HIPPOKRATIA 2022, 26, 1: 25-31

RESEARCH ARTICLE

Diagnostic accuracy of fine needle aspiration cytology in parotid gland lesions
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Abstract

Background: This study aimed to estimate the fine needle aspiration cytology’s (FNAC) diagnostic accuracy in differ-
entiating neoplastic from inflammatory lesions (Q1) and malignant from their benign counterparts (Q2).

Methods: We present a retrospective case series covering a single University Hospital and six attending head and neck
surgeons over eight years (January 2011 to July 2017). We concentrated on adults with clinically suspected parotid gland
lesions. We offered all patients FNAC biopsy preoperatively, and the final diagnosis was established based on the find-
ings of the final histology. The FNAC and histology results were cross-tabulated in a 2 x 2 contingency table, from which
we calculated the diagnostic accuracy, sensitivity, specificity, and positive and negative predictive values.

Results: From 212 consecutive patients reviewed, and after excluding thirteen cases (8 %) of valid but non-diagnostic
FNAC, 161 cases (50 females and 111 males) fulfilled set eligibility criteria. The most common diagnosis was Warthin
tumors (53 patients, 34 %), followed by pleomorphic adenomas (52 patients, 33.5 %). The sensitivity and specificity of
FNAC in differentiating neoplastic from non-neoplastic lesions and in segregating malignant from benign conditions
were estimated to be as high as 50 % and 97 %, and 98 % and 93 %, respectively.

Conclusion: FNAC is moderately effective in differentiating non-neoplastic from neoplastic disease and highly accurate
in selecting malignant lesions from benign ones. Although the lack of FNAC sensitivity can occasionally be problematic,
it still comprises a valuable tool in salivary gland surgery. HIPPOKRATIA 2022, 26 (1):25-31.
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Introduction

Tumors of the salivary glands account for around 3-6 %
of head and neck tumors, with their incidence rate reported
at 0.4-13.5 cases per 100,000 per year'. Up to 85 % of sali-
vary gland neoplasms originate in the parotid gland, whereas
most of them, approximately 75 %, are benign®. Their man-
agement may vary depending on the histopathological type,
including surgical and/or conservative treatment’. Hence,
accurate early diagnosis of potential neoplastic lesions, es-
pecially the differentiation between benign and malignant
tumors, is of great importance®.

Since both benign and malignant salivary gland
neoplasms arise mainly as painless masses, their clini-
cal evaluation must be supplemented by diagnostic im-
aging®. Many imaging modalities have been utilized for
the diagnosis of salivary masses, including ultrasound
(U/S), computed tomography (CT), and magnetic reso-
nance imaging (MRI)’. However, obtaining an accurate
preoperative diagnosis is frequently challenging, while
histopathologically examining the excised tumor consti-
tutes the gold standard for the definite diagnosis®. Since
not every salivary gland lesion requires surgical treat-

ment, an open excisional biopsy would be a theoretical
option. However, it is not advised since it is associated
with many significant complications, including damage
to the facial nerve, tumor spillage, scarring, great auricu-
lar nerve paresthesia, and fistula formation®*.

Fine needle aspiration cytology (FNAC) is widely
employed in preoperatively assessing salivary gland le-
sions®. It is a minimally invasive and easy-to-perform
technique due to the anatomical accessibility of sali-
vary glands. Evaluation of the smear is immediate, and
the procedure is repeatable to obtain enough tissue for
diagnosis or special investigations’®. It is a widely ac-
cepted method since it is inexpensive, rapid, safe, rela-
tively painless, and well tolerated in general’. Addition-
ally, it has been reported that FNAC can obviate surgical
treatment necessity in as many as one-third of patients
with non-neoplastic lesions!'*!2, However, even if FNAC
is considered a reliable technique to differentiate benign
from malignant tumors, the overlap of the cytomorpho-
logic features detected between benign and low-grade
malignancies diminishes its efficiency in specifying the
surgical management that is required?®.
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Despite the numerous investigating studies regarding its
accuracy, the value of FNAC in diagnosing parotid gland
lesions remains controversial, mainly due to its low sen-
sitivity, given that sensitivity and specificity have been
reported at 33-100 % and 67-100 %, respectively®!3. This
study aimed to estimate FNAC’s diagnostic accuracy
in differentiating neoplastic from inflammatory lesions
(Q1) and malignant from their benign counterparts (Q2)
in a tertiary University Hospital setting.

Methods

Study design

A retrospective case-series study was conducted based on
the review of respective hospital records from a tertiary
Head-and-Neck Surgery center. The Institutional Review
Board of the University Hospital of Larissa approved the
study (decision No: 14/14" date: 09/11/2021). All par-
ticipants’ data were handled according to the Helsinki
as well as the Health Insurance Portability and Account-
ability Act (HIPAA)'". For this retrospective design, no
informed consent was deemed necessary, and the study
extended over eight years (January 2011 to July 2017),
covering a single institution and six attending head and
neck surgeons. The specific period was chosen due to the
patient’s data availability during the study design.

Participants

All consecutive patients with benign or malignant parotid
gland tumors surgically managed in our institution were
evaluated as eligible for the study. Specifically, in our
retrospective study, we included: i) adults (older than 18
years), ii) with clinically suspected parotid gland lesions,
iii) that presented at the University Hospital of Larissa
and underwent a partial or total parotidectomy, iv) during
the study period (January 2011 to July 2017). In contrast,
we considered ineligible patients with 1) recurrent lesions
of the parotid gland, ii) severe comorbidity that precluded
surgical management, iii) non-diagnostic FNAC biopsy
results, iv) incomplete medical data regarding preopera-
tive and postoperative diagnosis (unavailable informa-
tion that could not be retrieved either from the Otolar-
yngology-Head and Neck Surgery department or the
Histopathology department), and v) pediatric cases. We
calculated the sample size with a confidence level of 95
% and a margin of error of 5 %!°. All patients during their
hospitalization received the standards of care according
to the Institutional Protocol and the National Comprehen-
sive Cancer Network (NCCN) Guidelines'”.

FNA technique

We perform FNAC with a 23-gauge needle attached to
a 20 ml syringe for all patients with clinically suspected
salivary gland lesions; usually, two to four consecutive
passes are performed targeting the lesion. Ultrasound
guidance is utilized for lesions that are not readily pal-
pable. Aspirated material was transferred on a clean glass
slide and spread as thin and even film. Multiple smears
are prepared, and materials are fixed in alcohol for he-

matoxylin-eosin (H&E) stain. Smears were air-dried and
fixed in methanol for Giemsa staining'®. All smears were
examined and interpreted at the Department of Cytopa-
thology of the University Hospital without knowledge of
the results of the permanent histology diagnosis. Preop-
erative cytological findings of FNAC were classified as
benign, non-diagnostic, and malignant.

Histology technique

The surgery took place at least fourteen days after the
FNAC procedure. All surgical specimens excised during
surgery were sequentially sent to the Pathology Depart-
ment. They were reviewed by an experienced but blinded
histopathologist unaware of the FNAC result, so the preop-
erative diagnosis does not influence the final histopathol-
ogy result’s accuracy. Each specimen was fixed in buffered
formalin, and embedded in paraffin. A thin section cut and
stained by H&E stain was used to evaluate its adequacy
and architecture. The slides of all cases were examined un-
der a light microscope to reach a definitive diagnosis. We
established the final diagnosis based on the surgical speci-
men’s histologic findings without knowing the FNAC out-
come. The histopathology results were initially categorized
as inflammatory (non-neoplastic) and neoplastic lesions.
We defined inflammatory lesions as those with histopatho-
logic findings of benign acinar and/or ductal epithelium,
with metaplastic, reactive changes or inflammatory evi-
dence suggesting acute (interstitial edema, limited infiltra-
tion by granulocytes, lymphocytes, and monocytes of the
periductal and intracinar connective, edema of acinar and
ductal epithelium) or chronic sialadenitis (acinar atrophy,
lymphoid infiltration, fibrosis, ductal dilatation, and lin-
ing epithelium hyperplasia). We defined neoplastic lesions
as those with cytomorphologic evidence of abnormal and
uncontrolled growth of tissue'®"’. Then, neoplastic lesions
were classified as benign (non-cancerous) and malignant
(cancerous) lesions based on their diagnosis, according to
the WHO's histological classification of salivary gland tu-
mors®.

Data extraction

Two residents (GE, KC) reviewed the hospital charts of all
eligible patients, and the following data were extracted: i)
demographic data, including the patient’s age and gender, ii)
the FNAC results, and iii) the permanent histology results.

Statistical analysis

Cases without FNA results were treated as “missing re-
sults” and excluded, while those without a permanent
histological diagnosis were treated as ‘“uninterpreted
results” and sequentially excluded. The non-diagnostic
FNAC biopsies were treated as “valid inconclusive re-
sults” that were analyzed as an independent category.
From the remaining cases, we cross-tabulated the results
of FNAC and permanent histology in a 2 x 2 contingency
table to calculate the true positives (TP), true negatives
(TN), false positives (FP), and false negatives (FN). Af-
terward, we calculated the diagnostic accuracy, sensitiv-
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ity, specificity, positive predictive value, and negative
predictive value of FNA biopsy in comparison to final
histopathology for the diagnosis of parotid gland lesions,
in accordance with the following diagnostic accuracy
parameters: sensitivity (Sen): TP/(TP+FN), specificity
(Spec): TN/(TN+FP), accuracy (Acc): (TP+TN)/total,
positive predictive value (PPV): TP/(TP+FP), negative
predictive value (NPV): TN/(TN+FN), positive likeli-
hood ratio (LR+): Sen/(1-Spec), and negative likelihood
ratio (NR-): (1-Sen)/Spec. Fagan’s nomogram® estimated
the post-test probabilities. The diagnostic accuracy calcu-
lations were performed separately for questions Q1 and
Q2. All statistical analyses were conducted using the R
statistical environment?!.

Results

Participants

Two hundred twelve consecutive patients (142 males, 70 fe-
males) with a mean age of 59 + 16 years were admitted to

the Department from January 2011 to July 2017 with parotid
gland lesions. In thirty-four patients, the medical files were
incomplete and did not include FNAC biopsies, and in four
patients, permanent histological diagnosis. The results of
FNAC biopsy were non-diagnostic in thirteen cases (8 %); the
remaining 161 cases (50 females, 111 males) with a mean age
of 59 & 15 years formed the basis of the current study (Figure
1). The sample size was calculated at a minimum number of
137 patients to meet the desired statistical constraints.

Histological results

Most cases (156 patients, 96.8 %) were neoplastic, while
the remaining cases (five patients, 3.1 %) were inflam-
matory. One-fourth of the neoplastic cases (114 patients)
were malignant (Table 1). The most common diagnosis
was Warthin tumors in 53 patients (34 %), followed by
pleomorphic adenomas in 52 patients (33.5 %), primary
carcinomas (20 patients, 13 %), and metastasis (19 pa-
tients, 12 %) (Figure 2).

Table 1: The 2 x 2 contingency table of fine needle aspiration cytology against permanent histology in differentiating benign

from malignant lesions.

Histology
FNAC Malignant Benign Total
Malignant 112 3 115
% within FNAC Results 97.4 % (112/115) 2.6 % (3/115) 100 % (115/115)
% within Histology Results 98.2 % (112/114) 7.3 % (3/41) 74.2 % (115/155)
% within Total 72.3 % (112/155) 1.9 % (3/155) 74.2 % (115/155)
Benign 2 38 40
% within FNAC Results 5 % (2/40) 95 % (38/40) 100 % (40/40)

% within Histology Results
% within Total

1.8 % (2/114)
1.3 % (2/155)

92.7 % (38/41)
24.5 % (38/155)

25.8 % (40/155)
25.8 % (40/155)

Total 114
% within FNAC Results 73.5 % (114/155)
% within Histology Results 100 % (114/114)

% within Total

73.5 % (114/155)

41 155
26.5 % (41/155)
100 % (41/41) 100 % (155/155)

26.5 % (41/155)

FNAC: fine needle aspiration cytology.

A 4

Neoplasia (n=159)

Neoplasia (n=156)

Inflammation (n=2)

Inflammation (n=5)

B)

Malignant Benign
(n=115) (n=40)
| 1
Neoplasia Neoplasia
(n=114) (n=41)

Figure 1: The patient flow chart included in this retrospective case series. Fine needle aspiration cytology (FNAC) results are
depicted with blue filing, while histology results are in green filing. A) From a total of 212 patients, there were 34 patients without
FNACs, four without permanent histology diagnosis, and thirteen FNACs without a precise diagnosis. FNAC misdiagnosed
one neoplastic lesion as inflammatory and four inflammatory lesions as neoplastic. B) The study sample included 114 patients

with benign neoplasms and 41 malignancies. FNAC misclassified one patient with a benign lesion as a malignant lesion.

n: number.
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Figure 2: Stacked bar charts comparing the results of fine
needle aspiration cytology (FNAC) and histology in diag-
nosing suspected parotid gland lesions in this retrospective
case series.

Histology

Freq: frequency, FNA: fine needle aspiration.

FNAC results

The results of the FNAC were compatible with neoplastic
disorders in 156 cases (98.75 %), from which 40 cases
(25.8 %) had characteristics of malignancy (Figure 3).
The diagnosis was pleomorphic adenoma in 55 cases
(35.5 %), Warthin tumors in 51 cases (33 %), and primary
carcinoma in 39 cases (25 %). Metastatic lesions were
largely misdiagnosed as primary carcinomas (Figure 2).

Inflammation vs Neoplasia (Q1)
Overall, 159 parotid gland lesions were initially de-
scribed as neoplastic by the FNAC. Among them, 155

Diagnostic accuracy of FNA
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Figure 3: Calculating the post-test probabilities using Fa-
gan’s nomogram. A) Inflammation vs Neoplasia. B) Benign
vs Malignant lesions.

Prior prob: prior probability, posterior prob: posterior probability

(97.5 %) were finally diagnosed as neoplastic (true posi-
tive) and four (2.6 %) as inflammatory (false positive) by
the histology examination. Moreover, two parotid lesions
were inflammatory according to the FNAC, whereas the
inflammation was eventually histologically confirmed
in only one (true negative). Subsequently, the sensitivity
and specificity of FNA were calculated to be as high as
50 % and 97 %, respectively (Table 2). Given a positive
test result, the post-test probability of neoplasia is as high
as 14 %. Moreover, given a negative test result, the post-
test probability of an underlying neoplastic lesion is 0.5
% (Figure 3A).

Benign vs malignant lesions (Q2)

The 2 x 2 contingency table of the FNAC and the respec-
tive permanent histology in differentiating benign lesions
from their malignant counterparts is displayed in Table
1. FNAC’s sensitivity and specificity in differentiating
malignant lesions from their benign counterparts were as
high as 98 % and 93 %, respectively (Table 2). Given
a positive test result, the post-test probability of having
a malignancy is 98 %. Given a negative test result, the
post-test probability of not having a malignant lesion is 6
% (Figure 3B). The detailed results of the diagnostic ac-
curacy parameters are displayed in Table 2 and Figure 4,
while Figure 5 analyses the final histology diagnosis of
the FNACs’ non-diagnostic cases.

Discussion

Parotid gland neoplasms represent about 3 % of head
and neck tumours?*. Whereas most of them, almost 80 %,
are benign, performing a meticulous diagnostic workup
is essential to verify the neoplasm’s nature. FNAC con-
stitutes a necessary part of the preoperative evaluation'.
With the current study, we attempted to estimate the ac-
curacy of FNAC in differentiating inflammatory parotid
gland lesions from neoplasms, and benign from malignant
tumors. We recruited 212 patients during an eight-year
period that presented to the University Hospital of Lar-
issa with parotid gland lesions. Our study’s sample size
is comparable to the most extensive and recent studies in
the field, along with Dostalova et al (604 FNACs), Galli
et al (554 FNACs), Boldes et al (505 FNACs), Alwag-
dani et al (194 FNACs), Hamour et al (176 FNACs), and
Fundakowski et al (317 FNACs)**%. The composition
of the current study’s sample was in concordance with
the literature, as neoplastic lesions formed the major-
ity of the cases, while inflammatory lesions represented
only a minority®?*?’. Malignant lesions accounted for ap-
proximately a quarter of the gathered cases®'>*’. Benign
lesions outweighed their malignant counterparts, whereas
pleomorphic adenomas and Warthin tumors represented
most cases>*?’.

In the presented series, FNAC recorded a moderate
sensitivity and high specificity in differentiating neoplas-
tic from non-neoplastic disorders. According to the meta-
analysis by Schmidt et al, the summary estimates for the
sensitivity and specificity for the differentiation of neo-
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Table 2: Point estimates and 95 % confidence intervals of fine needle aspiration cytology. Sensitivity, specificity, disease
prevalence, positive and negative predictive value, and accuracy are expressed as percentages. Confidence intervals for
sensitivity, specificity, and accuracy are “exact” Clopper-Pearson confidence intervals. Confidence intervals for the likelihood
ratios are calculated using the “Log method” as described on pages 109-110 of Altman et al, 2000%. Confidence intervals for
the predictive values are the standard logit confidence intervals given by Mercaldo et al, 2007%.

Malignant vs benign

Neoplastic vs Inflammatory lesions

lesions

Apparent prevalence
True prevalence
Sensitivity

Specificity

Positive predictive value
Negative predictive value
Positive likelihood ratio
Negative likelihood ratio

0.03 (0.01-0.07)
0.01 (0.00-0.04)
0.50 (0.01-0.99)
0.97 (0.94-0.99)
0.20 (0.01-0.72)
0.99 (0.96-1.00)

0.74 (0.67-0.81)
0.74 (0.66-0.80)
0.98 (0.94-1.00)
0.93 (0.80-0.98)
0.97 (0.93-0.99)
0.95 (0.83-0.99)

19.88 (3.67-107.74)
0.51 (0.13-2.05)

13.43 (4.52-39.92)
0.02 (0.00-0.07)

FNA in parotid gland lesions

—_— Benign vs Malignant
— — = Neoplasia vs Inflammation

NPV
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Figure 4: Radar chart of the fine needle aspiration cytology
diagnostic accuracy.

FNA: fine needle aspiration, PPV: positive predictive value, Acc:
accuracy, Spec: specificity, Sens: sensitivity, NPV: negative predic-
tive value.

plastic from non-neoplastic lesions (Q1) were 0.96 [95 %
confidence interval (CI): 0.83-0.99] and 0.98 (95 % CI:
0.67-1.00), respectively®. Given our series’ small num-
ber of inflammatory cases, we appreciate that our results
should be read cautiously. On the contrary, we observed
that the diagnostic accuracy in segregating benign from
malignant tumors was extremely high among our cases.
We are confident of this result as the number of benign
or malignant neoplastic disorders allows us to draw rela-
tively safe conclusions. In the most recent relevant meta-
analysis by Liu et al, the summary estimates regarding
the sensitivity and specificity of FNAC in differentiating
malignant from benign parotid lesions (Q2) were compa-
rable to our results, with 0.78 (95 % CI: 0.740-0.820) and
0.98 (95 % CI: 0.970-0.980), respectively*. Similar per-
tinent findings are reported in the previous meta-analysis
by Schmidt et al.

The management of salivary gland lesions involves a
range of modalities, including information from clinical
history and examination, imaging, and cytology or/and
histology data®?. The FNAC biopsy has gained popular-
ity as a means of preoperative diagnosis, given that it is
relatively straightforward and inexpensive. Thus, multi-

Figure 5: Pie and donut charts on the same plot, of the fine
needle aspiration cytology misdiagnosed results. Pie: inflam-
mation vs neoplasia, donut: benign vs malignant lesions.
Hist4: Histopathology result

ple case-series studies focusing on reporting the FNAC’s
efficacy in identifying parotid masses are encountered
in the contemporary international literature?3!213.24.26.27.30,
Copious information concerning its effectiveness in dif-
ferentiating non-neoplastic vs neoplastic lesions is avail-
able. Furthermore, FNAC appears to be rather helpful
in discriminating benign from malignant neoplasms®*?’.
Thus, relying on FNAC diagnosis, salivary gland tu-
mors can be triaged and treated according to their ur-
gency, which is highly important since FNAC can guide
the decision for surgery and the extent of resection and
permits the patient’s involvement in treatment decision-
making'?. According to the tumor’s histopathologic type,
the patient and the surgeon can adequately discuss the
management options and choose, if possible, to wait un-
der surveillance instead of undergoing a major operation,
which might be particularly useful for older patients with
several comorbidities™®.

However, it must be acknowledged that FNAC is still
considered controversial since, at times, it fails to set a
definite diagnosis, considering its elevated rates of false
positive and negative results®. This is mainly attributed
to the vast heterogeneity of the salivary gland pathology
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that presents a high percentage of overlapping features.
The differentiation between benign and malignant lesions
may be challenging primarily because low-grade neo-
plasms, representing about 50 % of parotid carcinomas,
are characterized by less atypia, leading, unfortunately,
to their misdiagnosis with benign lesions**!. On the other
hand, FNAC is significantly more efficient in identify-
ing benign neoplasms. According to Omura et al**, FNAC
misdiagnosed benign tumors as malignant in only 1.3 %,
which is relevant to our result of 1.9 %. This could be at-
tributed to the fact that, since benign neoplasms are much
more frequent than malignant ones, cytologists are usual-
ly adequately experienced in correctly recognizing them.
Considering the operator-dependent nature of the FNAC,
immense expertise in this challenging field of head and
neck pathology is of great importance for improving
management outcomes and morbidity of the patients'*2,
Specifically, it would minimize the misdiagnosis of car-
cinomas and the false negative results of specific benign
tumors that can transform into malignant ones, such as
pleomorphic adenoma®!.

Moreover, it is generally accepted that, besides accu-
rate histopathology, correct grading of malignant tumors
constitutes a principal component of an accurate diagno-
sis, since both therapeutic strategy and prognosis differ
between high- and low-grade neoplasms. As the study
of Suzuki et al mentions®’, FNAC was able to correctly
identify both the histopathology and grade of malignant
tumors in only 18.9 %. Hence, it is inferred that FNAC’s
inadequacy constitutes a limitation for its use as a definite
diagnostic modality?’. Last but not least, as highlighted
by several studies, the diagnostic efficiency of FNAC is
clinically significant only if the non-diagnostic FNAC
results are encompassed in the statistical analysis. Ex-
cluding these may ostensibly increase the technique’s
sensitivity rate, but clinicians should remember that this
does not correspond entirely to reality'"?”?%, Galli et al
mentioned in their retrospective study that FNAC’s sen-
sitivity rate was estimated at 59 % when only the diag-
nostic results were included in the analysis. In contrast, it
decreased at 48 % when the non-diagnostic results were
also taken into consideration'’.

The current study has some significant limitations.
Firstly, the number of non-neoplastic disorders was small
and practically limited to inflammatory disorders. Fur-
thermore, non-surgical candidates were excluded from
the study’s results due to the inherent nature of the study
design, as well as those with non-diagnostic FNAC re-
sults. Another potential source of bias that must be ac-
knowledged is the study’s retrospective nature. Also, it is
worth noting that in clinical practice, the results of FNAC
are interpreted in the context of clinical and radiologi-
cal data. However, in the current study, we only used the
results of FNAC.

In conclusion, our series, in accordance with the
majority of published data, support the value of FNAC
in the management of salivary gland lesions. FNAC is
moderately effective in differentiating inflammatory

from neoplastic diseases and highly accurate in selecting
malignant lesions from benign ones. Although the lack of
FNAC sensitivity can occasionally be problematic, it still
comprises a valuable tool in salivary gland surgery.
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