___IEEEN ®

B-ENT, 2019, 15, 191-196

RANK and RANKL expression lack prognostic significance in squamous cell
carcinomas with mandibular invasion
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Abstract. Objectives: Mandible management is important in the surgical treatment of oral squamous cell carcinomas
(OSCCs) that are proximal to or that have invaded the mandible. This retrospective study investigated the prognostic
impact of invasion.

Materials and methods: We analysed 58 consecutive OSCC patients with clinical or radiological signs of bone infiltration
that underwent marginal mandibular resection (n = 35) or segmental mandibular resection (n = 23) between 2010 and
2014. The expression of RANK/RANKL was analysed in the tested samples. These molecules are part of the signalling
pathway that regulates osteoclast activation and differentiation.

Results: Patients with segmental mandibulectomy and local recurrence had a worse prognosis (p = 0.084 and p=0.071).
Tumour size was an independent significant predictor of reduced survival (p = 0.048), but bone invasion was not (p =
0.950). Immunoarray analysis detected no RANKL expression, but 21 patients expressed RANK on the surface of the
tumour.

Conclusions: In this cohort, bone invasion was not an independent prognostic factor when covariates such as tumour size
were taken into consideration. These results indicate that bone invasion has a minor prognostic impact on the survival
of patients with OSCC. Moreover, the correlation between RANK and RANKL expression and mandible invasion by
OSCC showed that their expression did not have prognostic significance.

Introduction

Oral squamous cell carcinoma (OSCC) is the
most common malignancy in the oral cavity. The
tongue and the gingiva represent the most affected
sites within the oral cavity, and there is frequently
bone invasion at these sites at the time of OSCC
diagnosis.'” According to the American Joint
Committee on Cancer (AJCC) 8th Edition Staging
Manual, any bone invasion, regardless of the
primary tumour size, results in a T4 classification.*

Regarding the management of patients with
clinical and radiological signs of bone invasion,
the main therapeutic indication is surgery, and
the type of treatment (segmental or marginal
mandibulectomy) is guided by the involvement
of the mandibular bone marrow. Imaging studies
show that computed tomography (CT) scans

represent a sensitive method of assessing OSCC
(96% sensitivity and 87% specificity) (Figure 1).>¢
Magnetic resonance imaging (MRI) is superior to CT
(93% sensitivity, 93% specificity) for the detection
of early soft tissue and medullary involvement,
and MRI is not influenced by metal artefacts.’

Bone destruction that occurs during OSCC inva-
sion appears to be mediated by osteoclasts rather than
by the carcinoma itself. Three proteins are crucial for
osteoclast development and activation: the receptor
activator of NF-kB ligand (RANKL); its receptor,
RANK; and its decoy receptor, osteoprotegerin
(OPG).* RANKL levels are increased in osteolytic
lesions associated with malignant tumours, whereas
OPG levels are increased in osteoblastic lesions.’
However, not all cancers express RANKL, and
direct contact between cancer cells and host cells
does not always lead to RANKL expression.”” OPG
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Figure 1
Lithic area of the anterior portion of the left branch of the jaw
showing diseased tissue absorbing the m.d.c., which extends
both posteriorly towards the floor of the oral cavity and towards
the front of the soft tissue.

dramatically suppresses OSCC regulation of both
osteoclast differentiation and function in vitro,
suggesting that RANKL/RANK inhibition might
be an effective therapeutic approach for inhibiting
OSCC-induced bone invasion."" Observations
suggest that increased RANKL expression in the
tumour-bone environment promotes bone tumour
development.'*'*

The primary aim of this study was to determine
if bone invasion was an independent prognostic
factor in OSCC. The secondary aims were to assess
the expression of RANK and RANKL in OSCC
samples and to determine the prognostic value of
RANK/RANKL expression.

Materials and methods
Study population

This retrospective study reviewed the records
of 58 consecutive patients with OSCC who
underwent primary surgical treatment at the Clinic
of Otolaryngology of Florence from 2010 to 2014.
The exclusion criteria were as follows: mandibular
resection for non-oncological reasons (mandibular
swing); no clinical or radiological signs of bone
infiltration; incomplete patient record; absence of
consent; and CT performed at another hospital. Our
study and chartreviews were approved inaccordance
with the local Institutional Review Board (IRB)
standards. The cohort consisted of 38 (65.5%)
men and 20 (34.5%) women, aged 39 to 83 years
(mean age 61.9 years). The standard of care at our
institute for oral cavity cancer is surgery (marginal
or segmental mandibulectomy). All patients under-
went a contrast-enhanced multi-detector CT scan
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that was interpreted by two radiologists with
expertise in head and neck imaging. Treatment was
guided by clinical signs (attachment of the tumour
to the mandible, symptoms of inferior alveolar
nerve paraesthesia and bony irregularities) and
radiological signs of mandibular invasion (cortical
destruction, pathological fracture, periosteal
reaction and other findings on CT images).
Specifically, we treated the lesions with marginal
excision when cortical invasion was suspected,
while segmental mandibulectomy was performed
in cases of frank bone invasion. Frozen sections
were routinely analysed to evaluate disease-free
margins. Positive bony or soft tissue margins were
defined when the tumour was <1 mm from the cut or
cauterised rim. The administration of post-operative
radio-chemotherapy were made on a case-by-case
basis and were made based on discussions at the
oncological multidisciplinary board meetings.

Immunohistochemistry

Tissue microarray setting

To prepare tissue microarrays (TMAs), we
used the Beecher Tissue Microarrayer (Beecher
Instruments; Silver Springs, MD, USA) coupled to
a TMABooster Alphelys device (Plaisir, France).
This automatically checks the construction of
the TMA and is based on a project built through
a dedicated software (TMADesigner, Alphelys).
Needles with a diameter of 1 mm were used to
extract three samples from each larger tissue
sample. These three samples were taken after
viewing haematoxylin-eosin staining of the tissue
sample. The areas of interest were the most non-
necrotic areas of the tumour tissue.

The source block was cored and the cylinder
obtained (1 mm in diameter) was transferred to the
receiving station using the block Beecher Tissue
Microarrayer (Beecher Instruments).

Preparation of grids

For immunohistochemical staining, the paraffin-
embedded sections (5-umbedded sections (Scal
staining, the p and, after inactivation of endogenous
peroxidase, immunostained using BenchMark®
Ultra Slide Stainer (Ventana; Tucson, AZ, USA).
The signal was visualised using the iVIEW DAB
detection kit, which provides a brown reaction
product.
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When the staining process was complete, the
sections were removed from the autostainer,
counterstained with haematoxylin, dehydrated and
permanently mounted on a slide. As a negative
control, we replaced the primary antibody with
a Ventana dispenser filled with non-immune
serum at the same concentration for each
immunohistochemical reaction.

Stain evaluation

To evaluate the immunohistochemical results, we
used the “H-Score” method"”. This method is widely
used in the literature for the evaluation of predictive
factors studied using immunohistochemistry. The
immunostaining was assessed semiquantitatively,
both for staining intensity and to determine the
proportion of positive cells in each sample. The
intensity was scored using a scale that ranged
from 0 to 3. The percentage of positive cells was
scored using the following scale: 0.1 (1%), 2 (2%-
10%), 3 (1%-30%), 4 (31%-60%), 5 (100%). The
two values were added together to obtain the final
total score, which was 0 or 2-8. For the statistical
analysis, scores >4 were considered positive.

Statistical analysis

The statistical analysis was performed using Stata
version 11.0 (Stata Corporation, College Station,
TX, USA). Cross-tabulated data were analysed
using the chi-square test or Fisher’s exact test as
appropriate. A value of p<0.05 was considered
statistically significant. Overall survival (OS) was
calculated from the date of surgery to the date of
death or the last follow-up. Patients who died from
causes other than OSCC were censored at the time
of death. Univariate Cox proportional hazards
regression was used to test the association of bone
invasion with OS. Other potential covariates were
also tested for prognostic significance, including
age at the diagnosis, tumour size (analysed as both
a continuous variable and as a stratified variable:
tumour <2 cm, >2 c¢cm and <4 cm, >4 cm), T
stage, tumour differentiation, type of surgery,
extracapsular spread (ECS) and N stage. Statistically
significant and clinically important covariates were
used to create a multivariate Cox proportional
hazards regression model to determine whether
bone invasion was an independent prognostic
factor. Transformation of continuous variables
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was performed when appropriate, and proportional
hazards assumptions were tested. Survival curves
were generated by the Kaplan-Meier method.

Results

The tumours originated from the following sites: 22
out of the 58 (37.9%) originated from the floor of
the mouth, 16 (27.6%) from the retromolar trigone,
12 (20.7%) from the alveolar ridge, 4 (6.9%) from
the mobile tongue and 4 (6.9%) from the gingival
mucosa. Based on the CT images, 23 (39.7%)
patients had involvement of the periosteum and
bone, 3 (5.1%) had periosteum involvement and 32
(55.2%) were negative for bone involvement.

The clinical and tumour characteristics of the
58 patients enrolled in the study are reported
in Table 1. We performed 35 (60.4%) marginal
mandibulectomies and 23 (39.6%) segmental
mandibulectomies. Histopathological examination
showed that one patient (1.7%) had positive
margins, 4 (6.9%) had lymphovascular invasion
and 12 (20.6%) had perineurial invasion.

Of the 58 specimens, 15 (25.8%) showed
bone infiltration (Figure 2); 11 (73.3%) patients
underwent segmental mandibulectomy, and 4
(26.6%) underwent marginal mandibulectomy.
Analysis of the lymph nodes from the neck
dissections showed cancer colonisation in 31
(53.4%) of 58 patients, and 18 (31.0%) had ECS.
The 5-year OS was 50% for patients with no bone
invasion and 30% for patients with bone invasion
(p =0.950).

The presence of ECS, high grade and larger
tumour size was all associated with a significant
decrease in 5-year OS (40% vs. 45%; 35% vs. 80%;
30% vs. 65%, respectively). As shown in Figure 3,

Figure 2

Cancer infiltrating the mandibular bone and nerve.
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Table 1
Clinical and tumour characteristics
Variables Level N (%)
Sex Female 20 (34.5%)
Male 38 (65.5%)
Age <65 25 (43.1%)
>65 33 (56.9%)
pT TI 11 (19.0%)
T2 18 (31.0%)
T3 5(8.6%)
T4a 23 (39.6%)
T4b 1(1.8%)
pN NO 20 (34.4%)
N1 17 (29.3%)
N2a 2(3.4%)
N2b 13 (22.6%)
N2¢ 6(10.3%)
N3 0(0%)
Type of Mandibulectomy | Marginal 35 (60.4%)
Segmental 23 (39.6%)
Lymphovascular invasion No 54 (93.1%)
Yes 4(6.9%)
Perineural invasion No 46 (79.3%)
Yes 12 (20.6%)
Positive margins No 57 (98.3%)
Yes 1(1.7%)
Death No 37 (63.8%)
Yes 21 (36.2%)

the current AJCC T staging system did not stratify
survival results well in our study population, as
there was considerable overlap between T3 and
T4 tumours. Multivariate survival analysis was
performed using the significant variables shown in
Table 2.

Segmental mandibulectomy was associated with
worse prognosis (p = 0.084), as was local recurrence
(p = 0.071). Tumour size was a significant
independent predictor of reduced survival (p =
0.048). Although the presence of metastasis in the
cervical lymph nodes was associated with a worse
prognosis (p = 0.170), neither ECS (p = 0.144) nor
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Table 2
Multivariate survival analysis

Variable HR 95% CI p-value
Age >65 vs <65 320 (0.008, 0.033) 0.0039
Tumor differentiation 2.04 (1.0,4.9) 0.116
Tumor size, stratified 3.0 (0.2,3.9) 0.048
Bone invasion 1.05 (1.5, 1.6) 0.950
ECS 207 (0.6,4.7) 0.144
Local recurrence 2.80 (0.1,4.8) 0.071
RANK 115 (1.3,4.8) 0.370
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Figure 4

Histopathological analysis of the specimens: haematoxylin-
eosin staining (left) and tissue array for RANK expression
analysis (right).

tumour grade (p = 0.116) had significant p values
as independent survival predictors. In our series,
immunoarray did not detect RANKL expression,
while RANK was expressed on the surface of the
tumour in 21 (36.2%) patients (p = 0.370). Neither
RANK nor RANKL were expressed on the bone
surface (Figure 4).

Discussion

The AJCC staging system for OSCC continues to
classify tumours with bone invasion as T4 tumours,
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which by definition means the patient has stage IV
disease. This has implications in terms of patient
prognosis and management. Current evidence
suggests that bone invasion is not an independent
prognostic factor when variables such as tumour
size and the involvement of the surgical margins
are taken into consideration."” The relatively
small size of the cohort is a limitation of the study.
In addition, in order to avoid statistical dispersion,
bone invasion was considered to be a single variable
and was not stratified according to cortical versus
medullary invasion.

We assumed that the association between bone
invasion and survival was based more on the size of
the advanced tumour rather than on any particular
biological effect of bone invasion, and this
assumption was central to our hypothesis. Our data
supported this assumption, confirming that patients
with large tumours (>4 cm) have about three times
the risk of death related to cancer (p = 0.048). This
result is supported by data from another study.” In
our series, bone invasion was classified as “present”
or “absent” and was not a significant independent
predictor of disease-specific survival (p = 0.950).
These findings are in accordance with some
previous studies that distinguished between cortical
and medullary invasion but found no prognostic
significance on multivariate analyses.?"*

Nevertheless, other studies have reported that
cortical invasion is associated with better prognosis
than medullarinvasion®. Thismay reflect differences
in covariate selection and limited statistical power
(type Il error), since both our series and the studies
with similar results had smaller sample sizes than
studies with different results. Furthermore, in our
series, all resections except one had free margins,
and this may have reduced the impact of bone
invasion on survival when it was considered to be
a single prognostic factor. Interestingly, analysis
of the type of surgical treatment (marginal vs.
segmental mandibulectomy) found that segmental
mandibulectomy was associated with a worse
prognosis (p = 0.084). This probably reflects
the fact that patients who underwent segmental
mandibulectomy had more advanced disease.
According to the literature as well as in our
study, tumour size was a significant independent
predictor of reduced survival (p = 0.048). In light
of these data, we suggest that tumour size is a more
important predictor of survival than bone invasion.
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Dysregulation of the functional balance in the
RANKL/RANK/OPG triad is responsible for the
osteolysis associated with the development of
malignant tumours in bone sites. Recent studies
have shown that the administration of OPG or
sRANK prevents bone metastasis from tumour
cells in vivo.?* These studies suggest that the
RANKL/RANK system contributes to bone
metastasis by cancer cells. However, it remains
controversial whether cancer cells directly express
RANKL on their surfaces and to what extent this
expression contributes to osteoclast formation.”
Our study detected no RANKL expression either on
bone surfaces or on tumour surfaces, while RANK
expression was detected on the tumour surfaces of
21 (36.2%) out of 58 specimens. This is, in part, in
accordance with the literature.” RANKL expression
has been detected in different types of tumour cells
and can be considered a key factor in the bone
remodelling associated with bone metastases. It
has also been reported that not all cancers express
RANKL and that cell-cell contact between cancer
cells and host cells does not always lead to RANKL
expression.

Conclusion

Our main finding was that OSCC tumour size was an
independent predictor of reduced survival. Notably,
the prognosis of patients with bone invasion was
similar to that of those without bone invasion. This
study did not find a correlation between RANK
and RANKL expression and mandibular invasion
by OSCC. This was a single-centre retrospective
study, which limits the generalizability of the
findings, but these data should raise questions about
whether OSCC invasion affects survival. Therefore,
additional studies are needed to further investigate
or confirm the lack of correlation between RANK/
RANKL expression and prognosis in patients with
OSCC bone metastasis.
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