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Can the height of the parotid tumor be a predictor of malignancy?
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Background: Accurate diagnosis of malignancy in the parotid gland before surgery is often challenging.
Various clues should be used to increase the index of suspicion for malignancy. We hypothesized that
malignant lesions of the parotid gland are located at the superior part of the gland compared to benign ones.
Methods: A total of 169 consecutive patients were included in this study whose medical records were
retrospectively reviewed. Benign and malignant tumors were compared in size, height difference from five
anatomical landmarks: hard palate, mastoid tip, earlobe, condylar head, and mandibular notch. The cutoff
heights from significant landmarks (hard palate, condylar head) were estimated with ROC analysis and chi-
square test.

Results: Twenty-nine patients (17.2%) were diagnosed with malignant and 140 patients (82.8%) as benign.
The height differed significantly between benign and malignant tumors when the reference point was set for
the hard palate (P=0.024) and the condylar head (P=0.049), with the cutoff height from reference points to be
22.5, 51.5 mm, respectively. Diagnostic values of parotid level difference presented higher sensitivity (75.9%
for hard palate, 72.4% for condylar head vs. 47.8% for fine needle aspiration cytology) and lower false
negative rate (24.1% for hard palate, 27.6% for condylar head vs. 52.2% for fine needle aspiration cytology)
compared to fine needle aspiration cytology.

Conclusions: Malignant tumors of the parotid gland tend to locate at the superior part of the gland
compared to benign tumors. Parotid tumors lying cephalad should raise an index of suspicion for malignancy.
Height of the tumor in the parotid gland should be deliberately considered during the first encounter of the

patient, which in turn could curate the next step in the diagnostic approach and treatment planning.
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Introduction

Salivary gland tumors are known to be rare, which account
for 6% of head and neck tumors, and parotid tumors
comprise 80% of all salivary tumors (1,2). Although most
of the salivary gland tumor requires surgical resection,
the planning of treatment should be made with careful
assessment of the tumor, since the broader extent of surgical
intervention implies higher risk of morbidities, including
facial nerve injury (3). Distinguishing the tumor type
preoperatively, whether benign or malignant, and accurate
preoperative planning is imperative in the successful
outcome of parotid surgery (4). Hence, various diagnostic
methods are used alone or in combination. Computed
tomography (CT) and magnetic resonance imaging (MRI)
are commonly used to evaluate the tumor size, location,
and involvement of neck lymph nodes or other adjacent
structures. Ultrasonography (US) with fine-needle
aspiration cytology (FNAC) and/or core needle biopsy
(CNB) is considered first when distinguishing the benign
lesion from the malignant one (5).

Although FNAC/CNB might not provide a definitive
diagnosis of the tumor, together with histopathologic study,
it is considered as a gold standard for preoperative diagnostic
evaluation (6). However, the accuracy of preoperative
diagnosis with FNAC/CNB is often challenging for
pathologists, and malignant lesions are occasionally
misinterpreted as benign lesions. Schmidt et 4/. (7), provided
a meta-analysis on the diagnostic accuracy of FNAC,
presenting the average sensitivity of 80% and specificity of
97%. Song et al. (8) reported that sensitivity and specificity
of FNAC were demonstrated to be 58.2% and 98.6%,
respectively, when distinguishing the benign lesion from the
malignant lesion. Therefore, multiple diagnostic methods
should all be taken into consideration when approving the
diagnosis of parotid tumors, and in turn, arranging the
surgical plan.

One of the first and most fundamental diagnostic
approaches in clinical practice is physical examination.
Although advanced technological diagnostic tools may
provide detailed information of the disease, physical
examination is essential and must be considered first in the
diagnostic step. However, studies regarding the physical
presentation of parotid gland tumors and its application in
the diagnostic approach are lacking.

The objective of this study was to identify the physical
presentation of parotid tumors which could provide a
primary clue distinguishing the malignant lesion from the
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benign. From our clinical experience, we hypothesized that
malignant lesions of the parotid gland tend to locate at the
superior part of the gland compared to benign lesions, which
tends to locate at the inferior part of the gland (Figure I).

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-741).

Methods

Clinical data of 191 consecutive patients that had undergone
parotidectomy between August 2003 and July 2011 in a
tertiary referral center, catering to both referral patients
and patients from the community, were extracted from the
data warehouse of our institute. A retrospective review of
electronic medical records was conducted for each patient
after obtaining approval from the Institutional Review Board
(B-2005/613-104). The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
Individual consent for this retrospective analysis was waived.
Patients were evaluated for their age at operation, sex, side of
the tumor, radiologic data, and pathologic data. Patients that
had undergone parotidectomy for the primary lesion within
the parotid gland were included. Patients lacking radiologic
or clinical data, and those with lesions not originating from
the parotid gland or duct tissues were excluded. Since the
intention of this study involves parotid gland origin tumors,
nineteen patients with the final pathologic diagnosis of
schwannoma, lipoma, branchial cleft cyst, lymphoepithelial
cyst and lymphoma were excluded. Three patients were
excluded due to the lack of appropriate diagnostic workup
records. Overall, 169 patients were eligible for this study.
None of the patients included presented obvious clinical
signs of malignancy such as facial nerve paralysis, significantly
palpable neck nodes, or skin involvement of tumor.
Radiologic results of CT or MRI scan was evaluated to
locate the parotid tumor precisely. The size of the tumor
was estimated by the largest diameter based on at least three
consecutive sections on CT or MRI images. Level (height)
of the tumor was determined by the following method.
The axial cut that contains the epicenter of the tumor was
indicated as the reference level of the tumor. Then the
distance of the tumor level (height) was compared with five
other anatomical landmarks. Five anatomical landmarks
were selected for this study: superior surface of hard palate
(H), inferior end of mastoid tip (M), inferior end of earlobe
(E), center of condylar head (C), and mandibular notch
(N). These five landmarks were selected because they were
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Figure 1 Clinical presentation of parotid tumor. (A) Physical presentation of malignant parotid tumor (upper column) located at relatively

higher level and benign tumors (lower column) at lower level of parotid gland. Tumor (white arrow), ear lobule (white arrow tip), and

mandible angle (black arrow tip) are marked. (B) Typical computed tomography of malignant parotid tumors (upper column) located at

relatively higher level and benign parotid tumors (lower column) located at lower level of parotid gland. Tumors are marked with a white

arrow.

clearly distinguishable on CT or MRI and all lie adjacent to
the parotid gland with relatively constant location compared
to one another (Figure S1). Using this method, five values
of tumor level measured from each landmark were obtained
for all patients. The tumor level was measured from each
landmark by numbering the axial section in between. The
mean cut size of CT was 3.11 mm and it was 4.75 mm for
MRI. Out of 163 patients with CT, 139 were taken under
3 mm cut size, and out of 13 patients with MRI, 7 patients
were taken under 5 mm cut size. The level difference
was calculated by multiplying the cut size and the cut
number in between for each modality. The diagnosis of the
parotid tumor was confirmed by postoperative pathology.
The size and height difference from the reference points
were measured for the diagnostic group of pleomorphic
adenomas, Warthin’s tumors, other benign tumors,
mucoepidermoid carcinomas, and other malignant tumors.
The average distance of the tumor center from each
reference point was measured and compared among benign
and malignant tumors. The diagnostic values of setting the
diagnostic standards as the cutoff point from the significant
reference points were compared to the diagnostic value of
FNAC performed in this population. Sensitivity, specificity,
accuracy, positive predictive value, negative predictive value,
prevalence, false positive rate, and false negative rate were
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achieved from each diagnostic method for comparison.

Statistical analysis

For statistical analysis of this study, the level difference from
each anatomical landmark for each diagnosis of the tumor
were compared with one-way analysis of variance (ANOVA).
Data were presented as means * standard deviations (SD).
The tumor level (height) difference from each anatomical
landmark was compared between malignant and benign
tumor groups by Student’s #-test. ROC curves were
analyzed of the level difference from significant reference
points to determine the best cut-off value for distinguishing
the malignant tumor from benign ones. The area under
the curve (AUC), 95% confidence interval, and significance
value were calculated, offering the level of the tumor
characteristic of the ROC curve. Sensitivity and specificity
were obtained for each value of the scale and to determine
the optimal cutoff, then the statistical significance was
calculated with chi-square test. The Student’s #-test and
one-way ANOVA were conducted using IBM Statistical
Package for the Social Sciences version 20.0 (SPSS Inc.,
Chicago, IL, USA). ROC curve analysis and chi-square
test were performed with Graphpad Prism 5.0 (GraphPad
Software, San Diego, CA, USA).
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Table 1 Comparison of parotid tumor level from each reference point (n=169)

Variable Benign (n=140) Malignant (n=29) P (unpaired t-test)
Size (mm) 24.5+9.1 27.3+13.2 0.169
Hard palate 28.0+23.9 16.8+24.5 0.024~
Mastoid tip 19.8+18.8 13.5+£20.8 0.106
Ear lobe tip 14.3+18.9 6.9+21.9 0.064
Condylar head 54.1+25.3 43.9+24.7 0.049*
Mandibular notch 36.2+23.3 29.7+23.5 0.137
*, statistically significant.
A B * P=0.0488
E§100' * P=0.0235 3‘100_ —_—
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Figure 2 Comparison of the level measured from reference point between malignant and benign parotid tumor. (A) Distance from the

superior level of hard palate differed significantly among malignant and benign parotid tumors (unpaired #-test, P=0.0235). (B) Distance

from condylar head differed significantly among malignant and benign parotid tumors (unpaired #-test, P=0.0488). *, P<0.05.

Results

Among the 169 patients, the median age was 49 years
(22-83 years old), and 82 patients were male (48.5%) and
87 were female (51.5%). 96 tumors (56.8%) were located
on the left side and 73 (43.2%) on the right side. Malignant
tumors (n=29) included mucoepidermoid carcinomas (n=16),
epithelial-myoepithelial carcinomas (n=4), adenoid cystic
carcinomas (n=3), acinic cell carcinomas (n=3), etc. (lymph
adenocarcinoma, carcinoma ex pleomorphic adenoma,
salivary duct carcinoma). Benign tumors (n=140) consisted
of pleomorphic adenomas (n=96), Warthin’s tumor (n=35),
basal cell adenomas (n=7), etc. (fibromatosis, cystadenoma).
There were 163 patients evaluated with CT (136 benign
and 27 malignant tumors), 13 with MRI (9 benign and
4 malignant tumors). Seven patients were evaluated with
both CT and MRI (5 benign and 2 malignant tumors).
Average size of the tumor was 27.3 mm for malignant and
24.5 mm for benign tumors.

Each diagnostic group represented a statistically
significant difference in tumor levels from the five reference
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points (H, M, E, C, N) (Table S1). The average distance
from hard palate (H), mastoid (M), ear lobe (E), condylar
head (C), and mandibular notch (N) were measured to be
28.0, 19.8, 14.3, 54.1, and 36.2 mm, respectively for benign
tumors, and 16.8, 13.5, 6.9, 43.9, and 29.7 mm for malignant
tumors, respectively (Zable I). The distance (height) differed
significantly between benign and malignant tumors when
the reference point was set for hard palate (H, P=0.024) and
condylar head (C, P=0.049), as displayed in Figure 2.

"To set the cutoff level (height) to distinguish benign and
malignant tumors, ROC curve analysis was conducted for
the two significant points of the hard palate (H) and condylar
head (C) (Figure S2). The AUC was estimated to be
0.633 (H) and 0.625 (C), which were statistically significant
(P=0.025 and 0.034, respectively). The cutoff height for
hard palate (H) was the most optimal at 22.5 mm (chi-square
test, P=0.007), with a sensitivity of 75.9% and a specificity of
51.4%. Likewise, the cutoff height for condylar head (C) was
the most optimal at 51.5 mm (chi-square test, P=0.039), with
a sensitivity of 72.4% and a specificity of 48.6% (Tuble 2).
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Table 2 Clinical presentation with cutoff value applied from hard
palate (P=0.007*) and condylar head (P=0.039*)

Variable Malignant Benign Total
Total 29 140 169
Level from hard palate
<22.5mm 22 68 90
>22.5 mm 7 72 79
Level from condylar head
<51.5 mm 21 72 93
>51.5 mm 8 68 76

*, statistical significance estimated with chi-squared test.

Table 3 Diagnostic values of FNAC, parotid tumor level difference
from hard palate and condylar head

Variable FNAC Hard palate ~ Condylar head
Sensitivity (%) 47.8 75.9 72.4
Specificity (%) 98.3 51.4 48.6
Accuracy (%) 90.1 55.6 52.7
PPV (%) 84.6 24.4 22.6
NPV (%) 90.7 91.1 89.5
Prevalence (%) 16.2 17.2 17.2
FPR 1.7 48.6 51.4
FNR 52.2 241 27.6

FNAC, fine needle aspiration cytology; PPV, positive predictive
value; NPV, negative predictive value; FPR, false positive rate;
FNR, false negative rate.

The diagnostic values are compared among FNAC,
and diagnosis by the reference point of superior surface of
hard palate and condylar head (7able 3). Although FNAC
demonstrated better results for specificity, accuracy, and
positive predictive, diagnosis by parotid level presented a
higher sensitivity (75.9% for H, 72.4% for C vs. 47.8% for
FNAC) and with a lower false negative rate (24.1% for H,
27.6% for C vs. 52.2% for FNAC), accordingly.

Discussion

Our study demonstrates for the first time that malignant
parotid tumors tend to locate at a higher level (cephalad) in
the parotid gland compared to benign tumors. Moreover,
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our study also determined the anatomical landmarks that
could be used as a guide in distinguishing malignant tumors
from benign tumors. Due to the low diagnostic accuracy
of FNAC for parotid malignancy, physical examination per
se can augment the index of suspicion for malignancy in a
way even better than FNAC itself. This result can change
the first impression of the parotid tumor during physical
examination and consequently aid in guiding further
diagnostic work-up.

Preoperative diagnosis of parotid gland tumors is often
indefinite, and it requires several diagnostic tools to obtain
clear evidence. Since the diagnosis of benign and malignant
tumors could lead to a completely different treatment
plan, there is an ongoing debate of the optimal diagnostic
methods on determining whether the tumor is benign or
malignant. Lee er al. recently reported the preoperative
diagnostic accuracy of benign and malignant parotid gland
tumors to be 100% and 57 %, respectively (9), which implies
that diagnostic accuracy of malignant tumors is relatively
low, and many cases are diagnosed postoperatively.
Likewise, various studies have attempted to point out
the characteristic features of parotid tumors to improve
the accuracy of diagnosis, but most of the reports mainly
focused on diagnosis using imaging tools, determining the
involvement of adjacent structures (e.g., facial nerve, etc.)
and verifying the tumor location by superficial or deep lobe
in which it is contained (10-12).

The present study is the first to discuss the issue of
distinguishing the diagnosis of parotid gland tumors based
on physical examination. Generally, physical examination
of the parotid gland tumor is directed to determine the
presence of facial nerve palsy and the depth of tumor
location. Since current physical examination holds low
reliability for a definite diagnosis, the purpose of physical
examination lies in clarifying the surgical approach
and extent of excision of parotidectomy. Under this
circumstance, the diagnostic approach for the parotid
gland tumor is fully dependent on imaging and pathologic
workups. Although it is commonly accepted that imaging
and pathologic workup provides more accurate and practical
information compared to physical presentation, physical
examination still should be performed carefully if it could
present additional clues for diagnosis. For this intention,
bone structures were favored as a landmark in this study
over other options, such as facial nerve trunk. Although it
may not be suitable enough to set the diagnostic standards
of distinguishing parotid malignancy, bone landmarks are
applicable as an objective indicator on surface anatomy,
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providing the advantage of physical examination as
an additional diagnostic clue. Facial nerve trunk is a
conventional landmark of parotid tumor, however facial
nerve trunk is hard to visualize on surface anatomy without
advanced MRI workups. It is well known that MRI provides
more diagnostic values in diagnosis of parotid tumors
compared to CT, concerning soft tissue differentiation (13).
However, CT can also provide appropriate information in
tumor characterization and their relationship to adjacent
structures (14). Moreover, the cost of CT is remarkably
low compared to MRI due to the insurance policy. Thus,
considering the cost-effectiveness in actual practice,
majority of the population in our study conducted CT as
radiologic diagnosis method.

The main finding of this study is that tumor location
in the parotid gland can provide information that can
distinguish malignant from benign tumors. If the tumor
is located at the superior portion of the parotid gland,
the degree of alertness for the possibility of malignancy
should be maintained, even if benign is more likely on
other studies. This was especially notable considering that
using the tumor presentation level performed with better
sensitivity and false negative rate compared to FNAC
(Table 3). The diagnostic value of FNAC in this study was
consistent with previous reports (6-8), which presented
with higher specificity and accuracy compared to those
using the parotid tumor level difference from the superior
surface of the hard palate and the condylar head. Although
correctly pointing out the benign tumor could improve the
efficiency of clinical flow, it is more critical for the patient
not to miss on the diagnosis of malignant tumors. Thus,
even if diagnostic values of using the parotid tumor level are
not valid nor reliable enough to be accepted as a definitive
diagnostic process, a diagnostic attempt based on the
parotid tumor level could convey substantial information on
distinguishing malignant from benign tumors. Moreover,
due to its low false negative rate, it may be a valuable
consideration at the first step of diagnosis.

According to our study, the cutoff heights from each
reference points were most significant at 22.5 mm inferior
from the superior surface of the hard palate, and 51.5 mm
inferior from the condylar head (7able 2). These values
point to the level roughly above the mandibular angle and
the lower portion of the mandible ramus, evaluated from
the surface anatomy (15). It may be difficult to apply the
accurate cutoff height just by using the surface anatomy,
without referring to CT or MRI. Nonetheless, inspection of
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the parotid tumor level regarding the height difference from
anatomical landmark is suggested considering the result
of this study. The findings of this study may not provide
a conclusive diagnosis. However, it offers considerable
information in the diagnostic process, especially concerning
the relevant value of its false negative rate. Therefore,
evaluation of parotid tumor by its location among the
parotid gland should be considered to indicate possible
malignant lesion, which may lead to confirmation studies
such as core-needle biopsy or intra-operative frozen biopsy,
or even suggesting an ez bloc resection as a surgical plan.
There are several limitations to this study. First, the
retrospective design of this study has its own limitation.
Three of the patients were excluded due to insufficient
data retrieved, which might have affected the fidelity of
the study. This study involves rather small number of
population and malignant tumors concerning the study
period of 8 years, which is during the early history of the
center. The utmost population was involved but there
were clear limitations in maximizing the study population.
Moreover, relying on medical record data might raise some
questions of actual symptoms and findings of the patient,
which may have influenced the impression of disease.
A crucial weakness of this study is that Warthin’s tumor
could have largely influenced the significance in the lower
level presentation of benign tumors. It is well known that
Warthin’s tumor is often located at the tail of the parotid
gland. In this study, Warthin’s tumor comprises 25% of
all benign tumors, presenting with significantly low level
(Table S1). However, concerning that Warthin’s tumor are
the second most common benign parotid tumor (16), it
is assumed appropriate in this study to classify the benign
tumor group including the Warthin’s tumor. Another
weakness is that even though the anatomical landmarks
presented in this study are somewhat analogous to each
other, only 2 reference points (H, C) out of 5 candidates (H,
M, E, C, N) presented with significant results, which is not
clearly understood. The variability of maxilla and mandible
height is known to be affected by sex, age, and dental state
of the patient (17,18), but coarse measures regarding the
anatomical landmarks in this study (H, M, E, C, N) are not
previously reported. Since the patient factor of age, sex, and
dental state were not considered in the analysis, it is only
suspected that various size of the mandible, maxilla, or the
external ear could have influenced the result. Moreover,
the degree of head extension/flexion of each patient
during imaging workup may have negatively affected the
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consistency of the measurement, therefore a well-designed
prospective study minimizing the confounding factor is
necessary for future studies.

Conclusions

Malignant parotid gland tumors are relatively rare and
preoperative diagnosis is often challenging even with
various diagnostic methods. Since the treatment mostly
requires surgical intervention which could impair the
patient's facial nerve function, the diagnosis of parotid
tumor, whether benign or malignant, should be considered
carefully. The result of this study demonstrates that
malignant tumor of parotid gland tends to locate in the
superior part (cephalad) of the gland, whereas the benign
tumor tends to locate in the inferior part (caudad) of the
parotid gland. Although diagnostic values are not valid for
an authoritative diagnostic workup, examining the parotid
tumor level during the first step of diagnosis could raise the
index of suspicion for malignancy, which could eventually
lead to arranging a curated diagnostic workup.
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Supplementary

Table S1 Size and level difference from reference points for each diagnostic group

Types n Size (mm) Hard palate = Mastoid tip Ear lobe Condylar head Mandible notch
Benign Pleomorphic adenoma 96 23.2+7.7 19.3+19.0 14.6+£16.0 9.2+16.0 46.2+22.2 28.9+18.8
Warthin’s tumor 35 29.0+11.3 52.6+21.0 35.5+18.1 29.9+18.5 75.8+22.2 56.9+24.5
Other benign 9 20.7+8.3 25.6+15.0 14.3+16.2 8.1£17.7 55.1+19.6 33.2+13.8
Malignant MEC 16 26.3x12.3 19.3+24.0 19.0+21.5 12.4+23.1 45.9+25.5 31.8+22.1
Other malignant 13 28.5x14.7 13.9+25.8 6.7+18.5 0.2+18.9 41.5+24.4 25.8+25.6
P One-way ANOVA 0.013 <0.001 <0.001 <0.001 <0.001 <0.001

MEC, mucoepidermoid carcinoma.

Figure S1 Consecutive images of five reference points on the
computed tomography (CT) scan. (A) Superior surface of hard
palate (black arrow). (B) Inferior end of mastoid tip (white arrow).
(C) Inferior end of earlobe (white arrow). (D) Center of condylar
head (black arrow). (E) Mandibular notch (white arrow).
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Figure S2 ROC curve analysis from two significant reference points. (A) Superior surface of hard palate (AUC =0.633, P=0.025). (B) Center
of condylar head (AUC =0.625, P=0.034).
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