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The presence of lymphovascular invasion is considered a prognostic determinant for different human neoplasms
and is frequently taken into account by surgeons and oncologists to determine patients’ treatment. However, the
exact frequency of this microscopic event and its prognostic impact for patients affected by adenoid cystic
carcinoma (AdCC) remains unclear. Therefore, the aim of this study was to carry out a systematic review and
meta-analysis to address the prevalence and the prognostic potential of lymphovascular invasion in head and
neck AdCC. A literature search on PubMed, Scopus, ClinicalTrials.gov, Web of Science and ProQuest databases
was undertaken in January 2019. The primary outcomes of interest were overall survival (OS) and disease-free
survival (DFS). The relative frequency of lymphovascular invasion and its possible association with other clin-
icopathological parameters were addressed. A total of 22 studies and 2117 patients were included in this study.
The frequency of lymphovascular invasion ranged from 5.2% to 72.5%. Lymphovascular invasion was associated
with an increased likelihood of lymph node metastasis (OR = 2.58; 95% CI 1.61-4.12; p = 0.0001) and death
(OR = 3.09; 95% CI 1.82-5.26; p = 0.0001), solid/higher-grade AdCC were more likely to present lympho-
vascular invasion (OR = 5.51; 95% CI 1.87-16-21; p = 0.002) and patients with this microscopic finding had a
significantly lower OS (HR = 8.30; 95% CI 1.68-40.91; p = 0.009) and DFS (HR = 3.76; 95% CI 1.13-12.53;
p = 0.03). In conclusion, lymphovascular invasion seems to be a significant predictor of poor prognosis for head
and neck AdCC patients.

Introduction chromosomes 6 and 9 involving MYB and NFIB genes for the patho-

genesis of the tumor. Thereafter, other studies confirmed these findings

Salivary gland tumors are a heterogeneous group of benign and
malignant neoplasms, with variable clinical behavior which account for
approximately 5% of all head and neck tumors [1]. Adenoid cystic
carcinoma (AdCC) is one of the most frequent malignant subtypes and
predominantly affects minor salivary glands of the oral cavity and the
parotid glands. It has a relentless growth pattern associated with local
recurrences and late distant metastases, significantly decreasing pa-
tients’ long-term survival [2].

Persson et al. [3] described the importance of the translocation of

and subsequently demonstrated other molecular alterations that also
contribute to the neoplasm development [4,5]. Although new insights
were obtained regarding the pathogenesis of AACC, limited information
concerning prognostic factors for this disease exists, with some clinical
parameters representing the most frequently reported prognostic de-
terminants. We have recently demonstrated through a systematic re-
view and meta-analysis that t(6;9)(MYB-NFIB) does not seem to re-
present a prognostic factor for these patients, although methodological
drawbacks were found in the available studies [6]. Other molecular
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markers have also been investigated, but additional prognostic valida-
tion remains necessary.

The microscopic subtype of AdCC has long been considered a useful
parameter to determine the survival rates of affected patients [7], al-
though variability of the classification criteria has made the comparison
of the results obtained by different authors more difficult. The presence
of positive surgical margins has also been advocated as a prognostic
factor [8], as well as the presence of neural involvement, which is
considered a highly frequent microscopic finding of AACC [9]. On the
other side, the importance of the lymphovascular invasion for the
prognosis of the affected patients has not been fully established and no
study was identified that attempted to investigate lymphovascular in-
vasion as its main objective, with several studies describing the lym-
phovascular invasion as a secondary finding [10,11]. Meanwhile, the
description of the lymphovascular invasion in pathological reports is
commonly performed and it may influence the therapeutic management
of the patients [12,13]. Therefore, this systematic review and meta-
analysis aims to determine whether patients affected by head and neck
AdCC with lymphovascular invasion have a worse prognosis than those
not presenting lymphovascular invasion.

Material and methods

This systematic review and meta-analysis followed the guidelines of
the Preferred Reporting Items for Systematic Reviews and meta-
Analyses (PRISMA) checklist [14] and was registered at the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO) data-
base (CRD 42019115387).

Study design

This systematic review and meta-analysis investigated whether the
presence of lymphovascular invasion predicts the prognosis of patients
with head and neck AdCC by means of the survival rate and the clin-
icopathological features of the affected individuals. In addition, we also
determined the frequency of lymphovascular invasion in individuals
with head and neck AdCC.

Eligibility criteria

Inclusion criteria

Articles that evaluated the presence of lymphovascular invasion
and/or its prognostic potential in patients affected by head and neck
AdcCC.

Exclusion criteria

Studies were excluded due to the following reasons: (1) studies that
investigated the lymphovascular invasion in AdACC from other anato-
mical regions different than the head and neck. Cutaneous head and
neck AdCC were also excluded; (2) studies that investigated the lym-
phovascular invasion in other SGTs different from AdCC; (3) studies
that investigated peri-lymphovascular invasion; (4) studies developed
in animal models or laboratorial cell cultures; (5) case reports, litera-
ture reviews, letters, personal opinions, book chapters, and conference
abstracts; and (6) articles not published in the English, Spanish or
Portuguese languages.

Information sources and search strategy

Studies were retrieved from the following databases: PubMed,
Scopus, ClinicalTrials.gov and Web of Science. A partial grey literature
search was performed using the ProQuest Dissertations & Theses Global
database (Supplementary Table 1). The initial search across the data-
bases included all articles published up to 27th October 2017. The
search was updated on 14th January 2019. No time restriction was
imposed. Duplicated references were removed by reference manager
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software (EndNote®, Thomson Reuters, Philadelphia, USA). The re-
ference list of selected articles was manually screened for potentially
relevant studies that could have been missed during the electronic da-
tabase searches.

Study selection

The study selection was performed in two steps. First, two authors
independently reviewed titles/abstracts, and they selected articles that
appeared to meet the inclusion criteria. The agreement between both
authors was evaluated using the Kappa test when the first 10% of ab-
stracts were evaluated and were repeated until a satisfactory result
(> 0.7) was obtained to demonstrate an acceptable concordance be-
tween authors. Second, the same two authors independently read the
full text of all selected articles and excluded studies that did not meet
the inclusion criteria. Disagreements in both steps were jointly settled
to make the final decision.

Data collection process

One author collected key information from each selected article. A
second author cross-checked the collected information and confirmed
its accuracy. The following information was recorded: year of pub-
lication, author(s), country, total number of head and neck AdCC cases
reported in the study, anatomical site affected, sample features (sex and
mean age), microscopic subtype, frequency of lymphovascular invasion
observed in each study, follow-up time obtained for the sample in-
vestigated, association of lymphovascular invasion with pathological
features (i.e., microscopic aspect, surgical margin status, neural inva-
sion, etc.), association of lymphovascular invasion with clinical para-
meters (sex, age, site, distant metastases, recurrences, etc.), association
with lymph node metastases, association with patients’ status (dead/
alive), association with survival rates, and the endpoint (disease-free
survival/progression-free survival, disease specific survival and overall
survival) used by each study.

Risk of bias in individual studies

The risk of bias of selected studies was evaluated using a standar-
dized critical appraisal instrument. Only for those articles that in-
vestigated the potential of the lymphovascular invasion to determine
the survival rates of the patients, the Newcastle-Ottawa Scale (NOS),
which is recommended by the Cochrane Collaboration for use in non-
randomized studies was applied [15]. For each study, a quality score
was calculated based on three major categories: group selection (four
items), comparability between groups (one item), and outcome and
exposure assessment (three items). A maximum of 1 point was awarded
for each item in the group selection and outcome and exposure as-
sessment categories. A maximum of two points was awarded for com-
parability. Therefore, the maximum score was nine points and re-
presented the highest methodological quality [16]. A study was
categorized as high quality if the total score was 7 or higher [17]. The
quality appraisal of the studies was performed by one author and cross-
checked by a second author independently.

Summary measures

The primary outcome for this systematic review and meta-analysis
was the capacity of the presence of lymphovascular invasion to de-
termine the survival rate of the patients affected by head and neck
AdCC. Moreover, a secondary outcome was the frequency in which the
lymphovascular invasion was observed in each study and its association
with other clinicopathological parameters.


http://ClinicalTrials.gov
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Statistical analysis (synthesis of results)

Lymphovascular invasion was categorized as “positive” vs “nega-
tive”. Odds ratio (OR) with 95% confidence interval (CI) was calculated
to determine the association between lymphovascular invasion and
clinicopathological variables (tumor grade/microscopy, lymph node
metastasis and death) in patients with head and neck AdCC. The hazard
ratio (HR) with 95% CI was used to estimate the impact of lympho-
vascular invasion on time-to-event variables (OS and DFS). The HRs
and 95% CIs were directly extracted from the original articles and only
the multivariate HRs values were used in our meta-analysis. Forest plots
were created to graphically represent the general effect of lymphovas-
cular invasion. Heterogeneity was calculated by the inconsistency index
(1%), and a value higher than 40% was considered an indicator of sub-
stantial heterogeneity among studies [15]. The fixed effect model
(Mantel-Haenszel methods and inverse variance) would be used if I?
was lower than 40%. The random effect model (DerSimonian and Laird
method) would be used if the I> was higher than 40%. The MedCalc
statistical software, version 14.8.1 (MedCalc Software, Ostend, Bel-
gium) and the Review Manager statistical software, version 5.3.5
(RevMan, Cochrane community) were used. The significance level was
set at 5% or a p-value < 0.05.

Risk of bias across studies

Methodological heterogeneity was considered by comparing the
variability in study design and risk of bias. Statistical heterogeneity (I%)
was also considered.

Results
Study selection

In the first phase of the study selection, 2004 references were
identified, followed by an additional reference manually obtained. The
duplicated references were removed and 1435 citations remained
(Supplementary Table 2). Comprehensive evaluation of the titles/ab-
stracts of each article was carried out and another 1298 articles were
excluded and 137 articles remaining in the first phase. All manuscripts
retrieved in the first phase were fully reviewed and 115 articles were
excluded (Supplementary Table 3). At the end, 22 articles were selected
for descriptive analysis (Supplementary Table 4), of which 15 in-
vestigated the prognostic importance of lymphovascular invasion in
head and neck AdCC (Fig. 1).

Study characteristics

The 22 studies included in the descriptive analysis were conducted
across six different countries (China, Republic of Korea, USA, Mexico,
Brazil and Denmark) and were published between 1986 and 2019. The
total sample of these 22 studies included 2117 individuals affected by
head and neck AdCC, whereas the 15 studies that investigated the
prognosis of lymphovascular invasion comprised 1272 patients. Sample
sizes ranged from eight to 616 patients to investigate the presence of
lymphovascular invasion and from 23 to 228 to determine its prog-
nostic importance. As regards the studies that evaluated the prognostic
potential of lymphovascular invasion, the time of follow-up was pro-
vided by all studies and varied from two to 354 months. Multivariate
analysis was applied in 10 studies (Supplementary Tables 5 and 6).

Risk of bias within studies

Using the NOS scale for the 15 studies that attempted to investigate
the prognostic potential of lymphovascular invasion, three studies were
classified as high-quality studies, whereas 12 were graded as low-
quality studies (Supplementary Table 7).
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Results of individual studies

The analysis of the 22 articles in which the presence of lympho-
vascular invasion in head and neck AdCC was investigated revealed a
relative frequency that ranged from 5.2% to 72.5% (Fig. 2). In only
three of these studies, there was no significant association between
lymphovascular invasion and either DFS, OS or DSS, whereas all other
studies demonstrated some statistical significance with survival rates,
which are detailed in Supplementary Table 6. Few studies attempted to
determine the association of lymphovascular invasion with clin-
icopathological parameters, being significantly associated with distant
metastases [11], lymph node metastases [18], recurrences [19] and
death [19,20].

Synthesis of results

Demographic features

Major salivary glands were affected in 756 cases, of which parotid
glands were affected in 325, submandibular glands in 321 and sub-
lingual glands in 99 cases, while minor salivary glands were affected in
853 cases. Other non-salivary glands like sinonasal (nasal cavity,
paranasal sinuses and nasopharynx), larynx, auditory canal and la-
crimal glands, were also investigated in the studies included and ac-
counted for 265 cases.

Seventeen studies demonstrated a female predilection, whereas in
only two studies males predominated. In aggregate, female individuals
(1094) outnumbered male individuals (875), leading to a F:M ratio of
1.25:1. The mean age of the patients described in different studies
ranged from 13.9 to 54.4 years old.

Microscopic features

All 22 studies included provided the microscopic classification of
their samples. However, the criteria used by the authors varied, with 15
studies using the WHO criteria, five studies classifying tumours as grade
I, grade II and grade III, one classifying tumors as low-grade and high-
grade and one study classifying tumors as low-grade, intermediate-
grade and high-grade. Moreover, authors also grouped tumors in dif-
ferent ways (e.g.: Stage I vs Stage II/III, Stage I/II vs Stage III,
Cribriform vs Tubular/Solid, Cribriform/Tubular vs Solid).

Quantitative analysis of the presence of lymphovascular invasion

Meta-analysis was applied to determine the association of lympho-
vascular invasion with different clinicopathological parameters, in-
cluding tumor microscopy/grade, cervical metastasis, death and sur-
vival rates, both overall and disease-free. Fig. 3A demonstrates that
solid/higher-grade tumors were significantly more likely to present
lymphovascular invasion than lower-grade tumors (OR = 5.51; 95% ClI,
1.87-16-21; p = 0.002). Moreover, cases presenting lymphovascular
invasion were significantly more likely to develop cervical metastases
than cases without lymphovascular invasion (OR = 2.58; 95% CI,
1.61-4.12; p = 0.0001) (Fig. 3B). Similarly, those patients affected by
head and neck AdCC with lymphovascular invasion were significantly
more likely to die than patients affected by head and neck AdCC
without lymphovascular invasion (OR = 3.09; 95% CI 1.82-5.26;
p = 0.0001) (Fig. 3C).

The presence of lymphovascular invasion negatively impacted the
DFS of patients affected by head and neck AdCC (HR = 3.76; 95% ClI,
1.13-12.53; p = 0.03) (Fig. 4A), and the presence of lymphovascular
invasion was significantly associated with a worse OS (HR = 8.30; 95%
CI, 1.68-40.91; p = 0.009) (Fig. 4B).

Risk of bias across studies
Among the 15 studies that investigated the prognosis of lympho-

vascular invasion, in seven of them it is unclear how the lymphovas-
cular invasion was assessed by the authors or whether they have used
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Fig. 2. Frequency of lymphovascular invasion. (A) Distribution of lymphovascular invasion in the 22 studies included. (B) Funnel-plot of the studies describing the
frequency of lymphovascular invasion in AdCC.
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Fig. 3. Forest-plot and funnel-plot graphics for microscopic grade, lymph node metastasis and death. (A) It was observed that solid/higher-grade tumors had a
significantly increased chance of presenting lymphovascular invasion with an odds-ratio of 5.51 (95% CI, 1.87-16.21). (B) Tumors presenting lymphovascular
invasion showed a higher likelihood of developing lymph node metastases (OR = 2.58; 95% CI, 1.61-4.12). (C) Similarly, the presence of lymphovascular invasion
also increased significantly the chances of death (OR = 3.09; 95% CI, 1.82-5.26).

information available in the original pathological reports, with no mi-
croscopic review of the histological sections. In the remaining studies,
though, the lymphovascular invasion was confirmed microscopically.
Lymphovascular invasion may be a difficult microscopic finding, and
the use of laboratorial tools like immunohistochemistry or special his-
tological staining may show an increased frequency of lymphovascular
invasions, but none of the studies available used immunomarkers.
However, despite these potential risks of bias, we obtained low het-
erogeneity among studies, making the results obtained more reliable.

Discussion

Adenoid cystic carcinoma is one of the most common malignant
salivary gland tumors and is associated with an unsatisfactory long-
term survival due to frequent local recurrences and late distant me-
tastases [1,10]. Despite recent improvements in the understanding of
the molecular pathogenesis of this neoplasm, few known prognostic
parameters are available to determine clinical behavior of affected

patients and the search for more reliable determinants is still necessary.
In this systematic review and meta-analysis, we have demonstrated that
lymphovascular invasion represents a significant prognostic parameter
for head and neck AdCC, associated to a shorter overall survival rate
and a higher chance of lymph node metastases and death.

A number of studies has demonstrated that lymphovascular invasion
is a microscopic finding associated with a worse clinical behavior of
different human neoplasms, including prostate [21], bladder [22], lung
[23] and kidney [24] cancers, as well as with other salivary gland
malignant disorders, such as myoepithelial carcinoma [25] and carci-
noma ex-pleomorphic adenoma [26]. In the context of AACC, Tang
et al. [27] revealed that lymphovascular invasion is an independent
prognostic determinant, while Oplatek et al. [19] showed a significant
association with recurrences. Although these results point towards a
more aggressive condition associated with lymphovascular invasions,
none of the available studies describing the lymphovascular invasion in
AdCC attempted to determine its importance as their main objective,
always representing secondary findings. Therefore, very few authors
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Fig. 4. Forest-plot and funnel-plot graphics for time-to-event variables. (A) The presence of lymphovascular invasion predicted a lower disease-free survival
(HR = 3.76; 95% CI, 1.13-12.53; p = 0.03) and (B) a lower overall survival (HR = 8.30; 95% CI, 1.68-40.91; p = 0.009).
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investigated the association of lymphovascular invasion with clin-
icopathological parameters, whereas some of them did not review the
original slides, and none of them used ancillary techniques to better
identify lymphovascular invasions, such as immunohistochemistry.
Moreover, the profile of tumor emboli has been poorly described, since
we don’t know what kind of vessels are invaded, either blood or lym-
phatic vessels. The morphological characteristics of the vessel has not
been described either. Hence, an original study aiming to investigate
the prognostic potential of lymphovascular invasion to validate our
results is necessary.

Other limitations of the available studies include the small sample
size used and the short follow-up time described for most of them.
Moreover, multivariate statistical analysis was not always performed,
therefore, it remains unclear whether lymphovascular invasion is a
significant prognostic factor once one controls for other important
variables like tumor grade. Thus, the quality assessment of the studies
included in this systematic review and meta-analysis demonstrated that
most studies was classified as low quality. However, the heterogeneity
value obtained for meta-analyses depicted a very low variability among
studies, providing results with reliable estimates.

In addition to the significant association between the presence of
lymphovascular invasion and the occurrence of patients’ death with an
odds ratio of 3.02 and with a significantly poorer disease-free and
overall survivals of AACC patients, we have also observed a strong as-
sociation of lymphovascular invasion with the occurrence of lymph
node metastases and with solid/higher-grade AdCC variants. Lymph
node metastases and solid/higher-grade AdCC variant have been listed
as two important determinants of a worse prognosis for the patients, as
previously documented by Dubal et al. [28] and Han et al. [29], who
showed that lymph node invasion predicted a lower survival for pa-
tients affected by tongue AdCC and van Weert et al. [7], who demon-
strated that solid AdCC presented a poorer prognosis. Our results are
also in accordance with other studies that observed a significant asso-
ciation of lymphovascular invasion with lymph node metastases and
more aggressive microscopic subtype in some human cancers [30,31].

Translocation of chromosomes 6 and 9 affecting the transcription
factors Myb and NFIB is a known and important molecular event
driving the pathogenesis of a variable proportion of AdCC, being pre-
sent in 30 to 100% of all cases [32]. We have recently demonstrated
that despite its etiological importance, t(6;9)(MYB-NFIB) does not seem
to carry a significant prognostic importance for the affected patients
[6], although many variants of this genetic imbalance have been de-
scribed including t(8;9)(MIBL1-NFIB) [5] and the t(8;14)(MYBL1-
RAD51B) [33], and deserves to have their clinical relevance in-
vestigated. However, the importance of these mutations to different
clinicopathological features of AACC needs to be further investigated
and, more specifically, the association with the tumor potential to cause
lymphovascular invasion needs to be elucidated.

The current systematic review and meta-analysis in addition to
demonstrate the prognostic importance of lymphovascular invasion for
patients affected by head and neck AdCC also showed several metho-
dological limitations of the available studies as already mentioned.
Therefore, we understand that future studies need to determine the
frequency and the prognostic potential of this feature using im-
munomarkers towards blood and lymphatic vessels, which will also
contribute to determine whether the infiltration of both vessel types
would carry the same importance, as well as to demonstrate how fre-
quent lymphovascular invasion is misidentified when only regular H&E
stained slides are used. Potential differences in the relative frequency of
lymphovascular invasion observed in samples obtained from incisional
biopsies and in surgical specimens could also be addressed. The use of
larger and more representative samples with at least 5 years of follow-
up is also recommended, and authors must be aware of the importance
to carry out both univariate and multivariate analyses controlled for
different potential prognostic factors.

In conclusion, the best evidence currently available demonstrates
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that lymphovascular invasion is an important prognostic determinant
for patients affected by head and neck AdCC, being also associated with
a more aggressive microscopic variant, lymph node metastases and
death. Therefore, our results suggest that more aggressive therapeutic
approaches are recommended for those cases with lymphovascular in-
filtration and demand that pathologists are careful during microscopic
analysis of this feature and during the description of this finding in
pathology reports.
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