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Application of the Milan System for Reporting Salivary
Gland Cytopathology: A systematic review and
meta-analysis

Zhaoyang Wang, MD 2/ : Huan Zhao, MD "2/ 2, Huigin Guo, MD " 23: and Changming An, MD 2

BACKGROUND: The Milan System for Reporting Salivary Gland Cytopathology (MSRSGC) is a standard, evidence-based clas-
sification system for salivary gland fine-needle aspiration (SG-FNA). Since it was published in 2018, many researchers across
the world have applied this uniform reporting system to their cohorts. METHODS: The authors comprehensively reviewed
cohort studies conducted since publication of the MSRSGC and performed a meta-analysis. The risk of neoplasm and the risk
of malignancy (ROM) were calculated for each diagnostic category, and their diagnostic efficacy was evaluated. RESULTS:
Thirty-five studies were included in the meta-analysis. The total number of SG-FNAs was 10,706, and 7168 of those had his-
topathologic follow-up. The ROM for each category was: nondiagnostic, 11.4%; nonneoplastic, 10.9%; atypia of undetermined
significance, 30.5%; neoplasm-benign, 2.8%; neoplasm-salivary gland neoplasm of uncertain malignant potential, 37.7%; suspi-
cious for malignancy, 83.8%; and malignant, 97.7%. Low-level heterogeneity was observed in ROM estimation. The sensitivity,
specificity, and diagnostic odds ratio for differentiating malignant and benign lesions were 88.0%, 98.5% and 520.3, respec-
tively. CONCLUSIONS: The reporting of SG-FNA using the MSRSGC demonstrated high diagnostic accuracy. The ROM for
each category was generally concordant with the recommendations, except for the suspicious for malignancy category, which
was significantly higher than the reference value. The tiered, standardized classification system would benefit the clinical
management of salivary gland lesions.Cancer Cytopathol 2022;130:849-859. © 2022 The Authors Cancer Cytopathology pub-
lished by Wiley Periodicals LLC on behalf of American Cancer Society. Thisis an open access article underthe terms of the Cr-
eative Commons Attribution-NonCommercial- NoDerivs License, which permits useand distribution in any medium provided
the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

KEY WORDS: cytology; fine-needle aspiration; Milan System for Reporting Salivary Gland Cytopathology; salivary gland.

INTRODUCTION

The importance of fine-needle aspiration (FNA) is widely accepted for the preoperative evaluation of salivary
gland lesions. However, the diverse reporting system for salivary gland FNA (SG-FNA) across institutions
has limited its effectiveness. To address this, the American Society of Cytopathology and the International
Academy of Cytology organized an international panel to propose a standardized, evidence-based, interna-
tionally accepted classification system for SG-FNA. In 2018, the efforts finally produced the Milan System for
Reporting Salivary Gland Cytopathology (MSRSGC).!

Similar to the Bethesda System for Reporting Thyroid Cytopathology, the MSRSGC comprised six tiered
diagnostic categories: (1) nondiagnostic (ND), (2) nonneoplastic INN), (3), atypia of undetermined significance
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(AUS), (4a) neoplasm—benign (BN), (4b) neoplasm—
salivary gland neoplasm of uncertain malignant potential
(SUMP), (5) suspicious for malignancy (SEM), and (6) ma-
lignant (M). Each category is associated with a risk of ma-
lignancy (ROM) and recommended management. Since
publication of the MSRSGC, many researchers across the
world have applied this uniform reporting system to their
cohorts.

In this study, we performed a systematic review and
meta-analysis of all available literature since publication
of the MSRSGC. Our objective was to summarize the
ROM in each MSRSGC category and determine the effi-
cacy and potential factors affecting clinical udility.

MATERIALS AND METHODS

Literature search and selection

We conducted a comprehensive literature search in the
PubMed and Web of Science databases from January
2018 to November 2021. Search terms included: salivary
gland and MSRSGC or Milan system. All searches were
limited to English-language publications. In addition, we
reviewed related references from the retrieved articles to
identify potentially eligible studies.

After filtering the duplicates, two authors reviewed
the title and abstract for the primary screening and, later,
reviewed the full text of the selected studies to identify
the included literature in the systematic review and meta-
analysis. The inclusion criteria were: (1) cohort study
with a retrospective or prospective design; (2) focus on
the application of MSRSGC to SG-FNA; (3) histo-
pathology was used as the gold standard for evaluating
efficacy; (4) patient numbers >50 with histopathologic
follow-up; (5) precisely described histopathology diag-
noses, which could be categorized and counted as non-
neoplastic, benign neoplasm, and malignant neoplasm;
and (6) published in English. The exclusion criteria were:
(1) articles labeled as reviews, letters, meeting abstracts,
commentaries, case reports, or editorials; (2) histopatho-
logic follow-up included <50 patients; (3) histopathology
was not the only gold standard used to calculate efficacy;
and (4) the research did not provide sufficient data for
meta-analysis.

Data extraction and analysis

Two authors first discussed and developed a data-extraction
sheet based on 10 randomly selected articles. Then, the two

850

investigators independently extracted data from eligible scud-
ies. The data included: first author, year of publication, study
design (retrospective or prospective; enrollment), study pop-
ulation (institution, time span, age, sex), cytology procedure
(use of imaging guidance, rapid on-site evaluaton [ROSE],
ancillary tests [such as immunohistochemistry and fluores-
cence in situ hybridization]), MSRSGC recategorization
method (based on reports or slide review; blind design); and
total number of FNAs, FNAs with histopathologic follow-
up, and relevant categories. Repeat FNAs were documented.
The FNA diagnoses and their corresponding histopathology
findings were used to tabulate the contingency table.

Quality assessment

Quality assessment among the eligible studies was based
on the Quality Assessment of Diagnostic Studies-2 ques-
tionnaire concerning patient selection, index test, refer-

ence standard, and study flow and timing.

Statistical analysis

The software package Rstudio (R version 4.1.1)2_4 was
used to perform the meta-analysis and to create the figures.

The total numbers of FNAs, FNAs with histopatho-
logic follow-up, each MSRSGC category, and correspond-
ing histopathology diagnoses (nonneoplastic, benign
neoplasm, or malignant neoplasm) were summed sepa-
rately. The diagnostic efficacy of the MSRSGC was evalu-
ated by comparing the preoperative FNA diagnoses with
the gold-standard histopathologic follow-up diagnoses.
All included literature was analyzed to estimate the risk
of neoplasm (RON) and the risk of malignancy (ROM).
Some studies documented all FNA cases consecutively but
had a partial lack of FNA histopathologic follow-up, and
those studies were analyzed to estimate the overall RON
(ORON) and the overall ROM (OROM). The RON was
calculated as a ratio of neoplastic histopathologic diagno-
ses between preoperative FNA diagnoses. Similarly, the
ROM was calculated between malignant histopathologic
diagnoses and FNA diagnoses. The OROM and ORON
were calculated between histopathologic diagnoses and
total FNA numbers with or without histopathologic fol-
low-up. We performed the Shapiro-Wilk normality test
on the original rate and on the four transformed rates
(logit, log, arcsine, and Freeman—Tukey double-arcsine
transformation) according to the estimation method and
selected the method closest to the normal distribution to
estimate the summary points and corresponding 95%
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PubMed ‘Web of Science
121 Citations 129 Citations

[ I
¥

134 Unduplicated
Citations

76 articles excluded via
screening title/abstracts

58 full-text articles
retrieved

23 articles excluded:

8 did not take histological diagnoses as the only golden standard
8 focused on selected categories from MSRSGC

5 provided insufficient data for meta-analysis

35 articles included
in the meta-analysis

Figure 1. Flow chart for identifying the included literature. MSRSGC indicates the Milan System for Reporting Salivary Gland

Cytopathology.

confidence intervals (Cls) of the RON, ROM, ORON,
and OROM. The I* index of heterogeneity and the
Cochrane Q statistic test were used to assess heterogeneity
among studies. When a moderate-to-high level of hetero-
geneity was observed, a random-effects model was used;
otherwise, a fixed-effects model was used.

Results that were true positive, true negative, false
positive, and false negative were obtained from FNA diag-
noses and their corresponding histopathologic follow-up.
EFNA diagnoses without follow-up were not included in
the efficacy evaluation. The sensitivity, specificity, di-
agnostic odds ratio (DOR), and positive and negative
likelihood ratios (PLR and NLR, respectively) in differ-
ent situations were calculated using a bivariate Bayesian
model. To avoid nonlinear functions, a posterior sample
of 5000 was specified to compute the margins and es-
timate values such as the DOR, PLR, and NLR. Forest
plots were generated to illustrate the sensitivity and speci-
ficity of the MSRSGC. The Spearman correlation test was
used to evaluate the presence of threshold effects between
sensitivity and specificity. A p value < .05 was considered
as the presence of threshold effects.

RESULTS

Literature search and selection

After removing the duplicates, we yielded 134 articles
(Figure 1). After reviewing the titles and abstracts, 54 ar-
ticles were excluded. The full texts of the remaining 80
articles were reviewed, and 35 articles’ were finally in-
cluded in the systematic review and meta-analysis.
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Characteristics of included studies

The characteristics of the included studies are summarized
in Table 1. The 35 included articles comprised 10,607
patients with 10,706 FNA samples, of which four studies
reported repeat FNA.”'>*>%? In 7168 FNAs, the diagno-

ses had histological follow-up. Twenty-one studies® 1012

17:19.20,23-26,29,31,33,34,38,39 comprised 6366 consecutive
FNA samples, including 2828 cases with histologic fol-
low-up. As reported in the demographic data, the mean
patient age was 54.4years, and the female-to-male ratio
was 0.91:1. FNA sites were recorded in 29 studies: 7106
FNAs (81.5%) were from parotid glands, 1311 (15.0%)
were from submandibular glands, and 305 (3.5%) were
from sublingual and minor salivary glands. The time span
of included cases ranged from 2000 to 2020, and the cu-
mulative follow-up time was 221 years.

Two studies were performed prospectively,'™!
whereas the rest were retrospective except for one mul-
ticenter study that assigned cases prospectively or retro-
spectively.36 According to the research origin (sorted by
the International Monetary Fund®’), 19 studies were
from developed countries, and 16 were from developing
countries.

In 17 studies, all FNAs or selected FNAs were per-
formed under image guidance, whereas one study clearly
mentioned that no image guidance was applied. The use
of ancillary tests for the selected cases was reported in
nine studies, and ROSE was available in nine studies.
Fifteen studies demonstrated that they re-categorized
the presurgery FNA diagnoses into MSRSGC catego-
ries by reviewing the slides completely or partially when
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TABLE 1. Characteristics of the

included literature

Characteristic No. Characteristic No.
Included studies 35 Re-categorized by slides review
Only surgical cases included 14 Yes 15
Consecutive FNA cases included 21 No or unclear 20
Total no. of patients 10,607 FNA with image guidance
Mean age, years 54.4 Yes 17
Female-to-male ratio 0.91:1 No or unclear 18
Total FNA 10,706 Implementation of MSRSGC in clinic
FNA with follow-up 7168 Yes 7
Cumulative follow-up, years 221 No or unclear 28
FNA sites, no. (%) Study design
Parotid 7106 (81.5) Retrospective 32
Submandibular 1311 (15.0) Prospective 2
Others 305 (3.5) Mixed 1
Territories Setting
Developed countries 19 Single-center 33
Developing countries 16 Multicenter 2
ROSE applied Ancillary studies
Yes 9 Yes 9
No or unclear 26 No or unclear 26

Abbreviations: FNA, fine-needle aspiration; MSRSGC, the Milan System for Reporting Salivary Gland Cytopathology; ROSE, rapid on-site evaluation.

Enrolled patient consecutively or randomly -

Avoided inappropiate exclusion -

Cytology was interpreted blindly to histological results - _ 18

Histology was interpreted blindly to cytological results -

Appropiate interval between cytology and histology -

All patients included in the analysis -

35

35

=

10 20 30

. Yes Unclear . No

Figure 2. Summary of the QUADAS-2 questionnaire among 35 studies. QUADAS indicates Quality Assessment of Diagnostic

Studies; SGT, salivary gland tumor.

necessary. The other 20 studies did not mention the de-
tailed approach for re-categorization or only reviewed the
FNA reports. Seven studies””' 1731363 reported that
the MSRSGC classification had been implemented in

their centers.

Figure 2 summarizes the overall result of the
Quality Assessment of Diagnostic Studies-2 question-
naire of the included studies. None of the studies were
considered to have a high risk of bias in four evaluation

domains.
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TABLE 3. Summary of the 21 consecutive fine-needle aspiration (FNA) studies showing the total number of FNAs, the proportion of surgery, the

overall risk of malignancy, and the overall risk of neoplasm across the categories of the Milan System for Reporting Salivary Gland Cytopathology

classification

Suspicious for

Malignant

malignancy

Nonneoplastic AUS Neoplasm-benign SUMP
404 (6.3) 481 (7.6)

Nondiagnostic

Total

Cytology/histology

676 (10.6)

188 (3.0)

2212 (34.7)

1006 (15.8) 1399 (22.0)

6366 (100)

Total no. (%)

435
64.3

303 135
63.0 71.8

1216

197
48.8

244
17.4

298

29.6

2828
44.4

Follow-up, no.

55.0

Surgery proportion, %
Nonneoplastic, no.

48

173
37

109
126
63

17.7 [13.6-23.1]

352
1612

16
113

71.3 [64.7-77.6]

167
127
61.1 [56.7-65.4]

1178

80

Benign neoplasm, no.

Malignant, no.

426
68.5 [61.7-76.1]

32
58.4 [51.0-66.9]

69
47.8 [37.9-60.3]

34
3.6 [2.6-4.9]
2.4 [1.7-3.4]

864
40.2 [35.2-45.4]

ORON [95% ClI], %

22.6[18.2-27.2]  61.6[54.5-68.4]  66.7 [59.9-74.3]

1.4 [1.0-2.0]

17.1 [13.7-21.1]

6.3 [4.9-7.9]

12.3 [10.4-14.6]

OROM [95% Cl], %

Abbreviations: AUS, atypia of undetermined significance; OROM, overall risk of malignancy; ORON, overall risk of neoplasm; SUMP, salivary gland neoplasm of uncertain malignant potential.

modalities in Situations 1 and 3 (Tables 5 and 6). There
was no significant improvement in efficacy with the aid
of ROSE, ancillary studies, image-guided FNA, or im-
plementation of the MSRSGC, although differences were
observed in territories of studies and slide reviews for
Situation 1. The studies in developing regions demon-
strated higher specificity and DORs. Re-categorization
by reviewing the slides had worse specificity. The ratio in
the ND group also was examined (Table 7), and the dif-

ferences were observed in territories and image guidance.

DISCUSSION
SG-FNA has been established as an effective tool for the pre-

operative evaluation of salivary gland lesions. However, there
was lack of a uniform system for reporting SG-FNA, which
created obstacles to communication and patient care. This
void prompted the development of the MSRSGC. Studies
concerning the MSRSGC have increased since it was pub-
lished in 2018." To investigate application of the MSRSGC
in a setting close to the real world, we chose cohort studies
that had strict inclusion and exclusion criteria for our meta-
analysis. Thirty-five studies were finally included.

Basically, the included studies prospectively or retrospec-
tively collected cases over a period of time; however, not all
patients who performed SG-FNA would undergo surgery
or histologic follow-up. First, we summarized all cases across
the literature to calculate the ROM and RON (Table 2). The
ROM values in the ND, NN, AUS, BN, SUMP, SEM, and
M categories were 11.4%, 10.9%, 30.5%, 2.8%, 37.7%,
83.8%, and 97.7%, respectively. However, the values of
ROM and RON in cohorts that underwent surgery may
have been overestimated. Therefore, the OROM and ORON
were obtained from consecutive SG-FINA cases as a reference
(Table 3). Although using the same classification system could
not eliminate observer bias, low-level heterogeneity was ob-
served in ROM calculation in our research. The ROM of each
category in this meta-analysis was generally in concordance
with MSRSGC  recommendations; however, the ROMs
of the AUS and SFM categories were higher than the refer-
ence values. Specifically, the ROM of the SEM category was
83.8%, which was significantly higher than the reference value
of 60%. We believe that the 60% ROM for the SFM category
may underestimate the malignancy risk and creates obstacles
for clinical management. However, an ROM of approximately
80% may meet clinical requirements, and the studies in our
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Study

Higuchi 2021
Rammeh 2021
Wang 2021
Maleki 2021
Hirata 2021
Baglan 2021
Hosseini 2021
Manucha 2021
Bharti 2021
Tommola 2021
Aksoy 2021
Jha 2021
Archondakis 2021
Chirmade 2021
Amita 2020
Hafez 2020
Leite 2020
Lubin 2020
Mazzola 2020
Mullen 2020
Park 2020
Rolon 2020
Singh 2020
Dubucs 2019
Kala 2019
Karuna 2019
Mazzola 2019
Mishira 2019
Park 2019
Pujani 2019
Sadullahoglu 2019
Savant 2019
Song 2019
Tommola 2019
Rohilla 2017

Summary

TP FP

1051
88
27

140
244
133
69
44
90
119
77
79
67
46
87
64
289
414
63
113
69
49
151
141
62
327
50
342
51
103
163
320
49
68
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Figure 3. Forest plots of the combined sensitivity and specificity of the Milan System for Reporting Salivary Gland Cytopathology in
differentiating salivary glands neoplasms from nonneoplastic lesions. The neoplastic lesions in the categories benign, salivary gland
neoplasm of uncertain malignant potential, suspicious for malignancy, and malignant were considered as true positive (TP), and
nonneoplastic lesions were considered as true negative (TN) (Situation 1). FN indicates false negative; FP, false positive.

TABLE 4. Diagnostic efficacy of the Milan System for Reporting Salivary Gland Cytopathology in different

situations

Variable Sensitivity (95% Cl), %  Specificity (95% Cl), % PLR (95% ClI) NLR (95% ClI) DOR (95% ClI)
Situation 12 97.5 (96.4-98.4) 91.6 (86.9-95.6) 12.6 (7.0-23.7) 0.03 (0.02-0.04) 472.0 (234.0-934.2)
Situation 2° 97.6 (96.7-98.4) 79.3 (69.3-88.0) 5.1 (3.1-8.7) 0.03 (0.02-0.04) 174.3 (91.0-336.7)
Situation 3° 88.0 (84.9-90.9) 98.5 (97.9-99.0) 61.5 (40.3-97.9) 0.12 (0.09-0.16) 520.3 (294.8-902.6)
Situation 49 89.6 (86.7-92.1) 90.3 (88.0-92.3) 9.3 (7.5-11.8) 0.12 (0.09-0.15) 81.6 (60.7-109.4)
Situation 5° 90.5 (88.0-92.7) 86.4 (82.9-89.6) 6.8 (5.2-8.8) 0.11 (0.08-0.14) 62.3 (45.8-86.1)

Note: Situations 1 and 2 tested the efficacy for differentiating between neoplastic and nonneoplastic (NN) lesions. Situations 3, 4, and 5 tested the efficacy for dif-
ferentiating between malignant and benign lesions.

Abbreviations: Cl, confidence interval; DOR, diagnostic odds ratio; NLR, negative likelihood ratio; PLR, positive likelihood ratio.

aSituation 1: The categories benign neoplasm (BN), salivary gland neoplasm of uncertain malignant potential (SUMP), suspicious for malignancy (SFM), and malig-
nant (M) were considered as the positive index test, with NN as the negative test.

bSituation 2: The categories atypia of undetermined significance (AUS), BN, SUMP, SFM, and M were considered as the positive index test, with NN as the negative
test.

“Situation 3: The categories SFM and M were considered as the positive index test, with NN and BN as the negative test.

dSituation 4: The categories SUMP, SFM, and M were considered as the positive index test, with NN and BN as the negative test.

®Situation 5:The categories AUS, SUMP, SFM, and M were considered as the positive index test, with NN and BN as the negative test.
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Study TP FP TN FN Sensitivity Specificity

Higuchi 2021 202 7 750 19 r—n—  091[0.87,0.94] =4 0.99[0.98,0.99]
Rammeh 2021 7 0 84 2 —————— 0.84[0.66,0.95] —=>—0.990.97,1.00 ]
Wang 2021 6 0 33 3 0.80[ 0.59, 0.93 ] — 1098 0.95,1.00 ]
Maleki 2021 2.0 17 4 0.71[0.42,0.89 ] ————0.98[0.93,1.00 ]
Hirata 2021 241 93 0 —————0.93[0.85,0.98 ] —==—0.99[0.96, 1.00 ]
Baglan 2021 54 0 188 2 e 10.93[0.87,0.98 ] 0.9 [ 0.98, 1.00 ]
Hosseini 2021 27 0 63 2 ———=—— 0.90[0.81,0.97] —==—0.990.97,1.00 ]
Manucha 2021 26 0 36 0 ———0.93[0.85,0.98] ———==—0.99[0.96, 1.00 ]
Bharti 2021 4 1 41 2 0.81[0.60,0.94 ] —=—0.98[0.94,1.00 ]
Tommola 2021 11 56 1 — 0.88[0.75,0.96] ——==—~0.98[0.95,1.00]
Aksoy 2021 16 0 113 4 —_— L 0.84[0.69,093] —2240.99[0.97,1.00 ]
Jha 2021 16 2 64 10 P— 0.71[0.54,0.85 ] —— 1 0.97[0.93,0.99]
Archondakis 2021 21 75 8 0.72[0.53,0.86] ., 0.98[0.95,1.00]
Chirmade 2021 120 49 0 . 10.9170.80,0.98] 2 10.99[0.96,1.00 ]
Amita 2020 17 0 41 1 L 0.90[0.79,097] 210,99 0.96, 1.00 ]
Hafez 2020 29 4 62 3 — 0 0.88[0.78,0.95] ——a 0.96[0.91,099]
Leite 2020 7 1 48 3 _— 0.81[0.61,0.93] ————— 0.98[0.94,1.00 ]
Lubin 2020 126 0 110 12 r—a—  091[0.86,0.95] +=<=%—0.99[0.97,1.00 ]
Mazzola 2020 75 8 284 17 e 0.82[0.75,0.89 ] ———3 0.97[0.96,0.99 ]
Mullen 2020 16 3 45 2 —_——— 0.87[0.74,0.95] —_—a 0.96[0.91,099]
Park 2020 17 1 83 2 —e—— 0.88[0.76,0.96 ] ——===0.98 [ 0.96, 1.00 ]
Rolon 2020 14 3 53 1 ——— 0.89[0.76,0.96 ] —— 0.97[0.92,0.99]
Singh 2020 9 2 39 3 —_— 0.82[0.64,0.93 ] —_— 0.97[0.92,0.99]
Dubucs 2019 37 5 110 4 ————  0.88[0.80,0.95] —4 0.97[0.93,0.99]
Kala 2019 45 2 105 5 ———  0.89[0.81,095] ——= 0.98[0.96, 0.99 ]
Karuna 2019 17 1 50 1 — L 090[0.79,0.97] — 1098095, 1.00]
Mazzola 2019 92 7 202 13 - 0.87[0.81,0.92] —— 0.97[0.95,0.99]
Mishira 2019 16 2 92 4 —_— 0.83[0.69,0.93 ] ———— 0.98[0.95,0.99 ]
Park 2019 44 2 275 8 —_— 0.85[0.76,0.92 ] +—==—0.99[0.98,1.00 ]
Pujani 2019 9 0 48 2 — . 085[0.69,0.95] —10.99[0.96,1.00]
Sadullahoglu 2019 357 64 2 ——— 0.90[0.81,0.97] _—m 0.94[0.87,0.98 ]
Savant 2019 25 0 121 1 —— 0.92[0.83,0.97 ] —~—0.990.98,1.00 ]
Song 2019 82 5 186 6 e\ 0.91[0.86,0.96 ] —4 0.98[0.95,0.99]
Tommola 2019 9 0 28 1 —e——— 0.88[0.74,0.96 ] ————=—0.98[0.96, 1.00 ]
Rohilla 2017 24 1 57 7 — 0.81[0.68,0.91] ——— 0.98 [ 0.95, 1.00 ]
Summary - 0.88 [ 0.85, 0.91 ] 20+ 0.98]0.98,0.99 |

04 05 06 07 08 09 10 0.80 0.85 0.90 0.95 1.00

Figure 4. Forest plots of the combined sensitivity and specificity of the Milan System for Reporting Salivary Gland Cytopathology
in differentiating malignant from benign salivary gland lesions. The malignant neoplasms in the suspicious for malignancy and
malignant categories were considered as true positive (TP), and benign lesions in the nonneoplastic and benign categories were

considered as true negative (TN) (Situation 3). FN indicates false negative; FP, false positive.

meta-analysis supported such risk stratification. This should
be considered in future revisions of the MSRSGC.

When we considered FNA as an informed test for dif-
ferentiating between neoplastic and nonneoplastic salivary
gland lesions (Situation 1), the sensitivity, specificity, and
DOR were 97.5%, 91.6% and 472.0, respectively. However,
if we added suspicious diagnoses (AUS) as a positive index
test for neoplasm, the specificity and DOR decreased with-
out a relatively significant improvement in sensitivity. The
clinical management of AUS in the MSRSGC includes
re-biopsy and surgical resection. Our data suggest that a
classification as AUS should not be easily considered a neo-
plastic lesion for surgery because the diagnostic specificity
decreased without improved sensitivity. Therefore, we be-
lieve that repeat FNA is more reasonable for AUS cases.

856

In differentiating between malignant and be-
nign masses, when considering definite FNA diagno-
ses (Situation 3), the specificity and PLR were 98.5%
and 61.5, respectively, which indicated that the SFM
and M categories of FNA diagnoses had high predic-
tive value for a diagnosis of malignancy. However, the
sensitivity of 88.0% and the NLR of 0.12 were mod-
erately informative for ruling out a malignancy diagno-
sis. As expected, when we added SUMP (Situation 4)
or SUMP and AUS (Situation 5) as the positive index
test, the specificity and PLR decreased significantly.
However, little improvement was observed in sensitivity
or NLR. These results indicate that the SUMP and AUS
categories should not be considered as SFM in clinical

management.
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TABLE 5. Subgroup analysis for differentiating between salivary gland neoplastic and nonneoplastic lesions

Situation 1 Sensitivity (95% Cl), % Specificity (95% Cl), % PLR (95%Cl)  NLR (95%Cl) DOR (95%Cl)
Territories
Developed 97.6 (96.0-98.7) 86.1 (77.5-93.2) 7.85 (4.2-15.6) 0.03 (0.01-0.05) 297.8 (117.7-665.0)**
Developing 97.3 (95.4-98.6) 94.8 (90.3-97.9) 22.6 (9.2-54.3) 0.03 (0.01-0.05)  868.4 (297.7-2224.4)*

Image-guided FNA

Yes

No or unclear
ROSE

Yes

No or unclear
Ancillary studies

Yes

No or unclear

96.2 (93.9-97.9)
98.2 (97.0-99.0)

95.5 (91.5-98.0)
97.9 (96.8-98.8)

96.9 (93.8-98.7)
97.6 (96.3-98.5)

Re-categorized by slides review

Yes
No or unclear

Implementation of MSRSGC

in clinic
Yes
No or unclear

98.0 (96.5-99.0)
96.9 (95.1-98.3)

97.9 (95.4-99.2)
97.3 (95.9-98.3)

91.7 (84.7-96.6)
91.5 (84.2-96.6)

93.1 (84.7-97.9)
90.9 (84.7-95.7)

86.8 (73.6-95.5)
92.9 (87.8-96.7)

86.2 (76.2-93.7)"
94.5 (89.7-97.8)*

91.1(77.5-97.9)
91.6 (86.2-96.0)

13.7 (6.0-31.1)
13.9 (6.0-32.0)

18.7 (5.8-52.8)
12.3 (6.1-25.4)

9.4 (3.5-25.2)
15.5 (3.8-31.3)

8.2 (3.9-16.7)
21.3 (9.0-50.6)

16.8 (4.0-55.6)
13.0 (6.9-25.7)

0.04 (0.02-0.07)
0.02 (0.01-0.03)

0.05 (0.02-0.10)
0.02 (0.01-0.04)

0.04 (0.01-0.07)
0.03 (0.02-0.04)

0.02 (0.01-0.04)
0.03 (0.02-0.05)

0.02 (0.01-0.05)
0.03 (0.02-0.05)

355.7 (131.9-840.0)
730.4 (266.9-1823.6)

435.9 (105.0-1248.1)
559.5 (235.3-1275.3)

300.2 (75.9-884.6)
621.1 (267.2-1351.6)

380.3 (142.8-916.4)
695.7 (247.9-1766.5)

872.8 (157.7-3239.5)
460.5 (213.4-951.8)

Note: A p value < .05 was considered significant.
Abbreviations: Cl, confidence interval; DOR, diagnostic odds ratio; FNA, fine-needle aspiration; MSRSGC, the Milan System for Reporting Salivary Gland
Cytopathology; NLR, negative likelihood ratio; PLR, positive likelihood ratio; ROSE, rapid on-site evaluation.

*p<.01.
**p <.05.

TABLE 6. Subgroup analysis for differentiating salivary gland malignant and benign lesions

Situation 3

Sensitivity (95% Cl), %

Specificity (95% Cl), %

PLR (95% Cl)

NLR (95% Cl)

DOR (95% Cl)

Territories
Developed
Developing

Image—guided FNA
Yes
No or unclear

ROSE
Yes
No or unclear

Ancillary studies
Yes
No or unclear

Re-categorized by slides

review
Yes
No or unclear
Implementation of
MSRSGC in clinic
Yes
No or unclear

89.1(85.0-92.5)
86.3 (80.7-90.9)

86.1 (80.6-90.6)
89.4 (85.3-92.8)

85.5 (77.2-91.5)
88.8 (85.1-92.0)

87.4 (79.8-93.0)
88.1 (84.4-91.3)

87.7 (82.5-91.9)
88.3 (83.9-91.9)

88.8 (81.2-94.3)
87.8 (84.0-91.0)

98.6 (97.8-99.2)
98.4 (97.3-99.2)

98.2 (97.9-99.1)
98.6 (97.6-99.2)

97.4 (95.3-98.8)
98.7 (98.1-99.2)

98.1(96.4-99.2)
98.6 (97.9-99.2)

98.9 (98.2-99.4)
97.9 (96.9-98.8)

99.1 (98.0-99.7)
98.3 (97.5-98.9)

67.3 (37.7-121.3)
59.4 (30.5-118.5)

53.9 (28.3-105.5)
71.5 (40.3-129.2)

36.7 (16.8-77.2)
74.8 (46.1-128.5)

53.8 (22.2-122.7)
67.0 (40.1-113.7)

86.3 (47.3-159.1)
45.5 (26.8-79.4)

119.4 (40.4-313.8)
53.9 (34.2-88.4)

0.11 (0.07-0.16)
0.14 (0.09-0.21)

0.14 (0.09-0.20)
0.11 (0.07-0.16)

0.15 (0.08-0.24)
0.11 (0.08-0.15)

0.13 (0.07-0.22)
0.12 (0.08-0.16)

0.12 (0.08-0.18)
0.12 (0.08-0.17)

0.11 (0.05-0.20)
0.12 (0.09-0.17)

636.0 (287.3-1299.4)
452.8 (183.1-1052.9)

397.0 (164.4-881.6)
695.3 (319.8-1422.4)

272.2 (85.4-686.4)
682.0 (345.2-1331.7)

467.6 (130.8-1313.7)
578.0 (289.5-1107.7)

738.5 (314.5-1626.5)
399.3 (184.9-798.7)

1212.9 (278.5-3867.0)
447.0 (235.1-823.9)

Note: A p value < .05 was considered significant.

Abbreviations: Cl, confidence interval; DOR, diagnostic odds ratio; FNA, fine-needle aspiration; MSRSGC, the Milan System for Reporting Salivary Gland
Cytopathology; NLR, negative likelihood ratio; PLR, positive likelihood ratio; ROSE, rapid on-site evaluation.

Many variables were analyzed to investigate heteroge-
neity among the studies. The studies in developing regions
demonstrated higher specificity and DOR in differentiating
between neoplastic and nonneoplastic lesions (Situation 1).
Moreover, the ratio of ND FNAs was lower in developing
regions. This difference could be attributed to the finding
that patients from developing regions may have larger or ad-
vanced salivary gland lesions; however, the included literature
provided insufficient information to verify our conjectures.
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Some studies demonstrated that ROSE and ancillary studies
could improve the accuracy of SG-FNA and reduce the ratio
of ND FNAs, "™ but this was not observed in our studies.
SG-FNA is a fast, cost-effective, and safe diagnos-
tic method. Most common tumors, such as pleomorphic
adenoma, Warthin tumor, and adenoid cystic carcinoma
with cytomorphologic features, can be effectively differ-
entiated through FNA. However, the cytomorphologic
diversity and the lack of common language in reports
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TABLE 7. Subgroup analysis for the nondiagnostic ratio in consecutive fine-needle aspiration studies

ND ratio (no. of studies) ND ratio [95% Cl], %

ND ratio (no. of studies) ND ratio [95%Cl], %

Territories
Developed (11)
Developing (10)

Image-guided FNA

19.2 [13.9-25.9]*
7.1[4.6-10.7"

Yes (4) 16.0 [10.9-22.9]*

No or unclear (17) 7.8[4.9-12.2]*
ROSE

Yes (5) 16.9 [12.6-22.2]

No or unclear (16) 10.8 [6.9-16.4]

Ancillary studies
Yes (6)

18.7 [10.7-30.1]

No or unclear (15) 10.2 [6.9-14.7]
Recategorized by slides review

Yes (7) 9.3[4.6-18.1]

No or unclear (14) 13.7 [9.5-19.4]

Implementation of MSRSGC in clinic
Yes (4)
No or unclear (17)

22.3[10.4-41.5]
10.5 [7.6-14.5]

Note: I? index of heterogeneity = 94.0%; a p value < .05 was considered significant.

Abbreviations: Cl, confidence interval; FNA, fine-needle aspiration; MSRSGC, the Milan System for Reporting Salivary Gland Cytopathology; ND, nondiagnostic;

ROSE, rapid on-site evaluation.
*p<.01.

may confuse patients and clinicians, which can impede
the clinical decision and peer communication.

The current meta-analysis comprehensively reviews
the cohort studies that have been performed since publica-
tion of the MSRSGC. Reporting SG-FNA results using the
MSRSGC demonstrated high diagnostic accuracy and sig-
nificance in the clinical management of salivary gland masses.
The included studies demonstrated ROMs that generally
were similar to those in the MSRSGC recommendations
with low-level heterogeneity; however, the ROM of the SFM
category was higher than the reference value, and we hope
these data can be considered in future MSRSGC revisions.
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