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Simple Summary: The surgical management of pleomorphic adenomas (PA) is still a challenge for physicians
given the variety of factors that can lead to a recurrence of this pathology. Hence, the need to develop a rapid
and low-cost prognostic system to stratify patients who are more likely to experience a possible recurrence,
realizable by means of proper surgical treatment and close post-operative follow-up. The efficacy of
inflammatory biomarkers, such as the systemic immuno-inflammation index (SII), platelet-to-lymphocyte ratio
(PLR) and neutrophil-to-lymphocyte ratio (NLR), as prognostic values has been confirmed in various fields of
oncology. The aim of this study has been to evaluate a possible correlation between any increased values of
inflammatory biomarkers and the recurrence of PA. In particular, the analysis of the results has shown that the
NLR is an easily available indicator in routine pre-operative examinations which can independently predict
the recurrence of PA with a cut-off of 2.960.

Abstract: Background: The aim of this study has been to investigate if inflammatory biomarkers such as the
systemic immune-inflammation index (SII), neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte
ratio (PLR) have any correlation with the recurrence of pleomorphic adenomas (PA) in patients afflicted by this
disease. Methods: A retrospective multicentre study involving two Italian centres, the Maxillofacial Surgery at
the Policlinico Federico II in Naples and the ENT and Maxillofacial Surgery at the IRCCS G. Pascale National
Cancer Institute in Naples, has been performed. The study, involving 608 patients who had received a diagnosis
of PA, was conducted between January 2000 and January 2020. A Receiver Operating Characteristic (ROC)
curve was used to calculate the optimal cut-off values for the SII, PLR and NLR. A linear regression model
(LRM) and a non-linear logistic regression model (NLRM) were realized with respect to the NLR, PLR and SII.
Results: The highest performance was achieved by the NLR (cut-off 2.960) with the AUC = 0.91, with an
accuracy of 96.1%, sensitivity of 78.4% and specificity of 97.2%, PPV = 64.4% and NPV = 98.6%. The LRM and
NLRM including all the haematological parameters did not increase the performance in terms of recurrence
detection. Conclusion: The NLR is an excellent support tool in predicting the recurrence of PA with a cut-off
of 2.960. It can be a good reference point for surgical decision-making and follow-up in clinical practice.

Keywords: pleomorphic adenoma; recurrence; inflammatory biomarkers; systemic immune-
inflammation index; platelet to lymphocyte ratio; neutrophil to lymphocyte ratio
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1. Introduction

Pleomorphic adenomas (PA) are the most common benign salivary gland tumours (SGT),
comprising 70-80% of benign parotid neoplasms. PA of the submandibular and sublingual gland are
quite uncommon and account for only around 18-20% of such tumours.[1] In a smaller percentage,
they can also be located in the hard palate and soft palate glands of the saliva, upper lip, cheek, tongue
and floor of the mouth.[2]

PA are also known as benign mixed tumours (BMTs). The definition of a mixed tumour was
established by Minssen in Ahlbom's monograph in 1874 in reference to the simultaneous presence of
epithelial and connective tissue elements. The tumour consists essentially of three components: an
epithelial component, a component of myoepithelial cells and a mesenchymal component. The
histological presentation of PA shows a variable pattern of the epithelium with a fibrous stroma of a
myxoid, chondroid or mucoid type. [3]

Women younger than 50 years old are most commonly affected by PA. They present as a slowly
progressing, non-symptomatic swelling that does not involve the facial nerve. [3] No relationship
with smoking has been observed with respect to PA.[4]

The pre-surgical diagnosis of PA is based on performing a needle aspiration cytology ((/FNAC)
of the tumour and an imaging examination such as CT or MRI. In most cases, PA of the parotid gland
shows an inhomogeneous pattern on CT images, with delayed enhancement and contrast material
filling over time.[5] The aetiology of PA is still unknown, with several factors determining its
recurrence.

The recurrence rate varies greatly, depending on the initial surgical treatment. When an initial
superficial parotidectomy has been performed the recurrence rate may be below 3%. [5]

After a first tumour recurrence there is an increased risk of a further recurrence and of a
malignant transformation. Re-recurrence (when the disease recurs after treatment of the first relapse)
is much more common, with rates typically ranging from 16% to 46%, but reaching as high as 75% in
some single-centre series.[6]

Risk of a malignant transformation to a carcinoma ex- pleomorphic adenoma (cxPA) is about
3.3%. [7,8] The recurrence rates are lower for patients presenting with an interval of more than 10
years since their last surgery.[6] Recurrence is determined by various factors, although there is some
ambiguity in the literature regarding the determining factor. The factors discussed include tumour
size, lack of capsule or capsule thickness, rupture of the capsule, spillage of tumour contents and
satellite nodules.[9-11]

Often, as the PA lacks a true capsule and is surrounded by a fibrous pseudo-capsule of a variable
thickness, the tumour extends through the normal glandular parenchyma in the form of a
pseudopodia. These microscopic extensions could explain the high risk of recurrence of this benign
tumour compared to other SGT. [12,13]

Inflammation could be triggered by the immune system in an attempt to confine cell
proliferative activity. In recent years, inflammatory biomarkers have been playing an important role
in predicting tumour behaviour, in particular the malignancy of certain tumours, including those
involving the head and neck. [14-19] Given the aetiopathological features of PA, our aim has been to
determine whether there is a relationship between inflammatory biomarkers (the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation
index (SII) ) and the recurrence of this tumour.

2. Materials and Methods

2.1. Study Population

This is a retrospective multicentre study involving two Italian centres, the Maxillofacial Surgery
at the Policlinico Federico Il in Naples and the ENT and Maxillofacial Surgery at the IRCCS G. Pascale
National Cancer Institute in Naples. The study, involving 608 patients who had received a diagnosis
of PA, was conducted between January 2000 and January 2020. The diagnosis was confirmed by
histological examination and all the patients underwent maxillofacial computed tomography (CT) or
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maxillofacial magnetic resonance imaging ( MRI) and cytological examination prior to surgery. The
study was conducted in accordance with the Declaration of Helsinki, Informed consent was not
required by the local ethics committee due to the retrospective nature of the study.

The inclusion criteria were: age over 18 years, an established histology of PA with preoperative
cytological examination, an extracapsular dissection performed for tumour located in the parotid
gland, submandibular sialoadenectomy performed for a tumour located in the submandibular gland,
the availability of clinical and haematological parameters, and a minimum of 36 months post-
operative follow-up to assess any possible tumour recurrence.

The exclusion criteria were: other initial surgical treatments such as a partial or total
parotidectomy, a previous tumour at another site, previous radiotherapy or chemotherapy in the
clinical history, a chronic inflammatory disease influencing the indices of inflammation (infections
with chronic inflammatory or autoimmune diseases, viral markers in the serum, haematological
disorders and simultaneous or long-term anti-inflammatory or steroid drug treatments). The clinical
and haematological parameters included: age; sex; smoking and/or drinking habit; tumour location;
NLR; PLR; SII. Haematological parameters, such as the platelet count, neutrophil count, monocyte
count and lymphocyte count, were measured around one week before the surgery.

The pre-treatment baseline values of the NLR, PLR and SII were calculated using the following
formulae:

NLR = neutrophil count/lymphocyte count,

PLR = platelet count/lymphocyte count,

SII = platelet count x neutrophil count/lymphocyte count.

2.2. Follow-up Investigation

Post-operative follow-up evaluations were performed one week and one month after the
surgery, then every six months for two years and thereafter every year until 3/5 years in every case
without any recurrence. The last follow-up evaluation was conducted in February 2022. The routine
follow-up evaluation included a physical examination, ultrasound of the major salivary glands
and/or a maxillofacial/neck computed tomography (CT).

2.3. Statistical Analysis

The presence of recurrence was used in both the univariate and multivariate analysis. An
analysis of the receiver operating characteristics (ROC), area under the ROC curve (AUC), sensitivity
(SENS), specificity (SPEC), positive predictive value (PPV), negative predictive value (NPV) and
accuracy (ACC) was performed.

A linear regression model (LRM) and non-linear logistic regression model (NLRM) were
realized with respect to the NLR, PLR and SIL

A p-value <0.05 was considered significant for univariate analysis.

All the statistical analyzes were performed using the MATLAB R2021b Statistics and Machine
Toolbox (MathWorks, Natick, MA, USA).

3. Results

3.1. Patient Characteristics

The study sample included 608 patients with PA tumours. The patients (344 females and 264
males) had a median age of 47 years (range 19-83 years). In particular, 362 (60%) were <50 years old
and 246 (40%) >50 years old. A small percentage of the patients had a smoking and/or drinking habit:
51 patients were smokers (9%) and 27 patients drank alcohol (4.5%). The main demographic, clinical
and pathological findings are shown in Table 1.

The tumours were mainly located in the parotid gland (98%), with a small percentage present in
the submandibular gland (2%). Recurrence was reported in 33 patients (5%), with in each case the PA
located in the parotid gland. Among the 33 patients who relapsed, 20 were females (60%) and 13 were
males (40%). The mean age at the first relapse in the females was 44 +/- 11 years; whereas in the males
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it was 37 +/- 13 years. Furthermore, among the 33 who relapsed only 5 smoked, of whom 3 were males

and 2 females, and only 2, both males, had a drinking habit.

3.2. Optimal Cut-Off Values for the Biomarkers (NLR,PLR and SII)
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Table 1. Sample characteristics.

VARIABLES TOTAL CASES
608
Age( years)
<50 362 (60%)
>50 246(40%)
gj;ii 344 (56.5:A))
Male 264 (43.5%)
Smoking
Yes 51 (9%)
No 557 (91%)
Alcohol
Yes 27 (4.5%)
No 581 (95.5%)
Tumour location
Parotid glands 599 (98%)
Submandibolar glands 9 (2%)
Recurrence
Yes 33 (5%)
No 575 (95%)

An ROC analysis was performed to identify the optimal threshold with the highest sensitivity
and specificity in terms of predicting mortality. In Table 2 the performance with respect to recurrence
detection is reported. The highest performance was achieved by the NLR with the AUC =0.91, an
accuracy of 96.1%, a sensitivity of 78.4%, a specificity of 97.2%, PPV = 64.4% and NPV = 98.6%.

The LRM and NLRM including all the haematological parameters did not increase the
performance in terms of recurrence detection.
In Figure 1 the ROC curves for the NLR, PLR and SII and for the LRM and NLRM are reported.
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Figure 1. ROC curves for the NLR, PLR and SII (A) and for the LRM and NLRM (B).
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Table 2. Performance to recurrence detection.

Performance NLR PLR SII LRM NLRM
AUC 0.909 0.776 0.906 0914 0.908
Sensitivity [%] 0.784 0.703 0.865 0.811 0.838
Specificity [%] 0.972 0.779 0.883 0.981 0.932
PPV [%] 0.644 0.171 0.323 0.732 0.443
NPV [%] 0.986 0.976 0.990 0.988 0.989
Accuracy [%] 0.961 0.775 0.882 0.970 0.926
Cut-off 2.960 153.911 645.760 0.227 0.066

4. Discussion

PA tumours are the most common SGTs and their incidence trend is increasing.

The treatment of PA remains challenging because of the various factors that can lead to tumour
recurrence and the complications that can occur during surgery.

There are two common techniques which are performed, extracapsular dissection (ECD), and
superficial parotidectomy (SP), but there is no consensus regarding which is the most effective.

In 1996 McGurk et al. showed no difference in terms of recurrence between patients treated with
ECD and SP. A reduction in the incidence of Frey's syndrome from 32% in SP-treated cases to 5% in
ECD cases was reported.[22]

Cristofaro et al. in 2014 showed that, when comparing the two surgical techniques (ECD vs SP),
no significant differences were observed in terms of capsular rupture, recurrence and salivary
fistulas. In contrast, transient facial nerve injuries and facial paralysis were significantly more
frequent after SP than after ECD.[23]

Kadletz et al. in 2017 showed that recurrence of the disease (7.2% in ECD and 2.2% in SP) and
permanent facial palsy (2.2% in ECD and 0.6% in SP) were significantly more frequent after ECD than
after SP. [24] Bonavolonta et al in 2019 recommended ECD as a viable alternative to SP in terms of
successful outcome for tumours under 3 cm. Transient facial nerve injury, hypoaesthesia, Frey
syndrome, and facial paralysis were significantly more common after SP than ECD. No statistically
significant difference in the recurrence rate was reported between ECD and SP.[25] Quer et al in 2017
proposed the following new guidelines for parotid PA surgery: ECD may be considered a good
option in PA located very superficially or at the periphery and less than or equal to 3 cm in size; a
level I or II parotidectomy may be considered in PA less than or equal to 3 cm, deep or far from the
parotid border; finally, for tumours >3 cm involving two or more than 2 levels, a conventional
parotidectomy is recommended.[26]

In the correct management of PA, in addition to considering which is the most appropriate
surgical treatment in accordance with the size and location of the tumour, other factors must also be
evaluated. Li et al, due to the measured spread of satellite nodules, recommended margins of healthy
parotid tissue of about 1 cm.[27]

Unfortunately, a complete resection of the margins is often impossible because of the adjacent
branches of the facial nerve. The anatomic pathologist will only have a very thin capsule to examine,
which may raise doubts about the reliability of the data. In the presence of an ambiguous assessment
of positive margins, it is highly plausible to expect a higher recurrence. Indeed, this is one of the main
risk factors in relation to recurrence.

Tumour spillage is another risk factor to consider which can sometimes be avoided. It generally
occurs when the tumour reaches a larger size and the tumour capsule is very thin. In these cases,
the pressure exerted to remove the deepest parts of the tumour may cause the capsule to rupture in
the most superficial area, facilitating visible aspiration and the removal of the tumour. When, on the
other hand, the capsule rupture occurs in the deepest region a complete resection may be difficult,
leading to dissemination of the tumour. [28]

Some authors have shown that some subtypes of PA tend to have incomplete capsules. This
could be another reason for recurrence. The thickness of the capsule varies from 0.015 to 1.75 mm. It
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is thicker in parenchyma-rich tumours than in stroma-rich ones. Some authors in the literature have
even reported the absence of the capsule in some PA subtypes.

Naeim et al.[13] were the first to establish this relationship, finding that 69% of myxoid PA had
incomplete capsules compared to 30% of classical and 18% of hypercellular subtypes. Stennert et al.
[29] also described larger areas of incomplete capsule in the myxoid type, as much as 28% of the entire
tumour circumference.

Valstar et al showed that, in addition to tumour spillage, positive and uncertain resection
margins, a younger age at diagnosis and a tumour localisation in the parotid gland compared to the
minor salivary glands result in a higher probability of recurrence.[30] In fact, recurrence occurs in
younger patients, with females being affected 1.6 times more frequently than males.[31]

Additionally, in the study performed, the recurrence rate affected females more significantly
(60%) than males (40%). Furthermore, the mean age of the first relapse in females was 44 +/- 11 years,
whereas in males it was 37 +/- 13 years

On the other hand, no relationship was found with smoking and drinking. Among the 33 who
relapsed only 5 smoked, of whom 3 were males and 2 females, and only 2, both males, had a drinking
habit.

Many relapses of PA can be extremely difficult to manage. Moreover, after repeated recurrences,
it appears that PA may slowly acquire malignant characteristics.

The main problem with multiple surgeries due to the recurrence of PA is the risk of permanent
damage to the facial nerve, which increases with the number of surgeries. Valstar et al showed facial
nerve damage between 3% and 16%, at the first recurrence, rising to 15%-21% for the second
recurrence and 18%-30% for the third recurrence. [32]

Radiotherapy (RT) seems to be recommended as a good treatment modality in PA recurrences.
In detalil, in cases of an incomplete tumour excision, intra-operative tumour spillage, RT appears to
be a good option in terms of reducing the rate of recurrence.

Chen et al. evaluated the role of RT in the management of 34 patients with recurrent PA of the
parotid gland. The use of post-operative RT resulted in an excellent long-term local control rate of
about 94%, with an acceptable late toxicity. Only one patient developed a second neoplasm,
approximately 14 years after the completion of the therapy.[33]

According to the French Society of Radiotherapy and Oncology (SFRO), post-operative RT can
be used in addition to incomplete resection margins also in relation to recurrent PA larger than 5 cm,
or those which pose a significant risk to the facial nerve.[34]

In cases where the PA presented as multimodular at the first recurrence, RT as an adjuvant
therapy was strongly recommended. Indeed, it was demonstrated that patients presenting with a
multinodular PA were significantly more likely to suffer from recurrence than those with a non-
multinodular recurrence.[35]

Therefore, RT of salivary gland tumours requires a degree of personalisation.

In our study with respect to only one initial type of surgical treatment, namely ECD, considering
that most PA originate in the superficial lobe, we aimed to evaluate if there are factors that can help
the surgeon to perform a more aggressive treatment to reduce the rate of recurrence.[36] In PA, the
state of inflammation plays an important role in determining the aggressiveness of the tumour in
terms of recurrence and possible malignant transformation. Such inflammation depends on a
number of previously described factors which promote these tumour characteristics.

The presence of chronic inflammatory cells is often observed in the peritumoral area and stroma
of PA. In particular, they present in the connective tissue capsule and stroma of almost all cases of
tumours in major and minor salivary glands.

The most frequently observed cells are plasmacytoids, predominantly in tumours of the major
salivary glands. In addition, a higher density of blood vessels has been found in the major salivary
glands, indicating their role in angiogenesis.[37]

Moreover, pseudopodia, tumour nodules that protrude from the edges of the tumour and are
separated by fibrous tissue from the main tumour mass, have been recognised as a cause of
recurrence by Patey and Thackray.[38]
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Pseudopodia were found in 28% of cases of tumour recurrence by Stennert [29], 40% by Zbaren
and Stauffer [39] and 54% by Park et al. [40].For these reasons, inflammation may be triggered by the
immune system in an attempt to limit proliferative activity. Abbate et al. showed that inflammation
plays a primary role in the genesis of some SGT, as confirmed by the high value of the inflammatory
biomarkers. In particular, the PLR was significantly higher in PA than in Warthin tumours, with a
cut-off of 135.55.[41] In recent literature, inflammatory biomarkers have been evaluated as prognostic
elements in predicting the degree of malignancy in various tumours, including SGT. An increase in
the NLR, PLR and SII indicated a poor prognosis. Damar et al. were the first to establish in SGT that
an elevated NLR could be used as an inflammatory marker to distinguish low-grade from high-grade
parotid gland malignancies. [42] Moreover, Kuzucu et al indicated that pre-operative NLR and PLR
values are higher in patients with malignant salivary gland tumors ( mSGTs) than in patients with
benign salivary gland tumors ( bSGTs). No statistically significant differences in terms of NLR and
PLR were found between patients with mSGTs in relation to their stages.[43]

More recently Abbate et al. have demonstrated that there are statistically significant increases in
the NLR, PLR, and SII indices in malignant SGT compared with benign SGT, establishing a cut-off
value.[44]

In our study, it has been demonstrated that increased inflammatory biomarkers, in particular
the NLR, can be related to the recurrence of PA. An analysis of the results has shown that the NLR
(cut-off 2.960) has an accuracy of 96.1%, sensitivity of 78.4% and specificity of 97.2% in predicting
such a recurrence. This result, revealed in a simple pre-operative analysis, could play an important
role in the decision-making process in relation to the initial treatment of these tumours, enabling an
evaluation of the most appropriate approach by means of close post-surgical follow-up or subsequent
radiotherapy treatment.

Our study has certain limitations. It is a retrospective study of 608 patients with PA. However,
unknown inflammatory diseases which remained unreported when taking each patient’s history
could have influenced the results of the inflammatory biomarkers. Further studies in other centres
with larger patient cohorts are mandatory for any validation of our results.

5. Conclusions

In conclusion, the encouraging results of our study demonstrate that the NLR, with a cut-off of
2.960, is the best biomarker in terms of predicting the recurrence of PA and can be used as a support
tool in relation to pre-operative instrumental investigations to guide the treatment strategy and post-
operative follow-up of PA patients.
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