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Upon completion of this activity you will be able to:

e describe the role of quality assessment in a meta-analysis.

e define the following terms: verification bias, review bias,
misclassification bias, timing bias, and bias due to handling of
indeterminate results.

e discuss the current state of knowledge regarding the factors affecting
the diagnostic performance of fine-needle aspiration cytology for the
assessment of salivary gland lesions.

e |ist the general categories of factors that lead to variation in
diagnostic performance.

Abstract

The clinical usefulness of fine-needle aspiration
cytology (FNAC) for the diagnosis of parotid gland
lesions is controversial. Many accuracy studies
have been published, but the literature has not been
adequately summarized.

We identified 64 studies on the diagnosis of
malignancy (6,169 cases) and 7 studies on the
diagnosis of neoplasia (795 cases).The diagnosis of
neoplasia (area under the summary receiver operating
characteristic [JAUSROC] curve, 0.99; 95% confidence
interval [CI], 0.97-1.00) had higher accuracy than the
diagnosis of malignancy (AUSROC, 0.96; 95% ClI,
0.94-0.97). Several sources of bias were identified that
could affect study estimates. Studies on the diagnosis
of malignancy showed significant heterogeneity (P <
.001). The subgroups of American, French, and Turkish
studies showed greater homogeneity, but the accuracy
of these subgroups was not significantly different from
that of the remaining subgroup.

It is not possible to provide a general guideline
on the clinical usefulness of FNAC for parotid gland
lesions owing to the variability in study results. There
is a need to improve the quality of reporting and to
improve study designs to remove or assess the impact
of bias.
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The value of fine-needle aspiration cytology (FNAC)
for diagnosis of parotid gland lesions is controversial. FNAC
obviates the need for surgery in up to 33% of patients’ and
can provide useful information for surgical planning®®; how-
ever, the clinical usefulness of FNAC is questioned because
of low sensitivity, variation in reported results, and the belief
that most parotid masses require surgery. While FNAC is now
a commonplace procedure, some authors, such as Batsakis et
al,” have suggested that FNAC is only cost-effective in limited
circumstances.

FNAC provides information that informs 2 key decisions
in patient management. First, FNAC differentiates between
neoplastic and nonneoplastic lesions. Neoplastic lesions usu-
ally are managed surgically, whereas nonneoplastic lesions
are managed conservatively. Second, given a neoplastic
lesion, FNAC determines whether the lesion is malignant
or benign, which determines the extent of surgery and, in
particular, whether the facial nerve can be spared during
surgery. The 2 central research questions regarding the clini-
cal usefulness of FNAC for parotid lesions are: (1) Is FNAC
sufficiently sensitive to exclude neoplasia and avoid surgery?
(2) Is FNAC sufficiently sensitive for malignancy to allow
for facial nerve—sparing surgery? The resolution of these
questions requires an accurate assessment of the diagnostic
performance of FNAC and an understanding of the causes of
variation in performance.

Systematic reviews are the cornerstone of evidence-based
medicine and provide the basis for the development of guide-
lines for patient management. Numerous studies on the accu-
racy of FNAC for the diagnosis of parotid tumors have been
published; however, this body of literature has never been
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adequately reviewed. While some studies have summarized
the results of selected articles,®1? the literature has not been
subject to a comprehensive systematic review. In addition, the
statistical techniques for meta-analysis of diagnostic studies
have been developed relatively recently,1314 and, as a result,
previous summaries have not used modern meta-analytic
methods to obtain estimates of diagnostic performance or
they have used older methods that have been shown to have
deficiencies.’>16 No previous reviews have included a qual-
ity assessment of the literature and examined the potential
for bias in study estimates. Finally, previous reviews have
focused on the diagnosis of malignancy, and no reviews have
examined the accuracy of the diagnosis of neoplasia.

Our objective was to summarize the evidence on the
diagnostic accuracy of FNAC for parotid gland tumors using
current guidelines for systematic review and meta-analysis
of diagnostic studies.’>1” To that end, we conducted a com-
prehensive systematic review of the literature and used meta-
analytic methods to develop a summary receiver operating
characteristic (SROC) curve of diagnostic performance. We
also conducted a quality assessment of included articles to
explore potential sources of bias and to provide recommenda-
tions to improve the reporting of future studies.

Materials and Methods

Literature Search

MEDLINE, EMBASE, and the bibliographies of retrieved
articles were searched for studies evaluating diagnostic accu-
racy of FNAC for parotid lesions published between January
1, 1985, and December 31, 2010, using a sensitive search
strategy developed in consultation with an experienced medi-
cal reference librarian. Language was not restricted. Scopus
was used to perform a “forward search” to obtain articles cit-
ing the set of retrieved articles. Our search strategy was broad
and included articles on FNAC of head and neck lesions in
addition to salivary glands.

Eligibility

Titles and abstracts were evaluated independently by
2 authors (R.L.S. and B.J.H.) for eligibility. Studies were
eligible if they seemed to contain diagnostic accuracy data
on FNAC of salivary gland tumors or head and neck tumors.
Prospective and retrospective studies were eligible. Full
reports were obtained for all eligible articles.

Inclusion

Eligible studies were independently evaluated by 2
authors (R.L.S. and B.J.H.), and discrepancies were resolved
by consensus. Studies were included if they contained extractable
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data on histologically verified cases involving parotid tumors
and provided data that enabled lesions to be classified into
broad categories (malignant vs benign and nonneoplastic vs
neoplastic).

Because our study was concerned with broad categories
of disease, we excluded studies that included only data on the
diagnosis of a particular disease entity. We excluded studies
using needle core biopsy and included only studies in which
the needle size was 20 gauge or smaller (0.60 mm inner diam-
eter). We excluded case reports and studies with fewer than
10 cases. Eligible studies were included if accuracy data could
be extracted in the form required for analysis (true-positives,
false-positives, false-negatives, and true-negatives). All stud-
ies except 1 reported only cases with histologic verification.
In that study, 8 there were 67 cases with histologic verification
and 4 benign cases with clinical follow-up. We excluded the 4
cases that had only clinical follow-up.

Data Extraction

Data extraction was completed independently by 2
authors (R.L.S. and B.J.H.), and discrepancies were resolved
by consensus or by correspondence with study authors. Data
from foreign language articles (non-English) were extracted by
pathologists with knowledge of the language, correspondence
with study authors, or by a translator working in conjunction
with 1 author (R.L.S.). Inadequate or indeterminate biopsy
results were not counted in the calculation of accuracy. FNAC
diagnoses of “suspicious for malignancy” or “atypical” were
counted as malignant. When results of a study were published
more than once, we included only the most complete data.

Quality Assessment

Quality assessment of articles written in English was con-
ducted using the QUADAS tool.1® Assessment was completed
independently by 2 authors (R.L.S. and A.R.W.). A pilot scor-
ing form was developing and tested on a subset of 10 studies.
The scores were compared and used to clarify definitions and
identify deficiencies in the form. The revised form was then
used to evaluate the full set of studies. The degree of agree-
ment was assessed by using the Cohen k. The items with dis-
crepant scores were reviewed. Discrepancies due to errors and
misinterpretations were corrected. Discrepancies sometimes
arose owing to differences in judgment. These items were dis-
cussed until a consensus was reached. The consensus approach
was required for relatively few items because the initial level
of agreement was high (see the “Results” section).

We debated whether to use a consensus approach or use
a third evaluator as a tie-breaker. The literature on group deci-
sion making provides no clear guidance as to which procedure
provides better decisions. In our opinion, the consensus pro-
cess worked quite well because it required each evaluator to
revisit the criteria, recheck the data used to make a judgment,
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and reevaluate the decision in the light of the other evaluator’s
comments. Thus, the consensus process provided stringent
quality control on discrepant votes. In contrast, a tie-breaker
would be determined by the third vote with no guarantee of
quality (the tie-breaker could assign scores randomly).

Statistical Analysis

SROC curves were developed by using the hierarchi-
cal method!31* to construct the curves. Computations were
done using Stata 10 (StataCorp, College Station, TX) and the
metandi procedure for SROC curve analysis.2

Results

Literature Search

We screened 3,848 titles and abstracts to obtain a set of
551 eligible articles. The reports of the eligible studies were
screened and resulted in 64 studies that met our inclusion
criteria. These 64 studies contained 64 data sets on the diag-
nostic accuracy of FNAC for the assessment of malignancy vs
benignancy ETable 18°6:9-12.18.21-77 jith a total of 6,169 cases.
There were 7 data sets for the assessment of neoplastic vs non-
neoplastic lesions ETable 21 with a total of 795 cases.

Study Characteristics

We collected data on the setting (academic vs commu-
nity), period of the study, location (country), study design
(prospective vs retrospective), method (experience of patholo-
gist and whether samples were immediately assessed by a
pathologist), population characteristics (age, sex, unusual
referral patterns and comorbidities), and potential sources
of bias (blinding, percent verification, inadequacy rates, and
indeterminate diagnoses). No studies were performed in a
community setting. The publication rate increased during the
period with half of the studies published in the last 8 years
EFigure 10. The locations are summarized in Table 1. The larg-
est number of studies (9 of 64) were conducted in the United
States. All studies were retrospective with the exception of 2
prospective studies.?>34 No studies reported the experience of
the pathologist. Most studies (46 of 64) did not specify who
obtained the sample; 7 studies specified that samples were
obtained by a pathologist, and 10 studies indicated that speci-
mens were obtained by nonpathologists (clinicians, surgeons,
or radiologists), and 1 study specified that samples were taken
by both pathologists and nonpathologists. Approximately
two thirds of the studies reported summary statistics on age
and sex distributions of patients, and all those reporting were
similar. Only 2 studies*® were blinded.

A total of 451 inadequate and 79 indeterminate FNAC
results were reported (Table 1). These cases, representing
8.6% of the total, were excluded from the analysis. In addition,
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there were 37 FNAC results reported as suspicious and 14
results reported as atypical. Suspicious and atypical results
were reclassified as malignant and accounted for 4.2% of the
malignant lesions.

Diagnostic Accuracy

Malignant vs Benign Lesions

The SROC curve for malignant vs benign lesions is
shown in BFigure 28. The area under the ROC curve (AUROC)
was 0.96 (95% confidence interval [CI], 0.94-0.97). The
summary estimates for the sensitivity and specificity were
0.80 (95% CI, 0.76-0.83) and 0.97 (95% CI, 0.96-0.98),
respectively. The positive likelihood ratio was 28.6 (95% Cl,
20.5-39.8), and the negative likelihood ratio was 0.21 (95%
Cl, 0.17-0.25). There was significant heterogeneity among
studies (P < .001). The prevalence of malignant disease was
25%, the positive predictive value was 0.90, and the negative
predictive value was 0.94.

We used the data on study characteristics (described in
a preceding section) to investigate sources of heterogeneity.
In general, the data were insufficient (eg, experience of the
pathologist or immediate assessment) or had too little vari-
ability (eg, sex distribution, age distribution, characteristics,
study design, and blinding) to allow for statistical tests. We
hypothesized that study results might vary by time and com-
pared studies completed before 2000 with those completed
after 2000; however, there was no significant difference
between these 2 groups (pre-2000 AUROC, 0.98; 95% ClI,
0.97-0.99; post-2000 AUROC, 0.97; 95% Cl, 0.95-0.98]. The
results for both groups (ie, pre-2000 vs post-2000) showed
significant heterogeneity (P < .001). We also tested whether
results varied by inadequacy rates but found no significant
correlation. Finally, we examined whether the heterogeneity
could be caused by a small set of outliers. To that end, we
sequentially dropped studies in order of their contribution to
the Cochrane Q statistic until we obtained a homogeneous set.
It was necessary to drop more than 20 studies before a homo-
geneous subset could be obtained and no underlying theme for
the homogeneous subset could be identified.

We hypothesized that results might vary by location
and found that the studies conducted in the United States
formed a homogeneous subgroup (P < .28). The SROC
curve for this group is given in EFigure 30. The diagnostic
accuracy of the American studies was not significantly dif-
ferent from the remaining group of studies ETable 3. We
found that studies from France and Turkey also formed
homogeneous groups, while groups composed of studies
from Australia, Japan, and Italy were heterogeneous. We
tested whether we might be able to form a larger homo-
geneous subgroup by combining the results from high-
income countries. To that end, we compared the diagnostic
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ITable 10
Included Studies for Diagnosis of Malignant vs Benign Lesions
Study No. TP FP FN TN ND Suspicious™ Sensitivity Specificity Location
1/Akbas et al, 200421 82 16 1 1 64 0 0 0.94 0.98 Turkey
2/Al Salamah et al, 200522 33 5 0 0 28 0/4 0 1.00 1.00 Saudi Arabia
3/Al-Khafaji et al, 199823 150 61 11 13 65 10/4 8 0.82 0.86 us
4/Atula et al, 199624 204 23 9 21 151 3 20 0.62 0.94 Turkey
5/Aversa et al, 2006%° 310 34 0 7 269 NR 0 0.83 1.00 Italy
6/Awan and Ahmad, 200426 50 7 1 3 39 NR U 0.70 0.98 Pakistan
7/Bartels et al, 200027 43 17 3 1 22 5 U 0.94 0.88 us
8/Behbehani et al, 19908 85 16 0 5 64 NR U 0.76 1.00 Kuwait
9/Behzatoglu et al, 200428 67 11 1 1 54 4 0 0.92 0.98 Turkey
10/Berrone et al, 199529 352 145 20 7 180 10 0 0.95 0.90 Italy
11/Brennan et al, 201030 103 16 5 7 75 17/16 0 0.70 0.94 England
12/Buhler et al, 200731 58 0 3 3 52 NR 5 0.00 0.94 Brazil
13/Burgess and Serpell, 200832 72 6 4 2 60 NR 0 0.75 0.94 Australia
14/Califano et al, 199233 60 9 0 0 51 NR 0 1.00 1.00 Italy
15/Carrillo et al, 200934 135 60 1 5 69 3 0 0.92 0.99 Mexico
16/Contucci et al, 20033%° 139 12 0 9 118 6 0 0.57 1.00 Italy
17/Costas et al, 200036 80 17 3 3 57 0 0 0.85 0.95 Spain
18/Deans et al, 199537 23 2 1 1 19 2 0 0.67 0.95 Northern
Ireland
19/Deneuve et al, 2010%8 78 7 4 0 67 7 0 1.00 0.94 France
20/Filho et al, 200139 174 17 3 6 148 18 U 0.73 0.98 Brazil
21/Filopoulos et al, 199840 124 37 1 2 84 3 2 0.94 0.99 Greece
22/Friese, 20050 164 30 3 4 127 U U 0.88 0.98 Germany
23/Gete Garcia et al, 20064 128 26 3 6 93 11 0 0.81 0.97 Spain
24/Gobié et al, 201042 176 13 13 3 147 NR 0 0.81 0.92 Croatia
25/Gooden et al, 200243 87 16 8 2 61 57 0 0.89 0.88 Canada
26/He et al, 200344 121 31 0 9 81 U U 0.78 1.00 China
27/Herrera Hernandez et al, 2008%° 46 7 3 6 30 NR 0 0.54 0.91 Columbia
28/Inohara et al, 200846 81 19 2 3 57 u U 0.86 0.97 Japan
29/Jafari et al, 20094/ 101 12 3 6 80 9 0 0.67 0.96 France
30/Kamal and Othman, 199748 18 8 3 1 6 NR 0 0.89 0.67 Saudi Arabia
31/Kaur et al, 199349 24 4 0 0 20 4 0 1.00 1.00 Singapore
32/Knudsen et al, 198550 166 23 8 5 130 U U 0.82 0.94 Norway
33/Kondo et al, 2007°" 17 2 0 4 11 U U 0.33 1.00 Japan
34/Lim et al, 2007°2 81 8 0 2 71 10 0 0.80 1.00 Singapore
35/Lin and Bhattacharyya, 2007° 22 17 0 4 1 5 0 0.81 1.00 us
36/Longuet et al, 2001%3 102 11 2 3 86 12 0 0.79 0.98 France
37/Lurie et al, 200254 41 4 0 5 32 11 0 0.44 1.00 Israel
38/Malata et al, 199755 16 14 0 2 0 4 0 0.88 — England
39/Altuna Mariezkurrena et al, 2006%¢ 34 4 1 1 28 u 0 0.80 0.97 Spain
40/Marrazzo et al, 1993%7 37 3 0 1 33 u 0 0.75 1.00 Italy
41/Mianroodi et al, 200658 53 17 3 5 28 9 0 0.78 0.90 Australia
42/Mohammed et al, 2008%° 189 21 6 14 148 22 0 0.60 0.96 Canada
43/Ortega et al, 2000 60 27 2 6 25 37 0 0.82 0.93 Mexico
44/Osanai et al, 200360 36 4 0 6 26 U U 0.40 1.00 Japan
45/Paris et al, 2005°" 133 25 5 6 97 0/15 0 0.81 0.95 France
46/Pons Rocher et al, 200362 118 16 6 13 83 U U 0.55 0.93 Spain
47/Que Hee and Perry, 200163 155 27 0 20 108 17 0 0.58 1.00 Australia
48/Riley et al, 200564 97 31 3 2 61 NR 0 0.94 0.95 NZ
49/Rodriguez et al, 19896° 46 11 1 2 32 18 0 0.85 0.97 us
50/Schelkun and Grundy, 199166 8 4 0 0 4 2 U 1.00 1.00 us
51/Schroder et al, 20002 284 27 2 2 253 u U 0.93 0.99 Germany
52/Seethala et al, 200587 208 b4 12 9 133 12 0/14 0.86 0.91 us
53/Shashinder et al, 200968 70 16 2 5 47 6 0 0.76 0.95 Malaysia
54/Sonmez, 2005° 78 9 1 4 64 NR 0 0.69 0.98 Turkey
55/Takashima et al, 199969 24 12 0 2 10 2 0 0.86 1.00 Japan
56/Tew et al, 199770 129 18 0 2 109 29/37 0 0.90 1.00 Australia
57/Tsai and Hsu, 200271 40 3 1 2 34 NR 0 0.60 0.97 Taiwan
58/Uguz et al, 200772 29 7 1 5 16 0 2 0.58 1.00 Turkey
59/Upton et al, 200773 53 20 2 2 29 10 0 0.91 0.93 us
60/ Van Lierop et al, 200774 67 8 1 3 55 45 0 0.73 0.98 South Africa
61/Weinberger et al, 199275 47 11 3 3 30 2 0 0.79 0.91 us
62/Zafar et al, 199776 28 8 1 2 17 0 0 0.80 0.94 Pakistan
63/Zbaren et al, 20086 110 50 5 18 37 6 0 0.74 0.88 us
64/Zurrida et al, 199377 223 31 0 14 178 23 0 0.69 1.00 Italy

FN, false-negative; FP, false-positive; ND, nondiagnostic (No. inadequate or No. inadequate/No. indeterminate); NR, not reported; NZ, New Zealand; TN, true-negative; TP, true-
positive; U, unknown; UK, United Kingdom; US, United States.
* Given as No. “suspicious” or No. suspicious/No. inadequate.
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Included Studies for Diagnosis of Neoplastic vs Nonneoplastic Lesions

Study No. TP FP FN TN ND Sensitivity  Specificity Location
1/Atula et al, 199624 204 135 8 35 26 10 0.79 0.76 Turkey
2/Behzatoglu et al, 2004%8 67 63 0 0 4 4 1.00 1.00 Turkey
3/Buhler et al, 20073 58 42 0 9 7 NR 0.82 1.00 Brazil
4/He et al, 2003% 121 73 0 7 41 NR 0.91 1.00 China
5/Lim et al, 200752 81 72 2 2 5 10 0.97 0.71 Singapore
6/Lurie et al, 2002%* 41 31 0 5 5 1 0.86 1.00 Israel
7/Zurrida et al, 199377 223 204 0 0 19 23 1.00 1.00 Italy

FN, false-negative; FP, false-positive; ND, nondiagnostic/inadequate; NR, not reported; TN, true-negative; TP, true-positive.
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BFigure 10 Number of studies by year of publication.

accuracy of studies performed in high-income OECD
(Organisation for Economic Co-operation and Development)
countries® (AUROC, 0.097; 95% CI, 0.95-0.98) with the
accuracy of those completed in non-high-income OECD
countries (AUROC, 0.97; 95% Cl, 0.95-0.98). The results for
both groups (ie, OECD30 vs non-OECD30) showed signifi-
cant heterogeneity (P <.001).

Neoplastic vs Nonneoplastic Lesions

The SROC curve for neoplastic vs nonneoplastic lesions
is shown in BFigure 40. The AUROC curve was 0.99 (95%
Cl, 0.98-1.00) and showed no significant heterogeneity (P
< .09). The summary estimate for sensitivity was 0.96 (95%
Cl, 0.83-0.99). The summary estimate for specificity was
0.98 (95% CI, 0.67-1.00). The positive likelihood ratio was
58.0 (95% Cl, 2.0-1,651.9), and the negative likelihood ratio
was 0.04 (95% ClI, 0.01-0.18). The prevalence of neoplastic
disease was 85%, which gives a positive predictive value of
1.00 and a negative predictive value of 0.81.

Quality Assessment

The results of the interrater agreement study are given in
ITable 41. Using the criteria of Fleiss,” the degree of agreement
ranged from good to excellent. There was no disagreement on

© American Society for Clinical Pathology

1.0+
0.8
2 064
2 \
2
& 041
8 o
Study estimate = Summary point
0.2 HSROC curve 95% confidence
. 95% prediction gion
region
0.0
1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

BFigure 20 Hierarchical summary receiver operating
characteristic (HSROC) curve for the diagnosis of malignancy.
Each circle represents a study. The size of the circle is
proportional to the weight given to the study in the final
accuracy estimate.
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BFigure 30 Hierarchical summary receiver operating
characteristic (ROC) curve for diagnosis of malignancy for
American studies.
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ITable 31

Comparison of American Studies With Non-American Studies
for Malignant vs Benign Lesions”

American
Studies (n =9)

Non-American
Studies (n = 55)

Area under the curve 0.94 (0.91-0.96) 0.97 (0.95-0.98)
Inconsistency, 12 (%) <1 (not determined) 97 (95-99)
Logrank Q, df, P 0.05, 2, .49 65.9, 2, .00
Sensitivity 0.83(0.77-0.88) 0.79 (0.74-0.83)
Specificity 0.93 (0.87-0.93) 0.97 (0.97-0.98)
Positive likelihood ratio 8.8 (6.3-12.3) 33.7 (23.4-48.4)
Negative likelihood ratio 0.19(0.13-0.26) 0.22 (0.18-0.27)
Disease prevalence 0.43 0.23

Positive predictive value 0.90 0.89

Negative predictive value  0.89 0.94

* Values in parentheses are 95% confidence intervals.

1.0 r;A—‘n——-u
0.8
-‘E' 0.6 : :
:‘g Study estimate = Summary point |
$ 0.4 !|—— HSROC curve 95% confidence |
« ... 95% prediction region :
' region
0.2
0.0
1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

BFigure 40 Hierarchical summary receiver operating
characteristic (ROC) curve for diagnosis of neoplasia. Each
circle represents a study. The size of the circle is proportional
to the weight given to the study in the final accuracy estimate.

QUADAS items 3 through 7, 9 through 12, and 14 (which
did not vary by study), and these were not counted in the
rater agreement study.

The results of the quality assessment are given in ETable
51. The QUADAS survey questions and information about our
findings are as follows:

Item 1: Were the selection criteria clearly described?
Most studies (36/56) clearly specified that all cases within

a particular period were included. In some cases (17/56), it
seemed likely that consecutive cases were included; however,
it was not clearly stated. In 3 studies, the selection criteria
were not clear and seemed not to include consecutive cases.

Item 2: Was the spectrum of patients representative of the
patients who will receive the test in practice? We scored this
item as negative if the patients were drawn from an unusual
referral pattern (eg, patients receiving magnetic resonance
imaging [MRI] and FNA). We scored the item as positive if
it seemed likely that consecutive patients were included, no
unusual referral pattern was mentioned, and if a summary of
patient demographics was provided showing that the popula-
tion was broadly similar to the overall population (age and
sex). We scored 34 of 59 studies as positive, 18 as unclear,
and 4 as negative. We found no difference in the accuracy of
studies in which the spectrum of patients was representative
compared with those in which the accuracy was unclear or
possibly not representative.

Item 3: Is the reference standard likely to correctly clas-
sify the target condition? The reference standard (H&E histo-
logic findings) was standard across all studies. The reference
standard is imperfect and gives rise to misclassification errors,
and the error rate would likely vary across studies according
to the skill of pathologists. We searched the literature but were
unable to find any studies on interobserver variation or accu-
racy studies for the diagnosis of salivary gland tumors. This
item was scored unclear for all studies.

Item 4: Is the time period between the reference standard
and the index test short enough to be reasonably sure that the
target condition did not change between tests? The period
between FNAC and a definitive histologic diagnosis was not
specified in any study; however, if indicated, the standard
practice is to perform surgery within a relatively short period
(eg, 1 month) following FNAC. It is unlikely that most tumors
would undergo significant change during that period. This
item was scored positive for all studies.

Item 5: Did the whole sample or a random selection of
the sample receive verification using the reference standard of
diagnosis? Complete or random verification was not used in
any study. This item was scored negative for all studies.

Item 6: Did patients receive the same reference standard
regardless of the index test result? By design, we included

ITable 41

Rater Agreement for QUADAS Scoring??

QUADAS Agreement Expected Qualitative
Item (%) Agreement (%) K SE (x) z P(x>2Z) Agreement”
1 98.0 73.43 0.93 12 7.7 .0 Excellent

2 99.0 71.4 0.96 0.12 8.2 .0 Excellent

8 74.5 54.8 0.44 0.10 4.4 .0 Good

13 824 55.0 0.61 12 5.2 .0 Good

* According to the Fleiss criteria.”
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ITable 51

Summary of QUADAS Quality Survey!® Results”

QUADAS

Item Description Yes Unclear No

1 Were the selection criteria clearly described? 35 17 3

2 Was the spectrum of patients representative of the patients who will receive the test in practice? 34 18 4

3 Is the reference standard likely to correctly classify the target condition? 0 56 0

4 Is the time period between the reference standard and the index test short enough to be reasonably sure 56 0 0
that the target condition did not change between tests?

5 Did the whole sample or a random selection of the sample receive verification using the reference 0 0 56
standard of diagnosis?

6 Did patients receive the same reference standard regardless of the index test result? 56 0 0

7 Was the interpretation of the reference standard independent of the index test (ie, the index test did not 56 0 0
form part of the reference standard)?

8 Was the execution of the index test described in sufficient detail to permit replication of the test? 12 18 26

9 Was the execution of the reference standard described in sufficient detail to permit replication? 56 0 0

10 Were the index results interpreted without knowledge of the results of the reference standard? 56 0 0

11 Were the reference standard results interpreted without knowledge of the results of the index test? 0 0 56

12 Were the same clinical data available when test results were interpreted as would be available when 56 0 0
the test was used in practice?

13 Were uninterpretable or intermediate results reported? 30 15 11

14 Were withdrawals from the study explained? 0 0 56

" Quality assessment was completed on 56 English-language articles.

only histologically verified cases, so all cases were verified by
the same reference standard; however, in all studies, different
proportions of cases were verified depending on the result of
the index test (see item 5). This item was scored positive for
all studies.

Item 7: Was the interpretation of the reference standard
independent of the index test (ie, the index test did not form
part of the reference standard)? The reference standard is
independent of the index test. This item was scored positive
for all studies.

Item 8: Was the execution of the index test described in
sufficient detail to permit replication of the test? We scored
this as positive if the size of needle and the number of passes
were described and if it was indicated whether a pathologist
or cytopathologist was immediately available to assess the
adequacy of the specimen. Many studies omitted even the
most basic description of the procedure (eg, needle size), and
relatively few studies indicated whether a pathologist was
available to assess adequacy.

Iltem 9: Was the execution of the reference standard
described in sufficient detail to permit replication? No stud-
ies described the reference standard in detail; however, the
preparation of histologic slides is standard, and there is little
reason to believe there is significant variation across studies.
Other items such as experience level of the pathologist could
have a bearing but were not reported. We scored this item as
positive for all studies.

Item 10: Were the index results interpreted without
knowledge of the results of the reference standard? This was
scored positive for all studies.

Item 11: Were the reference standard results interpreted
without knowledge of the results of the index test? It is standard

© American Society for Clinical Pathology

practice for pathologists to be aware of FNAC results when
evaluating histologic slides. In practice, histologic findings
are weighted more heavily than FNAC, and, although FNAC
findings influence the final diagnosis, we view the influence
to be relatively minor. This item was scored as negative for
all studies.

Item 12: Were the same clinical data available when test
results were interpreted as would be available when the test was
used in practice? All the included studies were retrospective
with cases drawn from standard practice in which clinical data
are available. This item was scored positive for all studies.

Item 13: Were uninterpretable or intermediate results
reported? We found the reporting of uninterpretable results to
be quite variable. Some studies reported this aspect in detail,
whereas other studies made no mention of such results. Thus,
in such cases, it was impossible to determine whether inde-
terminate/uninterpretable results were found and, if so, how
they were handled. We compared the diagnostic accuracy
of studies in which indeterminate results were reported with
those in which such results were not reported and found no
difference (P > .05).

Item 14: Were withdrawals from the study explained?
All of the included studies were retrospective with patients
selected from surgery rosters. Thus, patients who were sched-
uled but did not undergo surgery were not included. This item
was scored negative for all studies.

Discussion

Our results show that FNAC for parotid gland lesions has
high specificity, and, although the sensitivity is good, the tech-
nique shows greater specificity than sensitivity. This result is
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consistent with the findings of other reviews.28081 We also
found that studies showed much more variability in sensitivity
(SD = 0.18) than specificity (SD = 0.06).

We found that the accuracy of diagnosis for neoplasia
was significantly higher than the accuracy of diagnosis for
malignancy. This result was consistent for the American and
non-American subgroups of studies. This is an important
finding because the decision to recommend surgery generally
depends on a diagnosis of neoplasia.

The American group of studies was homogeneous, and
it may be possible to use the summary statistics developed
herein to develop guidelines for the American setting. In
contrast, the non-American group of studies on malig-
nant lesions showed significant heterogeneity. Given the
wide variation in results, it is difficult to develop general
guidelines for the use of FNAC in the non-American group
because the predictive value of FNAC will vary by setting.
In addition, the summary statistics should be interpreted
with caution owing to the heterogeneity. It is important to
understand the factors that led to performance variability in
order to increase consistency and improve overall perfor-
mance. The knowledge gained from the study of heterogene-
ity in the non-American subgroup of studies can be used to
improve performance in both subgroups. Indeed, the knowl-
edge gained from the study of heterogeneity can be one of
the most important benefits of a meta-analysis.

Variation in diagnostic performance can be due to 4
sources®?: real differences in test conditions (eg, differences in
population and methods), random variation, threshold effects,
and bias related to study design. Our results (ie, significant
heterogeneity) suggest that the variability cannot be explained
by random variation.

Study Heterogeneity

Sources of Differences Between Studies

There are a large number of study factors that can give
rise to differences in diagnostic performance.?® These factors
are encapsulated in the acronym PICO that, in the context of
diagnostic testing, stands for population, index test, compara-
tor, and outcome measure. Differences in any of these factors
can lead to differences in diagnostic performance. In general,
understanding causes of real performance variation requires
one to study correlations between study-wide factors (PICO)
and performance. To that end, we investigated a range of
study-wide factors (described in the “Results” section).

Differences in FNAC methods are another factor that
could lead to differences in study results. For example, it has
been shown that having a pathologist on site for immediate
evaluation of specimen adequacy improves the diagnostic
yield®+-8; however, few studies in our survey documented
whether a pathologist was present. Similarly, other factors
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such as needle size, number of samples obtained, and the
experience level of the pathologist could contribute to vari-
ability of results but are often not reported. We suggest that
researchers report the following: needle size, number of pass-
es, whether the sample was guided by imaging and the type
of imaging, whether a pathologist was available for immediate
evaluation of specimen adequacy, the number of pathologists
involved in the study (ie, whether the accuracy statistics rep-
resent the average performance of a group of pathologists or
1 pathologist), and the staining technique used.

Population differences present another possible factor
that could lead to real differences in diagnostic performance.
Referral patterns are a common source of population differ-
ences because the spectrum of disease is dependent on the
referral pattern. For example, the spectrum of parotid disease
in patients referred for MRI and FNAC might differ from
the spectrum of disease in patients who received FNAC only
because the subpopulation referred for MRI may involve
more complex cases. Thus, diagnostic performance could dif-
fer between studies owing to differences in the referral pattern
and the resulting differences in the spectrum of disease. It is
important that researchers report the referral pattern and the
selection criteria, clearly state whether consecutive cases were
selected within a specified period, and provide a statistical
summary of the population (age and sex distribution).

We attempted to collect data on many study-wide factors;
however, we found that such data were often poorly reported,
and, as a consequence, it was not possible to complete many
of the analyses we had planned.

Threshold Differences

Study differences can result from differences in the cri-
teria used to assign cases to categories (benign vs malignant).
Given a set of criteria, 2 pathologists may detect the same
features in a case; however, one may use more stringent cri-
teria than another in assigning malignancy. Such differences
are due to threshold effects and should be distinguished from
differences in accuracy. Threshold effects reflect a tradeoff
between sensitivity and specificity with constant overall
accuracy. Differences in accuracy reflect differences in the
ability to correctly identify and interpret features. In general,
differences in accuracy result in variation in the direction
perpendicular to the summary average of the SROC curve,
whereas differences in threshold (constant accuracy) result
in variation along the SROC curve, as shown in BFigure 5N.
We used a statistical procedure (midas, Stata 10) to estimate
the degree of heterogeneity due to threshold effects; however,
only a small percentage was estimated to be due to this factor.
Threshold effects have been shown to account for a significant
fraction of interrater disagreement.8” It may be possible to
reduce performance variation by more uniform application of
diagnostic criteria.
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Sources of Bias

Bias is a second source of potential variation that could
have contributed to the heterogeneity in studies. Indeed, our
quality survey highlighted several potential sources of bias in
this collection of studies.

Verification Bias.—Because of their retrospective design,
all studies have this source of bias; however, there is more
potential for verification bias to affect the diagnosis of neo-
plasia more than the diagnosis of malighancy because the
degree of differential verification is higher in the diagnosis of
neoplasia compared with the diagnosis of malignancy. Almost
all cases with a finding of neoplasia are verified by histologic
examination, whereas only a small subset of the nonneoplastic
cases receives histologic verification. In addition, the subset
of nonneoplastic cases that proceeds to surgery is unlikely
to be representative of the nonneoplastic cases. Both of
these factors are likely to bias the sensitivity and specificity
in the diagnosis of neoplasia. In contrast, when diagnosing
malignancy, almost all cases proceed to surgery and receive
histologic verification. Thus, verification bias is less of an
issue for the diagnosis of malignancy than for the diagnosis
of neoplasia. The effect of verification bias can be estimated
as follows:

Let Sn, and Sp = the actual sensitivity and specificity;
Sn’ and Sp’ = the apparent sensitivity and specificity; o = the
sampling fraction of positive cases; = the sampling fraction
of negative cases; r = o/p = the relative sampling fraction of

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Accuracy

Threshold

Sensitivity

0.0
00 01 02 03 04 05 06 0.7 08 09 1.0
1 - Specificity

BFigure 501 Comparison of accuracy vs threshold effects

on the summary receiver operating characteristic (SROC)
curve. Variation along the SROC curve represents studies
with equal accuracy with differing thresholds for malignancy
(ie, a tradeoff between sensitivity and specificity). Variation
perpendicular to the SROC curve represents differences

in accuracy (differences in the ability to detect or correctly
interpret case features).
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positive to negative cases; and TP', FN', TN', and FP' = the
observed true-positives, false-negatives, true-negatives, and
false-positives.

Then:
BEquation 11
Sn' = TP - asSn _ rSn
TP'+FN'  aSn+p(1-Sn) 1-(1-rSn
BIEquation 20
Sp'= TN' _ BSp _ Sp
TN'+FP'  BSp + a(l-Sp) r+@-rSp

From which we obtain:
BEquation 31

Sn'
Sn- — —
r+@-rsn
BEquation 41 S
rSp'
Sp=z —————
P= T a-nsp

Relations 1 and 2, showing the effect of verification bias
on sensitivity and specificity are presented in BFigure 60 and
BFigure 71, respectively. For the diagnosis of neoplasia, we
would expect the relative sampling fraction, r, to be quite high,
say on the order of 5 to 10 (ie, more positive samples than
negative samples receive histologic verification). Under these
conditions, the apparent sensitivity would be biased upward
and the apparent specificity would be biased downward. For
example, using values of r = 10, Sn' = 0.96, and Sp' = 0.98 in
equations 3 and 4, we obtain estimates of 0.71 and 1.00 for the
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0.3
0.2
0.1
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Observed Sensitivity
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-

===

mnmnn
=01 =0
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-

BFigure 60 The effect of verification bias on the observed vs
actual sensitivity for diagnosis of malignancy. The sampling
fraction, r, is the relative proportion of malignant to benign
cases that receive histologic verification.
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actual sensitivity and specificity, respectively. We expect the
sampling fraction of malignant lesions to be similar to that of
nonmalignant lesions because most neoplasms are managed
with surgery. For example, using our results of Sn'=0.79, Sp' =
0.96 for diagnosis of malignant lesions and assuming the rela-
tive sampling fraction of malignant to nonmalignant lesions is r
= 1.2 and using equations 3 and 4, we obtain estimates of 0.76
and 0.97 for the actual sensitivity and specificity, respectively.
These results are summarized in ETable 68, which shows that
our estimate for the sensitivity of diagnosis of neoplasia may
be biased upward owing to verification bias but that bias is
unlikely to be a major factor in our other estimates.

We conducted a simulation to determine the effect of
verification bias on our summary estimates obtained from our
SROC curve. We varied the sampling fraction, r, and at each
level of r recalculated the entries to Tables 1 and 2 that would
have been obtained without verification bias. At each level of r,
we reran our analysis and obtained the summary estimates for
the 2 homogeneous groups: malignant vs benign (American
group) and neoplastic vs nonneoplastic. The results ITable 70
show that the summary estimate of sensitivity is most likely
to be affected by verification bias. As discussed previously,
we believe that verification bias is more of an issue for the
diagnosis of neoplasia than for malignancy.

Observed Specificity
o
)

0.0 0.2 0.4 0.6 0.8 1.0
Actual Specificity

Sampling fraction, r
—e—r=0.1

r=1

5

1

r
r

0

BFigure 70 The effect of verification bias on the observed vs
actual specificity for diagnosis of neoplasia. The sampling
fraction, r, is the relative proportion of neoplastic to
nonneoplastic fine-needle aspiration cytology diagnoses that
receive histologic verification.
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It is worth noting that sensitivity and specificity are not
the only summary statistics that are affected by verification
bias. The likelihood ratios and predictive values are also
affected by verification bias because they are functions of
sensitivity and specificity.

Resolution of verification bias would require studies
with follow-up of patients who receive a diagnosis of a non-
neoplastic lesion by FNAC. While it is not practical to follow
up all nonneoplastic cases with histologic studies, patients
can be followed up with an alternative method of verification
such as clinical follow-up. In our survey, such follow-up was
rarely done and, if done at all, the follow-up of negative cases
is poorly documented. The study by Rapkiewicz et al®® is an
exception and provides a good example of complete docu-
mentation of negative cases. In general, studies need to docu-
ment the flow of patients through the system as recommended
by the STARD initiative guidelines.89% Specifically, it is
important to know how many patients undergo evaluation of a
suspected salivary gland lesion, how many underwent FNAC
and, how many underwent surgery. These data are required
to provide the predictive value of FNAC that, from a clinical
perspective, is the key performance measure.

Review Bias.—Only 2 of the studies in this collection
were blinded. Thus, the results of FNAC were known when

ITable 6l
The Estimated Effect of Verification Bias in Summary
Estimates of Sensitivity and Specificity”

Diagnosis of
Neoplasia (r = 10)

Diagnosis of
Malignancy (r = 1.2)

Estimated Estimated
Apparent Actual Apparent Actual
Sensitivity 0.96 0.71 0.79 0.76
Specificity 0.98 1.00 0.96 0.97

* Calculations based on equations 3 and 4 (see the text). The sampling fraction, r, is
the relative proportion of neoplastic to nonneoplastic or malignant to benign fine-
needle aspiration cytology diagnoses that receive histologic verification.

ITable 70
The Effect of Verification Bias on the Summary Receiver
Operating Characteristic Curve Estimates

Neoplastic vs Malignant
(American Studies)

Nonneoplastic
vs Neoplastic

Sampling

fraction, r*  Sensitivity Specificity Sensitivity  Specificity
1 0.83 0.93 0.96 0.98

1.5 0.72 0.96 0.95 1.00

2 0.64 0.97 0.94 1.00

4 0.45 0.99 0.90 1.00

5 — — 0.89 1.00

10 0.29 1.00 0.84 1.00

* The sampling fraction, r, is the relative proportion of benign to malignant or
nonneoplastic to fine-needle aspiration cytology diagnoses that receive histologic
verification.
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the reference test was conducted and the knowledge of the
FNAC results could influence the interpretation of histologic
slides. If such a bias exists, it would tend to increase the cor-
relation between FNAC and histologic findings and inflate
the estimates of sensitivity and specificity. Because histologic
findings are weighted more heavily than FNAC findings, we
do not believe that review bias is likely to have a large impact;
however, future studies should use blinding to remove this
source of bias.

Misclassification Bias.—The accuracy of the reference
standard (definitive histologic diagnosis) is another potential
source of bias. Few data are available on the levels of inter-
rater agreement in the diagnosis of salivary gland tumors, so
the level of error and the types of error (differential vs non-
differential misclassification) are unknown. Nondifferential
misclassification occurs when the error rate of the reference
test (definite histologic diagnosis) is independent of the result
of the index test. We believe that misclassification errors are
most likely nondifferential.

The potential impact of nondifferential misclassification
can be seen by investigating the effect of the misclassifica-
tion rate on the summary sensitivity and specificity using
the totals obtained from our survey. For example, our survey
found a total of 1,227 true-positives, 311 false-positives, 177
false-negatives, and 4,454 true-negatives for the diagnosis of
malignancy ETable 8. Similar totals are shown for diagnosis
of neoplasia in BTable 91. The effect of nondifferential clas-
sification on the sensitivity and specificity is shown in BFigure
8l and BFigure 91

The impact of misclassification depends on the distribu-
tion of cases in the 2 x 2 table, and, for that reason, the impact
is different for malignancy than for neoplasia. In the case of
malignancy, the proportion of true-negative cases is high,
and misclassification causes a downward bias on sensitivity
because the net effect of misclassification is to move cases
from the true-negative category to the false-negative category.
In the case of neoplasia, the proportion of true-positive cases
is high, and misclassification causes true-positives to be mis-
classified as false-positives that, in turn, cause a downward
bias in specificity. Renshaw et al®” found a misclassification
rate of approximately 3% in a range of surgical specimens,
and our calculations show that relatively small misclassifica-
tion rates (say 1%) can cause significant bias. It would be
helpful to obtain an estimate of the misclassification rate for
salivary gland lesions through future studies.

Bias Due to Handling of Indeterminate and Inadequate
Results.—We found the reporting of data on inadequate and
indeterminate results was often unclear. Obviously, the way
these result categories are handled can have a large influence
on diagnostic performance. Several articles did not men-
tion such results, and it was unclear whether there were no
results of this type, whether they were excluded, or whether
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they were incorporated in some other way. We are uncertain
as to how much this factor contributed to the variability in
study results. This source of variation could be eliminated by
more standardized reporting. We recommend that results be
reported in a standardized format as shown in ETable 100. The

ITable 81
Summary Totals From Included Studies for Diagnosis
of Malignancy

Histologic Diagnosis

FNAC Diagnosis Malignant Benign
Malignant 1,227 177
Benign 311 4,454

FNAC, fine-needle aspiration cytology.

ITable 91
Summary Totals From Included Studies for Diagnosis
of Neoplasia

Histologic Diagnosis

FNAC Diagnosis Neoplastic Nonneoplastic
Neoplastic 620 10
Nonneoplastic 58 107

FNAC, fine-needle aspiration cytology.
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BFigure 81 The effect of misclassification errors on observed
sensitivity and specificity for diagnosis of malignancy. The
misclassification rate refers to the error rate of the “gold
standard,” histologic examination.
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BFigure 91 The effect of misclassification errors on observed
sensitivity and specificity for diagnosis of neoplasia. The
misclassification rate refers to the error rate of the “gold
standard,” histologic examination.

results for diagnosis of neoplasia and malignancy should be
presented in 2 separate tables.

Timing Bias.—Timing bias occurs when there is signifi-
cant disease progression during the time between performance
of the index test and a reference test. While we do not believe
this is likely to be a significant source of bias, it would be
helpful if researchers reported summary statistics (eg, average
and SD) on the time between FNAC and surgery.

The summary estimate for the sensitivity of the diagnosis
of neoplasia is probably inflated owing to verification bias.
Review bias probably inflates the estimates of sensitivity and
specificity, but this effect is probably small. Misclassification
bias probably leads to an underestimate of the sensitivity
in the diagnosis of malignancy and an underestimate of the

ITable 100
Suggested Format for Reporting of Accuracy Results

Histologic Diagnosis

FNAC Diagnosis Positive Negative Indeterminate

Positive
Negative
Indeterminate
Inadequate

FNAC, fine-needle aspiration cytology.
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specificity for the diagnosis of neoplasia. Overall, the statisti-
cally significant difference seen between the accuracy of the
diagnosis of neoplasia and malignancy may be due to bias
rather than a real difference in performance.

Clinical Implications

FNAC provides information that informs 2 key deci-
sions in patient management. First, the FNAC differentiates
between neoplastic and nonneoplastic lesions. Neoplastic
lesions generally are managed by surgery, whereas nonneo-
plastic lesions are managed conservatively. Second, given
a neoplastic lesion, FNAC determines whether the lesion is
malignant or benign, which determines the extent of surgery
and, in particular, whether the facial nerve can be spared dur-
ing surgery.

At present, the performance variability is too great to
provide general guidelines regarding the usefulness of FNAC.
Given the variability, it would not be possible to provide
general guidelines based on average performance. Thus, the
usefulness of FNAC can be evaluated only on a case-by-case
basis depending on local diagnostic performance. Centers
need to develop systems to assess local diagnostic perfor-
mance for the diagnosis of neoplasia and malignancy. We
found that studies grouped according to country often formed
homogeneous groups with respect to diagnostic performance.
Thus, it may be possible to develop guidelines that would
apply to countries or regions. The impact of verification bias
needs to be better understood before the estimates for neopla-
sia can be considered reliable.

Research Needs

In our opinion, there is room for further research includ-
ing the following:
 Improved estimates of the diagnostic accuracy of the
diagnosis of neoplasia. This is the most important
decision because it determines whether a patient goes
to surgery. A false-negative diagnosis for neoplasia can
result in a delay of treatment and progression of disease,
whereas a false-negative for neoplasia will usually be
detected following surgery by definitive histologic
findings. Thus, the diagnosis of neoplasia could be
regarded as the most critical decision; however, the
data on the diagnosis of neoplasia are sparse. It seems
that studies have been driven by the convenience of
sampling (surgery lists) and, as a result, have focused on
the diagnosis of malignancy rather than the diagnosis of
neoplasia. Obtaining such data will require studies with
better follow-up of patients who do not undergo surgery.
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* Improved study designs and patient tracking systems to
eliminate verification bias

» Studies to understand the impact of misclassification
bias

« Studies to further understanding of the contribution of
FNAC to the diagnostic process. FNAC is not done in
isolation, so the diagnostic process often involves other
tests such as a clinical examination and imaging studies.
Thus, the clinical usefulness of FNAC can be assessed
only by evaluating its incremental impact on the final
diagnosis.

» Studies to understand and eliminate the causes of
performance variability. This will require 2 things.
First, there is a need for improved reporting of study
factors that can be used to identify the factors that cause
performance variability. Second, factors that improve
performance need to be incorporated into practice to
reduce variability that, in turn, makes it possible to
identify more subtle causes of performance variation.

Conclusions

The specificity of FNAC is quite high for the diagnosis
of neoplasia (0.98) and malignancy (0.96). Thus, a positive
diagnosis is quite reliable. The sensitivity is lower and more
variable for the diagnosis of neoplasia (0.96) and for malig-
nancy (0.79). The overall accuracy of diagnosis of neoplasia
is greater than the accuracy for diagnosis of malignancy;
however, some of the difference may be due to verification
bias. Given the wide variability in accuracy, it is not possible
to give a general guideline regarding the clinical usefulness
of FNAC. The usefulness of FNAC will vary by location
depending on the accuracy obtained at each site. Based on
our survey, there are practice locations where FNAC is suf-
ficiently accurate that a negative result can be used to avoid
surgery or to allow for nerve-sparing surgery; however, there
are other sites where this is not the case. Thus, in the face of
such variability, each practice location must monitor its diag-
nostic performance to assess the usefulness of FNAC at each
individual practice location.

It is disappointing that such a large collection of cases does
not contribute more to our understanding of performance varia-
tion. There is a need for more complete reporting and improved
study designs to remove sources of bias. More complete
reporting using, for example, the guidelines of the STARD
initiative®®% would do much to rectify this situation. Also,
adoption of the best practices (eg, having a cytopathologist
available to assess slide adequacy at sample collection) would
reduce variance and improve overall performance. With these
improvements, future studies may provide useful data that can
be used to understand causes of performance variation and to
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provide general guidelines regarding the clinical usefulness of
FNAC for diagnosis of parotid gland lesions.
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