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Abstract

Introduction

Tumor budding is defined as a cluster of cells that invade the stroma. This has recently been
studied to be associated with lymph node metastasis (LNM) and poor overall survival (OS) rate.
The reliability and reproducibility of this histopathological feature make it a valid prognostic
indicator in tongue carcinomas, which often have an unpredictable prognosis. The objective of
this study was to group the studies that elucidate the prognostic role of tumor budding in
tongue cancers.

Methods

A systematic database search was performed in MEDLINE, Embase, and Google Scholar for
relevant studies that reported tumor budding in tongue cancer. The relevant articles were
independently screened by two authors for selection and data extraction. As a result, a list of
such studies, clinical trials, and references, published in English up to March 2020, was
obtained, and a total of 1448 patients in nine studies were included in this meta-analysis.
Statistical analysis was conducted using RevMan software 5.3 (The Nordic Cochrane Centre,
Cochrane Collaboration, Copenhagen).

Results

A higher tumor budding score was significantly correlated with LNM (hazard ratio (HR): 3.07;
95% confidence interval (CI): 2.08-4.52; p<.00001) and poor OS (HR: 2.40; 95% CI: 1.84-3.14;
p<.00001) in tongue cancer.

Conclusions

Our present study demonstrates that tumor budding is an independent predictor of LNM and
OS in tongue cancer. Tumor budding should be considered a parameter in future oncological
staging systems.
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Oral cavity cancer is one of the most common malignancies worldwide, with high frequency in
southern Asia as well as the Pacific Islands, and accounts for 30% of all cancers in these regions
[1]. Cancers involving the lips, mouth, and tongue define oral cancer. This definition is adopted
from the International Classification of Diseases coding scheme, the World Health
Organization case definition, and the International Agency for Research and Cancer [2].

Among the oral cancers, tongue carcinomas are one of the most common cancers with
unpredictable lymphatic spread and distant metastasis. The prognostication of tongue
carcinomas is usually done by traditional biomarkers and histopathological features. The
pathological features, such as perineural invasion and lymphovascular invasion, have shown to
have prognostic value but do not have reliable prognostic significance [3].

Recently, tumor budding has been demonstrated as a prognostic marker and is a characteristic
of the aggressiveness of cancer [4]. Tumor budding is characterized by pathological alveoli
harboring one to four cancer cells at the invasive front [5]. Tumor budding is a dependable
prognostic marker of oral cavity cancers. However, it is not considered a part of the standard
staging of these cancers.

This study aims at conducing that tumor-budding pattern is a reliable prognostic factor and its
role in determining the risk of lymph node metastasis (LNM) and overall survival (OS) of the
patients with carcinoma tongue.

Materials And Methods
Search strategy

We performed a systematic literature search on the MEDLINE, Embase, and Google Scholar
databases for articles published before March 2020 using the following strategy. The articles
were searched using Medical Education Subject Headings (MeSH) keywords "(oral cancer) OR
(tongue cancer)) OR (tongue carcinoma)) AND (tumor-budding)) AND (lymph node)) AND
(metastasis).” Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines were followed to search and report the articles.

Study selection

All studies that reported an association of tumor budding with LNM and OS for tongue cancer
patients were identified by a comprehensive computer-based search. Two authors (P] and VA)
independently assessed titles and abstracts for eligibility. The reference lists were scanned for
similar articles. All the screened articles were assessed to match the eligibility and any
discrepancy was resolved through discussion. The studies that met the following inclusion
criteria were included in the meta-analysis. The criteria of inclusion were articles published in
English that were clinical trials and studies that compared the OS and LNM on tumor budding.
Studies containing republished data, inability to extract data from the published results, and
publications in the form of editorials, comments, review articles, meeting abstracts, or those
that omitted reported outcomes were excluded.

Data extraction

The relevant data were extracted from the screened articles independently by two authors (P]
and VA). The data extracted from the articles that fulfilled the criteria were the following: the
first author and the basic characteristics of the study, year of publication, study setting, design
of the study, duration of the study, data sources, multivariate adjustments; the basic patient
characteristics, including age, gender, stage, treatment, and survival periods; comparative
outcomes, including hazard ratio (HR) for LNM, and OS on different tumor-budding subgroups.
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Author name

Wang et al. [4]
Nanxie et al. [7]
Angadi et al. [8]

Hori et al. [9]
Yamakawa et al. [10]
Shimizu et al. [11]
Sakata et al. [12]
Ebihara et al. [5]

Elseragy et al. [3]

Quality assessment

Two authors (P] and VA) independently appraised the quality of each included study using the
Oxford Quality Scoring System [6]. The included studies are shown in Table I. If the study did
not meet more than one criterion in the selection domain or if the compatibility domain did not
have a score and if more than one criterion in the outcome domain were not met, it was
considered to be of poor quality and hence excluded. Any disagreements between reviewers
were resolved by consensus.

Year Study design Sample size = Endpoint OQSS Tumour-budding cut-off
2011 RCS 230 oS 3 <5, 25

2014 RCS 195 LNM,O0S 3 <5, 25

2015 RCS 75 LNM 4 <10, 210

2017 RCS 48 LNM 4 <5, 25

2018 RCS 337 LNM 3 <5, 25

2018 RCS 91 LNM,0S 2 <5, 25

2018 RCS 97 LNM 3 <4,24

2019 RCS 64 LNM,0S 4 <5, 25

2019 RCS 311 oS 3 <5, 25

TABLE 1: Characteristics of included studies

RCS: retrospective cohort study; LNM: lymph node metastasis; OS: overall survival; OQSS: Oxford Quality Scoring System

Statistical analysis
RevMan software version 5.3 (The Nordic Cochrane Centre, Cochrane Collaboration,
Copenhagen) was used for statistical analysis. HR was analyzed as a continuous variable and

95% CI was recorded. Heterogeneity was assessed using the )(2 and I2 tests. 12 of 0-30, 30-60,
60-70, and >75% represent low, moderate, substantial, and considerable heterogeneity,
respectively. Studies with a P-value of <.1 and I > 40% indicated substantial heterogeneity. The
fixed-effects model was used with P >.10 and 12<25%. If significant heterogeneity existed in the
fixed-effects model then the random-effects model was used to estimate the pooled HR. The Z-
test was used to determine the pooled HR, and the significance was set to reject the null
hypothesis at P <.05. Funnel plots were adapted to investigate possible bias.

Results
Studies included

A total of 85 potentially relevant articles were identified with our predefined search strategy.
Based on inclusion and exclusion criteria and following the screening of titles and abstracts, 46
studies were excluded. After excluding duplicates, the reviewers identified 16 studies for an
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extensive review. Of these, nine studies were entered into the meta-analysis (Figure 7). The
quality of articles was assessed by the Oxford Quality Scoring System (OQSS) and was, by and
large, acceptable. The main characteristics of the included studies are provided in Table 1.

other sources

67 of records identified through database
searching

18 of additional records identified through ’

i

[46 of records after duplicates removed ]

[39 of records screened ]4.[23 of records excluded

7 of full-text articles excluded, with reasons

(5 had insufficient data;

2 full-text unavailable;

[16 of full-text articles assessed for eligibility ] 1 unclear survival data)

[9 of studies included in qualitative synthesis ]

9 of studies included in quantitative synthesis
(meta-analysis)

FIGURE 1: PRISMA flow chart showing study selection

PRISMA: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses

Meta-analysis results

In the present study, we performed a meta-analysis and examined the association of tumor
budding and LNM and OS.

LNM, as the primary outcome, was extracted from seven studies with available data. A pooled
HR and its 95% confidence interval (CI) were calculated with a fixed model for LNM. The pooled

HR was 3.07 (95% CI: 2.08-4.52 with 1220% and P 0.28) for LNM with a statistically significant
P <.00001 (Figure 2). The result showed that high tumor budding is associated with LNM.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Nanxie et al. 2014 05822 04507 19.2% 1.79([0.74,4.33] 2014 T
Angadi etal. 2015 1.9149 0556 126% 6.79(2.28,20.18] 2015 —
Horietal. 2017 2.245 08715 51% 9.44[1.71,5210] 2017
Yamakawa et al. 2018 0.7975 0.3356 346% 2.22[1.15,4.29] 2018 ——
Shimizu etal. 2018 11151 04329 20.8% 3.05(1.31,7.12] 2018 —
Sakata etal. 2018 21066 08386 55% 8.22[1.59,42.53] 2018
Ebihara etal. 2019 1.3429 1.3724 21% 3.83(0.26,56.42] 2019
Total (95% CI) 100.0% 3.07 [2.08, 4.52] <>
Heterogeneity: Chl’f 7.47,df=6(P=0.28),F=20% o1 oh 10 100
Test for overall effect: Z= 5.68 (P < 0.00001) Favours High TBP  Favours Low TBP

FIGURE 2: Forest plot showing tumor budding and LNM

LNM: Lymph node metastasis; SE: standard error; Cl: confidence interval
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Overall survival, as the primary outcome, was extracted from five studies with available data.

The pooled HR was 2.40 (95% CI: 1.84-3.14 with 12 0% and P 0.53) for OS with a statistically
significant P <.00001 (Figure 53). The result showed that high tumor-budding is associated with

poor OS.
Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Wang et al. 2011 11082 03485 154% 3.03[1.53,6.000 2011 —
Nanxie etal. 2014 1.7192 07722  31% 5.58[1.23,25.35) 2014
Shimizu etal. 2018 0.7839 01897 520% 219[1.51,3.18] 2018 -
Elseragyetal. 2019 0708 02749 248% 203[1.18,3.48 2019 —
Ebiharaetal. 2019 1.4839 06379 46% 4.41([1.26,15.40] 2019
Total (95% CI) 100.0% 2.40[1.84,3.14] &

o 2 - - - R = } + + {
Heterogeneity: Chi*= 3.15, df= 4 (P=0.53); F=0% 001 01 10 100

Test for overall effect: Z=6.41 (P < 0.00001) Favou'rs High TBP Favours Low TBP

FIGURE 3: Forest plot showing tumor budding and OS

OS: overall survival; SE: standard error; Cl: confidence interval

Publication bias

The publication bias of the included studies was evaluated by funnel plots. No publication bias
was established for LNM and OS, as shown in Figure 4 and Figure 5, respectively [3-5,7-12]. This
indicated that the publication bias was minute in the current meta-analysis.
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FIGURE 4: Funnel plot showing tumor budding and LNM

LNM: lymph node metastasis; SE: standard error
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FIGURE 5: Funnel plot showing tumor budding and OS

OS: overall survival; SE: standard error
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Discussion

Oral squamous cell carcinoma (OSCC) presents with a clinically node-positive disease in about
18%-45% cases [13]. The LNM more commonly seen with OSCC are level I and II cervical lymph
nodes. This most common lymph nodal involvement occurs in up to 60%-70% of tongue cancers
[14]. The total number of positive nodes has been recognized as a prognostic marker of adverse

outcomes [15]. The OS benefit with LNM and the actuarial OS in patients without LNM is 95
and 71%, respectively [16].

%

Many prognostic markers have been correlated with survival outcome in OSCC, with numerous

studies, which repeatedly demonstrated tumor budding as one such promising prognostic

marker. In accordance with the International Tumor Budding Consensus Conference (ITBCC

2016) recommendation, tumor budding or sprouting is a continuous phenomenon
characterized by the presence of single cancer cells or small clusters of less than five cancer

cells outside the main part of the tumor [17-18]. Xie et al. reported an excellent reproducibility
and reliability of the ITBCC 2016 scoring method of tumor budding in oral tongue cancer [19].

It is an expression of loss of cellular cohesion and active invasive movement indicating the
aggressiveness of the malignancy. It is considered the first histopathological event and initi
of metastasis [20].

This meta-analysis was intended to emphasize the association between tumor budding and
LNM and OS in tongue cancer. Our study results demonstrated that a higher tumor budding

ator

pattern is associated with an increased incidence of LNM and OS. These findings were further

supported by a recent meta-analysis by Almangush et al., which included 16 studies that
evaluated the prognostic value of tumor budding in OSCC. They showed that there was a
significant association between tumor budding and LNM (odds ratio=7.08, 95% CI=1.75-
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28.73) and overall OS (HR=1.88, 95% CI=1.25-2.82), adding strength to our results [21].

There are certain limitations in our study that need to be specified. First, there was an inclusion
of retrospective studies; hence, there exists a possibility of unavoidable selection bias. Second,
there are no randomized controlled trials on this topic that needs to be addressed. Lastly, the
absence of prospective studies was also to be noted.

However, the strengths of this meta-analysis are the precision of estimates that are based on a
large dataset. This meta-analysis included nine studies involving 1448 patients. The statistical
power is satisfactory enough to hold up the results. To our knowledge, this study is the largest
analysis of the impact of tumor budding on LNM and OS in oral tongue cancer. The other
strengths of this meta-analysis are the precision of tumor budding-specific estimates and the
investigation of many covariates. The cut-off value of tumor buds for predicting LNM in each
included study is different altogether. The most reliable cut-off value for defining the tumor
budding pattern, which could predict the prognosis of tongue cancer patients, is a subject of
debate. However, in our study, there is significant statistical power with little heterogeneity
when a cut-off of five buds or more is associated with a higher chance of metastasis and poor
OS. The other strength of our meta-analysis is the minimal heterogeneity between studies and
their subgroups enhances the robustness of the results.

Our findings should be expounded within the order of the effectiveness and limitations of a
study-level meta-analysis of heterogeneous studies. Therefore, a large cohort study or an
individual patient data meta-analysis is required to assert our results and ascertain the
inconsiderable differences.

Conclusions

Our meta-analysis reviewed the current research targeting the prognostic role of tumor
budding in predicting lymph node metastasis and assessing survival in tongue cancer patients.
Our findings have demonstrated that a higher tumor budding score is a predictor of poor
survival and a higher chance of lymph node metastasis. We conclude that the tumor budding
could provide answers for the lacunae in the current TNM staging system.
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