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Abstract

Background: The immunohistochemical expression of vascular endothelial growth factor is a prognostic marker
in several cancer types. In salivary gland tumors, the association between vascular endothelial growth factor and
prognosis remains unclear. The purpose of this study was to perform a systematic review and meta-analysis to as-
sess whether the immunohistochemical expression of vascular endothelial growth factor in patients with salivary
gland neoplasms presents prognostic value.

Material and Methods: Immunohistochemical studies assessing the predictive value of vascular endothelial
growth factor in salivary gland neoplasms were systematically reviewed using PubMed, Scopus, Embase, Co-
chrane Library, and Web of Science databases. It was assessed any survival rates. The fixed-effect model with
an adjusted hazard ratio (HR) and 95% confidence intervals (95% CI) as effect measures were performed in the
meta-analysis. The Quality in Prognosis Studies (QUIPS) tool was used to assess the quality of the included stud-
ies, and the evidence quality was assessed by the Grading of Recommendation, Assessment, Development, and
Evaluation (GRADE) system.

Results: The immunohistochemical overexpression of vascular endothelial growth factor in patients with salivary
gland neoplasms was associated with shortened survival (HR=5.37, 95% CI: 2.67-10.83, P =0.00001). In addition,
the presence of vascular endothelial growth factor was tightly associated with tumor size, lymph node metastasis,
clinical stage, perineural invasion, vascular invasion, poor local control of the disease, and recurrence.
Conclusions: The immunohistochemical overexpression of vascular endothelial growth factor in patients with
salivary gland neoplasms has prognostic value and was associated with decreased survival time. However, more
primary well-designed studies are necessary to increase the level of evidence.

Key words: Salivary gland neoplasms, salivary glands, head and neck neoplasms, vascular endothelial growth fac-
tors, prognosis.
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Introduction

Angiogenesis is defined as the development of new
blood vessels from the preexisting vascular beds and
plays an essential role in the tumor's maintenance,
growth, and progression (1). A range of molecules such
as cytokines, proteins, and growth factors tightly regu-
late this process (1,2). Among various angiogenic fac-
tors, the most studied is the vascular endothelial growth
factor (VEGF) due to its capacity to initiate and regu-
late the process of angiogenesis. This biologic event is
complex, and it has been shown that hypoxia plays an
essential role in the initiation of angiogenesis (1-3). The
lack of oxygen leads to the tumor's cells release pro-an-
giogenic factors such as VEGF (3). Besides, it has been
demonstrated that hormones, growth factors, hypogly-
cemia, and altered expression of genes are capable of
upregulating VEGF expression (3).

In the context of head and neck cancer, it has been
demonstrated that VEGF overexpression is associated
with poor overall survival (4). Nevertheless, it is still
uncertain whether VEGF overexpression is a risk factor
for shorter survival in patients with salivary gland neo-
plasms (SNGs). Salivary gland neoplasms are a diverse
group of tumors with different clinical, biological, and
molecular features that correspond to approximately 3%
to 10% of the tumors of the head and neck region (5).
Several studies have attempted to determine the prog-
nostic importance of VEGF in these lesions; however,
the results obtained are conflicting (1,4,5). Therefore,
the aim of this systematic review and meta-analysis was
to assess the prognostic value of VEGF in patients with
malignant SGNs.

Material and Methods

- Protocol and registration:

A search was carried out for any registered proto-
cols on a similar topic in the International Prospec-
tive Register of Systematic Reviews (PROSPERO).
No systematic review protocols were found in this
database. Therefore, this review was registered in the
PROSPERO platform under the identification number
CRD42020181985. The systematic review was report-
ed according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) state-
ment (6).

- Eligibility criteria

It was established a PECOS framework (Population,
Exposure, Comparison, Outcomes, and Studies) ac-
cording to PRISMA, that was used to formulate the fo-
cused question of the review, of which: P) patients with
the diagnosis of malignant salivary gland neoplasms; E)
analysis by immunohistochemical detection of VEGF
C) patients with no history of malignant salivary gland
neoplasms; O) survival analysis; S) observational stud-
ies (case-control, cross-sectional, or population-based)
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and/or randomized clinical trials. Articles were ex-
cluded by the following reasons: A) did not fit PECOS
strategy; B) did not present prognostic value of VEGF
on SGNs such as hazard ratio (HR) values and corre-
sponding 95% confidence intervals (CIs), disease-free
survival (DFS), disease-specific survival (DSS), over-
all survival (OS) or any other survival analysis; C) in
vitro or in vivo experimental studies, letters to the edi-
tor, short communications, personal opinions, confer-
ence abstracts, case reports, and reviews.

- Focused question

Is there any association between immunohistochemi-
cal detection of VEGF and overall survival in patients
with malignant salivary gland neoplasms?

- Search strategy

A search was conducted on April 24, 2019, and adapt-
ed for each eclectronic database: PubMed, Scopus,
Web of Science, Embase, and Cochrane Library. An
additional gray literature search was performed on
Google Scholar, Open Grey, and ProQuest Disserta-
tion & Theses Global. The search strategy was based
on combinations of the following keywords: ("Vascu-
lar Endothelial Growth Factors"[MeSH] OR "VEGFs")
AND ("Salivary Gland Neoplasms"[MeSH] OR "Sali-
vary Gland Neoplasm" OR "Cancer of the Salivary
Gland" OR "Salivary Gland Cancers" OR "Cancer of
the Salivary Gland" OR "Salivary Gland Cancer" OR
"Salivary Glands"[MeSH] OR "Salivary Gland"). All
duplicate references were removed using a reference
manager software (Rayyan QCRIR) (7). In addition,
manual screening of the reference lists from the select-
ed articles was performed to identify potentially rel-
evant studies that could have been missed during the
electronic database searches.

- Study selection and data extraction

The process of study selection was performed in two
phases. First, titles and abstracts of all identified arti-
cles were screened by two independent reviewers (ESS
and AGCN) using a standardized guide. This stage
was conducted using Rayyan—a web and mobile app
for systematic reviews available online (7). The same
two authors read the full texts of the selected articles
at phase one and excluded those that did not meet the
inclusion criteria. Cohen's Kappa analysis was per-
formed to a quantified agreement between the authors.
Another author (AFPL) was involved in the case of
doubts and conflicts. Two reviewers (ESS and AGCN)
independently collected the data on study character-
istics such as author, year of publication, country of
the first author of the study, the number of samples en-
rolled, histologic type of SGN, follow up period, statis-
tical method, and main results.

- Quality assessment

The recommendations of the Cochrane Prognosis
Methods Group were followed and the Quality in
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Prognosis Studies (QUIPS) tool was used to assess the
methodological quality of included studies (8,9). The
QUIPS tool assesses the risk of bias in prognostic stud-
ies by rating each article in six domains: study par-
ticipation, study attrition, measurement of prognostic
factors, measurement of outcomes, measurement of
confounding, and statistical analysis and reporting.
A judgment of the risk of bias on each domain of the
tool was made from the extracted information, rated
as “high,” “moderate,” or “low” risk. These judgments
were realized by two authors (ESS and AGCN), inde-
pendently and blindly. In case of disagreements, a third
author (AFPL) was consulted.

- Summary of measures and synthesis of results

It was performed a meta-analysis of the survival rates
following the appropriate Cochrane Guidelines for
prognostic reviews (10). Review Manager 5.3 (Rev-
Man 5.3, The Nordic Cochrane Centre, Copenhagen,
Denmark) was used to construct the forest plots of the
meta-analysis. The HR and 95% CI were used to deter-
mine at a significance level of 5%, according to the ad-
justed survival rates original values of the included ar-
ticles. The heterogeneity between eligible studies was
calculated by inconsistency indexes (1%). I> > 50% were
considered indicators of substantial heterogeneity. In
the case of no significant heterogeneity, a fixed-effects
model was used. A P-value < 0.05 was considered sta-
tistically significant.

- Risk of bias across studies

Clinical heterogeneity was assessed by comparing
variability among the number of samples and outcomes
for survival studies; methodological heterogeneity was
assessed by the risk of bias and variability in the study
design. Statistical heterogeneity was also considered
(HR and 95% CI).

- Confidence in cumulative evidence

The Grading of Recommendation, Assessment, De-
velopment, and Evaluation (GRADE) instrument was
used to assess evidence quality and grading of rec-
ommendation strength in the five studies included in
the quantitative synthesis (11). This assessment was
based on the study design, risk of bias, inconsistency,
indirectness, imprecision, and other considerations.
Evidence quality was characterized as high, moderate,
low, or very low. The GRADE was assessed using the
website http://gradepro.org.

Results

- Study Selection

In the first stage of this review, 349 studies were found
in the five databases. After duplicate articles were re-
moved, 176 remained. A screening of the titles and ab-
stracts was carried out, and 15 records moved on to the
second selection phase. In the second stage, the full-text
review was then conducted on the 15 first stage selected
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studies, which led to the exclusion of 2 studies. After
this, 13 studies fulfilled the inclusion criteria and were
included in the systematic review. However, only 5 of
these studies performed multivariate analysis, and the
adjusted HR and 95% CI was accessible, enabling quan-
titative analysis. Cohen's Kappa analysis overall score
was 0.81. Fig. 1 details this process of study selection.

- Studies Characteristics

Among the included studies, four were from China
(1,12-14), three were from South Korea (15-17), two
from Spain (18,19), and one each from Austria (20), Bra-
zil (5), Czech Republic (21), and Japan (22). All included
studies were observational studies. The year of publi-
cation of included articles ranged from 1999 to 2016.
The total number of samples was 861 (775 SGNs and
86 controls). Adenoid Cystic Carcinoma (ACC) was the
most studied neoplasm, followed by Mucoepidermoid
Carcinoma (MEC). The follow-up period ranged from 1
to 600 months. According to the statistical analysis, the
Kaplan-Meier method was used to calculate survival
curves in all included studies. Univariate and multivari-
ate Cox proportional hazard regression analysis was ap-
plied in six studies (1,12,15-17,19). However, six studies
did not perform Cox regression due to the absence of
significance in the log-rank test and univariate analysis
(5,13,14,18,20,21), and in one study, the test applied was
not mentioned (22). The main features and findings of
the studies are presented in Table 1.

- Risk of bias within studies

Twelve studies were classified as an overall low risk
of bias, and one was graded as overall moderate risk.
Among the thirteen studies included, eleven studies
obtained a low-risk rate on all domains (1,12-21). Two
articles were graded as moderate risk on the study par-
ticipation domain (5,22). Of these two studies, one was
graded as a high risk for statistical analysis and report-
ing (22). Among these two articles, there was a lack of
adequate description of inclusion and exclusion criteria
(5,22), and the test used for survival analysis was not
mentioned (22). Details about this process are shown in
Table 2. The overall risk of bias assessment of the thir-
teen included studies is summarized in Fig. 2.

- Results of individual studies

- Demographic features

In two studies, males predominated, while nine stud-
ies demonstrated a female predilection. The F:M ratio
among the included studies was 1.19:1, of which females
were more affected [399] than males [335]. Regarding
the age, it was observed a range from 13 to 91 years
old. The most affected site was major salivary glands
(456 cases) followed by the minor salivary gland (319
cases). The most affected subsite was the parotid gland
(285 cases). Glands from other sites such as the parana-
sal sinuses, nasopharynx, nasal cavity, larynx, and the
auditory canal were included in some studies.
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Fig. 1: Flow diagram of literature search and selection criteria.
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Fig. 2: Risk of bias of included studies according to the Quality In Prognosis Study (QUIPS) tool.
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Table 1: Key features and main findings of studies concerning the prognostic value immunohistochemistry detection of VEGF in SGNs.

Authors . Statisti-
Gean, | Nemberof | satbarygland | Folow | Ll Main sl
country P P p thod
Doi et al , ACC,MEC, ACCC, | 0-60 | Notmen- |  hehigh cxpression of VEGE was as-
Total: 31 samples « - sociated with metastasis to lymph nodes
(1999), Japan SCC months tioned . . -
and distant sites and shortened survival.
Patients with high expression of VEGF
Fonseca ef Total: 132 sam- Log-rank has unfavorablg course the disgase,
al (2015), ples MEC, ACNOS, ACC 0_600* Test however, tl}eye is not any association
Brazil months between clinicopathological features
and VEGF expression.
Controls: 6 The VEGF was expressed increasingly
Hao et al sam le.s 6-220 Multiva- in the tissues of cases with invasion
(2009), amp ACC riate Cox | and metastasis. The VEGF expression
: SGN: 63 samples months . : .
China Total: 69 samples regression [ was independent prognosis factors for
i survival.
Haymerle ACC, MEC,Caex PA, 1-412 Log-rank The high expression of VEGEF is related
et al (2016), | Total: 35 samples | ACNOS, CAC, CCC, months %est with with decreased survival after re-
Austria BCA currence.
(2(%1626) eéglllth Total: 48 samples ACC 4-159.1 m‘tl;tlcvg;( There is not any association between
Ko months . VEGF and prognosis of SGNs.
orea regression
Lequerica- The VEGF expression was associ-
-Fernindez Total: 66 samples ACC, ACNOS, TMM, 3-260 Log-rank | ated with neck node metastasis, worse
et al (2007), : P SCaC, ACCC, MEC months test survival and poor local control of the
Spain disease.
Lequerica- ACC, MEC, SDC, AC- Multiva- The VEGF expression is an independent
-Fernandez Total: 42 samples NOS, Ca ex PA, SCCa, 6-260 riate Cox prognostic factor in parotid gland can-
et al (2011), ) P SCC, UC, PLGA, months reoression | €T High expression of VEGF is related
Spain ACCC, MC, BCA. g with shortened survival.
The VEGF expression was significantly
Lim et af ACC,SDC,MEC, | 5150 | Muliiva- | oricet o e e perineu-
(20(;2()),r eS;)uth Total: 45 samples | PLGA, CI\? Oe)S( PA, AC- months rrelaizsii(g; ral invasion, vascular invasion, recur-
’ g rence and survival. VEGF may be an
independent prognostic factor for SGNs.
Controls: 40 The expression of VEGF was
Ou Yang et samples 1-60 Log-rank significantly associated with tumor dif-
al (2011), | SGN: 70 samples MEC months %est ferentiation, size metastasis, relapse and
China Total: 110 poor survival, but was not correlated
samples lymph node metastasis and metastasis.
Park et al 4263 Multiva- | High expression of VEGF was indepen-
(2016), South | Total: 68 samples ACC months riate Cox | dent prognostic factor related with poor
Korea regression overall survival.
Shierq | Comrols:20 Univa- . -
(2007) samples MEC 3-252 riete Cox There is not any association between
China. SGN: 75 samples months rearession VEGF and prognosis of SGNs.
Total: 95 samples &
Starek et . ..

There is not any association between
alc(igé}?)’ Total: 20 samples ACC nz(ffﬁs Lo%;;tmk VEGF expression and prognosis of
Republic SGNs.

Controls: 20 Correlated with tumor size, einical
Zhang et samples 24-144 Multiva- stage Vasctﬁlar inl\l/asion iez:urrence
al (2005), | SGN: 80 samples ACC riate Cox e P >
- . months . and distant metastasis. The VEGF ex:
China Total: 100 regression : : .
samples pression had an independent prognostic
P effect on overall survival.

Abbreviations: Acinic Cell Carcinoma (ACCC); Pleomorphic Adenoma (PA ); Whartin Tumor (WT); Mucoepidermoid Carcinoma (MEC);
Carcinoma Ex pleomorphic Adenoma (Ca ex PA ); Adenoid Cystic Carcinoma (ACC); Poorly Differentiated Carcinoma (PDC); Epithelial
Myoepithelial Carcinoma (EMC); Adenocarcinoma NOS (ACNOS); Salivary Duct Carcinoma (SDC); Small Cell Carcinoma (SCC); Carcino-
sarcoma (CS); Adenosquamous Carcinoma; Oncocitoma (OnC); Myoepithelial Carcinoma (MC); Neuroendocrine Carcinoma (NC); Cystadeno
Carcinoma (CAC); Oncocytic Carcinoma (OC); Undifferentiated Carcinoma (UC); Renal Cell Carcinoma (RCC); Squamous Cell Carcinoma
(SCca); Basal Adenocarcinoma (BA).

*Data extracted from the Kaplan-Meier survival curves; **All results showed P </= 0.05.
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Table 2: Risk of bias categorized as (H) High risk, (L) Low Risk and (M) Moderate Risk according to recommendations from Cochrane Meth-
ods Prognosis group utilizing the Quality in Prognosis Studies (QUIPS) tool.
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Study Participation
Adequate participation in the study by eligible persons MI{M(L|L|L|LJLJL|L|L|L|L|L
Description of the source population or population of interest M|iL|(L|L|L|L|JL|JL|L|L|L|L|L
Description of the baseline study sample L|{L|L|L|JL|L|JL|JL|JL|JL|JL|L]|L
Adequate description of the sampling frame and recruitment L|fL|jLfL|JL|fL|fL|JLfL|JL|JL|L|L
Adequate description of the period and place of recruitment L{M|L|L|L|L|JL|JL|JL|L|JL|L]|L
Adequate description of inclusion and exclusion criteria HIH|L|H|L|L|L|M|[L|{M[L|M[M
Study Attrition
Adequate response rate for study participants LjfL|jL|fL|L|L|JL|JL|JL|JL|JL|L]|L
dDescrlptlon of attempts to collect information on participants who LlL clclioliole Lliclic!lo
ropped out
Reasons for loss to follow-up are provided L|L LIL|{L|JL|JLJL|L|JL|JL]|L
Adequate description of participants lost to follow-up L|L LILf{L|JL|JLJL|L|JL|L]|L
There are no important differences between participants who com-
pleted the study and those who did not L)L) L Ly L Ly L)L Ly L)L fL
Prognostic Factor Measurement
A clear definition or description of the PF is provided Ly fL|yL|fL|jL{L|{L|L|L|L
Method of PF measurement is adequately valid and reliable L|{L|JL|L|JL|L|JL|JL|JL|JL|JL|L]|L
Continuous variables are reported or appropriate cut pointsareused | L|L|L|L|L|L|L|(L|JL|L|L|L|L
The method and setting of measurement of PF is the same for all clotictictioctiotololoelololole
study participants
Adequate proportion of the study sample has complete data forthe PF| L (L |L|L|L|L|L|L|L|L|L|L|L
Appropriate methods of imputation are used for missing PF data LyjrfL)jfLjL|L|Lf{L|JL|L|JL]|L
Outcome Measurement
A clear definition of the outcome is provided L|L|L|fL|JL|L|L|L|{L|JL|L|L]|L
Method of outcome measurement used is adequately valid and reliable L L L L
The method and setting of outcome measurement is the same for all clotliotioctioctiotolololololele
study participants
Study Confounding
All important confounders are measured MM M| M| M|[M|IM|IM|IM|M|M|M|M
Clear definitions of the important confounders measured are provided| L| L|L|L|L|L|L|L|L|L|L|L|L
Measurementofallimportantconfoundersisadequatelyvalidandreliable| L | L |L|L|L|L|L|L|L|L|L|JL|L
The method and setting of confounding measurement are the same clotlolotiotiotiololotlolelele
for all study participants
Appropriate methods are used if imputation is used for missing con- cloctioctlicliclolololololle .
founder data
Important potential confounders are accounted for in the study design LjLjLfLjL|fL|JL|JL|JL|JL|JL|L]|L
Important potential confounders are accounted for in the analysis L|{L|L|L|JL|L|JL|JL|JL|JL|JL|L]|L
Statistical Analysis and Reporting
Sufficient presentation of data to assess the adequacy of the analytic aletotoeloelotlotlelotlololile
strategy
Strategy for model building is appropriate and is based on a concep- | 4
tual framework or model
The selected statistical model is adequate for the design of thestudy| H| L |L|L|L|L|L|L|L|L|L|L|L
There is no selective reporting of results H|L|L|L|L|L|JL|JL|JL|L|LJ|JL|L
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- Microscopic features

All included studies provided a histologic classifica-
tion of their samples, and they graded the tumors ac-
cording to the classification of the World Health Orga-
nization (WHO) (23). Adenoid cystic carcinoma was
by far the most studied lesion followed by mucoepi-
dermoid carcinoma. The histologic patterns of ACC
included were cribriform, tubular, solid, and interme-
diate. MEC were classified as low-grade, intermedi-
ate-grade, and high-grade. Eight studies reported the
presence of perineural invasion in a sample of 153 pa-
tients. Vascular invasion was reported in four studies
affecting 50 patients.

- Clinical features

The presence of clinical symptoms, such as numbness,
pain, bleeding, and paresthesia, was observed in 96 pa-
tients. Regarding the clinical stages, 300 patients were
classified on clinical stage I/II and 245 patients in clini-
cal stage I11/V. -

- Overall analysis of VEGF expression

VEGF was expressed both in the cytoplasm and in cell
membranes with different intensities. Immunoreactiv-
ity was present in 87% [676] of cases analyzed. De-
spite heterogeneity among the histopathologic types
of SGNs analyzed, some studies demonstrated that the
VEGF was associated with shortened overall survival
in patients with SGNs. On the other hand, some studies
showed a lack of association between VEGF expression
and any prognostic factor in patients with SGNs.

The tumor that showed the greatest association with
increased VEGF expression was ACC. In the studies
that analyzed ACC isolated, it was shown that over-
expression of VEGF was significantly associated with
decreased survival and was correlated with tumor size,
clinical stage, vascular invasion, recurrence, and distant
metastasis (P < 0.05) (4,12,17). VEGF was not associ-
ated with age, tumor sites, and patients ‘gender. Despite
this, two studies failed to find an association between
VEGEF overexpression and survival (14,15). Some stud-
ies correlated the VEGF expression and MEC, and it
was observed that the expression levels of VEGF were
significantly related to tumor differentiation, size, and

Angiogenesis in salivary glands cancers

relapse (P < 0.05), but were not correlated with lymph
node metastasis, distant metastasis, or overall survival
(13,14).

Among the studies that pooled different types of SGNss,
there was a strong association of clinical and pathologic
factors and VEGF expression, such as clinical stage,
tumor size, age, vascular invasion, perineural inva-
sion, survival, and recurrence (P < 0.05) (16,18-20).
The isolated prognostic factor strongly associated with
different levels of VEGF expression was metastasis.
In general, there was a significant association between
immunohistochemistry overexpression of VEGF and
shortened survival.

- Synthesis of results

Five studies assessed the OS of SGN samples using
Kaplan-Meier curves, which generated Hazard Ratios
(HR). The meta-analysis used the adjusted hazard ratio
+ 95% CI was derived from the multivariate analysis
from included articles. The pooled HR was 5.37 (95%
CI: 2.67-10.83; P = 0.00001; I = 0%). Low heteroge-
neity was observed between the studies, with an 1% of
0% (P=0.82), leading to the decision of the fixed-effect
model. As shown in Fig. 3, higher immunohistochemi-
cal expression of VEGF in SGNs may favor shortened
overall survival. One study found a significant associa-
tion between VEGF's high immunohistochemical ex-
pression and poor overall survival, and it was an inde-
pendent prognostic factor (17).

- Risk of bias across studies

Regarding the risk of bias across studies, the selected
studies used similar methods, which reduced the pos-
sibility of misinterpretation. According to studies de-
sign, they were considered homogeneous, which was
confirmed by the low heterogeneity that led to the fixed
effect choice.

- Confidence in cumulative evidence

According to GRADE analysis, the quality of the evi-
dence for survival analysis was moderate. Due to this,
it is reasonable to suggest moderate confidence in esti-
mating the outcomes. The CI difference in each study
was the main factor responsible for the limited quality
of evidence on the imprecision assessment (Table 3).

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lee etal (2012) 09807 0.741 23.3% 2.67[0.62,11.39) T
Lequerica-Fernandez et al (2011) 22783 11138 10.3% 9.76[1.10,86.60] e
Lim etal (2012) 1.8033 0.6932 26.6% 6.07[1.56,23.62) S
Park et al (2016) 1.6934 0.664 29.0% 5.44[1.48,19.99] e
Zhang et al (2005) 22965 1.0916 10.7% 9.94[1.17,84.44)] —
Total (95% Cl) 100.0% 5.37 [2.67, 10.83] R
Heterogeneity: Chi*=1.53, df= 4 (P = 0.82); F= 0% 50_001 051 150 1000’

Test for overall effect: Z= 4.70 (P < 0.00001)

Favors Survival Favors Death

Fig. 3: High expression of VEGF is significantly associated with shorten survival. Forest plot of hazard ratio for survival comparing patients
with overexpression of VEGF in the malignant salivary gland tumors compared with those with low immunoreactivity. The meta-analysis
revealed that VEGF was associated with poorly survival (HR: 5.37, 95% CI: 2.67-10.83, P < .00001). The diamond represents the pooled HR

performed by the fixed-effect model.
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Table 3: Table representing prognostic studies included in the meta-analysis assessing Grading of Recommendation, Assessment, Develop-
ment, and Evaluation (GRADE) instrument. Question: Is there any association between immunohistochemical detection of VEGF and overall

survival in patients with malignant salivary gland neoplasms?

Quality assessment Quality Impor-
# of Study Risk of | Inconsis- |Indirectness | Impreci- | Other consider- tance
studies | design bias tency sion ations
5 Observa- | Not seri- | Not serious | Not serious | Not serious | Strong association. ODDX We are
tional stud- ous all plausible re- | MODERATE | moderately
ies sidual confound- confident in
ing would suggest the effect
spurious effect, estimate
while no effect
was observed;
dose response
gradient

High quality: We are very confident that the true effect lies close to that of the estimate of the effect. Moderate quality: We are moderately
confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different. Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect. Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the

estimate of effect.

Discussion

The role of VEGF in tumor progression and metastasis
has been studied in several malignant neoplasms, in-
cluding head and neck cancer (1,4,5). Despite this, the
data of the prognostic value of VEGF in patients with
SGNs remains unclear. Some studies have reported
that VEGF may be useful as an independent prognostic
factor for these tumors (1,15-17,19). On the other hand,
some authors suggested that there is not any significant
association between VEGF and SNGs (5,14,15,21). Due
to these controversial findings, we performed a sys-
tematic review and meta-analysis from the literature to
assess the association of VEGF by immunohistochemi-
cal analysis and the overall survival of patients with
SGNs. Data were extracted from thirteen studies with
775 samples of SGNSs tissue analyzed by immunohisto-
chemistry. The combined results showed that the posi-
tivity for VEGF in the tissue of these patients was asso-
ciated with shortened survival. Moreover, the presence
of VEGF was associated with clinical stage, perineural
invasion, vascular invasion, tumor size, poor local con-
trol of the disease, and recurrence (1,13,16,18). In ad-
dition, publication bias examination and heterogeneity
assumption tested by the I?> metric support our findings,
although, due to CI difference in each study, the quality
of the evidence for survival analysis was moderate.
The prognostic factor more associated with VEGF over-
expression was metastasis (1,12,13,16,18,22). Metastasis
is an event uncommon on salivary gland tumors, and
its mechanism is still unclear in these lesions. How-
ever, it is well established that patients with local and
distant metastasis have a poor prognosis (4). It is not
fully understood how VEGF can promote metastasis
in SNGs, but this relation was largely studied in other
tumors (24). The activation of VEGF family members
and their receptors aid in the escape of the immune
system, migration, and extracellular matrix invasion
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promoting metastasis (24). In this systematic review, it
was observed that patients with high levels of VEGF
expression presented distant or lymph node metastasis
and poor prognosis.

Interestingly, four studies did not find any association
between VEGF and prognosis in SGNs (5,14,15,21).
Fonseca and colleagues pooled a total of 132 forma-
lin-fixed, paraffin-embedded tissue of SGNs (5). They
failed to identify an association between clinicopatho-
logic features and VEGF expression, probably due to
the small sample size of malignant SGNs analyzed in
the study. This finding was confirmed by other authors,
although the majority of samples analyzed were com-
posed of tumors of clinical stages I and II and lower his-
tologic grade (14). SGNs are a heterogeneous group of
lesions with different molecular mechanisms involved
in its progression. The angiogenesis may be affected by
each tumor's inherent features, leading to different ex-
pression of VEGF.

The prognostic value of VEGF has already been evalu-
ated in other types of cancer, such as colorectal and
non-small cell lung cancer (NSCLC) (25,26). In a pre-
vious study, 1.428 colorectal cancer patients from 13
clinical trials were pooled in a meta-analysis, and it
was observed that immunohistochemical detection of
VEGF predicted poor survival in these patients (25).
Also, VEGF's immunohistochemical expression was
associated with poor prognosis for NSCLC patients,
including patients with clinical stage I (26). However,
VEGF was not significantly correlated with survival
for patients with lung adenocarcinoma (26). Interest-
ingly, our results showed a close association of VEGF
overexpression in adenocarcinoma of salivary glands
and poor survival (16,18-20). To the best of our knowl-
edge, this current systematic review and meta-analysis
was the first to find an association between VEGF and
prognosis in SGNs. These findings confirm the results
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of previous studies and lead to the necessity of more
investigation of the role of VEGF in SGNs.

It is necessary to highlight some limitations in this re-
view. First, although only one technique was used in
all studies (immunohistochemistry), the variation in
antibodies utilized in each study may lead to differ-
ences in the quality and intensity of staining results
and interpretation of results. Second, the studies ana-
lyzed a limited sample size of SGNs, and some stud-
ies were excluded from the meta-analysis due to lack of
appropriate information such as multivariate analysis,
adjusted HR, or 95% CI. Further, the high difference
in the 95% CI of included studies of the meta-analysis
leading to high standard error and different weights in
each study, which indicate that the meta-analysis should
be interpreted cautiously. Therefore, we suggest more
well-designed primary studies to increase the quality
of evidence.

Conclusions

In conclusion, this systematic review and meta-analysis
demonstrated that VEGF overexpression in patients
with malignant salivary gland neoplasms has prognos-
tic value and is associated with poor overall survival
and may be useful in clinical practice.
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