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Head and neck cancers include a large and heterogeneous
group of tumors with a very variable prognosis. These
tumors arise from the squamous epithelial lining of the oral
cavity, oropharynx, nasopharynx, hypopharynx, and larynx
but include also lesions that arise from other anatomical
sites, including the salivary glands, the mucosa of respiratory
sinuses, thyroid, skin, and orbit. Sometimes, also cerebral
tumors are included in this clinic-pathological chapter.

The molecular mechanisms associated with the patho-
genesis and evolution of these diseases are poorly understood,
although some recent indications, from gene expression
profiling studies, suggested a series of well-characterized and
new biomarkers able to diagnose and predict behavior and
sensitivity to treatment of head and neck cancers.

The expression analysis of these biomarkers associated
with histomorphological data could then provide the oncol-
ogist with the opportunity to create a proper stratification of
patients for customized therapies.

In this special issue the authors contributed to highlight-
ing the appearance and the relative importance of new prog-
nostic markers and of innovative surgical approaches in the
prognostic determinism of several head and neck tumors. In
particular, T. Ius et al. analyzed factors influencing the tumor
recurrence (TR) in a cohort of adult patients with an initial
diagnosis of insular Low-Grade Gliomas that underwent a
second surgery, without any adjuvant treatments between
surgeries, showing that the extent of surgical resection (EOR)
at first surgery represents the major predictive factor for
TR. Another interesting study by V. Uloza et al. showed
the first morphological and morphometric characterization

of laryngeal squamous cell carcinoma on an animal model.
Regarding the definition of new prognostic biomarkers,
M. Tang et al. highlighted that macrophage inflammatory
protein-3 alpha (MIP-3𝛼) and cystatin A could represent
valuable prognostic markers in nasopharyngeal carcinoma.
Moreover, E. Lakiotaki et al. analyzed the clinical significance
of cannabinoids CB1 and CB2 in thyroid lesions, underlining
especially the usefulness and therapeutic potential of CB2.
Finally, M. Hühns et al. showed that HHV-8 and EBV
infection are not associated with salivary gland tumors, while
HPV infection may play an important role in development
and progression of these tumors.

We hope that the information included in this special
issue can contribute to understanding of mechanisms asso-
ciated with the pathogenesis and evolution of head and neck
tumors.

Monica Cantile
Francesco Longo

Gerardo Botti
Franco Fulciniti
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This study aims to investigate the expression of macrophage inflammatory protein-3 alpha (MIP-3𝛼) and cystatin A in
nasopharyngeal carcinoma (NPC) and their association with clinical characteristics and prognosis. Primary tumor specimens from
114 NPC patients and associated clinical follow-up data were collected, and the expression of MIP-3𝛼 and cystatin A proteins was
investigated by immunohistochemistry. Expression of MIP-3𝛼 was significantly associated with TNM stage in patients with NPC
(𝑃 < 0.05). NPC patients with positive expression ofMIP-3𝛼 exhibited shorter median overall survival (OS) and distant metastasis-
free survival (DMFS), compared with patients with negative expression (OS: 50.5 months versus 59.0 months, 𝑃 = 0.013; DMFS:
50.1 months versus 60.2 months, 𝑃 = 0.003). NPC patients with positive expression of cystatin A exhibited shorter median OS,
local recurrence-free survival (LRFS), and DMFS, compared with patients with negative expression (OS: 51.1 months versus 60.0
months, 𝑃 = 0.004; LRFS: 54.5 months versus 59.5 months, 𝑃 = 0.036; DMFS: 52.3 months versus 58.8 months, 𝑃 = 0.036). Both
MIP-3𝛼 and cystatin A overexpressions in NPC tumor tissues were strong independent factors of poor prognosis in NPC patients.
MIP-3𝛼 and cystatin A expressions may be valuable prognostic markers in NPC patients.

1. Introduction

Recent studies demonstrated that chemokines may play
important roles in tumor proliferation and metastasis.
Chemokines may be divided into four categories (CC, CXC,
CX
3
C, and XC), in accordance with the relative positions of

conserved cysteine residues [1]. Macrophage inflammatory
protein-3 alpha (MIP-3𝛼), encoded by the CCL20 gene,
regulates leukocyte trafficking through lymphoid tissues and
induces leukocyte migration into sites of inflammation [2].
Previous reports indicate thatMIP-3𝛼 expression is increased
at certain inflammatory sites and tumors, including hepato-
cellular carcinoma [3] and pancreatic carcinoma [4]. MIP-3𝛼
also interacts with its receptor, CCR6, to promote the growth,
migration, and invasion of pancreatic cancer cells.

Impairment of the basement membrane is considered an
important marker of cancer invasion, and degradation of the
extracellularmatrix by proteolytic enzymes is a critical step in
cancer cell invasion and metastasis. The proteolytic enzymes
of the extracellular matrix, lysosomal cysteine proteases such
as cathepsins B and L, as well as their endogenous inhibitors,
cystatins, for example, cystatin A (also known as stefin A),
cystatin B, and cystatin C, may play important roles in cancer
progression and metastasis [5].

To date, radiation therapy is the preferred treatment for
nasopharyngeal carcinoma (NPC) without distant metasta-
sis. The local control rate of NPC is close to 100% because of
continuing progression in imaging techniques and radiother-
apy and the application of concurrent chemoradiotherapy [6,
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7]. However, distant metastasis after treatment is a common
cause of treatment failure, with a 5-year distantmetastasis rate
of 20%–32% in NPC patients [8, 9]. Previously, we showed
that MIP-3𝛼 and cystatin A may be used to predict short-
term clinical outcome in patients with NPC [10]. In this
study, we evaluated the expression of MIP-3𝛼 and cystatin A
in NPC tissues and correlated their expression with clinical
characteristics and prognosis.

2. Materials and Methods

2.1. Patients. A total of 114 NPC patients, hospitalized in
Wuzhou Red Cross Hospital between February 2009 and
May 2010, who were previously untreated and biopsy proven
and with no evidence of distant metastasis were included
prospectively in this study (82 male patients, 32 female
patients; median age 48 years, range 26–76 years). Patients
were not treated by radiotherapy or chemotherapy prior
to the biopsy. Cancer stage was defined according to the
Chinese 2008 staging system [11]. All patients underwent
radical radiotherapy forNPC.Theaccumulated doses to gross
primary tumor and involved neck lymph nodes were 68–
74Gy and 64–70Gy, respectively, and the uninvolved areas
received 50–56Gy. Patients with stage I-II NPC were treated
by radiotherapy alone, whereas, for patients with stages III-
IVa, chemotherapy was added to radiotherapy. This study
was approved by the Clinical Research Ethics Committee of
Wuzhou Red Cross Hospital.

2.2. Immunohistochemistry. Primary antibodies, including
rabbit anti-MIP-3𝛼 antibody (ab85032, polyclonal; Abcam,
Cambridge, UK), mouse anti-CCR6 (ab93086, monoclonal;
Abcam), andmouse anti-cystatin A antibody (ab10442, mon-
oclonal; Abcam), were diluted to 1 : 400, 1 : 500, and 1 : 400,
respectively. Briefly, tissue sections were deparaffinized and
dehydrated with xylene and ethanol. Antigen retrieval was
performed by microwave heating, and sections were then
incubated with hydrogen peroxide for 10min and blocked
with normal serum for 10min, followed by incubation with
primary antibody for 1 h. Detection was performed using a
streptavidin-HRP kit (Nichirei, Tokyo, Japan) and sections
were developed with diaminobenzidine (DAB). Tissues from
human liver cancer and thymus tissue were used as positive
controls for MIP-3𝛼 and cystatin A, respectively. Negative
control sections were treated similarly with phosphate-
buffered saline (PBS) instead of primary antibody.

The immunostaining results were evaluated and scored
independently by two pathologists without knowledge of the
clinicopathological outcomes of the patients. MIP-3𝛼, CCR6,
and cystatin A staining results were scored as four levels
according to the percentage of cytoplasmic and/ormembrane
positive cells in 10 high-power fields as follows: (−): less
than 10%, (+): 11%–20%, (++): 21%–50%, and (+++): >50%.
Positive expression of MIP-3𝛼, CCR6, and cystatin A was
defined as >10% tumor cells with positive staining, whereas
negative expression of MIP-3𝛼, CCR6, and cystatin A was
defined as <10% positive staining tumor cells.

2.3. Statistical Analyses. The frequency distribution of cat-
egorical variables was tested using a Chi-square test. The
overall survival (OS) was calculated from the first day of
chemoradiotherapy until the date of death or until the date
of the last follow-up (January 26, 2014).The local recurrence-
free survival (LRFS) was calculated from the first day of
chemoradiotherapy until the date of either primary lesions in
the nasopharynx or regional lymph node recurrence or until
the date of the last follow-up. Distant metastasis-free survival
(DMFS) was calculated from the first day of chemoradio-
therapy until the date of distant metastasis or until the
date of the last follow-up. Univariate analysis of patient
survival was performed using the Kaplan-Meier method and
log-rank comparison to evaluate differences between the
survival curves. Multivariate analysis was performed using
theCox proportional hazards regressionmodel and a forward
stepwise logistic regression approach. There was a statistical
difference when the 𝑃 value was <0.05. Statistical analysis
was performed using SPSS software version 13.0 (Chicago, IL,
USA).

3. Results

3.1. MIP-3𝛼 and Cystatin A Expression in NPC Tissues
and Association with Clinicopathological Characteristics.
Immunohistochemical analysis of NPC tissues revealed that
MIP-3𝛼 and cystatin A were predominantly expressed in
the cytoplasm of cells in the cancer nests, and CCR6 was
expressed in the cell membrane (Figure 1). MIP-3𝛼 was
positively expressed in 57.9% (66/114) of tumor tissues. CCR6
was positively expressed in 44.7% (51/114) of tumor tissues.
Therewas a significantly positive correlation in the expression
of MIP-3𝛼 and CCR6 (𝑟 = 0.696, 𝑃 < 0.001). MIP-3𝛼
expression was significantly higher in patients with stage
III-IVa tumors compared with those with stage I-II tumors
(𝑃 = 0.039; Table 1). In contrast, MIP-3𝛼 expression was not
significantly associated with age, sex, pathologic type, tumor
(T) classification, or lymph node (N) classification (𝑃 > 0.05;
Table 1).

Cystatin A was positively expressed in 62.3% (71/114) of
tumor tissues, and expression was associated with age (𝑃 =
0.009; Table 1), but not with sex, pathologic type, or stage (𝑃 >
0.05; Table 1).

3.2. Univariate Survival Analysis. After a median follow-up
of 53 months (range 5–61 months), the median OS, LRFS,
and DMFS for all patients were 54.5 months, 56.6 months,
and 54.9 months, respectively. The OS, LRFS, and DMFS
curves for the positive and negative MIP-3𝛼 expression
groups are shown in Figure 2. The median OS and DMFS
were significantly poorer in patients with positive MIP-3𝛼
expression compared with patients with negative MIP-3𝛼
expression (OS: 50.5 months versus 59.0 months, 𝑃 = 0.013,
Figure 2(a); DMFS: 50.1 months versus 60.2 months, 𝑃 =
0.003, Figure 2(c)). There was no statistical difference in
median LRFS between the two groups (54.2 months versus
58.7 months, 𝑃 = 0.503, Figure 2(b)).

The OS, LRFS, and DMFS curves for the positive and
negative cystatin A expression groups are shown in Figure 2.
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Figure 1: Immunohistochemistry staining of nasopharyngeal carcinoma (NPC) tissues (originalmagnification, ×200). (a) Positive expression
of MIP-3𝛼 in NPC tissue. (b) Positive expression of cystatin A in NPC tissue. (c) Positive expression of CCR6 in NPC tissue. (d) Negative
expression in NPC tissue as negative control. (e) Positive expression ofMIP-3𝛼 in liver cancer tissue as positive control. (f) Positive expression
of cystatin A in thymus tissue as positive control.

The median OS, LRFS, and DMFS were significantly poorer
in patients with positive cystatin A expression comparedwith
patients with negative cystatin A expression (OS: 51.1 months
versus 60.0 months, 𝑃 = 0.004, Figure 2(d); LRFS: 54.5
months versus 59.5 months, 𝑃 = 0.036, Figure 2(e); DMFS:
52.3 months versus 58.8 months, 𝑃 = 0.036, Figure 2(f)).

3.3. Multivariate Analysis. The association of MIP-3𝛼 and
cystatin A expression with OS, LRFS, and DMFS was
examined further with Cox proportional hazards regression
modeling, with adjustment for age, gender, WHO patho-
logical classification, T classification, N classification, and
chemotherapy. These analyses revealed that positive cystatin

A expression, T classification, and N classification were
independent prognostic factors of OS in NPC patients; T
classification was an independent prognostic factor of LRFS;
and age ≥ 45 years, N classification, and positive MIP-
3𝛼 expression were also independent prognostic factors of
DMFS (Table 2).

4. Discussion

Chemokines, which can direct cellular chemotactic move-
ment, are low molecular weight cytokines secreted by var-
ious cell types. Most tumor cells express a wide range
of chemokines and chemokine receptors and are in turn
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Table 1: Correlation of expression of MIP-3𝛼 and cystatin A with clinical characteristics in 114 NPC patients [𝑛 (%)].

Characteristics Number of patients MIP-3𝛼 Cystatin A
Negative Positive 𝑃 value Negative Positive 𝑃 value

Age 0.197 0.009
<45 years 41 14 27 22 19
≥45 years 73 34 39 21 52

Gender 0.286 0.208
Male 82 32 50 28 54
Female 32 16 16 15 17

Pathology (WHO)∗

Type I 1 0 1 0.952 0 1 0.722
Type II 12 5 7 4 8
Type III 101 43 58 39 62

T classification 0.145 0.100
T1-2 55 27 28 25 30
T3-4 59 21 38 18 41

N classification 0.117 0.861
N0-1 36 19 17 14 22
N2-3 78 29 49 29 49

Overall stage 0.039 0.181
I-II 15 10 5 8 7
III-IVa 99 38 61 35 64

∗Type I: keratinizing squamous cell carcinoma; type II: differentiated nonkeratinizing carcinoma; type III: undifferentiated nonkeratinizing carcinoma
(according to World Health Organization histological classification).

Table 2: Multivariate analysis of prognostic factors using Cox
proportional hazard ratio model.

Endpoint Hazard ratio (95% CI) 𝑃 value
Overall survival

T classification: T3-4 versus
T1-2 4.66 (1.50–14.52) 0.008

N classification: N3 versus
N0-2 4.16 (1.39–12.45) 0.011

Cystatin A: (+) versus (−) 4.93 (1.12–21.63) 0.035
Local recurrence-free survival

T classification: T3-4 versus
T1-2 12.99 (1.69–100.02) 0.014

Distant metastasis-free survival
Age: ≥45 y versus <45 y 3.57 (1.07–11.89) 0.038
N classification: N3 versus
N0-2 3.66 (1.12–12.02) 0.032

MIP-3𝛼: (+) versus (−) 8.10 (1.82–35.93) 0.006
CI = confidence interval.

regulated by a complex network of chemokines and their
associated receptors. Increased expression of MIP-3𝛼 has
been reported in multiple myeloma [12], hepatocellular
carcinoma [13], and oral cavity squamous cell carcinoma
[14]. MIP-3𝛼, through its CCR6 receptor, promotes tumor
cell invasion in pancreatic adenocarcinoma [4]. In this
study, we demonstrate that MIP-3𝛼 is positively expressed
in 57.9% of NPC tissues. This suggests that NPC, like other
cancers, exhibits high expression of MIP-3𝛼. By analyzing

the relationship between MIP-3𝛼 expression and clinical
characteristics and prognostic factors, we found that patients
with advanced stage NPC were more likely to have higher
MIP-3𝛼 expression. Positive MIP-3𝛼 expression in patients
with NPC was significantly associated with poorer OS and
DMFS. MIP-3𝛼 is a powerful chemoattractant for T cells and
immature dendritic cells, and regulatory T cells are recruited
to NPC lesions to enhance local immunosuppression and
help NPC cells evade antitumor immune responses. MIP-3𝛼
also appears to promote tumor cell proliferation and metas-
tasis by attracting endothelial cells, accelerating angiogenesis,
and affecting cancer cell mobility.

The ability to invade surrounding tissues and metas-
tasize is an important feature of cancers. Penetration and
degradation of components of the extracellular matrix and
basement membrane are key steps in the metastatic process
of cancer cells.The expression of specific proteolytic enzymes
is triggered, and these enzymes are subsequently secreted and
activated during the metastatic process. Proteolytic enzymes
including serine proteases, matrix metalloproteinases, and
lysosomal cysteine proteinase cathepsin B are strongly corre-
lated with the metastatic state of cancer cells. The interaction
between cathepsins and cystatins contributes to the degra-
dation and remodeling of the extracellular matrix during
cancer cell growth, angiogenesis, invasion, and metastasis
[5]. Higher levels of cystatin A in body fluids have been
associated with a poor prognosis in cancer patients [15]. In
this study, positive cystatin A expression in patients with
NPC was significantly associated with poorer OS, LRFS, and
DMFS compared with those patients with negative cystatin A
expression.
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Figure 2: Kaplan-Meier curves of 114 NPC patients. Overall survival (a), local recurrence-free survival (b), and distant metastasis-free
survival (c) of 114 NPC patients, stratified according toMIP-3𝛼 expression. Overall survival (d), local recurrence-free survival (e), and distant
metastasis-free survival (f) of 114 NPC patients stratified according to cystatin A expression.
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In multivariate analysis, we statistically weighted MIP-
3𝛼 and cystatin A with clinicopathological characteristics
to assess their relative prognostic impact. The tumor (T)
classification and lymph node (N) classification remained
powerful predictors of survival forNPCpatients.MIP-3𝛼 and
cystatin A were also independent prognostic factors.

5. Conclusion

Our results indicate that MIP-3𝛼 and cystatin A exhibit
significant prognostic value in patients with NPC. Patients
with positive expression of MIP-3𝛼 or cystatin A exhibited
a poorer prognosis than those with negative expression of
MIP-3𝛼 and cystatin A. On the basis of the presented results,
additional studies are required (a) to evaluate the prognostic
relevance of both factors in a more homogeneous and larger
cohort of NPC patients; (b) to determine the value of their
clinical applicability with respect to the selection of treatment
in individual patients with this type of cancer; and (c) to
investigate the mechanism of the two factors in the distant
metastasis of NPC.
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Benign and malignant salivary gland tumours are clinically heterogeneous and show different histology. Little is known about the
role of human herpes virus 8 (HHV-8), Epstein-Barr virus (EBV), and human papillomavirus (HPV) infection in salivary gland
neoplasms. We investigated the presence of the three viruses in formalin-fixed, paraffin-embedded tissue samples in a cohort of
200 different salivary gland tumours.We performed EBV-LMP-1 and HHV-8 and p16 immunohistochemistry, a specific chip based
hybridization assay for detection and typing of HPV and a chromogenic in situ hybridization for EBV analysis. Only one case, a
polymorphic low-grade carcinoma, showed HHV-8 expression and one lymphoepithelial carcinoma was infected by EBV. In 17
cases (9%) moderate or strong nuclear and cytoplasmic p16 expression was detected. The HPV type was investigated in all of these
cases and additionally in 8 Warthin’s tumours. In 19 cases HPV type 16 was detected, mostly in Warthin’s tumour, adenoid cystic
carcinoma, and adenocarcinoma NOS. We concluded that HHV-8 infection and EBV infection are not associated with salivary
gland cancer, but HPV infection may play a role in these tumour entities.

1. Introduction

Benign and malignant salivary gland tumours belong to rare
head and neck tumours. Most cases are benign and only 20%
are malignant [1]. The majority of the diseases arise in the
sixth decade and the sex distribution is equal [2]. Salivary
gland tumours show a wide range of phenotypic, biological,
and clinical heterogeneity [3]. They occur in the major and
minor salivary glands, whereof 80% of major salivary gland
tumours are present in the parotid glands, and less than half
of these tumours are malignant [3].

In general, several viruses have been demonstrated to
be the trigger of neoplastic diseases of the head and neck,
like human papillomavirus (HPV) [4] and different human
herpes viruses, like human herpes virus-4/Epstein-Barr virus
(EBV) [5], cytomegalovirus (CMV) [6], and human herpes
virus 8 (HHV-8) [7]. However, the role of viruses in the gen-
esis of salivary gland tumours remains still debatable.

The aim of the present study was to determine
the prevalence of different pathogens like HHV-8, EBV,
and HPV in a large cohort of salivary gland tumours. The

involvement of these three pathogens was analyzed by
immunohistochemistry, a specific chip based hybridization
assay, or chromogenic in situ hybridization.

2. Material and Methods

2.1. Patients. A total of 200 patients with salivary gland
tumours were included, diagnosed between 1990 and 2014
(Table 1). Among those there were 93 malignant and 107
benign tumours of different entities (Table 2). The formalin-
fixed, paraffin embedded specimens were retrieved from
the archive of the Institute of Pathology at the University
Medicine of Rostock.

The study was performed with internal review board
approval and patients’ data were anonymized in accordance
with German laws concerning safety data.

2.2. Clinical Data. Clinical data were obtained by reviewing
the charts of the Clinical Cancer Registry, University of
Rostock. These data were anonymized and included sex, age
at diagnosis, and stage (Tables 1 and 2).
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Table 1: Patient characteristics of salivary gland tumours.

Clinical characteristics 𝑛 = 200

Median age, years 59.9
Range 11–95
Sex

Male 107 (53.5%)
Female 93 (46.5%)

Tumour location
Parotid gland 175 (87.5%)
Left side 84 (48%)
Right side 69 (39.5%)

Submandibular gland 14 (7%)
Left side 7 (3.5%)
Right side 7 (3.5%)

Minor salivary glands 11 (5.5%)
Stage at presentation (malignant)

I 36 (38.7%)
II 18 (19.4%)
III 20 (21.5%)
IV 17 (18.3%)

No stadium determinable 2 (2.2%)

2.3. Construction of Tissue Microarrays (TMA). For TMA
construction, a hematoxylin and eosin (H&E) stained slide
from each block was used to define the representative tumour
and normal region by an experienced pathologist. Tissue
cylinders with a diameter of 1.0mm were punched from the
specimen block and brought into an empty paraffin block
[8] by using a precision instrument (Beecher Instruments,
Silver Spring, MD, USA). Three tissue cylinders of tumour
and one cylinder with normal tissue from every specimen
were prepared. Taken together, 10 different TMA blocks with
malignant and benign specimens were constructed.

2.4. Immunohistochemistry. For each TMA block, four-mi-
crometer sections were transferred to an adhesive-coated
glass slide system (Instrumedics Inc, Hackensack, NJ, USA)
and stained with H&E. Only cases containing at least 10%
tumour tissue were further analyzed.

Immunohistochemical staining was performed with an
autostainer (EnVision FLEX, High pH, (Link), DAKO, Ham-
burg, Germany) according to the manufacturer’s standard
protocol with primary antibodies against Cytokeratin AE1/
AE3 (monoclonal mouse, reference number: C1702C01, titre
1 : 500, DCS, Hamburg, Germany), EBV-latent membrane
protein-1 (LMP-1) (monoclonal mouse, clones CS.1–4, “ready
to use,” Dako, Hamburg, Germany), HHV-8 (monoclonal
mouse, 1 : 50, reference number 6011336, Leica, Wetzlar,
Germany), and p16 (monoclonal mouse, clone G175-405,
1 : 20, BD Biosciences, Heidelberg, Germany).

Cytokeratin AE1/AE3 immunohistochemistry served as
a positive control for the tissue studied and proved the
stainability of the archival material.

For LMP1 of EBV the presence of unequivocal mem-
branous and cytoplasmatic staining in >2% of tumour cells

was considered positive. For HHV-8 the presence of nuclear
immunoreactivity in >2% of tumour cells was considered
positive. Positivity for p16 was considered when a moderate
to strong staining was observed in the cytoplasm and in
the nucleus. The staining intensities were graded as negative,
weak, moderate, and strong by visual inspection by an
experienced pathologist. Weak and patchy p16 signalling was
judged as negative. For positive controls, (tumour) tissues
with known marker expression were carried along. The pos-
itive controls were as follows: HHV8: Kaposi sarcoma in an
AIDS patient; EBV-LMP-1: tonsil with a known infectious
mononucleosis (EBV positive); EBER-CISH: tonsil with a
known infectious mononucleosis (EBV positive); P16: carci-
noma of the tonsil with a known HPV infection.

In the negative control experiments, the primary antibod-
ies were omitted.

2.5. Detection of EBV. Chromogenic in situ hybridization
(CISH) staining for EBV encoded RNA (EBER) transcripts
was performed on 4𝜇m deparaffinized tissue sections,
mounted on adhesive coated glass slides according to manu-
facturer’s instructions (ZytoVision, Bremerhaven, Germany).
Slides were digested with pepsin solution for 10 minutes,
incubated with biotin-labelled ZytoFast EBV probe for 60
minutes at 55∘C, followed by incubationwith AP-streptavidin
for 30 minutes at 37∘C, and colouring was performed with
NBT/BZIP at 37∘C for maximal 40 minutes. Cells exhibiting
nuclear staining were considered positive. Positive and nega-
tive controls were included in each run.

2.6. Identification ofHPVTypes. Thecases selected formolec-
ular HPV analysis were all tumours with moderate or strong
cytoplasmic and nuclear p16 expression and additionally
in 8 Warthin’s tumours. Tumour DNA was extracted from
formalin-fixed, paraffin embedded sections in 25 salivary
gland cancers with the ReliaPrep FFPE gDNA Miniprep
system (Promega, Mannheim, Germany) according to man-
ufacturers’ instruction. For identification of HPV types the
HPV Type 3.5 LCD-Array Kit (Chipron, Berlin, Germany)
was used according to manufacturer’s instructions. Briefly,
two PCR reactions were performed using supplied My11/09
(product size 450 bp) and “125” (product size 125 bp) primer
mixes and analyzed by agarose gel electrophoresis. Both
PCR products were mixed and hybridized on the 3.5 LCD
chip slide. The slide was subsequently scanned on the Slide
Reader Scanner and evaluated with the Slide Reader Software
(Chipron, Berlin, Germany).

3. Results

3.1. Patient and Tumour Characteristics. We analyzed 200
patients with malignant or benign salivary gland tumours,
diagnosed between 1990 and 2014 (Table 1). The mean age
at diagnosis was 58.9 years (range 11–95 years), 107 were
male (53.5%), and 93 were female (46.5%). Different tumour
entities were included, whereas in malignant tumours mainly
mucoepidermoid carcinoma (18.3%), adenoid cystic carci-
noma (17.2%), and adenocarcinoma NOS (10.8%) occurred.
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Table 2: Tumour characteristics of malignant and benign tumours (𝑛 = 200).

Type of tumour Number of cases Frequency in %

Malignant

Mucoepidermoid carcinoma 17 18.3
Adenoid cystic carcinoma 16 17.2
Adenocarcinoma NOS 10 10.8
Salivary duct carcinoma 9 9.7
Acinus cell carcinoma 7 7.5
Adenoid basal-cell carcinoma 5 5.4
Squamous cell carcinoma 5 5.4
Nonkeratinized squamous cell carcinoma 4 4.3
Keratinized squamous cell carcinoma 4 4.3
Oncocytic carcinoma 2 2.2
Lymphoepithelial carcinoma 2 2.2
Micropapillary carcinoma 2 2.2
Myoepithelial carcinoma 5 5.4
Pseudo sarcomatoid carcinoma 1 1.1
Polymorphic low-grade carcinoma 1 1.1
Undifferentiated carcinoma 1 1.1
Cystadenocarcinoma 1 1.1
Malignant melanoma 1 1.1

Benign

Cystadenolymphoma (Warthin’s tumour) 46 43
Pleomorphic adenoma 33 30.8
Basal-cell adenoma 15 14.0
Oncocytoma 7 6.5
Myoepithelioma 3 2.9
Cystadenoma 2 1.9
Adenolyphoma 1 0.9

NOS, not otherwise specified.

In benign tumours basically Warthin’s tumours (43%) and
pleomorphic adenoma (33%) were diagnosed.

3.2. Morphological Evaluation of the Specimens. 190/200
(95%) of the specimens contained >10% tumour tissue. Ten
cases (5%) had limited tumour tissue andwere excluded from
the study.

3.3. Expression and Detection of HHV-8, EBV, and HPV
by Immunohistochemistry. AE1/AE3 positivity was found in
183/190 (96.3%) cases, indicating that most tumours were of
epithelial origin and were suitable for further investigations
(Figure 1(a)).

Only one case, a polymorphic low-grade carcinoma
exhibited HHV-8 expression, located in the nucleus
(Figure 1(b)).

A small subfraction of only 4 cases expressed the EBV-
LPM-1 protein and just one case, a lymphoepithelial carci-
noma, was positive in EBER-CISH analyses (Figures 1(c) and
1(e)).

Moderate or strong nuclear and cytoplasmic p16 was
seen in 17/190 (9%) cases (Figure 1(d)). The most frequent
tumour type with positive nuclear expression was adenoid
cystic carcinoma, followed by adenocarcinoma and acinus
cell carcinoma.

3.4. Detection of HPV. Detection of HPV types was per-
formed in all 17 p16 nuclear positive cases and also in 8 War-
thin’s tumours. In 19/25 cases (76%) HPV type was classified
(Table 3); 6 cases were negative or DNA was not amplifiable.
In all 19 positive cases HPV type 16 was detected (Figure 1(f))
in different tumour entities (Table 4), mostly in malignant
cancer types (12/25) compared to benign tumours (7/25).

4. Discussion

The participation of viruses in salivary gland tumours is
receiving increasing interest. The role of EBV in lymphoep-
ithelial carcinomas (LEC), nasopharyngeal carcinomas, and
also benignWarthin’s tumourswas reported in several studies
[9, 10]. In our study, we investigated different salivary gland
tumours, including 46 Warthin’s tumours and two cases
of LEC. But EBV was detected only in one LEC (Figures
1(c) and 1(e)). LEC is a rare malignancy and only few
cases with EBV infection were described in the literature.
It occurs mainly in East Asia population and only rarely
in western countries (reviewed in [11]). However, there are
many controversies about the association of EBV infection
with LEC. Some studies described negative results [12–17],
while other authors found a positive association [11, 18–20].
On the basis of our data of only two cases, we are not able
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(a) (b)

(c) (d)

(e) (f)

Figure 1: Evidence of pathogens in different salivary gland tumours. (a–d) Immunohistochemistry of (a) AE1/AE3 (10x magnification, in
insert 20x magnification) in an adenocarcinoma NOS; (b) HHV-8 (20x magnification) in a polymorphic low-grade carcinoma; (c) EBV-
LMP-1 (20x magnification) in a lymphoepithelial carcinoma; and (d) p16 expression (10x magnification, in insert 20x magnification) in an
adenoid cystic carcinoma. (e) Lymphoepithelial carcinoma showing EBER expression (10xmagnification). (f) Adenoid cystic carcinoma with
HPV type 16 detected by Chipron LCD array.

to conclude whether EBV is associated with LEC or not.
The presence of EBV in Warthin’s tumour was described
in several studies, with a ratio of about 20% [9, 21, 22].
However in our study no tumour of this entity showed any
positivity for EBV. The present results indicate that infection
with EBV does not play a major role in salivary gland
neoplasm.

HHV-8, which naturally infects only humans, is known
to be involved in variousmalignancies including Kaposi’s sar-
coma, Castleman’s disease, and primary effusion lymphoma
[23–26]. Nevertheless, the role in salivary gland tumours
is still unclear. Klussmann et al. reported that HHV-8 has
no major tropism to salivary gland epithelium in immuno-
competent patients [27]. However, they detected HHV-8 in
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Table 3: Expression and detection ofHPV, EBV, andHHV-8 in salivary gland tumours by immunohistochemistry, CISH, and chip technology.

𝑛 Positive Distribution of
malignant cases

Distribution of
benign cases Negative Not evaluable

HHV-8 190 1 (0.5%) 1 0 187 (98.4%) 2 (1.1%)
EBV-LMP-1 190 4 (2.1%) 3 1 183 (96.3%) 3 (1.6%)
EBER-CISH 190 1 (0.5%) 1 0 187 (98.4%) 2 (1.1%)
p16 190 17 (9%) 14 3 159 (83.5%) 14 (7.5%)
HPV (chip) 25∗ 19 (76%) 12 7 1 (4%) 5 (20%)
∗Cases with strong nuclear p16 positivity and Warthin’s tumours; HHV-8, human herpes virus 8; EBV-LMP-1, Epstein-Barr virus latent membrane protein-1;
EBER-CISH, Epstein-Barr virus encoded RNA-chromogenic in situ hybridization; p16, cyclin-dependent kinase inhibitor 2A; HPV, human papillomavirus.

Table 4: Distribution ofHPV type 16 positive cases in salivary gland
tumours (𝑛 = 19).

Positive
Adenoid cystic carcinoma 4
Adenocarcinoma NOS 3
Invasive ductal carcinoma 1
Acinus cell carcinoma 2
Adenoid basal-cell carcinoma 2
Warthin’s tumour 6
Pleomorphic adenocarcinoma 1

a bilateral MALT-lymphoma of the parotid gland of a HHV-8
seropositive female patient suffering fromSjögren’s syndrome
[27]. Other reports found out that HHV-8 is uncommon in
the saliva of healthy persons but was found in patients with
Kaposi’s sarcoma [28, 29]. Klussmann et al. concluded that a
latent infection of the salivary gland in people from areas with
low prevalence of Kaposi’s sarcoma is rare [27]. In contrast,
in a Greek study HHV-8 was detected in 44% of Warthin’s
tumour [7].Our findings differ from theGreek study, sincewe
detected noHHV-8 in our 46 investigatedWarthin’s tumours.
Only in one adenocarcinoma NOS the virus was found.

p16 is a cyclin-dependent kinase inhibitor of CDK4
and CDK6, which activates the negative cell cycle regulator
retinoblastoma protein (pRB). This protein in turn downreg-
ulates p16 expression. The human papillomavirus oncogene
E7 interferes with pRB and inactivates the protein, resulting
in overexpression of p16 [30]. Our results showed in 17/190
cases (9%) a nuclear expression of the surrogate marker p16.
Nevertheless, p16 is not a specific marker for the detection
of HPV [31] and its value in the detection of HPV infection
is still controversial [32]. Due to the role of p16 in cell
cycle, we selected only the cases with strong nuclear p16
expression for further HPV typing by DNA analysis. Based
on all investigated cases, 19 cases were HPV positive (10%). In
several studies, a correlation of HPV infection, mainly types
16 and 18, with salivary gland tumours was shown. In
American patients with mucoepidermoid carcinoma 36%
were positive, predominantly type 16 and less commonly
HPV type 18 or types 16 and 18 together [33]. In two other
studies similar results were shown for salivary gland tumours.
Hafed et al. detected positivity for HPV type 16 and/or type
18 in 23.5% [34], whereas Lin et al. found 35.8% positive
HPV cases [9]. In contrast, in other studies with Warthin’s

tumours noHPV-positive case could be found [32, 35]. In our
cohort of salivary gland carcinomas we identified 6Warthin’s
tumours infected with HPV type 16, after preselection by p16
expression, according to 13.3% of all investigated Warthin’s
tumours.

Most positive HPV cases in our study derived from
malignant salivary tumours like adenoid cystic carcinoma
and adenocarcinoma NOS and, to a lower proportion from
acinus cell carcinoma, salivary duct carcinoma and adenoid
basal-cell carcinoma. Recent studies also showed conflicting
results with malignant tumours. In some studies with up to
or more than 100 salivary gland neoplasms, no HPV positive
cases were identified [32, 35–37]. In contrast, other studies
showed a presence ofHPV in these tumour entities [9, 33, 34].

Besides smoking and alcohol consumption, HPV rep-
resents another risk factor for squamous head and neck
tumours [38]. High-risk (hr) HPV types, often type 16,
were frequently detected in oropharynx carcinoma, mainly
in tonsillar carcinoma and tongue base carcinoma [38,
39]. Recent advances in HPV-induced cervical precancerous
lesions highlight that different pathways of HPV infection
(i.e., viral persistent, transient or latent infection, productive
or permissive infection) may or may not progress to a
“transforming infection,” with risk of developing high grade
squamous intraepithelial lesion and consecutive invasive
cancer [40]. The data show that only a minority of hr HPV
infections become “transforming infections,” characterised
by altered gene expression, especially 2 viral genes E6 and E7
(as discussed above) [40]. Among hr HPV types, type 16 is
obviously associated with the greatest risk to develop cervical
cancer if left untreated [40, 41]. But which factors determine
malignant progression is still poorly understood [40]. And
for hr HPV positive head and neck tumours, especially
oropharyngeal cancers, data concerning the development and
progression of “transforming” hr HPV infections are still
limited [26].

Risk factors, like several sexual partners and oral prac-
tices, were similar to those of HPV-associated cervix carci-
noma [42, 43]. In a recent study, the age for oral HPV infec-
tion was dated between 14 and 69 years [44] and is consistent
with our results of HPV positive cases (between 31 and 72
years).Due to the growing rates of salivary gland tumours and
positivity of HPV types 16 and 18, some studies hypothesized
that use of the two available HPV vaccines for cervix
carcinoma may cause a reduction of salivary gland cancer
[42, 44–46].
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5. Conclusion

Salivary gland neoplasm is an uncommon and heterogeneous
disease. These tumours are not generally associated with
EBV or HHV-8 infection. In our investigations we found a
correlation between p16 nuclear overexpression and high-
risk HPV infection in salivary gland neoplasm. HPV type 16
was identified in adenoid cystic carcinoma, adenocarcinoma
NOS, andWarthin’s tumours and, to a lesser extent, in acinus
cell carcinoma, salivary duct carcinoma, and adenoid basal-
cell carcinoma. HPV seems to be involved in a significant
proportion of salivary gland tumours but its exact role is still
controversial due to the recent studies.
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of EBV genome in lymphoepithelioma-like carcinomas of the
larynx,” Histopathology, vol. 30, no. 2, pp. 126–128, 1997.

[18] T. Kuo and C. Hsueh, “Lymphoepithelioma-like salivary gland
carcinoma in Taiwan: a clinicopathological study of nine cases
demonstrating a strong association with Epstein-Barr virus,”
Histopathology, vol. 31, no. 1, pp. 75–82, 1997.

[19] C.-C. Tsai, C.-L. Chen, and H.-C. Hsu, “Expression of Epstein-
Barr virus in carcinomas of major salivary glands: a strong
association with lymphoepithelioma-like carcinoma,” Human
Pathology, vol. 27, no. 3, pp. 258–262, 1996.

[20] L. M. Weiss, L. A. Movahed, A. E. Butler et al., “Analysis
of lymphoepithelioma and lymphoepithelioma-like carcinomas
for Epstein-Barr viral genomes by in situ hybridization,” The
American Journal of Surgical Pathology, vol. 13, no. 8, pp. 625–
631, 1989.

[21] T. Atula, R. Grénman, P. Klemi, and S. Syrjänen, “Human papil-
lomavirus, Epstein-Barr virus, humanherpesvirus 8 and human
cytomegalovirus involvement in salivary gland tumours,” Oral
Oncology, vol. 34, no. 5, pp. 391–395, 1998.

[22] M. Santucci, O. Gallo, A. Calzolari, and R. Bondi, “Detection of
Epstein-Barr viral genome in tumor cells of Warthin’s tumor of
parotid gland,” American Journal of Clinical Pathology, vol. 100,
no. 6, pp. 662–665, 1993.

[23] C. Casper, “The aetiology and management of Castleman
disease at 50 years: translating pathophysiology to patient care,”
British Journal of Haematology, vol. 129, no. 1, pp. 3–17, 2005.

[24] W. Quinibi, O. Al-Furayh, K. Almeshari et al., “Serologic asso-
ciation of human herpesvirus eight with posttransplant Kaposi’s
sarcoma in Saudi Arabia,” Transplantation, vol. 65, no. 4, pp.
583–585, 1998.

[25] R.G.Nador, E. Cesarman,A. Chadburn et al., “Primary effusion
lymphoma: a distinct clinicopathologic entity associated with
theKaposi’s sarcoma-associated herpes virus,”Blood, vol. 88, no.
2, pp. 645–656, 1996.



BioMed Research International 7

[26] T. Rampias, C. Sasaki, P. Weinberger, and A. Psyrri, “E6 and E7
gene silencing and transformed phenotype of human papillo-
mavirus 16-positive oropharyngeal cancer cells,” Journal of the
National Cancer Institute, vol. 101, no. 6, pp. 412–423, 2009.

[27] J. P. Klussmann, A. Müller, M. Wagner et al., “Human her-
pesvirus type 8 in salivary gland tumors,” Journal of Clinical
Virology, vol. 16, no. 3, pp. 239–246, 2000.

[28] D. J. Blackbourn, E. T. Lennette, J. Ambroziak, D. V. Mourich,
and J. A. Levy, “Human herpesvirus 8 detection in nasal
secretions and saliva,” Journal of Infectious Diseases, vol. 177, no.
1, pp. 213–216, 1998.

[29] P. Cattani, M. Capuano, F. Cerimele et al., “Human herpesvirus
8 seroprevalence and evaluation of nonsexual transmission
routes by detection of DNA in clinical specimens from human
immunodeficiency virus-seronegative patients fromcentral and
southern Italy, with and without Kaposi’s sarcoma,” Journal of
Clinical Microbiology, vol. 37, no. 4, pp. 1150–1153, 1999.

[30] M. E. McLaughlin-Drubin, C. P. Crum, and K. Münger,
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The endocannabinoid system is comprised of cannabinoid receptors (CB1 andCB2), their endogenous ligands (endocannabinoids),
and proteins responsible for their metabolism participate in many different functions indispensable to homeostatic regulation in
several tissues, exerting also antitumorigenic effects. The present study aimed to evaluate the clinical significance of CB1 and CB2
expression in human benign andmalignant thyroid lesions. CB1 andCB2 proteins’ expressionwas assessed immunohistochemically
on paraffin-embedded thyroid tissues obtained from 87 patients with benign (𝑛 = 43) and malignant (𝑛 = 44) lesions and was
statistically analyzedwith clinicopathological parameters, follicular cells’ proliferative capacity, and risk of recurrence rate estimated
according to the American Thyroid Association (ATA) staging system. Enhanced CB1 and CB2 expression was significantly more
frequently observed in malignant compared to benign thyroid lesions (𝑝 = 0.0010 and 𝑝 = 0.0005, resp.). Enhanced CB1 and CB2
expression was also significantly more frequently observed in papillary carcinomas compared to hyperplastic nodules (𝑝 = 0.0097
and 𝑝 = 0.0110, resp.). In malignant thyroid lesions, elevated CB2 expression was significantly associated with the presence of
lymph node metastases (𝑝 = 0.0301). Enhanced CB2 expression was also more frequently observed in malignant thyroid cases
with presence of capsular (𝑝 = 0.1165), lymphatic (𝑝 = 0.1989), and vascular invasion (𝑝 = 0.0555), as well as in those with
increased risk of recurrence rate (𝑝 = 0.1165), at a nonsignificant level though, whereas CB1 expression was not associated with
any of the clinicopathological parameters examined. Our data suggest that CB receptors may be involved in malignant thyroid
transformation and especially CB2 receptor could serve as useful biomarker and potential therapeutic target in thyroid neoplasia.

1. Introduction

Endocannabinoid system (ECS) is an endogenous lipid
signal-inducing system, present in various human tissues,
that exerts many different and unrelated functions. Sub-
stantial studies have indicated the regulatory effects of the
ECS on the central and peripheral nervous system, the
gastrointestinal tract, and the immune system, being involved
inmultiple processes, such as gastrointestinalmotility, mood,
pain regulation,memory, and appetite [1].These functions are

triggered by binding of endogenous and exogenous ligands
to cannabinoid receptors (CB receptors). Besides those well-
known functions, ECS also exerts antiproliferative effects
through modulation of several signaling pathways [2], while
its activation may have prognostic significance for tumor
developmental progression [3–6].

Two subtypes of CB receptors exist, with different dis-
tribution among the human tissues. CB1 receptor is mainly
located at the central nervous system, adipocytes, liver, pan-
creas, skeletal muscle, and T-lymphocytes [7]. CB2 receptor
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is mainly detected in immune cells, but also in neurons and
other cells that comprise the central nervous system such as
astrocytes and microglia as well as in cerebromicrovascular
endothelial cells [8]. The activation of CB receptors inhibits
cAMP formation through its coupling to Gi proteins, result-
ing in decreased protein kinase A- (PKA-) dependent phos-
phorylation [7, 8]. CB receptors also couple to extracellular
signal-regulated kinase (ERK) and specifically p42/p44 and
p38 [2], participating in phosphatidylinositol 3-kinase (PI3K)
and ceramide signaling [9]. Other receptors are also attached
to the ECS like transient receptor potential cation channel
subfamily V member 1 (TRPV-1), peroxisome proliferator-
activated receptors (PPARs), and non-CB1/CB2 G-protein-
coupled receptors GPR55 [7, 8].

The ECS ligands are the cannabinoids, including the
bioactive components of the Cannabis Sativa, synthetic CB-
mimetic compounds, and endogenous ligands of CB recep-
tors [10]. The most important molecule of the first category
is Δ9-THC, which is well known for its psychoactive traits
[10]. The other two categories include synthetic ligands that
have currently been developed (CP55940, HU-210, HU-
211, ab-cannabidiol, ajulemic acid, WIN55,212-2) and endo-
cannabinoids that are produced by the human body and are
lipid messenger derivatives of arachidonic acid (AA) con-
jugated with either ethanolamine or glycerol [11]. The most
important of these molecules are anandamide (AEA) and 2-
arachidonoylglycerol (2-AG), but additional substances have
also been identified, such as O-arachidonoylethanolamine
(OAE, virodhamine), 2-arachidonoylglycerol ether (2-AGE,
noladin ether), N-arachidonoyldopamine (NADA), and
palmitoylethanolamide (PEA) [10, 11]. Apart from the CB
receptors and all their ligands, the ECS also includes the
essential enzymes for ligand biosynthesis, transport, and
degradation [8, 10, 11].

In addition to ECS functions in order to maintain home-
ostasis, the above-mentioned cross-talk between the ECS
and the most important oncogenic pathways (MAPK/ERK
and PI3K/Akt pathway) has recently gained interest and has
highlighted the significance of the ECS in tumorigenesis
[12, 13]. Moreover, cannabinoids have been shown to induce
apoptosis in cancer cells, inhibit tumor vascularization via
VEGF decrease, and suppress cancer cell invasive capacity
[12, 13]. Antiproliferative effects prevail and several studies
suggest that cannabinoids have potential as antitumoral
agents [12, 13].

Diagnosis of thyroid lesions has recently been increased,
not only due to improved diagnostic techniques, but also
because of their true incidence rise in the population [14]. In
fact, thyroid carcinoma is the most common malignancy of
the endocrine system [14]. Although thyroid cancer is usually
completely cured by surgery and therapy, 10–20% of patients
still die from recurrence or tumor progression [15].Therefore,
it is essential to establish new treatment strategies and find
new prognosticmarkers in order to predict the clinical course
for each patient and customize accordingly the available
therapeuticmodalities. In this aspect, the present study aimed
to evaluate the immunohistochemical expression of CB1 and
CB2 receptor in benign and malignant thyroid lesions in

association with clinicopathological characteristics related to
prognosis.

2. Patients and Methods

2.1. Patients. The examined material consisted of 87 histo-
logically examined thyroid surgical specimens from an equal
number of patients who had undergone thyroid surgery
for benign and malignant lesions. Forty-three benign (37
hyperplastic nodules and 6Hashimoto thyroiditis) and forty-
four malignant (40 papillary and 4 follicular carcinomas)
caseswere included in the study. Eachneoplasmwas classified
according to the WHO histological classification of thyroid
tumors [16]. The risk of recurrence was estimated according
to the American Thyroid Association (ATA) staging system
[17]. None of the patients had received any kind of anticancer
treatment prior to surgery and there was no clinical history
of head and neck irradiation or of other cancer.

2.2. Immunohistochemistry. Immunostainings for CB1 and
CB2 were performed on formalin-fixed, paraffin-embedded
thyroid tissue sections using a goat polyclonal CB1 IgG anti-
body (N-15, sc-10066, Santa Cruz Biotechnology, Santa Cruz,
CA, USA) and a rabbit polyclonal CB2 IgG antibody (H-
60, sc-25494, Santa Cruz Biotechnology). Briefly, 4 𝜇m thick
tissue sections were dewaxed in xylene and were brought
to water through graded alcohols. Antigen retrieval was
performed bymicrowaving slides in 10mM citrate buffer (pH
6.1) for 15minutes (min) at high power, according to theman-
ufacturer’s instructions. To remove the endogenous peroxi-
dase activity, sections were then treated with freshly prepared
0.3% hydrogen peroxide in methanol in the dark, for 30min,
at room temperature. Nonspecific antibody binding was
blocked using Eraser and Sniper, specific blocking reagents
for goat and rabbit primary antibodies, respectively (Biocare
Medical, Concord, California, USA), for 5min. The sections
were incubated for 1 hour (h), at room temperature, with
the primary antibodies against CB1 and CB2 diluted 1 : 300
and 1 : 200, respectively, in phosphate buffered saline (PBS)
according to the manufacturer’s instructions. Sections were
then incubated at room temperaturewith biotinylated linking
reagent (Biocare Medical) for 10min, followed by incubation
with peroxidase-conjugated streptavidin label (BiocareMedi-
cal) for 10min.The resultant immune peroxidase activity was
developed using a DAB substrate kit (Vector Laboratories,
California, USA) for 10min. Sections were counterstained
with Harris’ hematoxylin and mounted in Entellan (Merck,
Darmstadt, Germany). Appropriate negative controls were
performed by omitting the primary antibody and/or substi-
tuting it with an irrelevant antiserum. As positive control,
breast and mobile tongue squamous cell carcinoma tissue
sections with known CB1 and CB2 expression were used.
The follicular cells’ proliferative capacity was assessed by Ki-
67 immunohistochemical expression, as previously described
[18–20].

2.3. Evaluation of Immunohistochemistry. Immunohisto-
chemical evaluation was performed by counting at least 1000



BioMed Research International 3

(a) (b)

(c) (d)

Figure 1: Representative CB1 immunostainings in: (a) hyperplastic nodule and (b) papillary carcinoma. Representative CB2 immunostainings
in (c) hyperplastic nodule and (d) papillary carcinoma (original magnification ×200).

tumour cells in each case by two independent observers (Sta-
matiosTheocharis and Paraskevi Alexandrou) blinded to the
clinical data, with complete observer agreement. Specimens
were considered “positive” for CB1 and CB2 when more than
5% of tumour cells within the section were positively stained
[18–20].The immunoreactivity of the tumor cells for CB1 and
CB2 was scored according to the percentage of CB1 and CB2
positive tumor cells as 0: negative staining- 0–4% of tumor
cells positive; 1: 5–24% of tumor cells positive; 2: 25–49%
of tumor cells positive; 3: 50–100% of tumor cells positive
and its intensity as 0: negative staining, 1: mild staining; 2:
intermediate staining; 3: intense staining [18–20]. Finally, the
expression of CB1 and CB2 was classified as low, if the total
score was 0 or 2 and high and if the total score was ≥3 [18–
20]. Ki-67 immunoreactivity was classified according to the
percentage of positively stained follicular cells exceeded the
median percentage value into two categories (below and over
mean value), as previously reported [18–20].

2.4. Statistical Analysis. Chi-square tests were used to assess
the difference of CB1 and CB2 expression between malignant
and benign thyroid lesions, as well as between papillary
carcinoma cases and hyperplastic nodules. Chi-square tests
were applied to assess the associations between CB1 and CB2
expression and clinicopathological characteristics in the sub-
group of patients with malignant thyroid lesions. A 2-tailed
𝑝 < 0.05 was considered statistically significant. Statistical
analyses were performed using the software package SPSS for
Windows (version 13.0; SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Clinical Significance of CB1 Expression in Human Malig-
nant and Benign Thyroid Lesions. CB1 positivity (IHC score
> 0) was noted in 52 (60%) out of 87 thyroid lesions. Thirty-
one (36%) out of the 87 examined cases presented high CB1
immunoreactivity (IHC score ≥ 3).The subcellular pattern of
CB1 distribution was predominantly cytoplasmic and occa-
sionally membranous. Normal surrounding areas adjacent
to tumour were found negative for CB1. Representative CB1
immunostainings for hyperplastic nodule and papillary car-
cinoma are depicted in Figures 1(a) and 1(b), respectively. CB1
immunoreactivity was significantly different between benign
and malignant thyroid lesions (Table 1, 𝑝 = 0.0010). High
CB1 expression was significantly more frequently observed
in papillary carcinoma compared to hyperplastic nodules
(Table 1, 𝑝 = 0.0097). CB1 expression was not associated
to patients’ age and gender and follicular cells’ proliferative
capacity. In the subgroup of malignant thyroid lesions, high
CB1 expression was noted in 23 (52%) out of 44 cases. There
was no association between CB1 receptor expression and
tumour size, presence of capsular, vascular or lymphatic inva-
sion, lymph nodemetastasis, and follicular cells’ proliferation
rate (Table 2). CB1 receptor expression was not associated
with risk of recurrence estimated according to ATA staging
system (data not shown).

3.2. Clinical Significance of CB2 Expression in Human Malig-
nant and Benign Thyroid Lesions. CB2 positivity (IHC score
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Table 1: Associations of CB1 and CB2 expression with patients’ age and gender, type of histopathology, and Ki-67 protein statement in 87
patients with thyroid lesions.

Clinicopathological characteristics CB1 expression CB2 expression
Low High 𝑝 value Low High 𝑝 value

𝑁 = 87 56 (64%) 31 (36%) 55 (63%) 32 (37%)
Age (mean ± SD; yrs) 51.9 ± 14.2 49.5 ± 14.3 0.4584 50.7 ± 14.0 51.7 ± 14.7 0.7620
Gender 0.5470 0.6068

Female 46 (53%) 27 (31%) 47 (54%) 26 (30%)
Male 10 (11%) 4 (5%) 8 (9%) 6 (7%)

Histopathology (𝑁 = 87) 0.0010 0.0005
Benign 35 (40%) 8 (10%) 35 (40%) 8 (9%)
Malignant 21 (24%) 23 (26%) 20 (23%) 24 (28%)

Histopathology (𝑁 = 77) 0.0097 0.0110
Hyperplastic nodules 29 (38%) 8 (10%) 30 (39%) 7 (9%)
Papillary carcinoma 20 (26%) 20 (26%) 18 (23%) 22 (29%)

Ki-67 protein statement 0.5051 0.3087
Below mean value 45 (52%) 23 (26%) 47 (54%) 21 (24%)
Over mean value 11 (12%) 8 (10%) 8 (9%) 11 (13%)

Table 2: Associations of CB1 and CB2 expression with clinicopathological characteristics in 44 patients with malignant thyroid lesions.

Clinicopathological characteristics CB1 expression CB2 expression
Low High 𝑝 value Low High 𝑝 value

𝑁 = 44 21 (48%) 23 (52%) 20 (45%) 24 (55%)
Age (mean ± SD; yrs) 51.2 ± 14.4 50.1 ± 14.6 50.2 ± 13.8 51.3 ± 14.9 0.7201
Gender 0.2021 0.9456

Female 15 (34%) 20 (45%) 16 (36%) 19 (43%)
Male 6 (14%) 3 (7%) 4 (9%) 5 (12%)

Tumor size (T) 0.6011 0.4844
T1 15 (34%) 18 (41%) 16 (36%) 17 (39%)
T2–4 6 (14%) 5 (11%) 4 (9%) 7 (16%)

Lymph node metastasis (N) 0.7132 0.0301
N0 19 (43%) 20 (45%) 20 (45%) 19 (43%)
N1 2 (5%) 3 (7%) 0 (0%) 5 (12%)

Capsular invasion 0.8250 0.1165
No 17 (39%) 18 (41%) 18 (41%) 17 (39%)
Yes 4 (9%) 5 (11%) 2 (4%) 7 (16%)

Lymphatic invasion 0.5220 0.1989
No 18 (41%) 18 (41%) 18 (41%) 18 (41%)
Yes 3 (7%) 5 (11%) 2 (4%) 6 (14%)

Vascular invasion 0.3398 0.0555
No 20 (45%) 20 (45%) 20 (45%) 20 (45%)
Yes 1 (3%) 3 (7%) 0 (0%) 4 (10%)

Ki-67 protein statement 0.5827 0.2828
Below mean value 12 (27%) 15 (34%) 14 (32%) 13 (30%)
Over mean value 9 (21%) 8 (18%) 6 (14%) 11 (25%)

> 0) was noted in 61 (71%) out of 87 thyroid lesions. Thirty-
two (37%) out of the 87 examined cases presented high CB2
immunoreactivity (IHC score ≥ 3).The subcellular pattern of
distributionwas predominantly cytoplasmic andoccasionally
membranous. Normal surrounding areas adjacent to tumor

were found negative for CB2. Representative CB2 immunos-
tainings for hyperplastic nodules and papillary carcinoma
are depicted in Figures 1(c) and 1(d), respectively. High CB2
expression was significantly more frequently observed in
malignant thyroid lesions compared to benign ones, as well
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as in papillary carcinoma compared to hyperplastic nodules
(Table 1, 𝑝 = 0.0005 and 𝑝 = 0.0110, resp.). In the
subgroup of malignant thyroid lesions, high CB2 expression
was noted in 24 (55%) out of 44 cases. High CB2 expression
was significantly associated with the presence of lymph node
metastasis (Table 2, 𝑝 = 0.0301). High CB2 expression
was also associated with the presence of capsular, lymphatic
invasion, and vascular invasion, at a nonsignificant level
though (Table 2, 𝑝 = 0.1165, 𝑝 = 0.1989, and 𝑝 = 0.0555,
resp.). No associations between CB2 expression and patients’
age and gender, tumour size, and follicular cells’ proliferative
rate were noted (Table 2). High CB2 receptor expression
was more frequently observed in malignant thyroid lesions
presenting increased risk of recurrence rate according to ATA
staging system, at a nonsignificant level though (𝑝 = 0.1165).

4. Discussion

In the present study, CB1 and CB2 protein expression was
increased in malignant compared to benign thyroid lesions.
We also describe for the first time an association between
CB2 protein expression and clinicopathological parameters
crucial for patients’ management and prognosis. Notably,
enhanced CB2 expression was significantly associated with
the presence of lymph node metastases and borderline
with the presence of vascular invasion, while indicative but
nonsignificant associations with the presence of capsular
and lymphatic invasion and estimated recurrence rate were
also noted. Similar results for CB1 receptor overexpression
were obtained, as far as malignant compared to benign
thyroid lesions are concerned; nevertheless nonsignificant
association or trend of correlation between CB1 expression
and clinicopathological parameters was noted.

In accordance with the present findings, CB receptors
were upregulated in certain tumour human malignancies,
including oral squamous cell carcinoma, pancreatic, hepa-
tocellular, and prostatic carcinoma, whereas they were not
expressed in normal tissues of these organs [3–6]. On the
other hand, CB1 receptor was downregulated in colorectal
carcinoma in contrast to adjacent normal tissues, pointing
to the different roles of the ECS in various tumors and
indicating the multiple interactions between the ECS and
the mechanisms that control cell growth and proliferation
[21]. These mechanisms may include direct induction of
transformed-cell death, cell cycle arrest, and inhibition of
tumor angiogenesis and metastasis [12, 13]. The antitumoral
effects of ECS have also been depicted in numerous stud-
ies. In colorectal cancer, endocannabinoids and synthetic
cannabinoids were able to induce apoptosis and inhibit
carcinogenesis by mechanisms involving both CB receptors,
TRPV1 channels and PPAR𝛾-pathway [22, 23]. Similar results
have occurred in studies conducted on pancreatic, lung,
and breast cancer, cholangiocarcinoma, and hepatocellu-
lar carcinoma [24–28]. Synergistic effects of cannabinoids
with conventional antitumor chemotherapy have also been
reported [29].

CB receptor overexpression in thyroid carcinoma has
recently been reported, in vitro [30, 31]. More to the point,
IL-12 stimulation of anaplastic thyroid carcinoma cell lines

induced CB2 receptor overexpression and led to CB2-agonist
mediated apoptosis and tumour regression [30]. Moreover,
CB2 upregulation rendered the tumour cells more suscep-
tible to treatment with standard chemotherapy [30]. One
putative explanation for this phenomenon was the ceramide-
dependent activation of the mitochondrial intrinsic pathway,
which leads to apoptosis, being triggered by CB2 receptor
activation [32]. Another study on thyroid carcinoma cell
lines depicted that 2-methyl-2-F-anandamide (Met-F-AEA)
inhibited tumour growth, associated with high CB1 receptor
levels [31]. The abundant CB1 receptor expression was noted
in more responsive to treatment cell lines, which subse-
quently were more susceptible to growth inhibition. Such
results were ascribed to p53 activation, p21CIP1/WAF1 increase,
and cyclin A decrease, leading to apoptosis [31].

Apart from the possible therapeutic implications con-
cerning tumorigenesis and ECS, detection of CB receptors
overexpression may have potential as prognostic indica-
tors. Upregulation of both CB receptors in hepatocellular
carcinoma tissue samples was significantly associated with
improved prognosis and longer disease-free survival [3]. Such
findings were combined with the histopathological tumour
characteristics, as high CB receptor levels were observed in
cases presenting well differentiation and limited portal tract
involvement [3]. On the other hand, CB2 immunoreactivity
was associated with shorter disease-free survival in head and
neck squamous cell carcinoma [6]. Concerning CB1 receptor,
its overexpressionwas associatedwith poor patients’ outcome
in colorectal, prostatic, and pancreatic carcinoma [4, 5, 21].
Notably, enhanced CB1 expression in stage IV colorectal
carcinoma patients was independently correlated with poor
prognosis [21]. Increased CB1 expression was also associated
with aggressive prostatic adenocarcinoma presenting higher
Gleason score, larger tumour size, and increased cell prolifer-
ation rate, as well asmetastasis at diagnosis [5].Moreover, low
CB1 expression or high FAAH/MAGL levels were correlated
with longer survival rate and higher pain status. Similar
but not statistically significant results for CB2 receptor were
noted [4]. Taking into account the above mentioned data,
the currently available studies on CB receptor levels and
their associations with prognosis in various tumors seem
contradictory and may be closely related to the extent of ECS
participation in tumorigenesis.

5. Conclusion

Enhanced CB1 and CB2 receptor immunohistochemical
expression levels were correlated with thyroid gland malig-
nancy. Moreover, enhanced CB2 expression levels were asso-
ciated with clinicopathological characteristics important for
patients’ therapeutic management. These results supported
evidence that CB receptors and especially CB2 receptor may
interfere with molecular pathways participating in thyroid
malignant transformation and could be considered as poten-
tial therapeutic targets to suppress tumor progression. Larger
cohort studies are strongly recommended in order to confirm
and establish the clinical utility of CB receptors as potential
prognostic markers in thyroid neoplasia.
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M. Guzmán, and G. Velasco, “The CB2 cannabinoid receptor
signals apoptosis via ceramide-dependent activation of the
mitochondrial intrinsic pathway,” Experimental Cell Research,
vol. 312, no. 11, pp. 2121–2131, 2006.



Research Article
Effect of Laryngeal Squamous Cell Carcinoma Tissue
Implantation on the Chick Embryo Chorioallantoic Membrane:
Morphometric Measurements and Vascularity

Virgilijus Uloza,1 Alina Kuzminien{,1 Sonata Šalomskait{-Davalgien{,2

Jolita Palubinskien{,2 Ingrida Balnyt{,2 Ingrida Ulozien{,1 Viktoras Šaferis,3

and Angelija ValanIi0t{2

1Department of Otorhinolaryngology, Lithuanian University of Health Sciences, LT-50009 Kaunas, Lithuania
2Department of Histology and Embryology, Lithuanian University of Health Sciences, LT-50009 Kaunas, Lithuania
3Department of Physics, Mathematics and Biophysics, Lithuanian University of Health Sciences, LT-50009 Kaunas, Lithuania

Correspondence should be addressed to Alina Kuzminienė; alinakuzminiene@gmail.com
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Background. The aim of this study was to develop chick embryo chorioallantoic membrane (CAM) model of laryngeal squamous
cell carcinoma (LSCC) and to evaluate the morphological andmorphometric characteristics and angiogenic features of it.Methods.
Fresh LSCC tissue samples obtained from 6 patients were implanted onto 15 chick embryo CAMs. Morphological, morphometric,
and angiogenic changes in the CAM and chorionic epithelium were evaluated up to 4 days after the tumor implantation.
Immunohistochemical analysis (34𝛽E12, CD31, and Ki67 staining) was performed to detect cytokeratins and tumor endothelial
cells and to evaluate the proliferative capacity of the tumor before and after implantation on the CAM. Results.The implanted LSCC
tissue samples survived on the CAM in all the experiments and retained the essential morphologic characteristics and proliferative
capacity of the original tumor. Implants induced thickening of both the CAM (103–417%, 𝑝 = 0.0001) and the chorionic epithelium
(70–140%,𝑝 = 0.0001) and increase in number of blood vessels (75–148%,𝑝 = 0.0001) in the CAM.Conclusions.This study clarifies
that chick embryo CAM is a relevant assay for implanting LSCC tissue and provides the first morphological and morphometric
characterization of the LSCC CAMmodel that opens new perspectives to study this disease.

1. Introduction

Laryngeal squamous cell carcinoma (LSCC) is one of the
most common malignant tumors of the respiratory tract
with an estimated incidence rate of 10/100 000 cases in
males in Europe [1]. The overall 5-year survival of patients
with this carcinoma localization in Europe was 63% in the
period of 1995 to 2003. Despite the up-to-date treatment
using advanced chemoradiation therapy andmodern surgical
techniques, the survival rate is not increasing remarkably
within the last 30 years [1].

A better understanding of the biological mechanisms
that control progression of LSCC would provide new and
more successful strategies for tumor management. However,

current in vivomodels for human LSCC investigation do not
simulate enough tumorigenic phenotypes of cancer and data
about experimental evaluation of carcinogenesis, angiogen-
esis, and metastatic potential of LSCC in a live medium are
insufficient [2, 3]. Therefore, we suggest establishing chick
embryo chorioallantoic membrane (CAM) assay for this
type of tumor as a medium that reveals numerous unique
properties and advantages [4, 5].

Because the chick embryo CAM model has been used
for scientific purposes for decades, the system is quite well
described in the literature and some evident benefits of the
CAM assay are emphasized [6, 7]. The immatureness of the
chick embryo immune systemallows using different cell types
and cells from different tissues and species. Consequently,
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the chick embryo CAM assay is considered as simple, rapid,
and cost effective, if compared with most in vivomodels [4].

Therefore, we propose that the chick embryo CAMmodel
can be successfully used to characterize LSCC morphol-
ogy, invasion, angiogenic response in vivo, and metastatic
properties. Remarkable proof is the evidence that the chick
embryo CAMmodel has substantially contributed to several
Nobel Prize laureates’ scientific discoveries including the first
known oncogene [8], neural growth factor based on effects
of mouse tumor transplantation [9], and the interaction
between tumor viruses and the genetic material of the cell
[10].

The chick embryo develops 21 days until hatching out.The
CAM is formed on days 4 to 5 of incubation as a consequence
of fusion of mesodermal layers of outgrowing allantois and
the chorion. The newly formed membrane is composed of
chorionic and endodermal epithelia with an intricate plexus
of arteries, veins, and capillaries. The highly vascularized
nature of this assay is a considerable advantage which greatly
stimulates the growth of the xenogeneic tumor and facilitates
the analysis of angiogenic effect of implanted tumor on the
CAM [11]. This feature determines the use of the CAM as a
perfect medium for tumor implanting, studying carcinoma
behavior and development. It is probably the most widely
used in vivo assay for studying angiogenesis [4, 11, 12].

One of the greatest features of chick embryoCAMassay is
an incomplete lymphoid system which is not fully developed
until the late stages of incubation. The chick embryo may
serve as a naturally immunodeficient host that is efficient for
maintaining implanted tumor tissueswithout species-specific
restrictions [11]. It is known that after the chick embryo
becomes immunocompetent (the 18th day of incubation),
both acute and chronic inflammatory responses of the CAM
to biomaterials become similar to those of mammalian ones
[4]. Data of the literature show that chick genes have a
single human orthologue with an accuracy of about 60%.
Chick and human orthologous genes reveal lower sequence
conservation (75.3%) than rodent and human do (88%) [4].
Therefore, the avian model can be used for research in more
fields of investigation compared to rodent ones. Moreover,
no special permission from the Animal Rights Protection
Committee is needed to perform the experimentation with
chick embryo in both the European Union and USA. A great
support to perform this type of investigation is approbation
obtained from theUS Food andDrugAdministration and the
Communication Department of the European Commission
(2006) for the products that are preclinically evaluated using
this assay [4].

Most of the avian experimental models such as human
osteosarcoma, human colon carcinoma, and others used cells
from the tumor cell lines implanted in the chick embryo
CAM [11, 13, 14]. However, it can be presumed that this type
of experiment while implanting cultivated tumor cells loses
most of the natural physiological and histological features
of the original tumor. Several in vitro models have been
developed in the last few decades to investigate the oncogenic
phenotypes of different malignant tumors. However, most of
thesemodels employedmonolayer cell cultures,making these
assays difficult to translate to clinical applications [6].

Following the experience obtained from glioblastoma
tumor implantation on the chick embryo CAM [15], we
suggested implanting fresh laryngeal tumor samples onto
the chick embryo CAM [16], expecting that the tumor will
retain its physiological properties and will show analogous
behavior as in its natural environment.We demonstrated that
fresh LSCC tissue samples remain viable with their main
histological features up to 4 days after implantation onto the
chick embryo CAM.

The aim of this study was to evaluate the morphological
and morphometric characteristics and angiogenic features of
the chick embryo CAM LSCC model. In this study, we used
the chick embryo CAM for the first time to investigate the
angiogenic effect of LSCC and to provide the morphometric
characteristics of the CAM LSCC model. The implanted
tumor induced considerable morphological changes of the
CAM structures and demonstrated significant instigated
vascularization of the host membrane.

2. Materials and Methods

2.1. Incubation and Egg Opening. Fertilized hen eggs (Cobb-
500) were obtained from the local hatchery (DovainoniH
Paukštynas, Lithuania) and were incubated at 37.7∘C temper-
ature and 59-60% relative humidity with permanent venti-
lation and rotation. On the third embryonic day (approx-
imately 72 hours of incubation) eggs’ shells were sterilized
with 70% ethanol solution. The blunt part of the egg was
punctured searching for the air chamber. Two milliliters of
albumen was removed in order to set down the developing
embryo.Then, an oval window of about 1.0 cm2 on the top of
the shell of each egg was opened using a high speed drill. All
embryos were examined for possible malformations or signs
of local bleeding.Those embryos that did not satisfy the study
requirements were discarded.

In order to prevent embryos from dehydration and to
capacitate the continuity of the experiment the shell windows
were covered with transparent sterile tape. After this proce-
dure, the prepared eggs were placed back into the incubator
and kept under the same conditions without rotation for 4 to
6 days until implantation of the LSCC tissue.

2.2. LSCC Tissue Samples. Fresh LSCC tissue samples (𝑁 =
6) of at least about 0.5 × 1.0 × 0.5 cm in size were obtained
from 6 patients at the Department of Otorhinolaryngology
during laryngeal surgery. Diagnosis of the LSCC was proved
at the Department of Pathology. The LSCC tissue samples
were transported to the laboratory of the Department of
Histology and Embryology in isotonic saline solution at
ambient temperature (18–20∘C) and then implanted onto the
chick embryo CAM within 45–60 minutes.

Investigations in the present study were performed in
accordance with the principles outlined in the Declaration of
Helsinki and approved by Kaunas Regional Bioethics Com-
mittee (P1-BE-2-34/2007). Histologically confirmed LSCC
tissue samples were acquired in accordance with the protocol
approved by the Institutional ReviewBoard of LUHS.Written
Informed Consent was obtained from the patients before
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surgery and patients’ identifiers were removed to ensure
anonymity.

2.3. LSCC Tissue Implantation onto the CAM. LSCC implan-
tation was performed on the 7th, 8th, or 9th day of eggs’
incubation when the CAM is already formed. Each LSCC
tissue sample obtained directly from the operating room was
sliced into approximately 8mm3 pieces. Each piece of the
tumor (1 piece per egg) was gently placed on the outer surface
of theCAMnear the biggest apparent vessel of themembrane,
that is, using classical technique as it is described byCushman
et al. [17]. On the 11th day of eggs’ incubation, that is, after
48, 72, and 96 hours of tumor implantation, two eggs were
reopened and live-fixed in the 10% formalin solution. CAMs
with the adhering tumors were excised and fixed in formalin
for 5 days. Eight control CAMs were obtained on the 11th day
from eggs that were incubated and proceeded under the same
protocol, except the LSCC tissue implantation.

2.4. Tissue Sampling and Histology. Formalin-fixed and par-
affin-embedded samples of approximately 0.5 × 2.5 cm in size
from each CAM with LSCC implant were sliced into 3𝜇m
thick sections and stainedwith hematoxylin and eosin (H&E)
for histological and morphometric evaluation. Histological
evaluation of the samples was performed with the cold light
microscope OLYMPUS BX40F4 (Olympus Optical Co. Ltd.,
Japan) under 10xmagnification usingCellSensDimension 1.9
Digital Imaging Software for Research Applications (Olym-
pus Corporation of the Americas, USA).

2.5. Immunohistochemistry. For immunohistochemical
examination, the 3 𝜇m thick slices of paraffin-embedded
CAMs with LSCC implants as well as original tumor tissue
slices were mounted on poly-L-lysine coated glass slides.
After deparaffinization with xylene and rehydration the
sections were pretreated with antigen-retrieval solution
(0.01mol/L of citrate buffer, pH 6) in a pressure-cooker and
then incubated: (1) with cytokeratin monoclonal antibodies
(clone 34𝛽E12, dilution 1 : 50) for identification of high
molecular weight cytokeratin (HMW CK), because previous
studies have shown squamous cell carcinomas being positive
for these antibodies [18], (2) with monoclonal mouse
anti-human CD31 (endothelial cell clone JC70A, dilution
1 : 40) for detection of vascular endothelial cells in tumor
tissue [19, 20], and (3) with monoclonal mouse anti-human
antibody for Ki67 (clone MIB-1, dilution 1 : 50) to identify
nuclei of proliferating tumor cells [21].

All antibodies were purchased from Dako A/S (Glostrup,
Denmark). Antibodies’ detection using commercially avail-
able kit EnVision Plus-HRP, Dako A/S, was performed
following the protocols of the provider. Sections were coun-
terstained in weakMayer’s hematoxylin, dehydrated, cleared,
and mounted for the light microscopy.

2.6. Histochemistry of Mesodermal CAM Vessels. For visu-
alization of CAM blood vessels, paraffin-embedded tissue
samples were sliced in 3 𝜇m thick slices and mounted on
poly-L-lysine coated glass slides. Sections were rehydrated as

previously described and pretreated with streptavidin/biotin
blocking kit (Vector, USA). In order to highlight endothelium
of blood vessels in chick embryo CAM, slices were stained
with 10 𝜇g/mL biotinylated Sambucus nigra bark lectin (Vec-
tor, USA) [22]. The VECTASTAIN Elite ABC kit was used
(Vector, USA) to detect biotinylated molecules. Enzyme
activity sites were visualized using DAB chromogen solution
(Dako, Denmark). Sections were counterstained in Mayer’s
hematoxylin, dehydrated, cleared, and mounted. Sambucus
nigra lectin specifically binds to chick endothelium; therefore,
the blood vessels were seen brown under the lightmicroscope
(Figures 1(c) and 1(d)).

2.7. Histomorphometric Analysis. Histomorphometric eval-
uation of the CAM parameters was performed on the
images obtained with Olympus digital camera (Olympus U-
CMAD3, Philippines). To perform accurate morphometric
analysis each CAM section was divided into 5 sight fields
(SFs) (Figure 1(a)). The central location directly under the
implanted tumor was defined as the first SF, the 2nd and 4th
SFs were defined as neighboring sites, and the 3rd and 5th SFs
were defined as distant SFs, respectively. The thicknesses of
both the CAM and the chorionic epithelium were measured
in all SFs. The parameters measured only in central and
neighboring SFs (the 1st, 2nd, and 4th) were as follows: (1)
number of blood vessels with the smallest diameter of not
less than 8𝜇m per constant length of the CAM section and
(2) mean area of the counted blood vessels’ cross-section.
The latter were identified following the endothelial cells and
erythrocytes inside the lumen of blood vessels in Sambucus
nigra lectin (Figures 1(c) and 1(d)) and H&E stained sections,
according to the systematic sampling approach of Russ and
Dehoff [23]. Eight control CAMs were processed under
the same conditions, except that measurements of each
parameter were performed in five random SFs (Figures 1(b)–
1(d)).

2.8. Statistical Analysis. Statistical analysis was performed
using IBM SPSS Statistics for Windows, Version 20.0
(Armonk, NY: IBM Corporation Software). Data were pre-
sented as the mean ± standard deviation (SD). Student’s 𝑡-
test was used to test hypothesis with respect to equality of
means. The size of the differences among the mean values of
the groups was evaluated by estimation of type I and type II
errors (𝛼 and 𝛽) of the tests. The difference was considered
to be significant if 𝛽 ≤ 0.2 and 𝛼 = 0.05. The correlations
among the number of blood vessels and the thickness of
the CAM and the thickness of epithelium of the CAM were
evaluated using Pearson’s correlation coefficient (𝑟). The level
of statistical significance for testing statistical hypothesis was
0.05.

3. Results

The laryngeal squamous cell carcinoma tissue samples (𝑁 =
6) were tested on chick embryo CAMs (𝑁 = 120). In this
paper we evaluate the effect of LSCC for those CAMs that
were cut off on the 11th incubation day, that is, 2, 3, and 4
days after tumor tissue implantation (𝑁 = 15). All 15 CAMs
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Figure 1: Histological appearance of the control and experimental CAM and LSCC tissue. (a) Sight fields of CAM with LSCC implant;
original magnification 4x. (b–d)The control CAMs: stained in H&@ (b); CAM’s blood vessels revealed with Sambucus nigra lectin (c, d). (e)
Moderately differentiated squamous cell carcinoma of the larynx. Accumulation of atypical cells with concentrically arranged keratinized cells
(“carcinoma pearls”: long arrows) was observed in the original LSCC tissue. (f) Thickened CAM and chorionic epithelium of experimental
group with LSCC implant: invasion through epithelium (short arrows). (g) Increased vascularity under the LSCC implant. (b, c, e, f, and g)
Bars 50𝜇m; original magnification 10x; (d) bar 20 𝜇m; original magnification 40x.

were evaluated morphologically in numerous sections and
morphometric parameters were obtained in 5 SFs of 4
nonserial sections (Figure 1(a)). Three hundred SFs were
measured accordingly.

CAMs (𝑁 = 8) without implants served as controls.
Measurements of control CAMs were made in 160 SFs using
the same methods (Figures 1(b)–1(d)).

The original LSCC tissue was evaluated histologically.
Typical signs of the tumor were observed: the parenchyma
consisted of atypical epithelial cells with irregular nuclei and
increased number of nucleoli. Accumulation of atypical cells
with concentrically arranged keratinized cells (“carcinoma
pearls”) was observed (Figure 1(e)). The surrounding stroma
was composed of loose connective tissue showing different
level of infiltration by monomorphonuclear cells.

3.1. Histological and Immunohistochemical Characteristics of
Implanted LSCC Tissue. The implanted LSCC tissue samples

consisted of solid pieces of polymorphous atypical squamous
epithelial cells with large irregular nuclei and increasedmito-
sis, while observing one or several prominent nucleoli and
abundant acidophilic cytoplasm. The tumor cells retained
their vitality in 2, 3, and 4 days after implantation and the
apparent influence of the LSCC on the CAM was observed
(Figures 1(f) and 1(g)). The implanted tumor tissues on the
chick embryo CAM in all the cases were visibly adhered to
the host CAM and never flowed away.

The HMW CK (CK34𝛽E12) was expressed in the cyto-
plasm of the original LSCC epithelial cells. Epithelial cells
of the LSCC implanted on the CAM also showed high
positivity for the HMW CK. Endothelial cells of the blood
vessels were positive for CD31 in both the original and
implanted LSCC tissues. Cellular marker for proliferation
Ki67 was positive in the nuclei of the original tumor cells
(Figures 2(a) and 2(c)) also showing positivity for HMWCK
(Figure 2(b)). Expression of CD31 in implanted LSCC blood
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(a) (b)

(c) (d)

(e) (f)

Figure 2: An immunohistochemical study of LSCC tissue before and after implantation on CAM. (a, c) The original tumor cells, which
showed high positivity for the Ki67 (long arrows). (b)The original tumor cells (the same site as in (a)) were also positive for HMWCK (short
arrows). (d) Endothelial cells of implanted tumor blood vessels were positive for CD31. (e, f) Ki67 positive nuclei of implanted LSCC cells. (a,
b, d, and e) Bars 50 𝜇m; original magnification 10x; (c, f) bars 20 𝜇m; original magnification 40x.

vessels (Figure 2(d)) and Ki67 in its epithelial cells (Figures
2(e) and 2(f)) indicated that the implanted tissue retained
features of the original tumor and preserved proliferative
capacity even after 96 hours after the implantation.

3.2. Morphometric and Morphologic Characteristics of the
CAM. The morphological features of the CAMs’ reaction
induced by the LSCC implants were similar in all specimens
of the experimental group. Thus, there were no significant
differences between morphological features of the different
CAMs with implants obtained from the same patient as
well. Results of the morphometric analysis of the CAMs in
experimental and control groups are presented in Table 1.

The mean thickness of the CAM under the implanted LSCC
in the experimental group was statistically significantly (𝑝 =
0.0001) increased in all 5 SFs comparing to that of the control
group. The largest difference between the thickness of the
experimental and the control CAMs was found in the central
SF (1st SF) and reached 417%.However, in the distant SFs (3rd
and 5th SFs) the difference was less and reached 103–109%,
respectively. Furthermore, in the experimental group the host
CAM in the central SF was statistically significantly thicker
than in the neighboring and the distant SFs, respectively (𝑝 <
0.05).

Table 2 shows the mean thickness of the CAMs in both
experimental and control groups 2, 3, and 4 days after
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Table 1: Mean thickness of the CAM: experimental group versus control group.

LSCC group Control group Difference

Sight fields Mean
𝜇m SD Mean

𝜇m SD 𝜇m % 𝑝 𝛽

1st SF 204.9 143.9

37.1 16.4

167.9 417 0.0001 <0.01∗

2nd SF 132.7 101.6 95.6 235 0.0001 <0.01∗

3rd SF 83.0 71.5 45.9 109 0.0001 <0.01∗

4th SF 124.7 98.9 87.7 214 0.0001 <0.01∗

5th SF 80.7 79.3 43.7 103 0.0001 <0.01∗
∗Statistically significant difference between the groups, computed using 𝛼 = 0.05.

Table 2: Mean thickness of the CAM 2, 3, and 4 days after the LSCC tumor implanting: experimental group versus control group.

LSCC group Control group Difference
Days after LSCC
implantation

Mean
𝜇m SD Mean

𝜇m SD 𝜇m % 𝑝 𝛽

2nd day 102.8 97.1
37.1 16.4

66.8 177 0.001 <0.01∗

3rd day 104.9 52.8 67.9 183 0.001 <0.01∗

4th day 185.8 137.6 148.7 401 0.001 <0.01∗
∗Statistically significant difference between the groups, computed using 𝛼 = 0.05.

the LSCC tumor implantation (i.e., totally 11 days of incu-
bation). The mean thickness of the CAM was statistically
significantly higher (𝑝 = 0.001) in the experimental group
versus control group already 2 days after the tumor implan-
tation reaching 177%. Of note, on the 4th day after the LSCC
tumor implantation that difference reached 401%. There was
no positivity for the HMW CK in the mesenchymal layer or
endodermal epithelium of the CAM. Expression of CD31 and
Ki67 was not detected in the CAM as well.

3.3. Morphometric and Morphologic Characteristics of the
CAM Epithelium. The chorionic epithelium in the exper-
imental group was found to be thickened in comparison
with the control group (Table 3) and it appeared squamous
and stratified, consisting of 5-6 layers. The mean thickness
of the epithelium under the LSCC implant was statistically
significantly (𝑝 = 0.0001) higher as compared with the
control group. The highest difference was found in the 1st SF
(140%) while in the distant SFs these differences reached 70
and 75%, respectively.

All implanted tumors induced similar morphometric
characteristics of the CAM epithelium under the LSCC
implants. No significant differences were found in the mor-
phometric characteristics of the epithelium after implanting
the same patient’s tumor on different CAMs (𝑝 > 0.05).
However, there were certain regions of the CAM under
the LSCC implants with thinned and even discontinuous
epithelium (Figure 1(f)) and signs of tumor cells’ invasion.
Adjacent mesenchyme showed a dense accumulation of
blood vessels immediately below the implant (Figure 1(g)).

The keratogenic metaplasia in the chorionic epithelium
just beneath the implanted LSCC was detected by posi-
tive immunostaining with HMW CK. However, keratogenic
metaplasia has never been found in the distant SFs of

the experimental CAMs, as well as in the CAM epithelium
of the control group.

3.4. Histomorphological Characteristics of the Vascularity of
the CAM. Histomorphometric evaluation revealed a statis-
tically significant difference of the mean number of CAM
blood vessels between the experimental and control groups
(𝑝 = 0.0001) (Table 4). The experimental group had much
higher mean number of blood vessels per constant length
of the CAM, thus demonstrating measurable evidence of
increased vascularity.The highest difference from the control
CAM was in the 1st SF reaching 148%; however, in neighbor-
ing SFs the difference was less: 92% and 75%, respectively.

Themean number of blood vessels under the LSCC tissue
implant (the 1st SF) was found to be significantly higher in
comparison with the neighboring sites (𝑝 < 0.05) of the
experimental CAM.

The statistically significant (𝑝 < 0.05) moderate positive
correlations between the number of blood vessels and the
thickness of the CAM (𝑟 = 0.65), as well as the thickness
of epithelium of the CAM (𝑟 = 0.37), were revealed in the
experimental group.

As shown in Table 5, the mean area of blood vessels’
lumen in the experimental group was statistically signifi-
cantly larger in all SFs if compared with that of the control
group. In the 1st SF the difference between the experimental
and control groups reached 155%, in the neighboring SFs,
106% and 82%, respectively.

4. Discussion

The chick embryo CAM model has long been used for
the investigation of angiogenesis, oncogenesis, and tumor
metastasis [24–26]. This model provides a naturally immun-
odeficient host that accepts implantation from various tissues
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Table 3: Mean thickness of the CAM epithelium: experimental group versus control group.

LSCC group Control group Difference

Sight fields Mean
𝜇m SD Mean

𝜇m SD 𝜇m % 𝑝 𝛽

1st SF 14.9 5.6

6.22 1.2

8.7 140 0.0001 <0.01∗

2nd SF 12.9 7.2 6.78 107 0.0001 <0.01∗

3rd SF 10.9 5.5 4.7 75 0.0001 <0.01∗

4th SF 11.9 4.7 5.7 91 0.0001 <0.01∗

5th SF 10.6 6.2 4.5 70 0.0001 <0.01∗
∗Statistically significant difference between the groups, computed using 𝛼 = 0.05.

Table 4: Mean number of blood vessels per constant length of the CAM section: experimental group versus control group.

LSCC group Control group Difference
Sight fields Mean SD Mean SD Absolute % 𝑝 𝛽

1st SF 15.9 10.8
6.4 2.9

9.5 148 0.0001 <0.01∗

2nd SF 12.3 5.5 5.9 92 0.0001 <0.01∗

4th SF 11.2 5.8 4.9 75 0.0001 <0.01∗
∗Statistically significant difference between the groups, computed using 𝛼 = 0.05.

Table 5: Mean area of the CAM blood vessel lumen: experimental group versus control group.

LSCC group Control group Difference

Sight fields Mean
𝜇m2 SD Mean

𝜇m2 SD 𝜇m2 % 𝑝 𝛽

1st SF 169.3 119.5
66.4 42.8

102.9 155 0.0001 <0.01∗

2nd SF 138.9 127.9 72.4 109 0.0001 <0.01∗

4th SF 121.0 79.7 54.6 82 0.0001 <0.05∗
∗Statistically significant difference between the groups, computed using 𝛼 = 0.05.

and species and therefore can be used for xenoimplantation
of different types of cells. The extraembryonic membranes
that are connected to the embryo through a continuous
extraembryonic vessel system are readily accessible for exper-
imental manipulation and observations [27]. Despite the
evident advantages of the CAM assay and its natural immun-
odeficient environment, the chick embryo CAM model is
still relatively rarely used for implanting of human tumors.
Nevertheless, there are several reports about the employment
of the CAM assay as a reliable model to study various
human tumors, namely, melanoma [28], prostatic cancer
[29], glioblastoma [15, 30], human colon carcinoma [13], giant
cell tumor of bone [14], sarcoma [31], and head and neck
squamous cell carcinoma [6].

However, there are only sporadic reports in the literature
about the use of the CAM assay for biological studies of
human laryngeal tissue: for establishment of LSCC cell lines
[2] and for CAM analysis of cellular laryngeal scaffolds
showing induction of a strong in vivo angiogenic response
[24].

On the other hand, most experiments with chick embryo
CAM reported in the literature used tumor cell lines that
did not represent the natural physiological features of a solid
tumor. Experiments with cell lines might not fully reflect the
wide heterogeneity of human malignancies, because of poor

correlation between the behavior of single cell lines in vitro
and tumors encountered in patients. Depurated cancer cell
lines differ genetically from the original cancers in patients,
because these cells have a phenotype adapted to culturing on
plastic substrates that are commonly employed in xenograft
experiments [31]. Positive performance of an exploratory
drug in experimental xenografts of different human cancer
cell lines is not predictive enough of compound efficacy in
the clinical setting [32].

The use of fresh tumor samples for the CAM assay
preserves the original tumor microenvironment of the
heterogeneous tumor cell population and the associated
matrix allowing natural interactions between the different
cell populations in the sample [31].Therefore, preservation of
the microenvironment is a theoretical benefit of using fresh
tumor samples.

The results of our study indicate that LSCC tissue samples
outlived on the CAMs sustaining strongly adhered to the
membranes in all the experiments despite the short term of
interaction (2 to 4 days after implantation). All examined
implants retained essential characteristics of the donor tumor
specimens from living individuals with LSCC. It is important
to note that all LSCC implants remained with their main
histological features and no signs of necrosis were observed.
Thus, the results of the present study show that theCAMassay
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can be used to analyze fresh material derived from LSCC.
This is the first in vivo model for LSCC which opens new
perspectives to study this disease and tumor aggressiveness
and to assess tumor responses to new therapeutic agents.

We have noticed that LSCC tissues induced significant
changes of all the structures of the hostmedium starting from
the 2nd day after tumor implantation while having stayed
on the CAM. The observed thickening of the mesenchyme
with increased density of mesenchymal cells and thickening
of chorionic epithelium in the CAMunder the tumor implant
can be explained as the result of action of the growth stimuli
factors that are coming from the implanted LSCC tumor
tissue and the nonspecific inflammatory reaction of the CAM
due to the implant [33, 34].

Examination of CAM sections suggested that partial
thickening in the mesenchyme between the outer and inner
epithelium may be due to edema [35]. During the investi-
gation with the uncoated dialysis capillary or by applying
the Thermanox tissue culture cover slips onto the CAM,
a high density of inflammatory cells, such as heterophils,
and giant mast cells with associated fibrosis were found.
The stroma of the CAM showed fibrocyte proliferation,
leucocyte infiltration, and clusters of dispersed ectodermal
epithelial cells [36–39]. As chick embryo CAM is accepted
to be a naturally immunodeficient host [11] until day 18 of
incubation [4], the inflammatory response of the chorioal-
lantoic membrane to biomaterials is explained as the result
of appearance of nonlymphoid avian leukocytes, mast cells,
basophils, thrombocytes (functional analog to platelets), and
monocytes that represent nonspecific inflammatory reaction
[33].

Angiogenesis plays a critical role in many normal physio-
logical processes, as well as in tumor neovascularization [34].
Establishment and growth of malignant tumors are critically
dependent on their ability to stimulate the formation of new
blood vessels from preexisting vasculature to support their
metabolic needs [34, 40].Thus, angiogenesis facilitates tumor
growth and spread [6].

In head and neck tumors, increased angiogenesis has
been associated with an unfavorable prognosis in many
studies; however, prognostic relevance of angiogenic factors
in laryngeal tumor development has been questioned [41–43].
More recent studies emphasized that increased LSCC tumor
angiogenesis was an early event in laryngeal tumor develop-
ment and positively correlated with local and locoregional
relapse and lethal outcome of the disease [44, 45].

Chick embryo CAM being rich in developed arteries,
veins, and capillary plexus also accompanied by evolved
nutrition delivery system is accepted to be one of the most
widely used in vivo assays for studying anti- or proangiogenic
properties [4, 12, 34]. However, theoretically, revasculariza-
tion of the tumor sample is required for the sample’s survival
and growth [31].

The results of our study disclose that after implanting
fresh LSCC tissue samples onto the chick embryo CAM the
process of active angiogenesis in theCAMappears.That is the
result of multiplying blood vessels associated with increase
in vessel volume; hence, nascent blood vessel proliferation

during our experiment is the visible sign of LSCCprogression
onto the CAM.

It is suggested though that alteration in the gaseous
environment of chorionic epithelium may have initiated
the chain of events leading to keratogenic metaplasia [46].
This phenomenon has been noticed while investigating
LSCC implant onto chick embryo CAM in our study: the
keratogenic metaplasia in the chorionic epithelium was
observed only just beneath the implanted LSCC in contrast
to the sites distant from the carcinoma implant or CAMs of
control.

Results of the present study are in agreementwith the data
of other investigations. An increased value of vascular growth
was noticed after implantation of decellularized healthy
laryngeal tissue samples on CAM [24]. Ovarian fragments
implanted onto chick embryo CAM markedly increased the
number of distended blood vessels in the membrane near or
next to the implanted ovarian fragments and an increased
number of fine capillaries within close proximity of the
implanted fragments were found [17, 27].The gastrointestinal
tract carcinoma cells induced angiogenesis in the CAM and
positively correlated with their capacity to colonize the CAM
tissue [13, 25].

The results of our study show that reliable protocol for
implanting of human LSCC onto the chick embryo CAM is
established and this assay can be used to analyze fresh mate-
rial derived from human LSCC. However, some limitations
arise from the inherent features of the chick embryo CAM
model. Because the duration of the CAM assay is limited to
a 7–9 days’ window available before the chick hatches, most
tumor cells cannot produce macroscopically visible colonies
in secondary organs before the termination of the assay.
As a result, the more difficult detection of micrometastases
becomes an inherent part of the chick embryo CAM model
system [47]. This feature of the chick embryo CAM assay
probably determined a rather rare (2 cases out of 6) detection
of LSCC invasion and micrometastases in our series.

5. Conclusions

In summary, results of our study clarify that chicken embryo
CAM is a relevant hostmedium for implanting fresh tissues of
the LSCC. The LSCC implants adhere to the host membrane
and induce significant morphological changes of it, allowing
visualizing microscopically the behavior of implanted tumor
cells. Data of this study provide the first morphological
and morphometric characterization of the LSCC implant on
CAM model and, therefore, allow better understanding of
cancer cell biology. Future development of this model may
lead to identification of new specific and selective therapeutic
agents and composition of drugs to limit spread of LSCC.

Abbreviations

LSCC: Laryngeal squamous cell carcinoma
CAM: Chorioallantoic membrane
SD: Standard deviation
SF: Sight field
HMWCK: High molecular weight cytokeratins.



BioMed Research International 9

Conflict of Interests

The authors declare that they have no conflict of interests.

Acknowledgments

The authors highly appreciate the technical assistance of
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Background. Given the technical difficulties, a limited number of works have been published on insular gliomas surgery and risk
factors for tumor recurrence (TR) are poorly documented. Objective. The aim of the study was to determine TR in adult patients
with initial diagnosis of insular Low-Grade Gliomas (LGGs) that subsequently underwent second surgery.Methods. A consecutive
series of 53 patients with insular LGGs was retrospectively reviewed; 23 patients had two operations for TR. Results. At the time
of second surgery, almost half of the patients had experienced progression into high-grade gliomas (HGGs). Univariate analysis
showed that TR is influenced by the following: extent of resection (EOR) (𝑃 < 0.002), ΔVT2T1 value (𝑃 < 0.001), histological
diagnosis of oligodendroglioma (𝑃 = 0.017), and mutation of IDH1 (𝑃 = 0.022). The multivariate analysis showed that EOR at
first surgery was the independent predictor for TR (𝑃 < 0.001). Conclusions. In patients with insular LGG the EOR at first surgery
represents the major predictive factor for TR. At time of TR, more than 50% of cases had progressed in HGG, raising the question
of the oncological management after the first surgery.

1. Introduction

Due to its challenging technical access [1–9] and until the
publication of Yaşargil et al. [9], the insula has been consid-
ered surgically inaccessible for a long time.Thanks to a better
understanding of the insular functional anatomy, several
experiences of insular surgery have been reported in the last
decades [3, 5, 7, 8, 10–13]. In addition, recent studies, based
on the objective evaluation of the Extent of Resection (EOR),
show that this latter is associated with increased overall
survival (OS) rates and a delayed tumor progression (PFS) [2,
5, 7, 8, 14–16].Themain limiting factor, in LGGs, the achieve-
ment of a radical resection is the involvement of eloquent
cortical areas and subcortical functional pathways [17–19].

Although surgery is considered the first therapeutic
option [2, 5, 7–9, 11], indications for a second operation in
case of TR are still poorly documented [20, 21].

The aim of the study was to determine factors influencing
the tumor recurrence (TR) in a cohort of adult patients with
an initial diagnosis of insular Low-Grade Gliomas (LGGs)
that underwent a second surgery, without any adjuvant treat-
ments between surgeries.

2. Methods

2.1. Patient Selection. In the present study, we retrospectively
reviewed 53 adult patients with insular LGGs, identifying
among them a series of 23 cases who underwent a second
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Figure 1: A case of vast left fronto-temporo-insular LGG. Func-
tional MRI/DTI data were overlapped on T2-weighted MRIs and
loaded into the Neuro-Navigation system, allowing a better evalu-
ation of the preoperative surgical planning. In the 3D rendering the
lesion is represented in red, and the arcuate fasciculus (AF) is in blue,
while the orange fMRI spots represent the Broca (anterior spot) and
Wernicke area (posterior spot). The functional analysis highlights
the cortical areas activated by counting, object naming, and verb
generation tasks. The eloquent cortical regions, displaced by the
tumor, were easily detected with cortical mapping during surgical
procedure. The tumor mass displaces the AF upwards (ACHIEVA
3T MRI, Philips, Netherlands).

surgery for TR, between January 2000 and September 2013.
To analyse the subpopulation with TR and reduce the selec-
tion bias, patients were enrolled on the basis of the following
inclusion criteria:

(1) Age older than 18 years.
(2) LGGs harboring in the insular lobe.
(3) Two operations during disease evolution.
(4) A period of at least one year between the two opera-

tions.
(5) Histological confirmation of infiltrative LGG at first

surgery.
(6) Intraoperative mapping at both first and second sur-

gery.
(7) No adjuvant therapy since the first surgery.

The local institution ethics committee on human research
approved this study.

2.2. Functional Preoperative Assessment and Surgical Tech-
nique. In all cases, high quality 3D T1- and T2-weighted ana-
tomical images as well as functional Magnetic Resonance
Imaging (MRI) and diffusion tensor images data were ac-
quired and adopted for the surgical planning and during the
surgical procedure itself, after being loaded within a Neuro-
Navigation system (Figure 1).

The awake surgery protocol was selected, for both the first
and the second surgical procedures, in all cases with lesion
harboring on dominant hemisphere, following the method-
ology previously described by Skrap and colleagues [8].

Moreover, neurophysiological monitoring (MEPs, SEPs,
EEG, and ECoG) was employed in all cases following the
protocol approved at our institution [14].

2.3. Histological and Molecular Analysis. Tumors were histo-
logically reviewed according to the World Health Organiza-
tion (WHO) classification for tumors of the central nervous
system [22]. Immunohistochemistry and FISH analyses were
performed on 4 𝜇m thick formalin-fixed paraffin-embedded
slides as previously described [23].

Briefly, primary antibodies against Ki-67, GFAP, p53
(Dako), EGFR (Zymed), and IDH1R132H (Dianova) were
detected using EnVision FLEX system (Dako). Ki-67 was
scored as percentage of positive nuclei. All other markers
were qualitatively evaluated as negative or positive. FISH
analysis for 1p36 and 19q13 deletions was performed using
dual-color 1p36/1q25 and 19q13/19p13 probes (Vysis). IDH
gene status and MGMT promoter methylation were assessed
on DNA extracted from formalin-fixed paraffin-embedded
tissue (QIAamp DNA Mini Kit, Qiagen). IDH1 and IDH2
gene status was evaluated by pyrosequencing as previously
reported [23]. After DNA bisulfite conversion with EpiTect
Bisulfite Kit (Qiagen), methylation levels of the MGMT
promoter in positions 17–39 of exon 1 were investigated,
by PyroMark Q96 CpG MGMT (Qiagen) according to the
manufacturers’ instructions.

2.4. Outcome Measures and Follow-Up. After surgery, all
patients were clinically evaluated at 1, 3, and 6 months. Sub-
sequently, patients were assessed every six months by both
clinical examination and MRI.

The TR has been defined as the demonstration of either
unequivocal increase in tumor size or detection of gadolin-
ium enhancement (malignant progression) on follow-up
imaging.

Seizure outcome was categorized after first surgical pro-
cedure, using the Engel Classification (Class I, seizure-free
or only auras since surgery; Class II, rare seizures; Class III,
meaningful seizure improvement; and Class IV, no seizure
improvement or worsening) [24]. Seizure recurrence in sei-
zure-free patients and seizureworsening in thosewho contin-
ued to experience seizure (i.e., increase in seizure frequency
or significant changing in ictal semiology) were considered as
a warning sign prompting to a clinical and neuroradiological
follow-up.

2.5. Volumetric Analysis. All pre- and postoperative tumoral
segmentations were performed manually across all MRI
slices with the OSIRIX software tool [25] to measure tumor
volumes (cm3) on the basis of T2 axial slices, as previously
described [8, 14].The extent of glioma removal was evaluated
by using MRI images acquired six months after surgery. The
EOR was calculated as follows: (preoperative tumor volume
− postoperative tumor volume)/preoperative tumor volume
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[16]. PreoperativeΔVT2T1 value, a preoperative estimation of
the difference between tumor volumes on T2-weighted MRI
images and on postcontrast T1-weighted MRI images, was
also assessed to define the tumor growing pattern, following
the methodological procedure described by Skrap et al. [8].

2.6. Statistical Analysis. Characteristics of the study pop-
ulation are described using means ± s.d. or median and
range for continuous variables and percentages for categorical
variables. Data were tested for normal distribution using
the Kolmogorov-Smirnov test. 𝑡-test or Mann-Whitney test,
as appropriate, was used to compare continuous variables.
For categorical variables, cross-tabulations were generated
and a chi-square or Fisher exact test was used to compare
distributions. To describe the time to TR (time between the
first and the second surgeries), the Kaplan-Meier approach
was used. Patients with not known progression whether
malignant or otherwise were censored at the last scan date
available. Univariate and Multivariate Cox regression model
was used to explore the predictors associated with TR and,
consequently, with a second surgery. In Univariate analysis,
variables considered as possible predictors of TR were as
follows: age, gender, tumor side, preoperative tumor volume,
tumor histological subtype, EOR, ΔVT2T1 value, histological
subtype, andmolecular markers (Ki-67 (Mib1), GFAP, EGFR,
p53, and 1p/19q codeletion; MGMT promoter methylation,
IDH1-IDH2mutational status). Considering the small simple
size, Multivariate stepwise backward analyses included all
variables significant at 𝑃 ≤ 0.05 in Univariate analysis
[26]. Results are presented as hazard ratios (HR) and 95%
confidence intervals (95% CI). Parametric or nonparametric
correlation analyses, as appropriate, were used to explore
possible association between TR and seizures after the
first surgical procedure. All analyses were conducted with
Stata/SE 12.0 for Microsoft Windows. All 2-tailed statistical
significance levels were set at 𝑃 < 0.05.

3. Results

Baseline demographic, clinical, radiological, and histopatho-
logical characteristics of the study population, at the time of
first and second surgery, are summarized in Tables 1 and 2,
respectively.

3.1. Clinical, Radiological, and Histological Data at First
Surgical Procedure. The median time between the diagnosis
and the first operation was 3.2 months (range 0–11 months).
No patient received adjuvant treatment before the first sur-
gical procedure. Preoperative neurological examination was
normal in all cases, but all patients were affected by tumor-
related epilepsy and required antiepileptic treatment. Before
surgery all patients were drug-resistant, according to the
ILAE definition [27].

During surgery, when direct electrical stimulation, at
subcortical level, did not elicit any functional response,
resection continued following the information provided by
guided navigation system which remains indicative in sub-
cortical areas. Neuropathological examination resulted in

WHO grade II gliomas in all cases. Worsening of the neuro-
logical status after surgery was observed in 15 patients.
At the six-month follow-up examination, the neurological
conditions of all but one patient improved and returned
to the initial level. Concerning seizure outcome, 75.5% of
patients achieved satisfactory postoperative seizure control
(Engel Classes I-II) 6 months after surgery.

3.2. Clinical, Radiological, and Pathological Data at the Second
Surgical Procedure. A second surgery was performed in 23
patients. The median time between surgeries was 81 months
(range 12–144 months). At the time of the second operation,
11 patients, who were seizure-free after the first surgery, had
a relapse of unprovoked seizures. Seven patients, who were
in Engel class II after the first operation, showed increased
seizure frequency and/or ictal semiology worsening. In the
remaining 6 cases, tumor relapse was identified on the basis
of the MRI follow-up. Postoperative seizure recurrence and
worsening were found to be associated with TR (Fisher 𝑃 <
0.001). Considering MRI characteristics, 11 cases showed
contrast enhancement, while in 12 cases an increased tumor
size was observed through radiological follow-up on T2-
weighted images. All tumor recurrences were local.

The preoperative neurological examination was normal
in all cases. During surgery, motor function was detected
in all cases at both cortical and subcortical level whenever
necessary due to the extension of the tumor. No changes in
intraoperative MEPs recordings were observed during the
whole surgical procedure. Regarding language, we were able
to obtain a positive mapping in 85% and 25% of cases at
cortical and subcortical level, respectively.

New deficits during the immediate postoperative phase
were recorded in 8 cases. At the six-month follow-up exam-
ination, the neurological conditions of all but one patient
improved and returned to the preoperative level. Histopatho-
logical examination showed a progression of the glioma to
grade III or IV according to WHO in 17 cases.

Comparison between preoperative MRI enhancement
and pathological examination showed that enhancement
occurred in 13 out of 17 patients with tumor dedifferentiation.
The association between contrast enhancement and the pro-
gression to grades III and IV was statistically significant
(Fisher 𝑃 = 0.027). Postoperative chemotherapy and radio-
therapy were administered in all cases with a diagnosis of
glioma grade III or IV.

3.3. Volumetric Analysis. The median preoperative tumor
volume at first surgery was 76 cm3 (range 5–174 cm3) on T2-
weighted MRI images, while the median postoperative resid-
ual tumor volume, computed on postoperative T2-weighted
MRI images, was 12 cm3 (range 4–85 cm3). Notably, in almost
half of the patients at the first surgery, the EOR was higher
than 90% (Figure 2). The median extent of tumor volume
resection was 83% (range 54–100%).

In order to evaluate the role of a diffuse tumor growth
pattern on tumor recurrence, preoperative ΔVT2T1 value
was computed in all cases. For this purpose, the study pop-
ulation was divided into two subgroups (subgroup A (37
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Table 1: Demographic, clinical, neuroradiological, and pathological data at first surgery.

Parameter Value
Number of patients 53
Sex

Female 23 (43.40%)
Male 30 (56.60%)

Mean age (yrs) 38 (range 19–69)
Tumor side

Left 36 (67.92%)
Right 17 (32.08%)

Median preoperative T2 tumoral volume in cm3 (range) 76.33 (range 5–174)
Median preoperative ΔVT2T1 value in cm3 (range) 23.13 (range 1–112)
ΔVT2T1 category
<30 cm3 37 (69.81%)
≥30 cm3 16 (30.19%)

Intraoperative protocol
Awake surgery 41 (77.36%)
General anesthesia 12 (22.64%)

Cortical mapping
Speech arrest and motor function orbicularis oris All 41 cases with lesion involving the dominant hemisphere
Slurred speech or dysarthria 26 (49%)
Anomia 26 (49%)

Subcortical mapping
Identification of corticospinal tract as posterior edge of resection All cases
Identification of subcortical language pathways Positive sites were detected in 24 cases (45.3%)

Neurophysiological data

Reversible reduction of MEPs amplitude 7 out of 10 patients, who developed postoperative transient
motor deficit

Irreversible MEPs loss In 1 patient who showed, after surgery, a permanent motor
deficit

Median EOR in % (range) 82.98 (range 54–100)
EOR category
≥90% 22 (41.51%)
70–89% 23 (43.40%)
<70% 8 (15.09%)

Immediate postoperative clinical findings
No deficits 37 (69.81%)
Neurological deficits 15 (30.19%)
Motor deficits 9 (16.98%)
Speech disorders 6 (13.21%)

Clinical outcome 6 months after surgery
No deficits 52 (98.11%)
Neurological deficits 1 (1.89%)

Postoperative Engel Class 6 months after surgery
I 36 (67.92%)
II 4 (7.55%)
III 8 (15.10%)
IV 5 (9.43%)

Histological diagnosis
Fibrillary astrocytoma 31 (58.5%)
Oligodendroglioma 6 (11.3%)
Oligoastrocytoma 16 (30.2%)

Molecular profile
Mib1-Ki-67 expression 3.5% (range 1–5%)
1p/19q codeletion presence 13 (25%)
P53 expression 33 (62.26%)
IDH1 mutation 45 (85%)
MGMT promoter methylation 39 (73.58%)
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Table 2: Summary of characteristics at tumor recurrence in the subgroup of patients who underwent a second surgery.

Parameter Value
Number of patients 23
Sex

Female 8 (34.78%)
Male 15 (65.22%)

Mean age (yrs) 42 (range 25–54)
Tumor side

Left 15 (65.22%)
Right 8 (34.78%)

Median time to tumor recurrence 81 months (14–124)
Seizures relapse at second surgery 11 (47.83%)
New contrast enhancement before second surgery 11 (47.83%)
Intraoperative protocol

Awake surgery 16 (69.57%)
General anesthesia 7 (30.43%)

Immediate postoperative findings
No deficits 15 (65.22%)
Neurological deficits 08 (34.78%)
Motor deficits 4 (17.39%)
Speech disorders 3 (13.04%)
Visual field disorders 1 (4.35%)

Clinical outcome 6 months after surgery
No deficits 22 (95.65%)
Neurological deficits 1 (4.35%)

Histological data
LGGs (WHO II) 6 (26.09%)
Anaplastic gliomas (WHO III) 7 (30.43%)
Glioblastomas (WHO IV) 10 (43.48%)
Mib1-Ki-67 expression 16.5% (range 2–70%)

(a) (b)

Figure 2: A case of right insular oligoastrocytoma. (a) The preoperative tumor volume computed on postcontrast T2-weighted MRI was
53 cm3 (axial slices). The green line represents the area of the tumor before the first surgery. Tumor volume was computed with OSIRIX
software. (b) Postoperative tumor residue computed on T2-weighted MRI showed a tumor residual volume of 3 cm3 (axial slices). The extent
of the tumor volume resection, computed on a T2-weighted MRI sequences, was 94%.
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(a) (b)

Figure 3: (a) Showing a TR 62 months after the first surgery. The patient did not receive any adjuvant therapy since the first surgery. The
volumetric data at first surgery are shown in Figure 2. At second surgery the preoperative tumor volume computed on T2-weighted MRI
was 37 cm3. Volumetric analysis of postoperative tumor residue computed on T2-weighted MRI showed a tumor residual volume of 4 cm3
(axial slices), which has grownmainly in the previous cavity (b).The extent of the tumor volume resection, computed on a T2-weighted MRI
sequences, was 91%.

cases): patients with ΔVT2T1 value < 30 cm3 and subgroup
B (15 cases): patients with ΔVT2T1 value ≥ 30 cm3). At sec-
ond surgery, the median preoperative tumor volume, com-
puted on T2-weighted images, was 40 cm3 (range 18–95 cm3)
(Figure 3). The median extent of tumor volume resection,
computed on T2-weighted images, was 82% (range 60–
100%). Contrast enhancement, observed before the second
operation, was totally removed in all 11 cases.

3.4. Risk Factors for Tumor Recurrence. TR was identified
in 23 patients. Univariate analysis results are summarized in
Table 3. The most important predictor for TR event was the
EOR achieved at the first procedure. Patients with TR had a
mean EOR of 77.64%; conversely patients without TR had a
mean EOR of 90.14% (Mann-Whitney test, 𝑧 + −4.99; 𝑃 <
0.0001). Besides a lower EOR at first surgery (Figure 4(a)),
an increase in preoperative ΔVT2T1 value at the diagnosis
(Figure 4(b)), aswell as the diagnosis of fibrillary astrocytoma
(Figure 4(c)), was associated with higher risk to develop TR.
Furthermore, the TR event was decreased for those patients
with IDH1 mutation (Figure 4(d)), while the presence of
1p/19q codeletion status was associated with the trend to have
a lower risk of TR. In the final model, Cox analysis showed
that EOR was the strongest independent predictor for TR
(Table 4).

4. Discussion

Increasing evidence supports the association between EOR,
prolonged OS, and delaying tumor progression [14, 16, 24,
28–40], even for patients with insular LGGs [2, 5, 7–9,
12]. However radical surgery in these cases still remains a
critical point, due to insular complex anatomy and functional

relationships [1, 2, 8, 18]. Imaging follow-up shows that
the residual tumor systematically exhibits a spontaneous
and continuous growth, with an inherent risk of anaplastic
transformation over the time [18, 41].While the benefits of an
extensive initial resection have beenwidely demonstrated, the
best management of residual tumor still represents an open
question [37, 42]. Only two recent investigations analyzed the
role of second surgery in case of TR [20, 21] and documented
safety and effectiveness of the second surgical procedure in
patients with insular LGGs.

4.1. Neurological Deficits and Functional Outcome. Themajor
limitation in achieving a radical resection in LGGs surgery
is represented by their attitude to infiltrate the subcortical
functional pathways [8, 14, 18].Thus it is awidespread opinion
that a second surgery would lead only to an increased risk of
new neurological deficits. For the first time Schmidt et al. [21]
provided clinical evidence of the safety of a second surgery in
40 patients.

Martino and coworkers analyzed the clinical outcomes
of 19 patients with recurrent LGGs in eloquent areas [20],
strengthening the concept of possible functional reshaping
occurrence after the first surgical procedure [20, 43–45].
In line with these findings, our postoperative neurological
results showed that a second surgery is a safe and effective
procedure, even for recurrent insular LGGs.

Another possible reason for the positive outcome after a
second surgery may be the smaller tumor volume at relapse.
This is coherent with the concept of the “multistage surgical
approach” for LGGs, previously described by Robles et al.
[44]. Our investigation also highlights that seizure recurrence
in patients who were seizure-free after the first surgery is
associated with tumor progression, as previously described
by Chang et al. [46].
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Table 3: Univariate analysis of clinical and volumetric tumor data and histological and molecular parameters with tumor recurrence in
patients with insular LGGs.

Factor Tumor recurrence
HR 95% CI 𝑃

Age
(modelled as continuous variable) 1.009 0.973–1.047 0.608

Sex
Male 1
Female 1.368 0.595–3.415 0.460

Tumor site
Left 1
Right 0.886 0.359–2.183 0.792

Preoperative T2 tumor volume cm3
(modelled as continuous variable) 1.005 0.994–1.016 0.399

Tumor subtype
Fibrillary astrocytoma 1
Oligoastrocytoma 0.509 0.195–1.324 0.166
Oligodendroglioma 0.081 0.011–0.643 0.017

% EOR
(modelled as continuous variable) 0.932 0.899–0.965 0.000

% EOR
≥90 1
70–89 2.792 0.938–7.931 0.052
≤69 8.936 2.302–34.687 0.002
ΔVT2T1
(modelled as continuous variable) 1.045 1.022–1.068 0.000

ΔVT2T1
<30 cm3 1
≥30 cm3 2.950 1.243–7.001 0.014

Mib1-Ki-67
(modelled as continuous variable) 0.931 0.722–1.201 0.585

1p/19q codeletion
Presence versus absence 0.288 0.082–1.003 0.051

P53 mutation
(modelled as continuous variable) 1.006 0.994–1.018 0.317

EGFR
(modelled as continuous variable) 0.995 0.983–1.008 0.946

GFAP
(modelled as continuous variable) 1.007 0.993–1.021 0.323

IDH1
Mutation versus no mutation 0.383 0.168–0.872 0.022

MGMT
Promoter methylation versus no promoter
methylation

0.912 0.375–2.215 0.840

HR, hazard ratio; CI, confidence interval; EOR, extent of surgical resection; ΔVT2T1, volumetric difference between preoperative tumor volumes on T2- and
T1-weighted MRI images.
Boldfacing represents statistical significance values (𝑃 < 0.05) obtained from two-sided tests (Cox regression).

4.2. Surgical Considerations. The overlap of fMRI/DTI data
on the T1/T2 3DMRI images in theNeuro-Navigation system
is particularly helpful at second surgery, because anatomy
with conventional landmarks and functional structures may
be significantly modified [8].

Moreover, intraoperative image guidance may also pro-
vide critical information during the resection of tumors with
a consistency similar to normal brain tissue, by delineating
T2-weighted images margins [47]. For this reason, MEPs
monitoring was particularly helpful in preventing the direct
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Figure 4: Kaplan-Meier curves revealing TR likelihood in patients with insular Low-Grade Gliomas, stratified by EOR (a),ΔVT2T1 value (b),
histological subtype (c), and IDH1mutational status (d). Patients with EOR ≥ 90%, ΔVT2T1 value < 30 cm3, diagnosis of oligodendroglioma,
and the presence of IDH1 mutation showed significantly lower likelihood of TR after first surgery.

Table 4: Variable independently associated with tumor recurrence
after surgical resection of insular LGGs in a multivariate propor-
tional hazards analysis (Cox model). In the final model, the EOR
remained the strongest independent significant predictor of TR after
first surgery for insular LGG.

Factor Tumor progression
HR 95% CI 𝑃

% EOR
(modelled as continuous
variable)

0.930 0.895–0.967 0.001

EOR = extent of surgical resection.

injury to the posterior limb of the internal capsule and the
superior limit towards the corona radiate [48, 49]. Indeed,
both structures have been always identified at first and second
surgical procedure. On the contrary, subcortical language
pathways have been detected in 46% and 25% of cases, at
first surgery and second surgery, respectively. Even so, none

of our patients developed permanent severe language deficit,
supporting the hypothesis of functional reshaping [2, 20, 45,
50, 51]. From a strictly surgical point of view, there are some
technical key points to take into consideration at second
surgery. At recurrence, there is no endocranic hypertension.
Tumor recurrence volume is smaller than the volume at first
surgery and the cavity left by the previous operation allows
a larger surgical field. The recurrent mass of tumor tissue
mainly regrows from the walls of the previous resection
into the cavity. We have noticed, also, a better definition
between the healthy parenchyma and the tumor tissue, which
is softer and, consequently, easier to remove. Moreover, at
second surgery, the risk of damaging the vascular structures is
much lower, because dissection of the middle cerebral artery
(MCA) and its branches has already been performed during
the first surgical procedure.

The only difficulty of second surgery is represented by the
adhesions. They may cause pain during the opening; more-
over, adhesions between dura mater and cortex, on the dom-
inant side, may represent a risk of damage to the cortical
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language areas. In conclusion, the newly infiltrated deep
tumoral tissue is not resected if it has been shown to still be
functional based on brain mapping results.

4.3. Risk Factors for Tumor Progression. The idea of per-
forming a new procedure during regrowth of LGGs, before
anaplastic transformation, has been proposed in order to
obtain a greater impact on survival [21, 32, 44, 52]. Thus, we
tried to identify factors that could provide an early identi-
fication of those patients with higher possibility to develop
TR. Our findings indicated that the time to TR, even among
insular LGGs, is longer in patients who underwent wider
resections, as previously demonstrated.

These results support the idea that tumors with larger
residual postoperative volume may have an inherently faster
growth; therefore, they may recur earlier in the setting of
a subtotal resection [15, 16]. Moreover this investigation
confirmed the data we previously reported about the role
of ΔVT2T1 value on TR: patients with preoperative ΔVT2T1
value more than 30 cm3 have an earlier TR (𝑃 value = 0.001).
In fact this value reflects a lower possibility to obtain a higher
EOR.

McGirt et al. showed that patients with oligodendro-
glioma and oligoastrocytoma have a better prognosis com-
pared to those with fibrillary astrocytoma [32]. To support
this result we separated these histological subtypes confirm-
ing that oligodendrogliomas havemore benign courses [8, 53,
54].

Regarding the molecular analysis, recent data demon-
strated that LGGs display a variety of molecular alterations
that may have predictive or prognostic value [55, 56]. The
molecular data pointed out that the risk of TR was sig-
nificantly reduced in the presence of IDH1 mutation, as
previously demonstrated by Gozé et al. [56, 57], while the
presence of 1p/19q codeletion status was associated with a
lower TR risk trend. The prognostic value of IDH1/IDH2
mutations ismore controversial. Otherwise 1p/19q codeletion
status in LGGs has beenwidely demonstrated to be associated
with a favorable outcome whatever the endpoint: overall
survival, progression-free survival, or spontaneous tumor
growth velocity [37, 53, 56, 58]. Furthermore, the molecular
analysis evidenced that Ki-67 value, as well as p53, GFAP,
EGFR, and MGMT status, does not influence the risk for
TR after the first surgical procedure, suggesting that other
molecular markers should be selected for early identification
of patients with a major risk of TR [23]. In closing, the Multi-
variate analysis highlighted that the only independent factor
associated with TR is represented by EOR at first surgery,
confirming the findings reported in the literature [5, 8, 14, 24].

As far as the methodological procedure is concerned, the
present investigation has potential limitations. First, it is a
retrospective study; thus it is limited in nature. Patients with
recurrence insular LGGs that are suitable for second surgery
are per se highly selected. Thus, the number of our samples
is limited, but, if we consider the papers, mentioning insular
second surgery [2, 5, 7, 12], the overall number of patients
is 32; thus our study population in a singular institution (23
patients) is not considerably small and it is statistically suffi-
cient to draw somepreliminary considerations, which need to

be confirmed by enlarging the case study. Moreover, insular
surgery is rare at first diagnosis and even rarer at second
surgery, so it is not easy to find large population in literature.
In any case, it is unlikely that a prospective, randomized study
will be designed to address these issues; thus, we believe retro-
spective, matched studies or prospective observational trials
may be a more practical solution, as previously described
[15]. Our findings should be validated in a wider series,
using multi-institutional cohort to create a potential model
able to stratify the risk of TR after the first surgery. In this
way, it would be possible to anticipate adjuvant postoperative
treatments, also in patients with a diagnosis of pure LGG.

The timing of second surgery has not been well defined
yet. Anyway, as previously remarked byMartino et al, it is bet-
ter to “overindicate” an early second surgery than performing
a late surgery when the tumor has already transformed into
high-grade gliomas, especially in consideration of the low
morbidity profile associated with reoperation [20].

5. Conclusions

In insular LGGs patients, the EOR at first surgery represents
themajor predictive factor for TR. Furthermolecular analysis
will be necessary to better stratify patients in terms of risk for
TR, thus identifying patients that could benefit from an early
adjuvant treatment after the first surgical procedure.
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