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Angiogenesis is a crucial molecular driver of fibrosis in various inflammatory lesions. Oral submucous fibrosis (OSMF) is a chronic inflammatory fi-
brotic disorder with malignant potential. The angiogenetic pathways in OSMF remain obscure due to limited research, necessitating an in-depth review.
This review aimed to illuminate the cryptic pathogenetic mechanisms of angiogenesis in the disease progression/fibrosis of OSMF and its malignant
transformation, providing insights for improved treatment. Extensive literature searches were conducted across an array of databases until October
2023. Original research articles on angiogenesis in OSMF were included, and the risk of bias was assessed using the modified Newcastle-Ottawa scale.
RevMan ver. 5.4 (Cochrane Collaboration) was used for data analysis. Thirty-four articles were included for qualitative synthesis and seven for quanti-
tative analysis. Findings revealed that angiogenesis was significantly increased in early-stage OSMF but decreased as the disease advanced. It was also
associated with the severity of epithelial dysplasia and malignant transformation. A random-effects model confirmed the upregulation of angiogenesis
as a significant risk factor in early-stage fibrosis and malignant transformation. The mounting evidence reinforces that angiogenesis plays a crucial role

in the progression of early-stage fibrosis of OSMF and its malignant transformation, opening avenues for diagnostic and therapeutic interventions.
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|. Introduction

Oral submucous fibrosis (OSMF) is a periodically en-
countered, potentially malignant disorder distinguished by
aggregation of inflammatory cell infiltration and intensified
submucosal tissue fibrosis leading to epithelial atrophy and
subsequent malignant transformation”. OSMF is marked by
a chronic course and irreversible nature’ and is characterized
by multifactorial aetiologies and an ambiguous pathogenesis".
There are several phases of OSMF development, including
early, intermediate, and advanced, which are primarily distin-

Rahul Agrawal

Unit of Oral Pathology and Microbiology, Faculty of Dental Sciences,
Institute of Medical Sciences, Banaras Hindu University, Varanasi 221005,
India

TEL: +91-9559676629

E-mail: rvs456@gmail.com

ORCID: https://orcid.org/0000-0002-9609-5328

@ This is an open-access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Copyright © 2024 The Korean Association of Oral and Maxillofacial Surgeons.

guished by the degree of fibrosis’. Although the early stage of
OSMF is the most prevalent, the intermediate and advanced
stages are more symptomatic’. The malignant transformation
rate of OSMF is around 4.2% (95% confidence interval [CI],
2.7%-5.6%)’.

In a literature search, we encountered various proposed
theories about the pathogenesis of OSMF that consider the
role of angiogenesis, which has drawn significant atten-
tion>”*. Furthermore, researchers have employed an array
of angiogenic markers (CD31, CD34, factor VIII-related
antigen, CD105, VEGEF, and VEGFRII) to determine vascu-
larity in OSMF tissues. Most studies have observed down-
regulation of angiogenesis with the progression of fibrosis
in OSMF; however, a three-fold increase in angiogenesis in
cases of OSMF with malignant transformation has also been
observed”'”. Meanwhile, a few investigators reported no
discernible connection between angiogenesis and OSMF "',
These conflicting results concerning an angiogenetic factor
in OSMF restricts the use of therapeutic anti-angiogenic anti-

bodies.
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The presence of a pathogenetic mechanism of angiogen-
esis in the progression of fibrosis in OSMF and its malignant
transformation is uncertain. In addition, the nature of the link
between vascularity and OSMF remains a debate. To identify
this relationship, the present systematic review and meta-
analysis attempted to clarify the multifaceted role of angio-
genesis in OSMF and elucidate its therapeutic implications to
prevent the progression of fibrosis and its malignant transfor-
mation.

Il. Materials and Methods

This exploration was catalogued in the International
Prospective Register of Systematic Reviews database
(CRD42023483345) and adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses standard'”.

1. Review question

“Is there a relationship between angiogenesis and progres-
sion of fibrosis and/or malignant transformation of OSMF?”

2. PICOS

For this study, the PICOS items were as follows:

* Population: Patients with OSMF (with/without dysplasia),
OSMF with oral squamous cell carcinoma, or oral squa-
mous cell carcinoma

* Intervention: Hematoxylin and eosin (H&E)/Masson’s
trichrome/immunohistochemistry (IHC) staining (using
angiogenic markers) of tissue sections or real time-quanti-
tative polymerase chain reaction (RT-qPCR) and western
blot (WB) analysis of tissues of patients using angiogenic
mRNA/proteins as appropriate

» Comparison: Healthy oral mucosa

* Outcome: Qualitative/quantitative/semi-quantitative anal-
ysis of angiogenesis in OSMF

» Study type(s): Literature review and meta-analysis

3. Strategy for identification of studies

The electronic literature databases PubMed, Google Schol-
ar, and the Cochrane Library were searched up to October 31,
2023. The search strategy was as follows: [ALL (“microvas-
cular density” OR “angiogenesis” OR “microvessel density”
OR “mean vascular density” OR “morphometry” OR “vas-
cular endothelial growth factors” OR “platelet endothelial
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cell adhesion molecule-1” OR “PECAM 1” OR “CD31”
OR “CD34” OR *“vascular cell adhesion molecule-1” OR
“VCAM-1” OR “CD106” OR “adhesion molecules” OR
“vascular adhesion molecules” OR “intercellular adhesion
molecule-1” OR “ICAM-1” OR “endoglin” OR “CD105”
OR “factor VIlI-related antigen” OR “vascularity” OR “neo-
angiogenesis” OR “VEGF” OR “VEGFRII”) AND ALL
(“oral submucous fibrosis” OR “precancer” OR “potentially
malignant disorders” OR “OSMF with dysplasia” OR “OSMF
with malignant transformation”) AND ALL (“immunohisto-
chemistry” OR “polymerase chain reaction” OR “Masson’s
trichrome stain” OR “special stain” OR “western blot” OR
“IHC” OR “RT-PCR”)]. A grey literature search was also
executed in Google Scholar and Google. The references of
published articles were also searched for relevant studies.
Supplementary Table 1 describes the study selection process.

4. Eligibility criteria

Articles that fulfilled both of the following inclusion crite-

ria were considered:

(1) A full-text, case-control/cross-sectional original investi-
gation (H&E/Masson’s trichrome/IHC/Enzyme-Linked
Immunosorbent Assay (ELISA)/RT-qPCR/WB) of
OSMF published in English.

(2) Qualitative/quantitative/semi-quantitative analysis of
angiogenesis in patients with OSMF/OSMF with epi-
thelial dysplasia/OSMF with Oral Squamous Cell Car-
cinoma (OSCC) compared to a control group.

Conversely, the following were excluded:

(1) Duplicate, repetitive, and unrelated studies

(2) Unpublished articles, withdrawn/retracted studies, re-
views, case reports, conference abstracts, commentar-
ies, opinion articles, and letters to the editor

(3) Abstract or partial article

(4) Studies including oral premalignant disorders other than
OSMF

(5) Articles with inadequate information about the meth-
odology and/or results of angiogenesis within OSMF/
OSMF with dysplasia/OSCC

5. Article screening and eligibility evaluation

Two investigators reviewed the abstracts and titles of all
the publications, eliminating those that failed to fulfil the
qualifying requirements. Following selection, the chosen
articles underwent a full-text eligibility assessment, during



which the reasons for exclusion were documented. In cases
of unresolved discordance, a third investigator was involved

for consensus.
6. Study selection and data extraction

The first investigator retrieved data, while the second in-
vestigator made amendments to verify the legitimacy of the
contents. Subsequent data were extracted, including author
name(s), publication year, country of origin, total numbers of
OSMEF cases without dysplasia/with dysplasia/with malignant
transformation and control participants, clinical/histological
grading of OSMF, markers employed, method of measure-
ment, angiogenesis assessment criteria, outcome, and infer-

ences.
7. Summary measures, data synthesis, and analysis

The primary outcome of the review was the role of angio-
genesis in the progression of fibrosis of OSMF and its malig-
nant transformation. All the extracted data parameters were
tabulated and processed in Microsoft Excel 2019 (Microsoft).
The meta-analysis was performed using Review Manager
software (RevMan ver. 5.4; Cochrane Collaboration). Forest
plots of each study with 95% CI were presented. Odds ratios
were calculated following bivariate fixed/random-effects
regression modeling. The heterogeneity between eligible
studies was calculated by inconsistency indexes; I’ >50% was
considered to indicate substantial heterogeneity. P<0.05 was
considered statistically significant.

8. Quality assessment

Using the modified Newcastle—Ottawa scale (NOS), two
investigators autonomously evaluated the risk of bias, with a
third investigator involved to resolve any conflicts. Studies
with 7-9 stars were considered to be of high quality, studies
receiving 5-6 stars were considered to be of medium quality,
and studies with <5 stars were categorized as low quality.
The results of modified NOS analysis were generated using
RevMan ver. 5.4.

[ll. Results

1. Study selection

Using various syntaxes, 5,933 articles published through

Angiogenesis in fibrosis and malignant transformation in oral submucous fibrosis

October 31, 2023, were found in the scientific databases.
After duplicates were eliminated, 2,341 were shortlisted, and
additional filtering by reviewing titles and abstracts resulted
in a dataset of 36 articles. After examination of the full texts,
347141935374 articles were chosen for inclusion in the qualita-
tive synthesis after excluding two studies in languages other
than English. Of these 34 articles, 4 using IHC to compare

: 3 . :10-12,43
angiogenesis and progression of fibrosis

9,25.29

and 3 regarding
malignant transformation of OSMF were included for

meta-analysis.(Fig. 1)
2. Study characteristics

Supplementary Tables 2, 3 present data regarding country
of origin, authors, total numbers of OSMF and control cases,
and the clinical characteristics from all 34 studies. Among
these, 33 were conducted in India and 1 was carried out in
China. An aggregate of 1,596 OSMF cases were investigated,

and their relation to angiogenesis was evaluated.

3. Morphometric analysis of vascularity in hematoxylin and
eosin findings

Data regarding the H&E morphometric assessment and

13,14,16-22
are pre-

characterization of vascularity from 9 studies
sented in Supplementary Tables 2, 4. A single study on quali-
tative analysis by Sirsat and Pindborg™ revealed extreme dil-
atation of blood vessels in the early stage and constriction in

the advanced stage of OSMF. Five studies'>'*'*">*!
16,19,21

involved
digital morphometry, with three reporting increased
microvessel density (MVD) in very early-grade OSMF and
minimal MVD in advanced-grade OSMF. The mean vas-
cular area (MVA), mean vascular percentage area (MVPA),
and mean vascular luminal diameter (MVLD) were high-
est in the early stage of OSMF and lowest in the advanced
stage. In contrast to the above findings, Rajendran et al.”
found the results of digital analysis of MVD to be roughly
the same in OSMF and control tissues, whereas MVPA and
MVLD showed a significantly increasing trend with disease
progression. Another study by Garg and Mehrotra'* reported
that MVA, MVLD, and mean vascular perimeter (MVP) did
not show sustained change with increasing disease severity.
Intriguingly, Pal et al.' noted that the ratio of vasculature
was increased significantly in OSMF cases with dysplasia.

1. found no correlation

In conflict, however, Kapoor et a
between MVD and epithelial dysplasia. Sarode et al.'” ob-

served conspicuous, large dilated vascular spaces in the juxta-
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epithelial regions of OSMF in patients with OSCC. Accord-
ing to Kapoor et al.”’, there was a non-significant but slightly
positive correlation between vascularity and both fibrosis and
epithelial thickness.

4. Immunohistochemistry findings of angiogenic markers

Data regarding the IHC findings of angiogenic markers

9-12,24-35,39-44 s
are presented in Supplementary

9-12,24-32,35,40-44

from 22 studies

Tables 4, 5. Nineteen studies
33,34

used quantitative

12,30,31,39,43,44

methods, while two " and six studies employed

qualitative and semi-quantitative methods, respectively.

1) Factor VIlI-related von Willebrand factor (vWf)
Thakkannavar and Naik'” reported a significant decrease
in factor VIII-related vWf MVD with increasing severity of

OSMEF, contrasting with two other studies”*’. Furthermore,
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Gupta et al.”” noted a significant increase in factor VIII-
related vWf MVD with disease progression of OSMF to ma-
lignant transformation.

2) CD31
A single study by Bavle et al.”’ observed a non-significant
difference in CD31 MVD with increasing grade of OSMEF.

3) CD34

Four studies'***"* observed increased CD34 MVD/TVA/
MVA in OSMF cases compared to control participants, while
two studies™'” reported a non-significant difference. Five
studies™""**"* mentioned upregulation of CD34 MVD/TVA/
MVA in early and moderately advanced OSMF, with a de-
creasing trend in advanced OSMF. In contrast, Desai et al.”
found a non-significant difference in CD34 MVD/MVLD/

MVAP among grades of OSMF. Another two studies™'* found



a significant progressive upregulation of CD34 MVD from
OSMF cases without dysplasia to OSMF cases with dysplasia
and malignant change.

4) VEGF
According to five and one study” respectively
found VEGF staining intensity/expression’”****/VEGF-

RII* were found to be increased in OSMF compared to con-
12,31,32

30,33,38,42,43

trol participants. While three studies reported a non-
significant difference in VEGF levels, there were variations
in the observed values between OSMF cases and controls.
Study 32 noted higher VEGF values in OSMF cases com-
pared to controls, whereas studies 12 and 31 found lower
VEGF values in OSMF cases than in controls. Three stud-
ies’* found decreasing VEGF expression with increas-
ing grade of OSMF, in disagreement with two studies'>*".
These two studies demonstrated a non-significant difference
in VEGF expression among grades of OSMF. Another two
studies’'” reported significantly increased spatial localiza-
tion (proliferative/differentiative layers) of VEGF/VEGFRII
in the epithelium/submucosa of OSMF cases with dysplasia,
and this finding was associated with severity of dysplasia.
Madhavan Nirmal et al."” observed significant increases in
VEGF during progression from OSMF without epithelial
dysplasia to OSMF with epithelial dysplasia and micro-

invasion.

5) CD105
CD105 staining in normal oral mucosa (NOM) was absent

: 31,32,34 . . :
in three studies, while CD105 expression was assessed

25-27.41 41 .
. Pammar et al.” observed decreasing

CD105 MVD with increasing grade of OSMF. Three stud-

. 313234

ies mentioned significantly increased CD105 MVD,

in four studies

thicker vascular diameter, and increased area of extension in
OSMF with dysplasia compared to OSMF without dysplasia.
Six studies™”*"*** have reported that, with increasing grade
of OSMF dysplasia, there is a parallel significant upregula-
tion of CD105 MVD or CD105-positive vessels. Gadbail et
al.”” commented that CD105 MVD significantly increased
with disease progression from OSMF without dysplasia to
OSMF with dysplasia to malignant transformation. Finally,
two studies™** found that CD105 MVD was significantly
greater in the OSCC group compared to the OSCC with
OSMF group.

Angiogenesis in fibrosis and malignant transformation in oral submucous fibrosis

5. Other methods for assessment of angiogenic markers

Studies using Masson’s trichrome stain”, RT-qPCR**7*,
or WB* found significantly increased VEGF mRNA ex-
pression in OSMF’7*, In two studies™”’, MVD and VEGF
mRNA and proteins decreased with disease progression.

6. Quality assessment

Of the 26 case-control studies, we categorized three as high
quality and 23 as moderate quality based on the modified
NOS evaluation. A moderate-quality designation was given to
all eight of the cross-sectional studies. Not a single involved
study was of poor quality. Supplementary Fig. 1 presents the
quality designations of the studies.

7. Meta—analysis

Random-effects and fixed-effects models confirmed that
significantly increased angiogenesis was associated with
early-stage fibrosis of OSMF'""** (combined mean differ-
ence, 7.29; 95% CI, 2.08-12.49, P=0.006 with substantial
heterogeneity) or malignant transformation of OSMF’***
(combined mean difference, 259.73; 95% CI=24.70-2731.71,
P=0.04 with null heterogeneity).(Supplementary Fig. 2, 3)
Meanwhile, significantly decreased angiogenesis exhibited an
association with the advanced-stage fibrosis of OSMF'"">*
(random-effects model: combined mean difference, —8.74;
95% CI, —17.17 to —0.31; P=0.04 with substantial heteroge-

neity).(Supplementary Fig. 4)

IV. Discussion

In addition to being a disorder of the connective tissue,

45,46

OSMF might transform into malignancy™". Recently, evi-

dence has emerged to substantiate the critical role of angio-

genesis in fibrotic disorders**

. Thus, the present systematic
review and meta-analysis was conducted for in-depth under-
standing of the angiogenic mechanism in the progression of
OSMF and its malignant transformation to aid practitioners in
treatment. Furthermore, endeavors were undertaken to clarify
the role of angiogenesis in the progression of fibrosis of
OSMF and its malignant transformation.(Fig. 2) The present
review encompassed 34 original studies involving the meth-
odology and assessment of vascularity and neo-angiogenesis
and their potential roles in OSMF.

Most morphometry studies reported increased MVD in
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'

Epithelial’changes

Contributes to atrophic epithelium

Preceding 1

Progression of dysplasia

Release of VEGF, VEGFR, MMPs-

Subsequently l
ANGIOGENIC SWITCH

Progression of OSCC

the very early stage of OSMF, while greater MVA, MVPA,
and MVLD were observed in the early stage of OSMF with
maximum dilatation. In contrast, later advanced stages of
OSMF are marked by reduced MVD, MVA, and MVPA
with constriction or near obliteration of the blood vessel lu-
men'*"**"* Notably, two studies''* disagree with these
findings. The dissimilar results could be attributed to a small
sample size or ambiguities in methodology. Moreover, di-
lated vascular blood vessels in the moderately advanced and
advanced stages of OSMF are considered indicators of tissue

13.22

hypoxia “*". When predominantly located in juxta-epithelial
areas, such vessels are an indicator of the potential malignan-
cy of OSMF". In relating vascularity and epithelial dysplasia,
one study each witnessed a significant or non-significant
association of TVA'" or MVD** with OSMF cases showing
dysplasia, respectively. The contradictory finding reported by
Kapoor et al.”” might be attributable to assessment of epithe-
lial dysplasia in OSMF (atrophic epithelium) using the World

Health Organization (WHO) three-tier classification. The is-
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Profibrogenic response

- Synthesis of collagen (VEGF)

- Oriented migration of fibroblast (VEGF, PDGF, Ang-1)
- Proliferation of fibroblast (VEGF, PDGF)

< Induction of hypoxia (synthesis of HIF-1/2a.)

Dysplastic changes in the atrophic epithelium

> Malignant transformation of OSMF

- Decreased in remodelling and degradation of collagen

Fig. 2. Flowchart of the pathogenetic
mechanism of angiogenesis in the
progression of fibrosis in OSMF and its
malignant transformation. (BFGF: basic
fibroblast growth factor, OSMF: oral
submucous fibrosis, PDGF: platelet de-
rived growth factor, OSCC: oral squa-
mous cell carcinoma)
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sue with using the WHO’s three-tier classification to assess
epithelial dysplasia in OSMF, particularly in atrophic epithe-
lium, lies in its potential limitations. The WHO classification
may not fully capture the nuances of dysplasia in the specific
context of OSMF, as it was developed for general epithelial
abnormalities and may overlook subtleties unique to atrophic
epithelium. Other classification systems, such as binary grad-
ing (low vs. high), might offer a more tailored approach, po-
tentially providing a clearer assessment of progression risk in
OSMF cases. Kapoor et al.” also observed a non-significant
but slightly positive correlation between vascularity and both
fibrosis and epithelial thickness.

A total of 22 studies analysed THC results of angiogenic
markers, including factor VIlI-related vWf, CD31, CD34,
VEGF, and CD105. Factor VIlI-related vWf MVD was sig-
nificantly decreased with increasing severity of OSMF in one

29,42

study'® but was not decreased in two studies™*. This dispar-

ity is related to the uneven allocation or absence of other

disease stages of OSMF and the employment of Gupta et al.”



empoyed Khanna and Andrade’s™. In addition, Gupta et al.”
observed increased vascularity as the disease progressed from
moderately advanced to advanced OSMF or OSMF with ma-
lignant transformation.

Expression of CD31 MVD was non-significantly associ-
ated with different grades of OSMF®. This conflicting result
may have resulted from the unequal distribution of OSMF
grades and the use of Bavle et al.”” empoyed Khanna and
Andrade’s 1995 OSMF grading criteria™.

Four studies'”**"** reported that CD34 MVD was sig-
nificantly increased in OSMF cases compared to the control
group. In comparison, two studies™'? observed an upsurge
of CD34 MVD in NOM. This difference could have arisen
from subclinical inflammation or a local reaction to an an-
esthetic solution in NOM. In comparing various grades of
OSMEF, five studies™"'"**"** showed a decreasing trend of
CD34 MVD as OSMF advanced, in conflict with Desai
et al.” found a non-significant difference in CD34 MVD/
MVLD/MVAP among grades of OSMF. This difference in
variation might be attributed to methodological differences
and an uneven distribution of grades of OSMF cases. Con-
cerning the nature of the epithelium, two studies™' detected
a significant increase in CD34 MVD from OSMF with no
dysplasia to OSMF with dysplasia and to OSMF with malig-
nant transformation.

Considering VEGF immunoreactivity, five studies™>"****
documented increased expression of VEGF or VEGFRII in

31,33

OSMF. Two studies each demonstrated a significant” ~~ and

- : 12,39
non-significant'*’

difference in VEGF expression among
grades of OSMF. There was significantly increased VEGF or
VEGFRII expression/spatial localization in OSMF cases with
dysplasia, and this trend was related to severity of epithelial
dysplasia’>. OSMF cases with moderate or severe dysplasia
displayed spatial localization of VEGF in submucosa’"", and
significant increases in VEGF were recorded in the transition
from OSMF without epithelial dysplasia to OSMF with epi-
thelial dysplasia and micro-invasion'’. The above-mentioned
findings confirmed that transmission of VEGF from dysplas-
tic epithelium to the submucosa is essential for neoangiogen-
esis in the submucosa®.

CD105 is a novel marker for neo-angiogenesis, and the
assessment of MVD using CD105 revealed a reduction in
expression with increasing grade of OSMF*. The MVD of
CD105, area of extension, maturation of blood vessels, and
presence of blood vessels proximal to the basement mem-
brane were significantly increased in OSMF with dysplasia

and correlated with severity of epithelial dysplasia®™>"*"***,

Angiogenesis in fibrosis and malignant transformation in oral submucous fibrosis

Gadbail et al.”> found that MVD was significantly increased
in the progression from OSMF without dysplasia to OSMF
with dysplasia and OSMF with malignant transformation.
Collectively, these findings suggest a role of neoangiogenesis
in the progression of fibrosis and malignant transformation
of OSMF. Two studies™** have attempted to demonstrate the
biological distinction of OSMF with OSCC and OSCC alone.
Elsewhere, CD105 MVD was found to be significantly great-
er in the OSCC group compared to the OSCC with OSMF
group. Owing to the paucity of data, however, future studies
need to validate this finding.

In corroborating the VEGF IHC findings, RT-qPCR and
WB analysis revealed increased VEGF-A mRNA expression
in OSMF""**. Regarding grades of OSMF, early-stage disease
correlated with significantly greater VEGF-A mRNA expres-
sion and VEGF protein concentration, which decreased as the
disease progressed™.

To summarize, MVD, TVA, MVA, MVLD, and MVAP
(H&E/CD31/CD34/factor VIlI-related vW{/CD105 neo-
angiogenesis) and VEGF immunoreactivity, proteins, and
mRNA expression are significantly upregulated in very early
and early stages of OSMF and progressively decrease with
increasing severity. Furthermore, angiogenesis is also associ-
ated with increased severity of epithelial dysplasia in OSMF
and a three-fold increase in vascularity or neo-angiogenesis
in OSMF with malignant transformation. This confirms
the angiogenic switch in the atrophic epithelium of OSMF
preceding OSMF with epithelial dysplasia and subsequent
transformation to malignancy.(Supplementary Fig. 5) Thus,
angiogenesis does play a pivotal role in the progression of fi-
brosis in early-stage OSMF and in malignant transformation,
rendering it a possible marker of disease activity in OSMF.
Moreover, the choice of an angiogenic marker—especially
VEGF and CD105—might be a useful diagnostic and prog-
nostic marker for discriminating disease stages of OSMF as
well as OSMF cases with/without epithelial dysplasia and
malignant transformation.

Our forest plot results also indicated that the risk for early-
stage fibrosis of OSMF and malignant transformation of
OSMF is significantly greater in cases with increased angio-
genesis; advanced-stage fibrosis of OSMF correlated with
decreased angiogenesis.

V. Conclusion

This systematic review and meta-analysis demonstrated

that progression of fibrosis in the early stage of OSMF and its
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malignant transformation are primarily mediated by angio-
genesis. Also, in the advanced stage of OSMF, progression of
fibrosis is principally attributed to failure of collagen degra-
dation or remodeling. In addition, our work emphasizes that
neoangiogenesis might be an appropriate target to resolve
carly-stage fibrosis and malignant transformation in OSMF,
which could alleviate this fibrotic disease. Randomized clini-
cal trials on angiogenic inhibitors are suggested to ascertain
their therapeutic implications.
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