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Abstract
Background  Many histopathologic prognostic markers, identified by routine hematoxylin and eosin (HE) staining, 
have been proposed for predicting the survival of patients with oral squamous cell carcinoma (OSCC). Subsequently, 
several meta-analyses have been conducted on these prognostic markers. We sought to analyze the accumulated 
evidence from these meta-analyses.

Methods  An electronic database search of PubMed, Scopus, Ovid Medline, Web of Science, and Cochrane Library 
was conducted to retrieve all meta-analysis articles published on histopathologic prognostic markers of OSCC. 
The risk of bias of the included studies was analyzed using the Risk of Bias in Systematic Reviews (ROBIS) tool. The 
synthesis of the results was conducted following the guidelines of Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA).

Results  There were 16 meta-analysis articles published on the histological prognostic markers of OSSC. The 
accumulated evidence from these meta-analyses highlighted the powerful prognostic value of depth of invasion, 
tumor thickness, perineural invasion, lymphovascular invasion, worst pattern of invasion, tumor budding, and 
tumor-stroma ratio. The highest odds ratio (OR) of a relationship between a histopathologic prognostic marker and 
outcome was for the depth of invasion (OR 10.16, 95% CI 5.05–20.46) and tumor thickness (OR 7.32, 95% CI 5.3–10.1) 
in predicting lymph node metastasis.

Conclusion  The published meta-analyses present robust evidence on the significance of emerging histopathologic 
markers, namely, worst pattern of invasion, tumor budding, and tumor-stroma ratio. It is time to consider such 
markers in daily pathology reporting and risk stratification of OSCC.
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Background
Oral squamous cell carcinoma (OSCC) is the most com-
mon cancer of the oral cavity with an increasing inci-
dence in many countries [1]. The treatment of choice 
of OSCC is surgery with adjuvant (chemo)radiother-
apy. Most recently, immunotherapy was introduced 
for selected cases [2]. In daily practice, OSCC patients’ 
selection relies on the TNM staging system which in 
common experience may sometimes not reveal the bio-
logical behavior of the tumor. Although the survival rate 
of patients with OSCC has improved, still many patients 
get relapses of their tumor and die from the disease even 
when diagnosed at an early stage (T1-T2N0M0) [3–5]. 
Therefore, there are continuous research efforts to iden-
tify prognostic biomarkers that could accurately predict 
the behavior of OSCC.

Histopathologic assessment of OSCC using hematoxy-
lin and eosin (HE) staining is the cornerstone of routine 
pathology practice. In addition to diagnostic assessment, 
a prognostic assessment by evaluation of clinically rel-
evant histopathologic features has been introduced [6]. 
The latter has received attention as it is simple, cost-effec-
tive, and can be performed during the first assessment of 
the tumor sample, i.e., without requesting any additional 
staining. In clinical decision making, only a few histo-
pathologic parameters are considered (e.g., depth of inva-
sion). Of note, evidence from recent research emphasizes 
the prognostic power of new histologic features including 
tumor budding, tumor-stroma ratio and tumor-infiltrat-
ing lymphocytes [7–9]. Towards a personalized treatment 
of OSCC, multiple prognostic markers are necessary 
preferably assessing characteristics of both the tumor and 
its surrounding stromal microenvironment. Of note, a 
recent study has added tumor-stroma ratio to the TNM 
staging system to improve outcome prognostication in 
oral tongue cancer [10]. Furthermore, recent studies have 
introduced a tumor-microenvironment grading system 
combining tumor-stroma ratio and a score of stromal 
tumor-infiltrating lymphocytes (TILs) [11, 12].

However, the path in development of clinically reli-
able prognostic markers remains challenging. Important 
steps in considering a newly introduced marker for clini-
cal implementation include validation by independent 
studies. Meta-analysis is an important tool in evidence-
based medicine allowing for the analysis of accumulated 
evidence when drawing definitive conclusions from mul-
tiple studies [13]. In this article, we have summarized the 
accumulated evidence from the meta-analyses so far con-
ducted on histologic markers assessed using HE-stained 
sections of OSCC. Our summary of published meta-
analyses will be useful towards evidence-based clinical 
decision-making as it gathers the accumulated evidence 
into one article.

Methods
We conducted a systematic search of Web of Science, 
Scopus, Ovid Medline, and PubMed from inception 
until October 2024. The following keywords were used in 
the search strategy: “Oral cancer” AND “Marker” AND 
“Meta-analysis” as presented in Supplementary Table 1. 
This systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The PRISMA checklist 
for the Abstract and the meta-analysis [14] is presented 
in Supplementary Tables 2 and 3. This systematic review 
is registered in PROSPERO (ID: CRD42024579935). Two 
authors (AA & RA) performed the search and selected 
the relevant articles. The interobserver reliability between 
these authors was measured using Cohen’s Kappa coeffi-
cient (κ = 0.92). In case of disagreement about the inclu-
sion of an article, a consensus discussion was conducted 
to reach an agreement. The references of the relevant 
articles were also checked.

Research question  Our paper focused on this research 
question: What are the histologic markers that are vali-
dated by meta-analysis in OSCC and what are the findings 
of these meta-analyses?

Inclusion criteria  The search strategy was restricted to 
articles in English. The inclusion criterion was meta-anal-
ysis on prognostic value of histologic marker/s derived 
from HE-stained sections of OSCC. All prognostic out-
comes included in the relevant studies (Table 1) were con-
sidered. These included overall survival, disease-specific 
survival, disease-free survival, and lymph node metastasis.

Exclusion criteria  Narrative reviews, cohort studies, 
case reports, case series. The inclusion and exclusion and 
reasons for exclusion are illustrated in a PRISMA flow-
chart (Fig. 1).

Data extraction  The following information was retrieved 
from the relevant meta-analyses: First author, year, jour-
nal, title of the article, site within oral cavity, histologic 
marker/s included in the analysis, number of studies, and 
number of cases in each meta-analysis, survival outcome, 
prognostic value reported from each meta-analysis and 
the conclusion of each meta-analysis (Table 1). The haz-
ard ratio, odds ratio, 95% confidence intervals (CIs), and 
P-value were extracted from each meta-analysis whenever 
reported.

Risk of bias appraisal  The risk of bias in the included 
studies was analyzed using the Risk of Bias in Systematic 
Reviews (ROBIS) tool [15] (Supplementary Table 4).
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Quality appraisal  The quality appraisal of the included 
systematic reviews was done using the Assessment of 
Multiple Systematic Reviews (AMSTAR) tool [16] (Sup-
plementary Table 5). The AMSTAR tool has a total of 11 
items. Each of the items was assigned a single point. The 
threshold of the quality of the included studies was set 
at 50%. Therefore, any studies with less than 50% quality 
were excluded.

Results
Search results  A total of 591 hits were retrieved from 
database searching. After removal of duplicates and irrel-
evant articles, 16 meta-analysis articles on histologic 
prognostic markers assessed in HE-stained sections were 
eligible to be included. As presented in Table 1, two of the 
relevant articles included meta-analyses on more than 
one histologic parameter [17, 18], one article had a meta-
analysis on a histopathologic prognostic model [19], while 
each of the other articles reported meta-analyses on only 
one parameter.

Number of included cohorts and prognostic outcomes 
meta-analyzed  There was a different number of cohorts 
included in the published meta-analyses with a minimum 
of two studies and a maximum of 45 studies as presented 
in Table 1. Lymph node metastasis was analyzed in seven 
meta-analyses (Table 1). Overall survival was reported in 
most of the meta-analyses followed by disease-specific 
survival and disease-free survival (Table  1). The meta-
analyses reported hazard ratios or odds ratios (with 
95%CI) and, in most cases, also P-values (Table 1).

Summary of findings on histopathologic markers and 
meta-analyses  There was a total of 11 histopathologic 
markers/parameters that were included in the published 
meta-analyses (Table  1). These included meta-analyses 
for tumor thickness in two articles [17, 20], depth of inva-
sion in two articles [17, 21], perineural invasion in three 
articles [17, 22, 23], lymphovascular invasion in two arti-
cles [17, 24], tumor-associated tissue eosinophilia in one 
article [25], surgical margins in one article [17], cohesive 
system in one article [17], worst pattern of invasion in two 
articles [17, 18], BD model in one article [19], tumor bud-
ding in eight articles [7, 17, 18, 26–30] and tumor-stroma 
ratio in three articles [8, 17, 18]. The BD model, tumor 
budding and tumor-stroma ratio have been introduced 
for OSCC only recently, while the other markers were 
introduced already many years ago. Among the relevant 
articles, there were a number of meta-analyses that were 
conducted specifically for studies focusing on early-stage 
OSCC, and their findings indicated the significance of 
depth of invasion [21], perineural invasion [23], lympho-
vascular invasion [24], worst pattern of invasion [18], 
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tumor budding [7, 18, 28] and tumor-stroma ratio [18] in 
early-stage tumors.

The highest hazard ratio (HR) or odds ratio (OR) 
of a relationship between a histopathologic prognos-
tic marker and outcome was for depth of invasion and 
tumors thickness in predicting lymph node metastasis 
(LNM). The OR for depth of invasion was 10.16 (95% CI 
5.05–20.46) based on a meta-analysis of 6 studies (416 
patients) as reported by Caldeira et al. [21] and for tumor 
thickness the OR was 7.32 (95% CI 5.3–10.1) based on a 
meta-analysis of 16 studies (1136 patients) as reported by 

Huang SH et al. [20]. In predicting lymph node metasta-
sis, depth of invasion and tumor thickness were followed 
by lymphovascular invasion with a HR of 5.34 (95% CI 
3.44–8.30, P < 0.00001) based on a meta-analysis of 18 
studies (2161 patients) [24]. The next in prediction of 
LNM was tumor budding based on a meta-analysis of 
seven studies (976 patients) with OR of 4.48 (2.97–6.76) 
as reported by Silva et al. in recent article [29]. For pre-
diction of overall survival, the highest effect estimate 
was observed for tumor budding with a HR of 3.11 (95% 
CI 2.06–4.69, P < 0.01) as reported by Feitosa et al. [28]; 

Fig. 1  Flow chart shows inclusion and exclusion of articles at each stage of the screening of the retrieved records (adopted from Preferred Reporting 
Items for Systematic Review and Meta-Analyses, PRISMA). Black boxes: indicate the steps of our systematic search. Blue boxes: indicate the included hits 
in each stage of the search/filtration. Red boxes: indicate the excluded hits in each stage of the search/filtration
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followed by worst pattern of invasion as reported by 
Dolens et al. [17] with a HR of 2.40 (95% CI 1.19–4.84, 
P = 0.01); then followed by perineural invasion with a HR 
of 2.36 (95% CI 1.56–3.56, P = 0.002) as meta-analyzed 
by Zhu et al. [22]. In the prediction of disease-specific 
survival, the highest effect estimate was observed for 
the cohesive system with HR of 2.63 (95% CI 1.56–4.46, 
P = 0.0003), followed by worst pattern of invasion with 
a HR of 2.42 (95% CI 1.00-5.88, P = 0.05), and then by 
tumor-stroma ratio with a HR of 2.26 (95% CI 1.65–3.11, 
P < 0.00001) as meta-analyzed by Dolens et al. in one arti-
cle [17]. For disease-free survival, the highest effect was 
observed for depth of invasion with OR of 3.83 (95% CI 
1.60–9.14, P = 0.002) as reported by Caldeira et al. [21], 
followed by worst pattern of invasion with a HR of 2.82 
(95% CI 2.03–3.91, P < 0.00001), and then followed by 
surgical margins with a HR of 2.47 (95% CI 1.90–3.21, 
P < 0.00001) as reported by Dolens et al. [17].

Risk of bias  Of the 16 studies included in this system-
atic review, only three studies showed a high risk of bias 
(Huang 2009 [20]; Zhu J 2019 [22]; & Li 2021 [23]) as 
presented in Supplementary Table 4. All of the included 
meta-analyses showed a high quality (over 50%) as shown 
in Supplementary Table 5.

Discussion
Biomarker-driven treatment decisions have received 
valuable research interest recently as they have the 
potential of aiding in efficient treatment planning. For 
OSCC, many prognostic biomarkers have been intro-
duced using immunohistochemical staining, RNA 
sequencing, and other techniques, but, however, they 
are still in the early stages of development and far away 
from clinical implementation [31–33]. It has become 
evident that some histopathologic features are associ-
ated with survival in OSCC [6]. Towards a translation 
into daily practice, many histopathologic markers have 
been repeatedly validated in their clinical significance, 
and subsequently, meta-analyses have been conducted 
[7, 18, 21]. Such an approach can enhance the level of 
the accumulated evidence and allow to recognize reliable 
prognostic markers, and to incorporate them in the per-
sonalized management of OSCC patients. In this article, 
we summarized evidence-based knowledge on the clini-
cal significance of histopathologic markers in OSCC in 
published meta-analyses.

One of the most common and traditional histopatho-
logic parameters in OSCC is the third-dimension mea-
surement, either defined as depth of invasion or as tumor 
thickness. These have been reported frequently during 
the last decades and their clinical significance confirmed 
in many meta-analyses, as summarized in Table  1. For 
determining tumor thickness and depth of invasion, the 

usefulness of imaging modalities (including magnetic 
resonance imaging, computed tomography, and intraoral 
ultrasonography) and their correlation with histopatho-
logic measurements have been confirmed in recent meta-
analyses [34–37]. Of note, depth of invasion has been 
incorporated in the T class of the most recent edition (i.e. 
8th edition) of the TNM classification [38] and this has 
improved the prognostic performance of the staging sys-
tem [39].

The invasion of vital structures including nerves, blood 
and lymphatic vessels in OSCC is a sign of poor progno-
sis [40] as in other cancers including breast cancer [41] 
and colorectal cancer [42]. The clinical significance of 
perineural invasion in OSCC has been reported in three 
meta-analysis articles [17, 22, 23], while that of lympho-
vascular invasion has been confirmed by two meta-anal-
yses on OSCC [17, 24] and other cancers [41]. Thus, as 
the most important histopathologic prognostic param-
eters perineural invasion and lymphovascular invasion as 
well as depth of invasion should be considered in clini-
cal decision-making in OSCC. Interestingly, Caponio et 
al. [43] have recently proposed to incorporate perineural 
invasion into the TNM staging system of OTSCC. Their 
proposal still requires further validation.

The histological pattern of tumor invasion in OSCC has 
been studied since decades using various criteria [44], 
where the worst pattern of invasion (WPOI) has been one 
of the most recent. Two meta-analyses have reported that 
WPOI has reliable prognostic value [17, 18] and accord-
ingly should be taken into account in treatment planning. 
Of note, tumor budding, defined as single cancer cell/s or 
cluster/s of less than five cancer cells, has been recently 
identified as an important prognostic marker in OSCC 
and various other solid tumors [45]. Tumor budding can 
be considered a variant histological pattern of invasion 
with criteria different from those of WPOI, i.e. they over-
lap but are not identical [46]. However, both tumor bud-
ding and WPOI reflect dissociation of tumor growth and 
the presence of active invasive growth at the tumor front 
[44]. The clinical significance of tumor budding in OSCC 
is well-established as presented in eight meta-analyses 
articles [7, 17, 18, 26–30], and therefore it can advance on 
the path towards clinical implementation. In risk stratifi-
cation of tumor budding, a cutoff point of five buds has 
been widely reported in many studies [7] including a 
recent comparative study [47]. In addition, a recent meta-
analysis has emphasized that five buds is the most often 
used cutoff point for risk stratification in the published 
studies [29].

Research on stromal microenvironment of OSCC has 
been widely conducted using specific staining such as 
antibodies to alpha-smooth muscle actin [48]. How-
ever, this will necessitate additional staining not fre-
quently employed in daily practice. Of note, analysis of 
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tumor-stroma ratio in HE-stained sections of OSCC has 
been introduced recently and shown promising results in 
OSCC and other cancers [49–52]. Three meta-analyses 
[8, 17, 18] have confirmed the prognostic significance 
of tumor-stroma ratio in OSCC, and this can be a step 
towards considering the stroma component in pathology 
reports and clinical decisions. In addition, Mascitti et al. 
[10] have recently proposed adding tumor-stroma ratio 
to the TNM staging system of oral tongue cancer and 
their proposal has shown a promising prognostic value 
and therefore requires further validation.

Importantly, meta-analyses conducted specifically 
on studies of early-stage (T1-T2N0M0) OSCC have 
approved a number of histopathologic markers, namely, 
tumor budding, tumor-stroma ratio, and worst pattern 
of invasion, as reliable prognosticators [7, 18]. The stan-
dard treatment of early OSCC is surgical resection with 
or without neck dissection. However, multimodality 
treatment combining postoperative oncological inter-
vention is sometimes indicated, but this decision can be 
challenging. In daily practice, this decision is currently 
based mainly on the pathological TNM staging system, 
which might not be sufficient as about 18% of early-stage 
cases are still associated with cancer-related mortality 
[4]. Thus, the above-mentioned markers in early-stage 
OSCC can aid in the decision making in such cases. Since 
many histologic markers have been highlighted as useful 
prognostic classifiers and they can be assessed in routine 
HE-stained sections, a multiparameter prognostication 
approach can ideally be considered using machine learn-
ing and web-based tools. This approach for oral cancer 
has been introduced recently by many researchers [53].

Of note, a few histopathologic markers have been 
investigated in a small number of studies and therefore, 
only limited meta-analyses were available for them. For 
example, the evaluation of eosinophilia has been high-
lighted in only one meta-analysis article based on a small 
number of studies with limited number of cases [25]. 
Similarly, the assessment of tumor-infiltrating lympho-
cytes (TILs) in HE-stained slides of OSCC has been ana-
lyzed in a few studies only [54]. In our recent research 
including a multicenter study on early oral tongue cancer 
[55], TILs score has been reported as a powerful prog-
nostic indicator for the assessment of immune response. 
However, evidence accumulated on the assessment of 
eosinophilia and TILs in HE-stained slides is still not suf-
ficient to recommend them for daily reporting of OSCC 
due to the small number of published studies. Thus, more 
research and validation studies are necessary.

The main limitation/weakness in the published meta-
analyses is the heterogeneity of the original cohorts with 
regard to mixing different oral subsites into the same 
analysis. It has been reported that SCC of oral subsites 
(e.g. floor of mouth, oral tongue, gingiva, palate) have 

different clinical behaviors [56, 57], and therefore, study-
ing each oral subsite separately is recommended. How-
ever, each meta-analysis included studies combining 
different subsites of the oral cavity together. Another 
heterogeneity in most of the original studies that were 
meta-analyzed is the combination of early-stage and 
advanced-stage cases in the same analysis. In addition, 
another point of weakness is the small number of cases 
in some original studies of each meta-analysis. Unfortu-
nately, these weaknesses cannot be avoided as they are 
derived from the original studies. In future research, 
avoiding such weaknesses is of major importance.

Conclusions
An overview of the results of the published meta-analy-
ses (Table 1) shows the prognostic impact of histopath-
ologic parameters (that can be assessed in the routine 
HE-stained sections) including the depth of invasion and 
perineural invasion. In addition, clinical significance of 
the recently introduced markers, including tumor bud-
ding, worst pattern of invasion and tumor-stroma ratio is 
confirmed in the pooled analyses of the relevant articles. 
Of note, in a recent meta-analysis such new markers were 
also associated with survival in early-stage (T1-T2N0M0) 
OSCC [18]. Thus, these markers can aid in selecting 
early-stage OSCC cases that are eligible for a multimo-
dality approach.

Almost all markers highlighted in these meta-analy-
ses are recognized as adverse prognostic factors associ-
ated with increased risk for metastasis and a decrease 
in survival. Due to the use of HE staining in routine 
histopathology, these markers can be evaluated in the 
daily practice of pathologists, and could be incorporated 
in routine pathology reports. In conclusion, based on 
the existing evidence, we propose the inclusion of the 
recently introduced markers including tumor budding, 
worst pattern of invasion, and tumor-stroma ratio in rou-
tine histopathological reporting in OSCC, in addition to 
the older markers, namely, depth of invasion, perineural 
invasion, and lymphovascular invasion. Although there 
were some limitations in the above-mentioned published 
meta-analyses, the level of reliability of the evidence is 
good as it derives from multiple articles. Thus, these 
markers can be used for patient stratification to select 
patients who might benefit from aggressive treatments.
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