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Abstract

It is important to define the accuracy of fine-needle aspiration cytology

(FNAC) in the diagnosis of Warthin tumor (WT). This systematic review and

meta-analysis evaluated the accuracy of FNAC in the diagnosis of WT in the

parotid gland and WT growth rate. For determination of FNAC accuracy,

17 studies, encompassing 1710 cases, were included. Pulled random model

estimates of sensitivity, specificity, PPV, and NPV were 93.7% (95%CI: 92.1,

95.3), 97.9% (95%CI: 97, 98.9), 93.3% (95%CI: 91.5, 95.1), and 97.4% (95%CI:

96.4, 98.4), respectively. FNAC is highly reliable for the diagnosis of WT of the

parotid. The high PPV value suggests that patients with a cytological diagnosis

of WT of the parotid may be assigned to active surveillance.
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1 | INTRODUCTION

Warthin tumor (WT), also known as papillary cystade-
noma lymphomatosum or adenolymphoma, is a benign
neoplasm that arises almost exclusively in the parotid
gland, which is the origin of most salivary gland tumors.
It comprises 15% of all parotid tumors and is the second
most frequent neoplasm in the parotid gland, after pleo-
morphic adenoma.1–3 WT is more common in Caucasians
in the 6th and 7th decades of life, smokers, and males,
although a narrowing of the gender gap has recently been
observed, likely due to increased smoking among
women.3 Several etiological factors have been suggested,

including Epstein Barr virus (EBV) infection, autoim-
mune diseases, radiation, chronic inflammation, and
most importantly, cigarette smoking.1,2 In the last few
years, there has been an increased trend in the diagnosis
of WT in comparison to other parotid tumors; in some
studies, WT was found to be more common than pleo-
morphic adenoma. One study showed that this trend can-
not be explained by changes in smoking patterns.4–6 The
same study suggested metabolic syndrome and obesity as
two central risk factors.6 The typical clinical manifesta-
tion of WT is a painless firm swelling in the upper neck,
but some cases will be asymptomatic, and others will
show symptoms of facial nerve branch irritation, ear
pain, tinnitus, and hearing impairment.2 In general, WT
grows slowly, and malignant transformations are rare,
occurring at a rate of less than 0.1%.3 The malignant
transformation can arise from the epithelial or lymphoid
cells of WT.7,8 Synchronous or metachronous tumors,

Abbreviations: FN, false negative; FNAC, fine-needle aspiration
cytology; FP, false positive; NPV, negative predictive value; PPV,
positive predictive value; TN, true negative; TP, true positives; WT,
Warthin tumor.
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some of which are malignant, in proximity to WT of
the parotid, occur rarely.9 Preoperative assessment of
WT with fine-needle aspiration (FNA) cytological anal-
ysis (FNAC) typically identifies a combination of
necrotic debris, lymphocytes, and oncocytic epithelial
clusters.10–12

Despite the reports of slow growth, some studies
reported on cases in which WT doubled in size within
1 year.13–15 It is therefore of prime importance to iden-
tify the patients at risk of rapid WT growth. However,
the literature is scarce and does not include important
demographics and clinical data.13–15 Several studies
evaluated the performance of FNA for the diagnosis of
WT but showed considerably conflicting results. So
et al. reported on 95.8% sensitivity and 97.2% positive
predictive value (PPV), and Viguer et al. reported on
90.4% and 98.1%, respectively, whereas other studies
demonstrated a rate of false diagnosis of about 25%–
40%.16–19

This systematic review and meta-analysis considered
publications that include a comparison between preoper-
ative FNAC (index test) and postsurgical histopathologi-
cal diagnosis (reference test) of WT in the parotid gland.
In addition, the mean growth rate of the tumor as mea-
sured by imaging modalities was calculated.

2 | METHODS

2.1 | Search strategy

This systemic review and meta-analysis followed the
referred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) extension for diagnostic test
accuracy guidelines.20 A comprehensive search of
PubMed and Scopus was conducted on July 25, 2021 to
identify relevant publications. The search terms used
were “fine needle aspiration” OR “fine needle sampling”
OR “FNA,” AND “Warthin tumor” OR “adenolymphoma”
OR “parotid” AND “tumor” OR “neoplasm” OR “mass” as
well as “growth rate.” No date restriction was applied. To
expand the search, “similar articles” function in PubMed
and “related articles” function in Google Scholar were
used. In addition, the reference list of selected articles was
screened.

2.2 | Eligibility criteria

Articles that used FNAC for the diagnosis of a parotid
gland lesion and histopathological assessment for a final
postoperative diagnosis were included. Cases with a non-
diagnostic FNAC result were not included for the

assessment of FNAC accuracy. Case reports, letters, or
comments to the authors, article not in English, and
cases or articles that did not address WT were excluded.
To calculate WT growth rate, we included articles that
diagnosed WT using histopathology or cytology. WT size
evaluations were based on articles reporting on CT- or
MRI-based tumor size evaluation at least twice with a
minimum time interval of 3 months, a measured dimen-
sion, and which mention follow-up duration. If more
than two size evaluations were available, only the first
and the last were included. In cases where several articles
used the same database in overlapping years, only the
most recent published article was included to avoid data
duplication.

2.3 | Data extraction, processing, and
synthesis

The following data were extracted for each case:
method of needle guidance, needle size, patient charac-
teristics, the time (years) range of the data, FNAC diag-
nosis, and final histopathological diagnosis. Data
regarding follow-up duration for each lesion, imaging
modality used, and initial and final size of WT were
also extracted.

The following parameters were calculated: true pos-
itives (TP): FNAC and histopathological diagnosis is
WT; false positive (FP): FNAC result is WT, but histo-
pathological diagnosis is not; false negative (FN): FNAC
result is a different lesion (not WT), but histopathologi-
cal result is WT; true negative (TN): both FNAC and
histopathology results are not WT. Our goal was to
conduct meta-analysis of individual FNAC estimates in
the diagnosis of WT; for this reason, all the included
studies contain cases of FP, FN, and TP and some stud-
ies also contain TN cases. Studies that lack case of FP,
FN, or TP were excluded. All the false positive and
false negative results were classified as malignant,
benign, or normal. Cytodiagnostic or histopathologic
results that were classified as “probably malignant,”
“suspected malignant,” “suspicious for malignancy,”
“cannot exclude malignancy” were included in the
malignant group.

2.4 | Quality assessment

The included studies were assessed for quality of meth-
odology based on the Diagnostic Accuracy Research
Quality Assessment-2 (QUADAS-2) tool.21 The risk of
bias was rated as “low,” “high,” or “unclear,”
corresponding to a score of “2,” “1,” and “0,”
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respectively. A study awarded a cumulative score ≥6
was considered of high quality.

2.5 | Statistical analysis

IBM SPSS Statistics for Windows, Version 27.0 was used
for data analysis. R software and related packages were
used for the meta-analysis. The pooled sensitivity, speci-
ficity, PPV, and NPV were calculated to assess the diag-
nostic value of FNAC. Mean percent diameter change for
the entire population and percent diameter change for
subgroups were calculated to assess WT growth rate.
Dependent variables were assessed for normality using
the Kolmogorov–Smirnov test and by graphically com-
paring frequencies distribution to bell shape. The T test
was used to compare the means of subgroups; p-value

<0.05 was considered statistically significant. Between-
study heterogeneity was evaluated using the Cochran
Q test and the Higgins I square test, where I2 > 50% indi-
cates statistically significant heterogeneity. Random and
fixed models were used for pooled estimates. Publication
bias was evaluated by visual inspection of the symmetry
of the funnel plot.

3 | RESULTS

The literature search yielded 451 records, of which 17 arti-
cles met the inclusion criteria (Figure 1). Table 1 presents
key study design elements of all the included articles.
The reports were published between 1996 and 2019, con-
ducted in 12 countries, and encompassed a total of 1710
cases, with study samples sizes ranging between 5 and

FIGURE 1 Flow diagram for

identification of studies for assessment

of fine-needle aspiration cytology

accuracy in diagnosing Warthin tumor

in the parotid gland [Color figure can be

viewed at wileyonlinelibrary.com]
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TABLE 1 Summary of studies reviewed to determine fine-needle aspiration cytology accuracy

Article, year published Years range Location Study design Needle type Needle guidance Age (range) Males

Al-Khafaji et al.27 1986–1996 USA Retrospective N/A N/A Mean: 56 (5–90) 50.6%

Altin et al.16 2008–2017 Turkey Retrospective 23 G N/A Mean: 47.5 (7–82) 54.6%

Atula et al.28 1984–1991 Finland Retrospective 23 G N/A Unknown Unknown

Edizer et al.29 2005–2013 Turkey Retrospective 23 or 25 G US Unknown Unknown

Huang et al.30 N/A Taiwan Retrospective N/A US Unknown Unknown

Jafari et al.31 2000–2006 France Retrospective 27 G US or palpation Mean: 50.5 (17–87) 60%

Jayaram et al.32 N/A Malaysia Retrospective 22 G N/A Unknown Unknown

Jechova et al.33 2006–2016 Czechia Retrospective N/A US Median: 57 (12–96) 42.6%

Raymond et al.34 1992–2000 Canada Retrospective N/A N/A Mean: 60.2 (14–88) 1.4:1

So et al.18 2006–2017 Canada Retrospective N/A N/A Mean: 63.2 (SD 10.4) Unknown

Suzuki et al.35 1999–2017 Japan Retrospective 21 or 22 G US or free hand
technique

Unknown Unknown

Zabren et al.19 1990–1998 Switzerland Retrospective 22 G N/A Mean: 55 (16–97) 46%

Akbas et al.36 1994–2000 Turkey Retrospective 25 G US Unknown Unknown

Behzatoglu et al.37 1997–2002 Turkey Retrospective 22 G N/A Mean: 44 (12–80) 54.6%

Ali et al.38 2002–2010 Pakistan Retrospective 22 G Free hand technique Mean: 44 (15–78) 56.5%

Riley et al.39 1996–2000 New Zealand Retrospective 24 G N/A Unknown Unknown

Weinberger et al.40 1985–1989 USA Retrospective 22 G Free hand technique Mean: 57 (SD 12.9) 77.7%

Abbreviations: N/A, not available; US, ultrasound.

TABLE 2 Summary of the fine-needle aspiration accuracy analysis

Article NPV PPV Specificity Sensitivity TN FN FP TP

Al-Khafaji et al.27 97.7 83.3 97.7 83.3 129 3 3 15

Altin et al.16 93.3 78.6 93.8 71.7 137 13 9 33

Atula et al.28 68.3 87.5 13 4 28

Edizer et al.29 93.0 95.2 3 2 40

Huang et al.30 78.3 74.2 90.6 88.5 29 8 3 23

Jafari et al.31 100 91.7 96.7 100 59 0 2 22

Jayaram et al.32 100.0 80.0 1 0 4

Jechova et al.33 93.1 96.6 7 15 201

Raymond et al.34 89.2 89.2 4 4 33

So et al.18 97.2 95.8 3 2 69

Suzuki et al.35 94.5 92.6 11 8 137

Zbaren et al.19 91.2 84.4 97 62.8 167 15 5 27

Akbas et al.36 100 94.7 98.4 100.0 62 0 1 18

Behzatoglu et al.37 98.4 100 100 75.0 63 1 0 3

Ali et al.38 98.2 90.0 99.1 81.8 111 2 1 9

Riley et al.39 95.7 66.7 97.8 50.0 90 4 2 4

Weinberger et al.40 90.4 60.0 95 42.9 38 4 2 3

Total (1710 cases) 885 93 63 669

Pooled value [95% CI]

Random effects model 97.4 [96.4, 98.4] 93.3 [91.5, 95.2] 97.9 [97.0, 98.9] 93.7 [92.1, 95.3]

Fixed effect model 94.0 [92.1, 95.8] 86.6 [81.8, 91.4] 96.5 [95.0, 98.0] 79.5 [74.4, 84.6]

Abbreviations: FN, false negative; FP, false positive; NPV, negative predictive value; PPV, positive predictive value; TN, true negative, TP, true positive.
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223 cases. Needle type and needle guidance technique
were mentioned occasionally, patient sex was reported in
9 studies, and patient age was reported in 10 studies. The
years range of presented data was unavailable for two
articles. All the studies were retrospective and involved a
medical records database search.

In seven studies, the TN rate was not reported, as
the publication focused on evaluation of the concor-
dance between FNA and histopathology in the diagno-
sis of WT. Study data, individual diagnostic estimates
and pooled estimates are summarized in Table 2. Indi-
vidual and pooled estimates are also presented in a
forest plot in Figures 2 and 3. The pooled sensitivity
and PPV were calculated based on cases from 17 stud-
ies. The random effects model of the 17 studies
showed a pooled sensitivity of 93.7% (95%CI: 92.1,

95.3) and pooled PPV of 93.3% (95%CI: 91.5, 95.2).
Pooled specificity and NPV were calculated based on
the 10 studies in which TN data were reported. The
random effects model of these 10 studies showed a
pooled specificity of 97.9% (95%CI: 97, 98.9) and a
pooled NPV of 97.4% (95%CI: 96.4, 98.4). Heterogene-
ity assessments showed that PPV and specificity esti-
mates were homogenous (Q = 20.2, p = 0.210,
I2 = 20.8 for PPV, and Q = 10.9, p = 0.282, I2 = 17.4%
for specificity). NPV and sensitivity estimates were
found to be heterogenous (Q = 74.3, p < 0.0001,
I2 = 78.5% for sensitivity, and Q = 32.3, p = 0.0002,
I2 = 72.1% for NPV). Visual assessment of the funnel
plots for each of the four FNAC estimates showed no
asymmetrical distribution (Figure 4). All included
studies were of high quality (Figure 5).

FIGURE 2 Forest plot of (A) positive predictive value (PPV) and (B) negative predictive value (NPV). Dashed line depicts value of

random model estimate. FE, fixed model estimate; RE, random model estimate
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A summary of all cases falsely diagnosed by FNAC is
presented in Figure 6. The total FP rate was 3.6% (63 out
of 1710 patients), and the FP rate of malignant tumors
was 2% (35 out of 1710 patients). When considering all
positive FNAC results (n = 732), the rate of malignant FP
was 4.7% (35 out of 732 patients). Most of the cases in the
FP category were classified as malignant (55.5%, n = 35),
and the leading FP diagnosis was adenoid cystic carci-
noma (n = 12), followed by mucoepidermoid carcinoma
(n = 11). The total FN rate was 5.4% (93 out of 1710
patients); 21 (22.5%) were classified as malignant.

4 | DISCUSSION

This systematic review and meta-analysis evaluated the
accuracy of FNAC in the diagnosis of WT and

investigated WT growth rate. The study found FNAC to
have a high specificity (97.9% [95%CI: 97, 98.9]), and PPV
(93.3% [95%CI: 91.5, 95.1]), yet a variable sensitivity
(93.7% [95%CI: 92.1, 95.3]) and NPV (97.4% [95%CI: 96.4,
98.4]). Although FNAC is highly specific in the diagnosis
of WT, the review found that 35/732 (4.7%) positive
results proved malignant is postoperative histopathology,
hence, patients choosing an observational approach
based on preoperative FNAC WT diagnosis should be
followed up with caution. False FNAC results involving
WT is a well-known phenomenon.22 The falsely diag-
nosed FNAC cases may be the result of sampling error,
when WT cysts with acellular fluid are sampled.12 In
addition, WT oncocytes tend to undergo necrosis and to
change to squamous or mucinous epithelium which may
lead to diagnosis of a malignant tumor.12 WT necrosis
can also cause cyst spillage and subsequent inflammation

FIGURE 3 Forest plot of (A) sensitivity and (B) specificity. Dashed line depicts value of random model estimate. FE, fixed model

estimate; RE, random model estimate
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and reactive changes, thus challenging cytodiagnosis.10

Other sources of sampling errors are mixed tumors of
WT and synchronous benign and malignant lesions.9

Both FN and FP cases may harbor malignant tumors and
should raise concern of progression of malignant disease.
Yet, characteristics of these cases were not available for
review; thus, future research is warranted to identify the
features of falsely diagnosed cases. When considering the
overall high PPV, a positive diagnosis of WT by FNAC
can be a reasonable option in selected cases with close
follow-up.

The cited malignant transformation rate of WT
tumors diagnosed by histopathology is 0.1%.3 Yet, in the
case of FNAC diagnosis, false results are mostly due to a
sampling error. Although malignant transformation can
contribute to lead to a false diagnosis, we think it has a

small effect overall. Additionally, cases of malignant
transformation were not included in the review, and this
subject is beyond the scope of the current study.

We chose not to present data regarding WT growth
rate in this review. The data obtained in appraised publi-
cations were very heterogeneous. Moreover, factors
influencing growth are many and unknown, all of which
may lead to imprecise results. We suggest that futures
studies conduct more comprehensive, three-dimensional
size assessments of WT.

5 | LIMITATION

This review had several limitations. Articles reviewed to
determine FNA accuracy were retrospective in nature,

FIGURE 4 Funnel plots for assessment of publication bias. Each point represents a separate study. (A) PPV, (B) sensitivity,

(C) specificity, (D) NPV. Horizontal axis represents the effect of the studies, vertical axis represents study size, vertical dashed line indicates

effect summary, white triangle shape depicts the values extending 1.96 standard errors around the effect summary, this area should include

95% of studies. Studies with a larger sample size and hence, higher precision, are located at the top, studies with higher estimates are located

at the right. When publication bias occurs, one expects asymmetry in the scatter around the effect summary, with more studies showing a

positive as opposed to a negative result. NPV, negative predictive value

FISHER AND RONEN 2283



and some had a small sample size. Another limitation
was that sensitivity and NPV showed a high degree of
heterogeneity. Cytodiagnosis terminology used when
assessing the salivary glands has some variability
between medical centers, which might have been even
more pronounced in articles published before 2015,
before the Milan system was developed.23 Given the

variability in reported FN and FP malignancy rates and
established by this review, it is important that physicians
be familiar with the institutional rate for malignancy
when FNAC fails to diagnose correctly. This is key for
advising the patient and informing them adequately for
decision making. FNAC results are impacted by many
factors, including collection method, physician FNA

FIGURE 5 Risk-of-bias and applicability concerns summary for each domain of the Diagnostic Accuracy Research Quality Assessment

(QUADAS-2) for each included study. (A) Risk-of-bias table. (B) Risk-of-bias graph [Color figure can be viewed at wileyonlinelibrary.com]
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training, freehand versus ultrasound-guided technique,
and pathologist versus physician performed FNA. Most
of the included studies failed to adequately report on
these factors.24–26

6 | CONCLUSIONS

To the best of our knowledge, this is the first system-
atic review and meta-analysis of diagnostic accuracy of
WT of the parotid gland. The study found that FNAC
has high performance in the diagnosis of WT at this
site. Although FP results were not common, most
turned out to be malignant. The overall high PPV value
suggests that selected patients with a cytological diag-
nosis of WT of the parotid can be assigned to active
surveillance.
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