samples was limited and the
heterogeneity among the studies produced a very low level of
evidence. Ash et al. (23) and more recently Mücke et al. (67) and
Petrovik et al. (68) have concluded that the prognosis is not
worsened by bone invasion, and no postoperative treatment
should be guided by this histological feature in adequately
resected tumor. In line with this observation, two studies have
demonstrated that presence of cortical invasion does not affect
survival rates, but medullary bone invasion is an independent
predictor of recurrence and poor prognosis (25, 26). Even though
the ﬁndings of this meta-analysis support the impact of bone
invasion on OSCC prognosis, the results are limited by the small
number of studies with clear heterogeneity. Further studies with
large number of samples, able to perform analysis separating
cortical and medullary invasion, are needed to conﬁrm the
conﬂicting data found in the literature.
Tumor cells may invade neighboring host tissues in many
different patterns, which have been explored regarding their
prognostic impact. The most common patterns found in the
literature search, that allowed a systematic combination of
patterns for meta-analysis, were the cohesive and noncohesive
classiﬁcation with eight studies and the WPOI with seven
studies. Although those patterns were initially incorporated
into grading systems, both have shown promising prognostic
results when applied individually. In this study, we demonstrated
that both patterns are histopathological criteria of poor
prognosis in OSCC, although with low certainty of evidence
due mainly to the small number of pooled samples. Of note, both
patterns take into consideration the degree of keratinocyte
dyscohesion in the advancing invasive front of tumor
(presence of tumor clusters composed of ≤15 tumor cells) (32,
69). Tumor budding, deﬁned as the presence of isolated single
cells or small tumor islands composed of less than ﬁve cells in the
stroma of the invasive tumor (70), corresponds to the most
noncohesive pattern of invasion. In fact, studies have shown that
tumor budding is composed of cells exhibiting typical features of
epithelial mesenchymal transition, with increasing invasiveness
(71). Across multiple studies, increased tumor budding density is
associated with histological criteria of poor OSCC outcomes (72–
74). In our meta-analyses, tumor budding was an independent
prognostic factor of OS, DSS, and DFS. Taking together that the
number of samples to reach this conclusion was relatively low
and we have pooled studies that applied different criteria to
determine tumor budding density, the quality of evidence is low,
requiring more studies with similar criteria to consolidate the
clinical relevance of tumor budding. Of note, two previous metaanalyses have also conﬁrmed the importance of tumor budding
on clinical outcomes in OSCC (75, 76).
The many cellular and noncellular components of the tumor
microenvironment (TME) can induce all the essential hallmarks
of cancer, contributing to growth, progression, and treatment
response of tumors (77). At a histological level, TSR evaluates the
proportion of tumor cells to stroma at the invasive tumor front,
and low TSR (stroma-rich) has been demonstrated to be a novel
and practical prognostic predictor in many neoplasms, including
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statistical model. Studies with large cohorts from multicenter
samples, integrating multiple clinical and histopathological
markers in a model will deﬁnitely have more clinical application.

FUNDING
This work was supported by grants from the Fundação de Amparo à
Pesquisa do Estado de São Paulo (FAPESP) (2018/16077-6) and the
Conselho Nacional de Desenvolvimento Cientı́ﬁco e Tecnoló gico
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