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H EDITORIAL B

Current Practices of Thyroid Fine-Needle Aspiration in Asia:
A Missing Voice

Andrey Bychkov - Kennichi Kakudo' - SoonWon Hong’

Department of Pathology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand;
'Department of Pathology, Nara Hospital, Kindai University Faculty of Medicine, Nara, Japan;
Department of Pathology, Yonsei University College of Medicine, Seoul, Korea

Journal of Pathology and Translational Medicine JPTM) is
pleased to announce a special issue devoted to the current prac-
tices of thyroid fine-needle aspiration (FNA) cytology in Asian
countries as a joint effort of members of the Working Group of
Asian Thyroid FNA Cytology. Currently, this growing network
of Asian thyroid pathologists includes representatives from
China, India, Japan, the Philippines, South Korea, Taiwan,
Thailand, Turkey, and Vietnam.

Asia, as the largest and most populous continent, comprises
several geographic regions with notable ethnic, cultural and reli-
gious diversity. The different levels and pace of economic growth
within these regions determines the development of local health
systems. Most Asian countries are well integrated into the modern
international medical community. Contemporary practices in various
fields of medicine were established under a strong Western
influence. On the other hand, Asian philosophy, traditional Chinese
medicine, Ayurveda, and other conventional medical practices
with deep historical roots are often integrated into advanced medical
approaches."”

Consistent with its huge population, the Asian continent is the
largest contributor to the worldwide prevalence of thyroid cancer.
According to the GLOBOCAN estimates, 48% of all new thyroid
cancer cases are diagnosed in Asia.” In addition, the absolute
number of patients with thyroid cancer increases each year, and
this growth has recently been labeled a thyroid cancer epidemic,
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due to unexpectedly high increases compared to estimates.” South
Korea is the best example of this thyroid cancer “epidemic,” which
has been proven to be largely caused by opportunistic screening.’
The same epidemic in many Western countries with a growing
incidence of thyroid cancer was later attributed to opportunistic
screening also.’ As a result of these epidemiological shifts, thyroid
cancer and thyroid nodules have attracted considerable attention
from the medical community worldwide.

Leading medical centers in well-developed Asian countries
have promoted innovative approaches and disseminated high-
quality evidence, which has profoundly influenced international
practice.”* Numerous publications from Japan and Korea have
laid the ground for national guidelines on the management of
thyroid cancer and thyroid nodules, which are finely tuned to the
local settings.”" At the same time, guidelines from less advanced
Asian countries largely rely on international recommendations
partially adjusted to lower economic standards." "

Thyroid FNA is a mainstay of preoperative diagnosis of thyroid
nodules, which drives further decision making.'* This simple
procedure is available globally and has been accepted as the
first-line intervention in the workup of thyroid nodules, which can
significantly reduce unnecessary surgery. Unlike in gynecologic
cytopathology, evaluation of thyroid FNA is usually performed
by surgical pathologists who tended to apply their own classification
schemes used in histopathologic diagnosis of thyroid nodules. As
a result, cytologic diagnoses applied to thyroid FNAs were not
uniform and clear, but rather variable and vague. Furthermore, a
substantial number of samples are found to be uncertain, indeter-
minate, equivocal, or suspicious, which can create confusion for the
clinicians with regard to treatment planning.

In the effort to standardize thyroid cytologic terminology and

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 517



518 e BychkovA, etal.

to improve communication between pathologists and clinicians,
a new reporting system encompassing six diagnostic categories
was proposed around 10 years ago.” Since that time, the Bethesda
System for Reporting Thyroid Cytopathology (TBSRTC) has
received universal acclaim and has been endorsed by numerous
national and international societies in the fields of endocrinology,
thyroidology, and cytopathology.'® Beyond TBSRTC, several
countries, including the UK, Italy, and Japan, have established
their own systems for reporting thyroid cytopathology."”" Nev-
ertheless, the terminology used in non-Bethesda reporting systems
is easily adjustable to Bethesda diagnostic categories, which is
important for comparison.

Each of the modern systems for reporting thyroid cytopathol-
ogy provides important statistical outputs, which serve as the
quality control criteria. These criteria include (1) distribution of
thyroid FNA samples by diagnostic category; (2) resection rate
(RR), measured as a ratio of surgically excised nodules to all
sampled thyroid nodules within a certain category; and (3) risk
of malignancy (ROM) or the percentage of malignant nodules
among all FNAs. ROM is important because it indicates the
necessity of surgical treatment. The original TBSRTC estimated
ROM ranges for diagnostic categories based on preceding liter-
ature."” These estimates were further modified in meta-analyses
to provide the actual ROM, summarized from the numerous

single- or multi-center studies.”*’

Most meta-analyses on thyroid FNA and TBSRTC have not
included Asian publications.””* Only one meta-analysis included
a fair number of original studies from Turkey, Korea, and Arabic
countries.” In fact, experience with thyroid FNA in Asia has
been extensively reported. Recently, the results of a nationwide
study covering more than 42,000 FNAs were presented by the
Korean Society of Endocrine Pathologists.** Japanese institutions
have also shared their experience with the Japanese system of
reporting thyroid FNA." There is a growing number of publi-
cations from India and China. Reports on thyroid cytology from
Southeast Asia are less abundant and often non-systematic.
Notwithstanding, we should note that even low-resource countries,
for example, Bangladesh and Nepal, have been able to publish
their experience with thyroid FNA.”* Once again, despite the
efforts of Asian cytopathologists to share their data with the inter-
national community, their voice has not been recognized. Hope-
fully, output data on the use of TBSRTC from major Asian
countries summarized in this special issue will contribute to future
meta-analyses of the Bethesda system.

An important lesson learned after compatrison of Asian and
Western series is that the Asian experience varies in several aspects.
Thyroid FNA studies disclosed low RR and high ROM for inde-
terminate nodules in Asian practice.” This could be explained by

Fig. 1. Members of the Working Group of Asian Thyroid FNA Cytology and hosts during the inaugural meeting of the 12th Asia and Oceania
Thyroid Association (AOTA) congress in Busan, Korea (March 16, 2017). FNA, fine-needle aspiration. Left-to-right: Z. Liu (China), K. Kakudo
(Japan), C.R. Lai (Taiwan), S. Satoh (Japan), S. Keelawat (Thailand), S. Canberk (Turkey), A. Bychkov (Thailand), S.W. Hong (Korea), D.E.
Song (Korea), C.K. Jung (Korea), H.J. Kwon (Korea), M. Hirokawa (Japan), H.K. Chang (Korea).
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the more conservative management approach for indolent thyroid
tumors compared to Western practice.” As a result, borderline
thyroid tumors, such as noninvasive follicular thyroid neoplasm
with papillary-like nuclear features (NIFTP) and well-differenti-
ated tumor of uncertain malignant potential, are histologically
rare in Asian countries.”””’ These differences are not acknowl-
edged worldwide, which continues to create confusion among experts
due to this lack of communication. It should be reiterated that
the Asian continent is a major contributor to the global prevalence
of thyroid cancer, and that local experience cannot be ignored.

International communication is a key factor in disseminating
knowledge and staying up-to-date. There are several interna-
tional forums held annually for pathologists in Asia, but until
recently there were no active well-established networks for those
practicing within the thyroid niche. The Working Group of
Asian Thyroid FNA Cytology was established recently to promote
communication among Asian pathologists and cytopathologists,
to share experience in Asian practice, and to conduct multi-insti-
tutional studies. An inaugural meeting took place at the 12th Asia
and Oceania Thyroid Association (AOTA) Congress in Busan,
Korea on March 16, 2017 (Fig. 1). Despite its recent formation,
several achievements have resulted from this joint effort. Senior
group members released a book Thyroid FNA Cytology: Differen-
tial Diagnoses and Pitfalls, which was published in 2016 as the
first English language textbook on thyroid FNA cytology from
Asia.’" Several authors contributed to a special NIFTP issue of
the Journal of Basic and Clinical Medicine> More original studies
and reviews have been published®**° or are currently in process.

Presented herein is a collection of articles on the current practices
of thyroid FNA cytology in Asian countries that highlights im-
portant aspects of this diagnostic technique, including details
on operators and readers, sampling and preparation, and reporting
systems and audit programs. Also included are original data
collected from the authors of previous publications and statistics
from literature review. The authors wish to thank JPTM for
hosting this special issue. We hope that our contemporary reviews
will serve as a useful reference for a wide variety of specialists
involved in the management of patients with thyroid nodules
and thyroid cancer.
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We reviewed the current status of thyroid fine-needle aspiration cytology (FNAC) in Korea. Thy-
roid aspiration biopsy was first introduced in Korea in 1977. Currently, radiologists aspirate the
thyroid nodule under the guidance of ultrasonography, and cytologic interpretation is only legally
approved when a cytopathologist makes the diagnosis. In 2008, eight thyroid-related societies
came together to form the Korean Thyroid Association. The Korean Society for Cytopathology
and the endocrine pathology study group of the Korean Society for Pathologists have been
updating the cytologic diagnostic guidelines. The Bethesda System for Reporting Thyroid Cyto-
pathology was first introduced in 2009, and has been used by up to 94% of institutions by 2016.
The average diagnosis rates are as follows for each category: | (12.4%), Il (57.9%), Il (10.4%),
IV (2.9%), V (3.7%), and VI (12.7%). The malignancy rates in surgical cases are as follows for
each category: | (28.7%), Il (27.8%), lll (50.6%), IV (52.3%), V (90.7%), and VI (100.0%). Liquid-
based cytology has been used since 2010, and it was utilized by 68% of institutions in 2016. The
categorization of thyroid lesions into “atypia of undetermined significance” or “follicular lesion of
undetermined significance” is necessary to draw consensus in our society. Immunocytochemistry
for galectin-3 and BRAF is used. Additionally, a molecular test for BRAF in thyroid FNACs is actively
used. Core biopsies were performed in only 44% of institutions. Even the institutions that perform
core biopsies only perform them for less than 3% of all FNACs. However, only 5% of institutions
performed core biopsies up to three times more than FNAC.

Key Words: Bethesda; Fine needle aspiration cytology; Thyroid neoplasms; Korea

In this review, we surveyed the current status of thyroid fine-
needle aspiration cytology (FNAC) in Korea and briefly described
the history of FNAC in Korea. The multiple topics covered in
this review include thyroid cytology sample collectors and inter-
preters, cytotechnician training programs, preparation methods
for thyroid cytology samples, staining of thyroid cytology samples,
thyroid cytology reporting systems and data distribution, the
use of “atypia of undetermined significance” and “follicular lesion
of undetermined significance” (AUS/FLUS) as diagnostic categories,
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the thyroid cytology audit program, correlation between cytology
and histology, external quality assurance for thyroid FNAC, and
the status of ancillary testing including core biopsy.

The 2016 survey project was designed to create a short commu-
nication that was compiled by a limited number of members of
the Korean Society for Cytopathology (KSC). The 2012 survey'
is more comprehensive than this 2016 survey, but we compared
2012 and 2016 data in this paper. We asked the KSC to admin-
ister the survey to the 210 institutions under its quality control.

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Thirty-eight institutions responded to this survey within 3 weeks.
The survey items included thyroid cytology sample collectors
and interpreters, preparation methods for thyroid cytology
samples, thyroid cytology reporting systems and data distribu-
tion, the use of AUS/FLUS categorization, correlation between
cytology and histology, and the status of core biopsy. Twelve
among the 38 responders answered distribution data for each
class of the Bethesda reporting system. Eight institutions also
sent correlation data between cytology and histology. Graphs
and statistical analysis of Student’s t test for categorical diagnosis
rates were constructed using Excel Software. Categorical vari-
ables were expressed as percentage, frequency, and range. Dif-
ferences were considered statistically significant at p<.05.

BRIEF HISTORY OF THYROID FINE-NEEDLE
ASPIRATION CYTOLOGY

In Europe, thyroid FNAC was introduced in the 1950s,” but
in the United States, it began to be more actively used in the
1970s.” Thyroid aspiration biopsy was first introduced in Korea
by a physician in 1977." As for the introduction of FNAC to
pathologists, it was started by a pathologist who was experi-
enced in aspiration cytology from cytopathology training in
Europe in the 1980s.” In the early stages of use, aspirations were
initially performed by a radiologist who had undergone Euro-
pean training, and the aspirates were sent to pathologists for in-
terpretation. At that time, clinicians directly interpreted the
aspiration cytology slide; however, with the development of
quality control and insurance coverage, the frequency of clini-
cian’s interpretation has decreased. Initially, aspiration cytology
was performed only on palpable lesions of superficial organs,
but with the development of imaging system, it has become
possible to accurately locate and aspirate nonpalpable lesions
with very high diagnostic accuracy. Therefore, FNAC has become
prevalent at the majority of medical institutions.® In 2006, pa-
thologists created management guidelines for patients with thy-
roid nodules and thyroid cancer as a mainstay of the Korean
Endocrine Society.” As a result, the Endocrine Pathology Study
Group was created in 2007. In 2008, eight thyroid-related soci-
eties made up the Korean Thyroid Association. The main goal
of the Endocrine Pathology Study Group and the KSC is to
update the cytologic diagnostic guideline.® According to recent
data, 196,000 cases of thyroid FNAC are performed each year
in Korea, accounting for 60% of all FNACs performed.” Due to
a perceived over-diagnosis of thyroid cancer, the performance of
FNAC as a whole decreased by 19.6% in 2015 compared to

http://jpatholtm.org/

2014, based on the data of our survey.

THYROID CYTOLOGY SAMPLE COLLECTORS
AND INTERPRETERS

In the early stages of FNAC, endocrinologists, surgeons, radiol-
ogists, and pathologists aspirated palpable thyroid nodules and
interpreted them using a Giemsa stain. After ultrasonography
was introduced, radiologists began to aspirate thyroid nodules
more than any other specialists. Now, national insurance covers
the aspiration fee only when radiologists aspirate the thyroid
nodule by guided ultrasonography. While radiologists perform
the aspiration, legal standards dictate that a diagnosis can only
be made by a cytopathologist. Therefore, cytologic interpretation
has been carried out at more than 200 cytology laboratories
throughout the country, all of which are subject to quality control
by the KSC.

CYTOTECHNICIAN TRAINING PROGRAM

In 1981, the Korean National Medical Center, under the aus-
pices of the World Health Organization (WHO), launched a
nationwide education program for cytotechnicians to work as
cytology screeners. This is considered to be the first systematic
cytologic education program in Korea. Under the direction of
the WHO, this course was planned to increase early detection of
cervical cancer, the most frequent cancer at the time, and it was
a first step toward a national cancer eradication project (National
Cancer Control Program) planned by the Health and Social
Affairs Department (present Health and Welfare Department)
in 1978. The need for systematic cytologic screening and edu-
cation was widely supported by the government. To establish
the Cytology School of the National Medical Center’s Pathology
Department, a Swedish cytotechnician, Barbro Nilsson, came
to Korea in 1981 as a WHO adviser who worked as the primary
cancer screening personnel (cytotechnician) educator. The WHO
supported this adviser by providing educational equipment
such as microscopes and lanterns; other healthcare professionals,
like Swedish doctors Nils, who was the then president of the
International Academy of Cytology (IAC), and Stormby, also
donated slide teaching materials and textbooks for gynecological
cytology. At that time, cytotechnician education was carried
out at the National Medical Center with the main purpose of im-
proving the quality of cytopathology examination conducted at
university hospitals and general hospital nationwide. Under the
direction of anatomic pathologists, we selected 10 cytotechnicians
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who were in charge of cytology screening, nine of whom attended
their first training course in November 1981, and in the second
course of the following year, we again selected other 10 cytotech-
nicians and educated.®

Thyroid FNAC is included in the cytotechnician education
program; however, participation in cytology screening depends
on the institutional policy.

PREPARATION OF THYROID
CYTOLOGY SAMPLES

At the time of introduction, FNACs were analyzed with air-dried
Giemsa stain; since 2000, they have been read using an alcohol-
fixed conventional smear with Papanicolaou staining and cell
block preparation. Curtently, a few institutions still use the air-
dried Giemsa stain.

Liquid-based cytology (LBC), which decreases the rate of cell
paucity, was introduced for FNAC preparation despite some
inherent disadvantages such as unfamiliar cellular morphology.
Since 2010, LBC had been widely adopted and was used by 44%
of institutions in 2012 and by 68% in 2016. In the 2012 survey,
LBC alone was not sufficient for diagnosis, so 22 of 33 institu-
tions (67%) used LBC combined with conventional methods. In
2016, the number of institutions adding a supplemental method
dropped to 12 of 23 (52%). This reduction can be attributed to
increased experience in LBC interpretation.' For FNAC spec-

Table 1. Cytologic diagnosis rates according to TBSRTC

Thyroid FNAC in Korea © 523

imens, ThinPrep (45.0%) was most commonly used, followed by
SurePath (33.6%), EASY Prep (12.9%), and Huro Pach (4.5%).”

STAINING OF THYROID CYTOLOGY SAMPLES

Staining was initially performed using air-dried Giemsa stain,
but the Papanicolaou stain has become predominant. However,
some institutions still use hematoxylin and eosin or Giemsa
stains.

THYROID CYTOLOGICAL REPORTING
SYSTEMS AND DATA DISTRIBUTION

Until the Bethesda System for Reporting Thyroid Cytopa-
thology (TBSRTC) appeared in 2008, thyroid FNAC was diag-
nosed in a variety of ways; at some institutions, it was diagnosed
using descriptive terms, in the same format as a pathology diagnosis.

The diagnosis of thyroid FNAC was made based mainly on
the Papanicolaou Society Guidelines;'"" as a result, the Korean
Endocrine Society published management guidelines for patients
with thyroid nodules and thyroid cancer in 2006.”

After that, the Endocrine Pathology Study Group was created
in 2007. In 2008, eight thyroid-related societies made up the
Korean Thyroid Association, and TBSRTC was introduced to
Korea in 2009. The Endocrine Pathology Study Group and the
KSC have been updating the cytologic diagnostic guideline

e Category

Institution
| Il Il IV V VI

1 8.6 61.7 6.1 5.5 3.4 14.7
2 16.2 51.9 18.9 0.6 818 9.1
3 8.0 61.0 2.3 0.6 45 23.6
4 154 &1l 16.5 0.5 4.8 114
5 8.1 60.0 11.8 1.1 2.9 16.2
6 1.2 56.9 7.6 1.0 4.3 19.0
7 2041 341 21.9 0.7 5.7 174
8 20.3 44.5 18.1 2.0 3.0 12.2
9 32.6 61.5 32 0.2 1.9 0.6
10 29 86.5 2.7 0.0 0.6 7.3
11 0.0 74.9 9.7 0.0 3.4 12.0
12 615) 50.0 6.6 22.3 6.8 8.9
Average (%) 12.4 57.9 10.4 2.9 3.7 12.7
Range (%) 0-32.6 34.1-86.5 2.3-21.9 0-22.3 0.6-6.8 0.6-23.6
Average (%) 12.9 59.3 9.6 101 2.7 5.4
Range (%) 1.8-23.6 39.0-73.8 3.0-27.2 1.2-25.3 1.4-6.3 2.0-16.2
p-value? .790 723 .992 .053 .385 .008

TBSRTC, the Bethesda System for Reporting Thyroid Cytopathology.

aStatistical analysis of student’s t test for categorical diagnosis rate between this survey data and reference data were constructed from Excel Software. Differ-

ences for which p <.05 were considered significant.
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based on TBSRTC.” According to the survey conducted in 2012,
60 of the 74 responding institutions (80%) used TBSRTC,' while
the 2016 survey showed that 94% (34/36) are using TBSRTC.

Twelve institutions reported distribution data according to
class in the Bethesda reporting system. Eight institutions also
sent correlation data between cytology and histology.

The categorical diagnosis rate of each institution by TBSRTC
is as follows: I (12.4%), 11 (57.9%), 111 (10.4%), IV (2.9%), V
(3.7%), and VI (12.7%), as shown in Table 1 and Fig. 1.

The average value is not very unique compare to worldwide
reports,'” but some categories show significant differences between
this present survey data and Bongiovanni’s meta-analysis data."”
Categories 1, 2, 3, and 5 showed rates similar to Bongiovanni’s
data. However, category 6 was significantly higher in this Korean
survey than in Bongiovanni’s data (12.7% vs 5.4%, p = .008).
Additionally, category 4 was lower in this Korean data than in
Bongiovanni’s data, but the difference was not statistically signif-
icant (2.9% vs 10.1%, p=.053).

This survey is limited in that the proportion of referral hospitals
is higher than the distribution of nationwide laboratories in
Korea.

USE OF ATYPIA OF UNDETERMINED
SIGNIFICANCE AND FOLLICULAR LESION OF
UNDETERMINED SIGNIFICANCE

In this survey, we looked at how to appropriately use the
AUS/FLUS terminology of TBSRTC. In 66% of institutions,
the two terms are used to indicate the same lesion, although

most use only the term AUS. Only two institutions use the
term AUS/FLUS.

In the remaining 34% of institutions, the two terms are used
differently. AUS is used in cases with nuclear atypia, and FLUS
is used in cases where there is architectural atypia. This is not
consistent with the original intent of TBSRTC. In the case of
AUS/FLUS, subcategorized studies are often reported by multiple
institutions.” Confusion exists surrounding this term, and it is
necessary to establish consensus on the proper use of this term.

THYROID CYTOLOGY AUDIT PROGRAM:
CORRELATION BETWEEN
CYTOLOGY AND HISTOLOGY

The quality control system is managed by each institution,
and reports on the quality control of thyroid FNACs have been
published since 1996."*"

Accuracy was assessed based on malignancy rates using cyto-
histological correlations, but some reports assessed the accuracy
of each specific diagnostic entity. There are about 12 papers ad-
dressing this accuracy, of which about four demonstrated accu-
racy using TBSRTC."'¢'®

The malignancy rates for overall cytologic diagnoses are as
follows for each category: I (1.8%), I1 (0.7%), I1I (6.3%), IV
(19.1%), V (51.9%), and VI (63.5%) (Fig. 2A). The malignancy
rates for surgical cases are as follows for each category: 1(28.7%),
11(27.8%), 111 (50.6%), IV (52.3%), V (90.7%), and VI (100.0%)
(Fig. 2B).

100 —1
—2
90 - —3
—4
80 1 _ =
701 =6
= —7
S 60 —38
S 50 —9
__5 | — 10
B 40 — !
a — 12
301 —— Average (%)
20
10
0,
1 2 3 4 5 6
TBSRTC category

Fig. 1. The diagnosis rate of each institution by the Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) category.
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EXTERNAL QUALITY ASSURANCE FOR
THYROID FINE-NEEDLE
ASPIRATION CYTOLOGY

Since 1995, the KSC has been in charge of quality control of
fine needle aspiration smears, and the quality control findings
have been reported since 1999.° Quality evaluation by the Korean
Society of Pathologists was added in 2007, and each institute is
making efforts to improve the quality of thyroid FNAC, as well
as overall cytopathology."”

THE STATUS OF ANCILLARY TESTING
INCLUDING CORE BIOPSY

Immunocytochemical staining could theoretically be used to

Malignancy rates for overall cytologic diagnosis
70

60
50

40

Average (%)

30

0 e |

T ’—‘ T
Il

I v \% Vi

Category (A)

Malignancy rates of the surgery cases
120

100 I
80

60

Average (%)

40

LN

Category @

Fig. 2. (A) The malignancy rates for overall cytologic diagnoses are
as follows for each category: | (1.8%), Il (0.7%), lll (6.3%), IV
(19.1%), V (561.9%), and VI (63.5%). (B) The malignancy rates for
surgical cases are as follows for each category: | (28.7%), |l
(27.8%), Il (50.6%), IV (52.3%), V (90.7%), and VI (100.0%).
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make cytologic diagnoses, but immunocytochemical targets
useful for thyroid cytology have not been identified. There have
been many reports of galectin-3 being applied to cytologic diag-
nosis since 2008, but the results have been controversial %2

[B-Catenin, CXCL12, and other rare immunocytochemical
stains are also used for cytology. There are current reports of immu-
nocytochemistry for BRAF, and some institutions use it for actual
analysis.”** Immunostaining for cytologic examination is also
covered by insurance.

Since 2010, a molecular pathology approach, including the
BRAFV600E mutation, has been utilized, and various molecular
pathological studies are underway. However, only the BRAF test
is actively used at present and approved by insurance.””’

In recent years, core biopsies have been performed mainly in
Korea and Italy. However, core biopsies wete performed in only
17 of the 36 institutions (44%) in this survey. Even institutions
that perform core biopsy used the procedure in less than 3% of
FNAGs.

However, at two of these institutions, core biopsy was per-
formed up to three times more than FNAC. There are 45 articles
on core biopsies written by Korean authors, most of which are
reported by radiologists who prefer core biopsy.

These radiologists asked pathologists to establish a standard-
ized classification for core biopsy compatible with the TBSRTC.
Pathologists agreeing with this idea have published a paper
that standardizes core biopsy readings.”!

In Korea, pathologists are interpreting both pathology and
cytopathology. Therefore, for pathologists, histologic interpre-
tation of a core biopsy per se is easier than the cytological inter-
pretation of FNAC if difficulties or side effects accompanying
the core biopsy procedure are not considered.

However, considering that we often cannot distinguish adeno-
matous hyperplasia from follicular neoplasm, even if we examine
all surgical specimens, it is controversial to say that it is more
accurate to make this distinction with core biopsy than with
FNAC.

CONCLUSION

Currently, radiologists aspirate thyroid nodules under the
guidance of ultrasonography, and legal standards dictate that a
diagnosis can only be made by a cytopathologist.

The TBSRTC was used by up to 94% of institutions in 2016.
The average diagnosis rates are as follows for each category: I
(12.49%), 11 (57.9%), 111 (10.49%), IV (2.9%), V (3.7%), and VI

(12.7%). The malignancy rates in surgical cases are as follows for
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each category: 1(28.7%), 11 (27.8%), 1L (50.6%), IV (52.3%), V
(90.7%), and VI (100.0%).

Since 2010, LBC has been used and was implemented by 68%
of institutions in 2016.

It is necessary to draw consensus on the use of the terms AUS
and FLUS.

Immunocytochemistry is used in galectin-3 and BRAF assays.
For molecular tests in thyroid FNACs, BRAF is actively used.
Core biopsies are performed only rarely in a few institutions.
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THE BRIEF HISTORY OF CHINESE
CYTOPATHOLOGY

In the 1950s, Dr. Dawang Yang returned to China to start
cervical cytology after completing her academic studies in the
United States."” She began the practice of Papanicolaou cervical
smear classification and a cervical cancer screening program in
Peking Union Hospital.” Vaginal Cytopathology was published
by Dr. Dawang Yang in 1952, which was the first Chinese cytology
book and marked the start of modern cytopathology in China.

Esophageal balloon cytology was developed for screening of
esophageal cancer, and a series of English publications from
China made it well known around the world since the 1960s.*®
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Cytology in China developed from nothing and underwent a long journey from gynecologic cytology
to that of all organs, laying a solid foundation for new developments in the 21st century. Thyroid
fine-needle aspiration (FNA) was primarily developed in an endocrinology department and then in
the clinical laboratory department or pathology department in the 1970-80s. Wrights staining is
popular in endocrine and clinical laboratory departments, while hematoxylin and eosin staining is
common in pathology. Liquid based cytology is not common in thyroid FNA cytology, while
BRAF®E mutation analysis has been the most popular molecular test. The history and practice
of thyroid FNA practice in China were reviewed based on retrospective study of the practice in
Qilu Hospital of Shandong University.

Key Words: Thyroid fine needle aspiration; Practice; China; Qilu Hospital

Fine-needle aspiration (FNA) was applied first on the body surface
and then in deep organs in the 1970-80s. Bone tumor cytodiag-
nosis was developed by hematologist and cytologist Dr. Xiaojing
Peng,” who published the first Chinese FNA book, Atlas of
Clinical Cytology, in 1972. The Chinese Academy of Cytology was
founded and the first National Clinical Cytology Conference
was held in 1985, which was a milestone of cytology in China.”
New ancillary techniques such as immunocytochemistry,
flow cytometry and DNA alteration analysis were applied in
addition to cytopathology starting at the end of 1980s."” Liquid-
based cytology was initially applied to the cervical smear in the
1990s and greatly improved slide quality and accuracy of diagnosis.
The Bethesda System (TBS) for reporting cervical cytology replaced
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Papanicolaou classification, and computer-aided analysis started
to play a role.

Cytology has started to play a more prominent role in diagnosis,
and quality control of cytology has further improved during the
recent 10 years. The Cytology Operational Manual and Quality
Control Standards were proposed by the Cytology Section of
the Chinese Pathology Association in 2007. A Cytology Quality
Control Expert Team was formed in 2010 to supervise clinical
diagnosis and academic training, and international exchanges
became more popular.

THYROID FINE-NEEDLE ASPIRATION IN CHINA

Thyroid FNA was primarily developed in endocrinology
departments and became popular around China in the 1970-80s.
Wright’s stain was originally the most popular staining method
and was founded by hematologist and cytologist Dr. Xiaojing
Peng. In 1987, a national conference posited that FNA cytology
should be a branch of pathology, and the cytologist should have a
background of surgical pathology. Thyroid FINA began to increase
in popularity in some pathology departments, and hematoxylin
and eosin staining was applied because it increased the ease of
comparing histological samples. Ultrasound-guided thyroid FNA
(UG-EFNA) became popular gradually, and molecular examination
was applied as an additional diagnostic method for papillary
thyroid carcinoma (PTC).

MOLECULAR TESTING OF THYROID
FINE-NEEDLE ASPIRATION IN CHINA

Next-generation sequencing was proposed recently to improve
the diagnosis of thyroid FNA specimens with indeterminate
cytology; however, it is expensive and not well accepted in clinics
in China.'""> BRAF'®" mutation analysis was recommended
by American Thyroid Association (ATA) guidelines as an auxiliary
diagnostic method for thyroid FNA cytology.”"* The amplifi-
cation refractory mutation system is efficient and inexpensive
and is the most popular method for detection of BRAF'™"* mu-
tation in China. Zhang ¢ a/."* tecently studied the Thyroid Imag-
ing Reporting and Data System (TTRADS), Bethesda System for
Reporting Thyroid Cytopathology (BSRTC), and the BRAF'*™®
mutation analysis as molecular tools in diagnosing thyroid car-
cinoma. The TTIRADS was applied for selecting patients for
FNA biopsy and BRAF'* mutation analysis. They found that
BRAF™" mutation detection had the best sensitivity, specificity,
and accuracy among the three methods. Both TIRADS and
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BRAF"™ detection showed increased sensitivity and accuracy
when combined with BSRTC. Of all methods, a combination
of BSRTC and BRAF'** mutation detection demonstrated the

. . . 4
best diagnostic efficiency."

PRACTICE IN QILU HOSPITAL,
SHANDONG PROVINCE

Thyroid FNA is not yet well accepted in China, and most
general hospitals use frozen sectioning as a diagnostic method
instead of thyroid FNA. Some hospitals began to use UG-FNA
around the 1990s, along with diagnostic frozen sectioning.
UG-FNA is more popular in local hospital than in general hos-
pital. Qilu Hospital is one of the epitomes of thyroid FNA in
China, and began performing non-ultrasound guided thyroid
FNA cytology in the endocrinology department (including both
FNA and cytopathology) in 1991. UG-FNA for thyroid nodules
began in 2014, the pathologist began to sign the thyroid FNA
report instead of the endocrinologist.

Another point to note is that most Chinese patients choose to
undergo diagnostic surgery in the presence of unfavorable clinical
and ultrasonographic features, no matter what the size is. There
were 2,612 thyroid surgeries, all with a rapid intraoperative
pathological diagnosis using diagnostic frozen section, from 2015
to 2016 in our department.” However, only 791 thyroid FNA
patients (30.3%) underwent thyroid surgery. This indicates that
there s still ample opportunity for advancement of thyroid FNA
in China. Thyroid FNA should be performed to avoid unnecessary
surgery for benign thyroid lesions.

Materials and methods

A retrospective study was conducted of all patients with UG-
FNA between January 2014 and April 2017 in Qilu Hospital,
Shandong University. All patients had available thyroid ultra-
sound records. Approval was obtained from Qilu Hospital ethics
committee, and the patients provided written informed consent.
Criteria for FNA were those of Dr. Zhu ¢ a/."® Hematoxylin
and eosin—stained slides of all tumors were reviewed by three pa-
thologists (Z.L., X.Z., and PS.). Diagnosis was made according
to BSRTC, as shown in Table 1; the only exception was that the
cystic-only group was classified into the benign group rather
than as nondiagnostic."”

Criteria for surgical treatment
Thyroid surgery was recommended to all patients with suspicion
of malignancy or malignancy reports. Diagnostic surgery and
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frozen sectioning were suggested for patients with high-risk clinical
or ultrasonographic features. Patients with at least one atypia of
undetermined significance or follicular lesion of undetermined
significance (AUS/FLUS) report were recommended for repeat
FNA or diagnostic partial thyroid lobectomy. Once malignant
histological evidence was demonstrated by frozen section, lobectomy
was performed for papillary thyroid microcarcinoma (PTMC),
and total thyroidectomy was usually performed for tumors larger
than 1 cm with lymph node metastasis. Patients refusing surgical
treatment or with high surgical risk were recommended for
clinical and ultrasonographic follow-up. Patients with benign
FNA cytology diagnosis underwent surgery only when there were
clinical symptoms. Patients with nondiagnostic reports were
recommended for repeat FNA or clinical and ultrasonographic
follow-up.

Results and discussion

As shown in Table 1, FNA performed on 2838 thyroid nodules
showed 3.6% nondiagnostic specimens, 44.7% benign nodules,
7.1% indeterminate (6.9% AUS/FLUS and 0.2% follicular
neoplasm or suspicious for a follicular neoplasm [FN/SEN]),
14.1% suspicious for malignancy, and 30.6% positive for malig-
nancy. The correlation between FNA cytology and histological
diagnosis is shown in Table 2.

Table 1. Results of FNA cytology according to the Bethesda Sys-
tem for reporting thyroid FNA

Bethesda category Nodule
Nondiagnostic 101 (3.6)
Benign 1,268 (44.7)
AUS/FLUS 195 (6.9)
FN/SFN 5(0.2)
Suspicious for malignancy 401 (14.1)
Malignancy 868 (30.6)
Total 2,838 (100)

Values are presented as number (%).

FNA, fine-needle aspiration; AUS/FLUS, atypia of undetermined signifi-
cance or follicular lesion of undetermined significance; FN/SFN, follicular
neoplasm or suspicious for a follicular neoplasm.

4151 cyst fluid only.

The most common FNA diagnosis rendered in our practice
was benign, which was nearly the same as the Bethesda expected
incidence. Ninety cases of benign nodules were followed with
clinical management because of high-risk ultrasound results, 31
cases were proved to be PTMC less than 5 mm in diameter, and
one case was mucosa-associated B-cell lymphoma. This positive
rate of FNA for PTMC less than 5 mm is worse than other prac-
tices in China, probably due to the unskillful operation of the UG-
FNA for thyroid nodules less than 5 mm in diameter."” Nodules
less than 1 cm in size should be followed up closely according
to the ATA guideline,>"® which is not well accepted in China.
Two cases of FN/SFN were proved to be follicular carcinoma
(FTC), and one was proved to be follicular tumor of uncertain
malignant potential, which indicated the difficulty to cytologi-
cally differentiate atypical follicular adenoma from minimally
invasive FTC."”

Fifteen of 21 cases of AUS/FLUS were proved to be histologi-
cally malignant. These results were different from another study
in China, as shown in Table 2. The risks of malignancy (ROMs)
of AUS/FLUS and suspicious for malignancy were nearly the
same, likely due to the different diagnostic criteria for the cyto-
pathologist; when there are less than 30 atypical cells, we make
the diagnosis of “AUS/FLUS” instead of “suspicious of malig-
nancy.” This is an attempt by the pathologist to suggest a repeat
FNA instead of diagnostic surgery for such lesions. In the suspi-
cious of malignancy group, there were three cases of hyalinizing
trabecular tumor (HTT). As shown in Fig. 1A and B, there were
obvious pseudoinclusions in the cell smear of HTT. Although
the nuclear clearing is not conspicuous, the cells were of variable
size with nuclear atypia and nuclear grooves, which led to the
over-diagnosis of PTC. However, filament-like hyalinizing ma-
terial was found around the tumor cells, suggesting the possi-
bility of HTT, which is classified as borderline tumor in the new
World Health Organization classification of endocrine tumors.”

Patients in the “nondiagnostic” group will not undergo imme-
diate operation, and repeat FNA is recommended after 3-month
follow-up in our practice. Only six cases were followed by operation,

Table 2. Correlation of FNA cytology with histological diagnosis for the 791 cases

Bethesda category Nondiagnostic ~ Benign AUS/FLUS FN/SFN Suspicious for malignancy ~ Malignancy Total
Cases for surgery 6 90 21 3 200 471 791
Malignancy on surgery 0 31 15 2 168 457 673
ROM (%) 0 34.4 71.4 66.7 69 97.0 85.1
ROM from Zhang et al.™* (%)? 27.9 7.9 455 795 98.5 100 65.5
ROM from Haugen™ (%)° 20 2.5 14 25 70 99 Not available

FNA, fine-needle aspiration; AUS/FLUS, atypia of undetermined significance or follicular lesion of undetermined significance; FN/SFN, follicular neoplasm or

suspicious for a follicular neoplasm.

“Risk of malignancy (ROM) in another two thyroid FNA practices in China; "ROM in practice in United States.
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Fig. 1. (A) Cytology of hyalinizing trabecular tumor. The thin green arrow shows nuclear groove, and the thin blue arrow shows pseudoinclu-
sion. The arrowhead shows filament-like hyalinizing material between the tumor cells. (B) Histology of hyalinizing trabecular tumor. The thin
green arrow shows nuclear groove, and the thin blue arrow shows pseudoinclusion. The arrowhead shows hyalinizing material around the

cell nests.

and none of them was malignant. The ROM of this category was
different from that of another practice in China and Dr. Ali’s
practice in the United Sates."**' Routine BRAF'*™ mutation
analysis was applied to all FNA samples in Dr. Zhang’s practice,
which could improve the accuracy rate of FNA." This is likely
one reason that the operation rate was low in our practice for
patients in the nondiagnostic category. Another reason could be
asignificant number of patients went to another hospital instead of
our hospital because of bed tension or economic issue. Meanwhile,

FYE mutation

Dr. Zhang’s result suggests that routine BRA
analysis is necessary to improve the efficiency, sensitivity, and
specificity of thyroid FNA cytology.

Above all, thyroid FNA is an important part of preoperative
diagnosis, but it is still in an early stage in China compared with
histopathology. Ultrasound, radiology, physical presentation,
and molecular features of thyroid nodules are critical to achieve
an accurate cytologic diagnosis. The last decade has witnessed
rapid development of thyroid FNA in China. The next decade
will offer exciting opportunities, and international exchange and
cooperation are necessary for cytologists to develop thyroid FNA
to a higher level.
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Fine-needle aspiration cytology (FNAC) is a screening test for triaging thyroid nodules, aiding in
subsequent clinical management. However, the advantages have been overshadowed by the
multiplicity of reporting systems and a wide range of nomenclature used. The Bethesda System
for Reporting Thyroid Cytopathology (TBSRTC) was formulated in 2007, to give the world a uniform
thyroid cytology reporting system, facilitating easy interpretation by the clinicians. Here, we review
the status of thyroid FNAC in India in terms of various reporting systems used including a meta-
analysis of the previously published data. An extensive literature search was performed using internet
search engines. The reports with detailed classification system used in thyroid cytology were
included. The meta-analysis of published data was compared with the implied risk of malignancy
by TBSRTC. More than 50 studies were retrieved and evaluated. TBSRTC is currently the most
widely used reporting system with different studies showing good efficacy and interobserver
concordance. Ancillary techniques have, as of now, limited applicability and acceptability in thyroid
cytology in India. Twenty-eight published articles met the criteria for inclusion in the meta-analysis.
When compared with TBSRTC recommendations, the meta-analysis showed a higher risk of malig-
nancy for categories | and Ill. Thyroid FNAC is practiced all over India. TBSRTC has found wide-
spread acceptance, with most institutions using this system for routine thyroid cytology reporting.
However, reasons for a high malignancy risk for categories | and Il need to be looked into. Various
possible contributing factors are discussed in the review.

Medical Sciences, New Delhi 110029, India
Tel: +91-9868895112

Fax; +91-11-26588641
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Thyroid cancer is the most common endocrine malignancy,
constituting 0.1%-0.2% of all cancers in India with an age-adjusted
incidence of 1 per 100,000 in males and 1.8 per 100,000 in females."
As per the latest three-year report of 27 population based cancer
registries from 2012 to 2014 issued by the National Cancer
Registry Program, the incidence was particulatly high among
females of Papumpare District in Arunachal Pradesh (age adjusted
rate 20.7 per 100,000 population), followed by Thiruvanan-
thapuram (13.3) and Kollam Districts (12.0) in Kerala.”

Thyroid cancers most commonly present as a solitary thyroid
nodule. The consensus guidelines from the Endocrine Society of
India published a summary of current medical evidence for thyroid
nodule management and optimized the guidelines for the clinical
practice setting in India.” It includes a strong recommendation
(Level A) for evaluation of all thyroid nodules > 1 ¢m, including
both palpable and radiologically distinct non-palpable nodules.’
Prevalence of palpable nodules in India is about 12.2%." India
being an endemic area for goiter due to iodine deficiency, it is
important to differentiate benign thyroid nodules from malignant

ones.
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Numerous studies have demonstrated that fine-needle aspira-
tion cytology (FNAC) is a valid procedure for evaluation of thy-
roid nodules in adults and pediatric population. The role of
FNAC is increasing in recent years in management and risk
assessment of thyroid nodules.

Cytological evaluation of thyroid swellings is a rapid, easy
and inexpensive diagnostic procedure which is widely used as a
screening tool. It helps in triaging the patients into candidates
for surgical or conservative management. However, the tech-
nique has its own shortcomings mainly due to interobserver
and intraobserver variability, especially in indeterminate cases.
In addition, there is also a lack of uniformity in the reporting
systems used, which vary not only from country to country but
also from laboratory to laboratory and even among individuals
working at the same laboratory. This hampers accurate inter-
pretation by the clinician, thus affecting patient management.
To address this common issue, the Bethesda System for Reporting
Thyroid Cytopathology (TBSRTC) was introduced based upon
the proceedings of “The NCI Thyroid Fine Needle Aspiration
State of the Science Conference” held in Bethesda, Maryland, in

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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2007.” TBSRTC encompasses six thyroid cytology categories,
with each category having an implied cancer risk and the best
modality of management.’

Here we review the available Indian literature on the status of
thyroid aspiration cytology in India along with a meta-analysis
of the reviewed data. We performed an extensive literature search
in PubMed and Google Scholar databases using the following
keywords: “India,” “thyroid,” “cytology,” “cytopathology,” “audit,”
“cytology-histology correlation,” “the Bethesda system,” “TB-
SRTC,” and “FNAC.” Those reports in which a recognizable
classification system was used to categorize thyroid cytology
smears wete included. Case reports and case series were excluded.
Cross-references of the selected articles were also checked to look
out for additional studies. For meta-analysis, publications with
available histopathological correlation were evaluated. The publi-
cations which had not used TBSRTC but had used a four or higher-
tier system (including “unsatisfactory” category) were reclassified
to fit into one of the TBSRTC categories. Hence, “indeterminate
cases” were categorized as “atypia of undetermined significance/
follicular lesion of undetermined significance” (AUS/FLUS, category
IMI), while “follicular neoplasm,” “follicular patterned lesion”
and “Hurthle cell lesion/neoplasm” were classified as “follicular
neoplasm/suspicious for a follicular neoplasm” (category IV).
Wherever possible, the risk of malignancy (ROM) and the risk of
neoplasm (RON) were calculated.® Reports with just two categories
(benign and neoplastic) besides unsatisfactory and those using
histopathological terminologies for imparting cytological diag-
noses were not included in the meta-analysis. Papers just providing
statistical measures of performance (sensitivity, specificity, negative
and positive predictive values) of cytology in comparison with
histopathology but not providing details of the histopathological
diagnoses were also excluded from the meta-analysis. It should
be noted that approximately half of the analyzed articles were
published in non-PubMed indexed journals, which may raise an
issue regarding quality of the publications. As per our evaluation,
studies employed for this review contained sufficient amount of
raw or processed data, and hence were eligible for inclusion.

BRIEF HISTORY OF THYROID FINE-NEEDLE
ASPIRATION IN INDIA

FNAC was first used for cytological diagnosis in 1930s;’
however, the method has been widely used after 1952.° In India,
FNAC has been introduced in early 1970s.” First publication
on FNAC appeared in 1975 by Gupta ¢ a/.," which was pub-
lished in the Indian Journal of Cancer. Needle biopsy of the

http://jpatholtm.org/

thyroid had been attempted for the first time in 1965 in India,"
whereas the first paper on FNAC of the thyroid dates back to
1987 by Rege et al.'” Needle aspiration was initially started with-
out any guidance. Later, with the advent of interventional radi-
ology, the lesional localization was improved. Ultrasound-guided
fine-needle aspiration (FNA) is a widely-acclaimed technique in
investigating thyroid nodules/lesions. Approximately 50 reports
so far have been published based on the Bethesda system and
otherwise fulfilling our abovementioned criteria (Table 1)."%’

Most studies reclassified cases as per TBSRTC, and compared
their distribution data and the ROM in each of the categories
(Table 2).""%* Few compared diagnostic accuracy and inter-
observer variation of previously used classification systems with
TBSRTC. Old classification systems have been used in few of
the studies which evaluated sensitivity and specificity of thyroid
cytology in accurate diagnoses.

OPERATOR OF THYROID FINE-NEEDLE
ASPIRATION

Review of available literature in India and our personal expe-
rience suggest that most blind, palpation guided FNAs of thyroid
are done by pathologists, whereas clinicians or radiologists perform
the FNAC under image guidance and leave the interpretation
to pathologists. Although an occasional publication does provide
evidence of at least some cases being aspirated by surgical medical
officers, by-and-large, palpation-guided thyroid FNA is mostly
performed by cytopathologists and ultrasound-guided aspiration
by radiologists.*

In India, palpation-guided FINA appears to be the most commonly
used technique, probably being more cost-effective (Table 1).
Ultrasound-guided FNA is usually reserved for small or deep-
seated poorly palpable nodules. It is also preferable to use ultra-
sound guidance to aspirate predominantly cystic lesions and for
repeat aspiration of a previously non-diagnostic/unsatisfactory
aspirate. Only a few centers are using the ultrasound-guided
technique for all patients irrespective of the type of the thyroid
nodule (Table 1).>**

Interpretation can be done immediately after procedure at the
site of FNA or later in the laboratory after staining of aspiration
smears. Without rapid on-site evaluation (ROSE), a significant
subset of thyroid FNAs are diagnosed inadequate/unsatisfactory
for interpretation, which potentially leads to repeat aspirations and
additional procedures. The basic purpose of ROSE is to increase
the adequacy rate, diagnostic yield, and accuracy of the procedure.
Systemic reviews and meta-analysis showed significant reduction
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in inadequacy rate of thyroid FNAs with ROSE.®*®* Acquisition
of ROSE in routine practice depends upon the infrastructure of
the institute which includes availability of manpower, location
of the procedure room, case volume, and resources. In our institute,
ROSE is offered to all thyroid FNAs under guidance, and it is
performed by cytopathologists. Studies on comparison analysis
of adequacy assessment of thyroid FNA with and without ROSE

Table 2. Descriptive data with the risk of malignancy

Thyroid Cytology in India ¢ 537

were not found in Indian literature. We believe ROSE is practiced
only in a few academic institutions in India.

CYTOTECHNICIAN TRAINING PROGRAM AND
QUALITY CONTROL IN INDIA

The Indian Academy of Cytologists (http:/www.cytoindia.com)

Thyroid FNA Distribution of the Bethesda categories and corresponding risk of malignancy (%)
No. Study
(operated nodules) I Iil \V; vV v

1 Mandreker et al. (1995)" 1,992 (238) 12.7 78.2 (5.5) - - 76(263) 15091.7)

2 Sirpal (1996)* 1,114%(128) 0.6° (0) 97.1(0) - 1(11.1) - 1.3 (100)

3 Handaetal (2008)'s 434 (66) 5.1 87.8(1.9) - 3.2(0) - 3.9(100)

4 Guhamalick et al. (2008)' 288 (75) 135 68.4 (3.1) 5 9.4 (30) 5 8.7 (95.6)

5 Gupta et al. (2010)"” 75 (75) - 60 (6.7) - 24 (16.7) 40) 12 (100)

6 Bagga and Mahajan (2010)® 252 (32) 1.6 90.5 - - 6.7 1.2

7 Renuka et al. (2012)*° 564 17 70.5 1.9 4.2 2.6 3.5

8  Sharma and Mathur (2012)* 94 (76) 2.1 53.2 (0) 5 35.1(10) 2.1(100) 7.4 (100)

9 Mondaletal. (2013 1,020 (323) 1200 87.5 (4.5) 1(20) 42(30.6) 1.4(75) 4.7 (97.9)
10 Bhasin et al. (2013)* 80 1.2 61.2 10 20 3.8 3.8
11 Panchal et al. (2014)% 300 (36) - 98.7 - - 0.3 1
12 Pathak et al. (2014)*° 454 25.7 59 6 4 18 3.5
13 Sukumaran et al. (2014)® 248 (248) 6(6.7) 125(12.9) 4.4(546) 13.3(87.9) 4(100) 59.7 (100)
14 Arul and Masilamani (2015)%" 483 (209) 583  445(1.1) 29(0) 215(11.5) 15.3(96.9 10.8(100)
15 Amletal (2015)% 603 (392) 2.70) 65.2(1.2)  10(24.4) 106(289) 53(70.8) 6.3 (100)
16 Sekharetal. (2015)%® 150 (64) 2.6 (0) 76.6 (0) 0.7 12769  2.7(100) 4.7 (66.7)
17 Mehra and Verma (2015)* 225 (40) 7.20) 80(13)  49(100F  2.2(25) 3.5 (50) 2.2 (100)
18 Agrawal etal. (2015 281 (134) 2.5(0) 87.9(1.8) 39 25(182)  1.8(80) 1.4 (100)
19 Sharma (2015)% 724 (724) - 87.7(1.3) - - 29(52.4) 9.4(97.1)
20 Thakkar et al, (2015 134 (24) 45(0) 85.8(0) 0.7 7.5(33.3) 0.7 0.7
21 Garg et al. (2015 100 (60) 6 (20) 78(0) 4(25) 5 (20) 3(66.7) 4(100)
22 Kathirvel (2015)* 59 156.3 16.9 16.3 16.9 163 20.3
23 Mamathaet al. (2015)* 240 (214) 10.8 59.2 (0) 4.2 (50) 15 (6.7) 42(60)  6.6(100)
24 Guptaetal (2015)%° 300 11 78 2 3 1 5
25 Shankaretal (2016)* 402 (92) 10.7 (0) 81.6(16 1.2(0) 1.7 (28.6) 2(71.4)  2.7(80)
26 Prathimaet al. (2016)* 178 (60) 117333 775(7.1)  1.1(50) 3.9 (25) 22(66.7) 3.3(100)
27 Mehrotra et al. (2016) 175 (34) 46 68.6 (0) 5.7 17.1(0) 1.1°(0) 2.9° (100)
28 Tagore et al. (2016)* 100 3 81 0 9 3 4
29 Kalita and Das (2016)* 664 12 72.3 1.8 4.8 15 7.5
30 Bhartiya et al. (2016)* 238 (105) 5.9 84(2) 1.8 290 25 3.4 (100)
31 Kulkarni et al. (2016)%° 151 (16) 11.2(0) 76.8 (0) 0 9.3 (25) 0.7 2 (100)
32 Lohiya et al. (2016)*' 250 4 88 2 1.6 0.8 3.6
33 Kasliwal et al. (2016) 411 (97) 0.5 94.2 (2.6) 0 35(22.2) 0 1.7 (100)
34 Khatibetal. (2016)* 287 (287) 0.7 0) 87.8(33) 3.5(20) 4.2 (25) 1.7 (80) 2.1(100)
35 Pantolaetal (2016) 218 (44) 5.5 (0) 69.3(0) 10.5(8.3) 8.2 (10) 2.3(100) 4.1 (100)
36 Solankietal. (2016)% 1,287 (62) 22(182) 739(26) 0.7 1.5 (50) 0.4 (50) 1.3 (100)
37 Kannanetal, (2017)° 404 (243) 77(286) 408(13) 243(417) 106(46.9 6.9(96.3) 9.7 (100)
38 Mahajan et al. (2017)°" 4,532 (335) 3.5 (50) 79.6(7.8)  2.5(50) 3.9(28.6) 05(75) 9.8(85.4)
39 Chandra et al. (2017)2 9r1e 55 74.9 6.4 (51.4) 2.6 3.2 7
40 Laishram et al. (2017)% 576 (11) 5.2 89.9 0 2.2 (40) 0.3 2.2 (100)

FNA, fine-needle aspiration.

Excluding nine extrathyroidal; ®After adjustment of “inconclusive” to the Bethesda terminology; °Only one case with available histology; “Included 35 cases of

category Il with surgical follow-up.
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conducts examination for cytotechnicians and cytotechnologists.
There are few centers which run cytotechnician and cytotech-
nologist training programs for certification. Cytotechnologists
work as cytoscreeners; however, in India only limited institutions
have cytoscreeners. Their work allocation depends upon the insti-
tutional work requirement and administration policies.

The External Quality Assurance Programme of the Indian
Academy of Cytologists is aimed to maintain and monitor the
quality of reporting on all cytopathology specimens, in which
over 100 cytopathology laboratories from all over the India partic-
ipate for FNA, exfoliative specimens and cervical smears. In
terms of thyroid FNA, only straightforward diagnoses (such as
lymphocytic thyroiditis or carcinomas) are assessed and so TBSRTC
is not strictly followed, unlike cervical smears where it is manda-
tory to diagnose lesions according to the Bethesda classification
(personal communication with Prof. Radhika Srinivasan, Post-
graduate Institute of Medical Education and Research, Chandi-
garh, India).

PREPARATION AND STAINING OF THYROID
CYTOLOGY SAMPLES

The needles used in thyroid FNA vary in size from 21G to
28G, with or without aspiration for fine needle aspiration cytology
and fine needle capillary sampling, respectively (Table 1). The
most commonly used needle was 23G followed by 24G in pub-
lished studies. Since the thyroid is a highly vascular organ, and
given the risk of hemorrhagic complications, it is advisable to
use a small-bore needle (25-27 gauge). The unstained smear may
then be visually evaluated for tissue fragments and/or colloid,
and if required, a larger bore needle may be used for subsequent

>% Larger diameter needles are also preferable for

aspirations.
draining thick colloid.’

Most institutes use direct smears in which the material is smeared
onto the glass slide and either kept air-dried for Romanowsky
stains (May-Griinwald-Giemsa, Leishman, Giemsa) stain or wet-
fixed with common fixatives (95% ethyl alcohol, 95% methanol,
95% isopropyl alcohol, or a solution of ether and 95% alcohol)
for Papanicolaou and/or hematoxylin and eosin stain (H&E). Papa-
nicolaou and H&E stains help in characterization of nuclear features
whereas Romanowsky stains better define cytoplasmic charac-
teristics. In case of cystic nodules, aspirated fluid is centrifuged
and smears are prepared from the sediment. Most cytopathologists
in India use a combination of Romanowsky and Papanicolaou
stains. However, H&E is preferred in a few institutions due to its
cost effectiveness and better familiarity of the stain from surgical

http://jpatholtm.org/

pathology.

Liquid-based cytology (LBC) is another adjunctive technique
in thyroid FNA which is associated with better preservation of
cellular details. It removes obscuring hemorrhage, cellular debris
and inflammacory cells to a large extent from the background.
Keyhani e a/.”” have compared conventional, cell block and LBC
preparations in a cohort of 100 patients with thyroid nodules.
While a significant percentage (87%) of cases yielded informative
results using LBC method, only 69% of the samples processed
for cell blocks were informative. Both techniques had almost
equal sensitivity (95% for LBC vs 96% for cell block), but the
specificity of LBC (31%) was reported to be higher than that of
the cell block (24%). It has been suggested that LBC may be
used as a supplementary technique to conventional smears to
improve the diagnostic yield of thyroid aspiration cytology. In a
more recent study by Prasad ez /., LBC slides from 41 cases of
thyroid swellings (23 nodular colloid goiter, 14 thyroiditis, and 4
carcinoma) were assessed and compared with conventional
smears. Importantly, the authors cautioned against the regular use
of LBC in thyroid cytology. While the amount of background
colloid was reported to be significantly diminished, they found
nuclear features (grooves and pseudoinclusions) of papillary thyroid
carcinoma less forthcoming on LBC. Another study evaluated 18
cases of thyroid swellings (10 colloid goiter, four thyroiditis,
and four carcinoma cases) by LBC and compared the results with
conventional smears.” While the technique was not found to be
of much use in benign thyroid diseases, it was beneficial in diag-
nosis of neoplastic lesions. However, the small number of cases
evaluated precludes any definite interpretation. To conclude,
data reported from Indian institutions suggest that LBC may be
used as an adjunct method but cannot replace conventional
smears in thyroid cytology.

THYROID CYTOLOGY REPORTING SYSTEMS

Reporting of thyroid aspirate smears has evolved tremendously
over the past decade. Studies from pre-Bethesda era showed usage
of a range of formats for reporting. These include descriptive re-
porting, use of histopathology equivalents, and variably tiered
classification systems, ranging from just two categories (non-
neoplastic and neoplastic) to four or five categories (Table 1). In
the past and even today in some centers across the country, a
range of formats are being used. Histopathology correlates when
used are easily interpretable by the clinicians, however, they may
not be perfectly applicable to all thyroid aspirates, especially the
gray zone lesions: for example, follicular neoplasms, hyperplastic

https://doi.org/10.4132/jptm.2017.08.04



thyroid nodules versus follicular adenoma, papillary hyperplasia
versus papillary thyroid carcinoma, or reactive change versus
papillary thyroid carcinoma. These cytodiagnostic categories do
not provide management guidelines to clinicians. The 2-tier
system suffers from similar shortcomings, and can lead to over- as
well as under-treatment. A 3- or 4-tiered system has a drawback
of inadvertent clubbing of benign and malignant cases. Benign
lesions such as hyperplastic nodules and Hashimoto’s thyroiditis
with nuclear atypia are combined together with follicular/Hurthle
cell neoplasms, non-invasive follicular thyroid neoplasm with
papillary like nuclear features (NIFTP) and carcinomas with poor
preservation or less cellularity.

After introduction of the 6-tiered TBSRTC,” several cytopa-
thologists tested its efficacy and reported the ROM in different
categories. Pathak ez a/.” reclassified over 400 thyroid aspirates as
per TBSRTC and found strong agreement level among the three
observers (Fleiss” kappa score, 50.7) and a significant reduction
in the number of inconclusive diagnoses (p <.001) while using
TBSRTC. In another study, TBSRTC was also found to be supe-
rior in terms of sensitivity (100% vs 77%) and specificity (82.5%
vs 69%) in comparison with the conventional system.” Upon
comparing three thyroid cytology reporting systems, which
included conventional (unsatisfactory, benign or negative for
malignancy, follicular lesions, indeterminate, positive for malig-
nancy), the British Thyroid Association/the Royal College of Pa-
thologists (BTA/RCP) (Thy 1-Thy 5 categories) and TBSRTC,
TBSRTC and BTA/RCP were found to be better in terms of ap-
proachability, classification of thyroid lesions, treatment and fol-
low-up than the conventional reporting system.”

NON-DIAGNOSTIC CRITERIA FOR
CYTOLOGICAL DIAGNOSIS

In cytology, every FNA from any organ system must be eval-
uated for adequacy in the proper context of clinical and radio-
logical findings. To decrease the false-negative rate, TBSRTC
has laid down criteria for adequacy. For accurate interpretation,
TBSRTC recommended any thyroid FNA specimen to be con-
sidered satisfactory for evaluation when at least six groups of
well-preserved, well-stained, and well-visualized follicular cells
are seen on the aspirate and each group is composed of at least
10 follicular epichelial cells, preferably on a single slide.” There
are certain exceptions to this rule, such as solid nodules with
cytologic atypia, solid nodules with inflammation and colloid
nodules. Cyst fluid with less than six groups is considered non-
diagnostic/unsatisfactory unless clinical and radiological fea-

https://doi.org/10.4132/jptm.2017.08.04
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tures are suggestive of a benign cyst.’

Pre-Bethesda era studies considered an FNA as unsatisfactory/
non-diagnostic when there was less cellularity (no objective
quantification) and when excessive blood or poor technical quality
obscured smears such as overtly thick smears and air drying of
alcohol-fixed smears. Now, most cytopathologists use objective
adequacy criteria laid down by TBSRTC, except for a few who
use the Royal College guidelines (Table 1).*

Since inception of TBSRTC in 2008, most laboratories in India
have adopted it. However, a few studies have used a different
set of criteria."” While TBSRTC requires 5—6 groups of well-
preserved follicular epithelial cells with 10 or more cells per group,
Tagore et al.”” claimed that in case of large clusters of follicular
epithelial cells, 10 clusters were needed with each having more than
20 cells. In case of presence of tissue fragments, the minimum
number of fragments required was 8.”” The Royal College of
Pathologists (RCP) guidelines were used in one of the studies,
which were similar to TBSRTC in terms of cellularity and approach
to cystic lesions, i.e., minimum of six groups of follicular cells
across all the submitted slides, each with at least 10 well-visualized
epithelial cells.”® Samples containing mostly macrophages but
lacking enough cells and/or abundant colloid were also considered
“unsatisfactory,” similar to cases with cellular details obscured
by blood/clotting or crushing artifact/poor fixation/poorly spread
smears. However, there were others who have just mentioned
“blood only/lack of cellularity/poor quality smears/presence of
obscuring factors” as the reason for calling a sample unsatisfac-
tory.>**** Still, some studies have not specified the criteria used

for adequacy.”**”’

ANCILLARY TECHNIQUES

Of the various ancillary techniques which can be utilized in
cytology as diagnostic aid, cell block, immunocytochemistry
(ICC) and flow cytometry are probably the most commonly
used. Ancillary studies in thyroid cytology are more useful in rare
borderline cases of medullary carcinoma,” anaplastic carcinoma,’”
metastases and lymphomas,”® than in the more common papil-
lary thyroid carcinoma. ICC could be used for diagnosing tu-
berculous thyroiditis, in which Ziehl-Neelsen staining had failed
to reveal acid-fast bacilli.”* ICC is a cost-effective and easy tech-
nique which can be performed on alcohol or acetone-fixed
unstained as well as destained cytology smears and better, if
available, on cell blocks.”” Nevertheless, its role in differentiat-
ing benign from malignant thyroid nodules of follicular cell origin
is limited with contradictory results in different studies.”

http://jpatholtm.org/
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Cell block is a complementary method of assessing cytology
material, which gained importance because of the advantages it
has over conventional cytology smears. Cell block is similar to a
mini-biopsy, since it imparts better-preserved tissue architecture
and provides several sections, which can be utilized to perform
a battery of ancillary tests including special stains, immunohis-
tochemistry, ultrastructural studies, and molecular tests.* Although
few studies have shown utility of cell blocks as an adjunct to
conventional cytology in diagnosis of thyroid tumors,” their use
in everyday clinical practice is limited by their low cellularity,
enhanced cost and turnover time.*” As per the available literature,
the technique is being done in routine only in rare centers actoss
India.

Molecular testing for BRAF mutation and other molecular
alterations, as per American Thyroid Association 2015 guide-
lines, may be used to supplement malignancy risk assessment,
especially in indeterminate cytology.*” However, there is not
much published data on the utility of thyroid FNA molecular
testing in India. Despite a thorough search, we could find only
one abstract, whereby the authors had retrospectively evaluated
40 thyroid aspirate samples for BRAF mutation by Sanger se-
quencing, with effective amplification achieved in over half of
them.” The mutation was detected in 12% of papillary thyroid
carcinomas, which was significantly lower than the expected
rate.** Rare reports of fluorescence in-situ hybridization on
cytology smears of thyroid are also available.”

While ENAC is the most common primary diagnostic mo-
dality for diagnosing follicular-derived thyroid tumors, cases
with clinical, cytological or radiological features suggestive of
non-follicular cell derived thyroid malignancy are subjected to
tru-cut or open biopsy, as it gives the additional advantage of
architectural preservation and performing immunohistochemistry.

It is of use especially for hematolymphoid neoplasms.®*

META-ANALYSIS OF THE RISK OF
MALIGNANCY IN THE BETHESDA
DIAGNOSTIC CATEGORIES

Owing to the variable number of cases included in various
studies, in order to get an accurate overall assessment of the
ROM in different categories, a metaanalysis was performed. Of
the 52 articles selected for the review, 28 met the inclusion cri-
teria for meta-analysis (Table 3). It was done using STATA ver.
12.0 (Stata Corp, College Station, TX). Random effects model
was used to calculate the pooled estimate. A p <.05 was considered
statistically significant.

http://jpatholtm.org/

TBSRTC has ascribed a particular ROM to every Bethesda
category (Table 3). Meta-analysis revealed a higher ROM for the
category III as compared to TBSRTC estimates, 34% versus 5%—
15% (Figs. 1-6). Recent meta-analyses by Straccia ¢z 2/.*” and
Krauss er 21.° also found a high ROM (27% and 24%, respec-
tively) for category III. Interestingly, we have also found a ROM
of 34.3% (unpublished data) at our institute. Category Il includes
cases which are neither undoubtedly benign nor can be catego-
rized into higher categories of IV and higher. It is so heteroge-
neous that sub-classification of AUS/FLUS has been recommended
by some authors, based on the presence of architectural and/or
nuclear atypia, improving cancer risk estimation.””” Alchough
TBSRTC defines AUS/FLUS category as last resource category
and should only be <7% of total thyroid FNAs, it was found out
to be a heterogeneous category which ranged from < 1% to > 5%
in different studies (Table 2). We have an approximately 11%
rate of AUS/FLUS category in our institute (unpublished data).

Cases with poor cellularity and/or technical quality having
some atypia are also huddled into this category. Our institute is
a teaching hospital, where aspiration is performed by residents.
Hence, lack of adequate experience of the aspirator results in
hemodilution and poor smear preparation and may contribute to
a higher ROM of category III. Re-aspirating such cases along with
radiological correlation, to some extent, decteases the proportion
of cases in this category as well as the ROM. Category I also
had a higher ROM and may be explained by the same reason.

Impact of the recent reclassification of non-invasive encapsulat-
ed follicular variant of papillary carcinoma of thyroid into NIFTP
is not evident in this review as most studies included are from pre-
NIFTP era. Studies post-NIFTP introduction have not specified
it in their histopathological diagnoses. It is likely that the impact,
particularly a decrease of ROM for the indeterminate diagnostic
categories,” is dependent on the incidence of NIFTP, which is
relatively low in our settings (unpublished data), consistent with
Asian data.”

In addition, a wide 95% confidence interval (CI) was noted for
categories 111 (23%-45%), IV (15%-36%), and V (55%-84%).
The wide range may be attributed to interobserver variation
and differences in experience levels of the pathologists. As the
extreme entities (benign and malignant) are the easiest to categorize
in a well-prepared aspirate, the CI values in the two categories
were low. Krauss ¢ 4/.° in their recent meta-analysis also reported
a wide CI for categories III, IV, and V. The authors ascribed it to
subjective differences in the interpretation of the Bethesda criteria
for diagnosis of these categories, and recommended introduction
of a performance measure such as ratio of AUS/FLUS to total
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ROM RON
Category  Studies included Pooled ROM P (%) sl ROM as per Studies included ~ Pooled RON P%)  palie
for ROM (95% Cl, %) TBSRTC (%) for RON (95% Cl, %)
| 18 15 (6-24) 11.8 34 1-4 15 34 (17-52) 655 01
I 28 3 (2-4) 54 .00 0-3 23 8 (6-10) 80.3 00
Il 15 34 (23-45) 57.9 01 5-15 11 62 (44-81) 774 .00
% 27 26 (15-36) 87.2 .00 15-30 23 81 (73-89) 77.2 .00
V 21 69 (55-84) 87.7 .00 60-75 17 76 (62-90) 64.1 .00
\ 28 94 (89-98) 56.3 .03 97-99 24 95 (90-99) 58.1 .05

ROM, risk of malignancy; Cl, confidence interval; TBSRTC, the Bethesda System for Reporting Thyroid Cytopathology; RON, risk of neoplasia.

Study ES(©95% Cl)  Weight (%)
Sukumaran et al. (2014) —_— 0.07(0.00-0.32)  33.79
Arul and Masilamani (2015) > 0.08 (0.00-0.38)  24.47
Garg et al. (2015) - 0.20(0.01-0.72)  5.84
Prathima et al. (2016) 0.33(0.01-0.91)  2.60
Solanki et al. (2016) = 0.18(0.02-0.52) 12.95
Kannan et al. (2017) 0.29 (0.11-0.52) 17.27

Mahajan et al. (2017)
Sirpal (1996)

Mondal et al. (2013)

Arul et al. (2015)

Sekhar et al. (2015)
Mehra and Verma (2015)
Agrawal et al. (2015)
Thakkar et al. (2015)
Shankar et al. (2016)
Kulkarni et al. (2016)
Khatib et al. (2016)
Pantola et al. (2016)
Overall (2=11.78%, p=.34)

<=

0.50(0.07-0.93)  3.07
(Excluded) -

d
d

Excluded
(Excluded
0.15(0.06-0.24)  100.00

)
)
)
)
)
)
)
)
)
)

-5 0

1
1 15

Fig. 1. Forest plot of meta-analysis on the risk of malignancy for Bethesda category | (non-diagnostic), '423:50-337:38:44:45.508354 566081 EG  effect

size; Cl, confidence interval.

thyroid FNAs for each laboratory to follow. As expected, RON
which includes benign tumors (the most common being follicular
adenoma) was higher than the ROM (Table 3).

CONCLUSION

Thyroid FNAC is practiced all over India in academic and
private institutes as well as private hospitals and laboratories. In
India, most thyroid aspiration samples are collected by patholo-
gists, using manual palpation. Most centers prepare both alcohol-
fixed and air-dried smears stained with Papanicolaou/H&E and
May-Griinwald-Giemsa, respectively. TBSRTC is currently the
most widely used reporting system with different studies showing

https://doi.org/10.4132/jptm.2017.08.04

good efficacy and interobserver concordance. Ancillary studies
including core biopsy and molecular testing, as of now, have
limited applicability and acceptability in thyroid cytology in India.
Category I1I is the most heterogeneous category with a wide range
of ROM and RON. Case to case discussion among the clinicians
and pathologists supplemented by radiological correlation may
help improve the management of these patients.
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Study ES (95% Cl) Weight (%)
Mandreker et al. (1995) J—— 0.06 (0.03-0.10) 5.37
Handa et al. (2008) —— 0.02 (0.00-0.10) 5.21
Guhamallick et al. (2008) > 0.03 (0.00-0.16) 2.43
Gupta et al. (2010) — 0.07 (0.01-0.18) 1.76
Mondal et al. (2013) e 0.05 (0.02-0.08) 7.1
Sukumaran et al. (2014) | 3 0.13 (0.04-0.30) 0.73
Arul and Masilamani S (2015) | —+——— 0.01 (0.00-0.06) 8.55
Arul et al. (2015) —-— 0.01 (0.00-0.03) 11.46
Mehra and Verma (2015) r < 0.13(0.03-0.34) 0.54
Agrawal et al. (2015) —— 0.02 (0.00-0.06) 7.79
Sharma (2015) - 0.01 (0.01-0.02) 12.82
Shankar et al. (2016) ——— 0.02 (0.00-0.09) 6.02
Prathima et al. (2016) - > 0.07 (0.01-0.19) 1.56
Bhartiya et al. (2016) -— 0.01 (0.00-0.04) 11.26
Kasliwal et al. (2016) —— 0.02 (0.00-0.08) 5.94
Khatib et al. (2016) - 0.03 (0.00-0.17) 2.19
Solanki et al. (2016) —_———— 0.03 (0.00-0.14) 3.19
Kannan et al. (2017) | - 0.13(0.06-0.23) 1.67
Mahajan et al. (2017) | ——— 0.08 (0.04-0.13) 4.40
Sirpa (1996) " (Excluded) -
Sharma and Mathur (2012) : (Excluded) -
Sekher et al. (2015) 1 (Excluded) -
Thakkar et al. (2015) : (Excluded) -
Garg et al. (2015) : (Excluded) -
Mamatha et al. (2015) 1 (Excluded) -
Mehrotra et al. (2016) : (Excluded) -
Kulkarni et al. (2016) ! (Excluded) -
Pantola et al. (2016) ! (Excluded) -
Overall (1?=53.97%, p=.00) ¢ 0.03 (0.02-0.04) 100.00

-2 0 2 4 6

Fig. 2. Forest plot of meta-analysis on the risk of malignancy for Bethesda category Il (benign), 1817:21:28:80-8842:44-46:49.50.52-54.56.6061 ES ' effect size;
Cl, confidence interval.

Kannan et al. (2017) 0.42 (0.28-0.57) 14.10

Study ES (95% Cl) Weight (%)
I
Monda et al. (2013) : 0.20 (0.01-0.72) 6.33
Sukumaran et al. (2014) : 0.55 (0.23-0.83) 7.85
Arul et al. (2015) —*—f— 024 (0.12-040) 1447
Garg et al. (2015) : 0.25 (0.01-0.81) 4.85
|
Mamatha et al. (2015) , 0.50 (0.16-0.84) 6.43
Prathima et al. (2016) ; 0.50 (0.01-0.99) 2.18
Khatib et al. (2016) : 0.20 (0.03-0.56) 9.41
Pantola et al. (2016) : 0.08(0.00-0.38) 1331
1
s (
(

|

Mahajan et al. (2017) ; 0.50 (0.21-0.79) 8.20
—_————

Chandra et al. (2017) . 051(0.34-069)  12.88

Arul and Masilamani (2015) i (Excluded) -
Mehra and Verma (2015) i (Excluded) -
Shankar et al. (2016) i (Excluded) -
Solanki et al. (2016) ' (Excluded) -

Overall (2=57.90%, p=.01) <> 0.34(0.23-0.45)  100.00

T 1
-5 0 5 1 15

Fig. 3. Forest plot of meta-analysis on the risk of malignancy for Bethesda category lIl (atypia of undetermined significance/follicular lesion of
undetermined significance)2:50-82:84.3842:44.4553.54.8660-62 ES effect size; Cl, confidence interval.
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Study ES (95% Cl) Weight (%)
Sirpal (1996) * : 0.11(0.00-0.48) 453
Guhamallick et al. (2008) L& 0.30 (0.12-0.54) 4.56
Gupta et al. (2010) = 0.17 (0.04-0.41) 4.79
Sharma and Mathur (2012) ~——+ 0.10(0.02-0.27) 5.22
Mondal et al. (2013) _— 0.31(0.16-0.48) 4.94
Sukumaran et al. (2014) : —— (.88 (0.72-0.97) 5.20
Arul and Masilamani (2015) —&—| 0.12 (0.04-0.23) 5.32
Arul et al. (2015) —_— 0.29 (0.16-0.44) 5.07
Sekhar et al. (2015) —o—}— 0.06 (0.00-0.29) 5.19
Mehra and Verma (2015) * 0.25 (0.01-0.81) 2.84
Agrawal et al. (2015) - 0.18 (0.02-0.52) 4.35
Thakkar et al. (2015) ; < 0.33(0.01-0.91) 2.21
Garg et al. (2015) — 0.20 (0.01-0.72) 3.36
Mamatha et al. (2015) —— 0.07 (0.01-0.22) 5.31
Shankar et al. (2016) - 0.29 (0.04-0.71) 3.48
Prathima et al. (2016) > 0.25 (0.01-0.81) 2.84
Kulkarni et al. (2016) ° 0.25 (0.01-0.81) 2.84
Kasliwal et al. (2016) - 0.22 (0.03-0.60) 3.99
Khatib et al. (2016) . 0.25 (0.05-0.57) 4.20
Pantola et al. (2016) < - 0.10 (0.00-0.45) 4.68
Solanki et al. (2016) - > 0.50 (0.07-0.93) 2.44
Kannan et al. (2017) | ———— 0.47 (0.29-0.65) 4.78
Mahajan et al. (2017) —— 0.24 (0.11-0.40) 5.05
Laishram et al. (2017) - - 0.40 (0.05-0.85) 2.81
Handa et al. (2008) | (Excluded) -
Mehrotra et al. (2016) : (Excluded) -
Bhartiya et al. (2016) [ (Excluded) -
Overall (12=87.23%, p=.00) <> 0.26 (0.15-0.36) 100.00

T T T T 1
-5 0 5 1 15

Fig. 4. Forest plot of meta-analysis on the risk of malignancy for Bethesda category IV (follicular neoplasm/suspicious for a follicular neopla
Sm)_M-W,ZT,23,30-35,37,38,42‘44,45,46,49‘50,52-54‘56,60,61,63 ES, eﬁeCt Size : Cl} Conﬁdence intervaL

Study ES (95% Cl)  Weight (%)
Mandreker et al. (1995) —_— i 0.26 (0.13-0.43)  8.96
Mondal et al. (2013) E 0.75(0.43-0.95)  7.62
Arul and Masilamani (2015) ! —— 0.97(0.84-1.00) 9.64
Arul et al. (2015) I* 0.71(0.49-0.87) 8.46
Mehra and Verma (2015) l 0.50(0.12-0.88)  5.56
Agrawal et al. (2015) : 0.80(0.28-0.99)  6.18
Sharma (2015) o ; 052 (0.30-0.74)  8.05
Garg et al. (2015) L 0.67(0.09-099) 4.6
Mamatha et al. (2015) - 0.60 (0.26-0.88)  6.81
Shankar et al. (2016) E - 0.71(0.29-0.96)  6.39
Prathima et al. (2016) : 0.67 (0.09-0.99) 4.16
Khatib et al. (2016) ' 0.80(0.28-0.99) 6.18
Solanki et al. (2016) i 0.50(0.01-0.99) 2.98
Kannan et al. (2017) ! —— 0.96(0.81-1.00) 9.56
Mahajan et al. (2017) ; 0.75(0.19-0.99)  5.28
Gupta et al. (2010) H (Excluded) -
Sharma and Mathur (2012) ! (Excluded) -
Sukumaran et al. (2014) ' (Excluded) -
Sekhar et al. (2015) i (Excluded) -
Mehrotra et al. (2016) E (Excluded) -
Pantola et al. (2016) ! (Excluded) -

N

T T T * T ]

-5 0 5 1 1.5
Fig. 5. Forest plot of meta-analysis on the risk of malignancy for Bethesda category V (suspicious for malignancy).'®7.2123.80-86.3842.44,
454656.54568061 ES effect size; Cl, confidence interval.

Overall (2=87.66%, p=.00) 0.69 (0.55-0.84) 100.00
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Study ES(©95% Cl)  Weight (%)
Mandreker et al. (1995) * 0.92 (0.62-1.00) 7.27
Guhamallick et al. (2008) ——_0.96 (0.78-1.00) 16.45
Mondal et al. (2013) ——* 0.98(0.88-1.00) 26.00
Sekhar et al. (2015) - : 0.67 (0.22-0.96) 1.53
Sharma (2015) — (.97 (0.90-1.00) 26.74
Shankar et al. (2016) - t 0.80 (0.28-0.99) 1.76
Mahajan et al. (2017) —_— 0.85(0.77-0.91) 20.26
Sirpal (1996) : (Excluded) -
Handa et al. (2008) I (Excluded) -
Gupta et al. (2010) | (Excluded) -
Sharma and Mathur (2012) : (Excluded) -
Sukumaran et al. (2014) : (Excluded) -
Arul and Masilamani (2015) I (Excluded) -
Arul et al. (2015) | (Excluded) -
Mehra and Verma (2015) ! (Excluded) -
Agrawal et al. (2015) l (Excluded) -
Garg et al. (2015) | (Excluded) -
Mamatha et al. (2015) | (Excluded) -
Prathima et al. (2016) : (Excluded) -
Mehrotra et al. (2016) l (Excluded) -
Bhartiya et al. (2016) | (Excluded) -
Kulkarni et al. (2016) : (Excluded) -
Kasliwal et al. (2016) | (Excluded) -
Khatib et al. (2016) : (Excluded) -
Pantola et al. (2016) ! (Excluded) -
Solanki et al. (2016) l (Excluded) -
Kannan et al. (2017) : (Excluded) -
Laishram et al. (2017) ! (Excluded) -
Overall (?=56.30%, p=.03) <> 094(0.89-0.98)  100.00

|

I T T : T 1

-5 0 5 1 15

Fig. 6. Forest plot of meta-analysis on the risk of malignancy for Bethesda category VI (malignant),'s-17:21:23:30-36:38:42:44,45,46,49,50.52-54,56,6061,63
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In Japan, fine-needle aspiration (FNA) cytology is the most important diagnostic modality for triaging
patients with thyroid nodules. A clinician (endocrinologist, endocrine surgeon, or head and neck
surgeon) generally performs FNA cytology at the outpatient clinic, and ultrasound (US)-guided
FNA is widespread because US is extremely common and most clinicians are familiar with it. Al-
though almost all FNA thyroid samples are examined by certified cytopathologists and patholo-
gists, some clinicians assess cytological specimens themselves. In Japan, there are two clinical
guidelines regarding the management of thyroid nodules. One is the General Rules for the
Description of Thyroid Cancer (GRDTC) published by the Japanese Society of Thyroid Surgery
(JSTS) in 2005, and the other is the national reporting system for thyroid FNA cytology published
by the Japan Thyroid Association in 2013 (Japanese system). Although the Bethesda System for
Reporting Thyroid Cytopathology (Bethesda system) is rarely used in Japan, both the GRDTC and
Japanese system tried to incorporate the Bethesda system so that the cytological diagnoses
would be compatible with each other. The essential point of the Japanese system is stratification
of follicular neoplasm (FN) into three subgroups based on cytological features in order to reduce
unnecessary diagnostic thyroidectomy, and this system has been successful in stratifying the risk
of malignancy in FN patients at several high-volume thyroid surgery centers. In Japan, the mea-
surement of thyroglobulin and/or calcitonin in FNA needle washings is often used as an adjunct for
diagnosis of possible cervical lymph node metastasis when FNA cytology is performed.

Key Words: Thyroid; Fine needle aspiration cytology; Indeterminate; The Bethesda System for
Reporting Thyroid Cytopathology; Japan; Risk stratification; Risk of malignancy

BRIEF HISTORY OF THYROID
FINE-NEEDLE ASPIRATION

Shortly after Soderstrom in Sweden described thyroid fine-
needle aspiration (FNA) cytology in 1952, it was introduced to
Japan."” In as early as 1972, Toriya published his first report on
thyroid FNA cytology (in Japanese with an English abstract)
from Ito Hospital (a thyroid center in Tokyo, Japan)’ where more
than 1,000 surgical procedures for thyroid disease were carried
out every year. His cytological diagnostic criteria were descriptive
and similar to those for pathological diagnosis of surgical speci-
mens. In 2005, Toriya® reported his results and cytological-his-
tological correlations in 1,702 surgically treated Japanese patients.
He found 68 patients (4.0% of those receiving surgical treatment)
in the indeterminate category, including 39 with benign lesions
and 29 with malignancies, and the risk of malignancy (ROM) was
42.6% in the indeterminate category." In that report, he divided
the indeterminate category into two subcategories (favor benign
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and favor malignant). Among 28 patients in the favor malignant
sub-category, 16 had malignancy (4 papillary thyroid carcinomas
[PTCs] and 12 follicular thyroid carcinomas [FTCs]) and the
ROM was 57.1%. Among 40 patients in the favor benign sub-
category, 13 had malignancy (3 PTCs and 10 FTCs) and the
ROM was 32.5%." This principle to sub-classify indeterminate
nodules into low-risk and high-risk categories was similar to
the Bethesda System, but the actual ROMs obtained by Toriya® in
surgically treated nodules were higher than the implied ROMs
for the atypia of undetermined significance (AUS)/follicular le-
sions of uncertain significance (FLUS) (5%—15%) and follicular
neoplasm (FN)/suspicious for follicular neoplasm (15%-30%)
categories estimated by the Bethesda system textbook.”

FINE-NEEDLE ASPIRATION THYROID
CYTOLOGY: SAMPLING AND INTERPRETATION

In Japan, the clinician (endocrinologist, endocrine surgeon,
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or head and neck surgeon) generally performs FNA cytology at
an outpatient clinic and FNA sampling by cytopathologists is
unusual. Ultrasonography (US) is widely available and inexpen-
sive (it costs only 35 U.S. dollars, about 10 U.S. dollars [30%)]
paid by patients and 25 U.S. dollars covered by the Japanese
national health insurance system). Thus, US-guided FNA is
preferred by most clinicians. Pathologists in Japan usually have
dual certification; they are certified for anatomical pathology by
the Japanese Society of Pathology and also for cytopathology by
the Japanese Society of Clinical Cytology (JSCC). One of the
characteristics of Japanese cytology practice is that a significant
number of cytopathologists have a second clinical speciality,
such as gynecology, endocrine surgery, breast surgery, respiratory
medicine, respiratory surgery, urology, dental surgery, etc. They
usually make a cytological diagnosis after collecting the speci-
mens themselves.” Approximately half of all thyroid FNA sam-
ples are diagnosed at commercial laboratories by board-certified
pathologists and the other half are assessed at hospitals by pathol-
ogists and doctors who are board-certified cytologists.

CYTOTECHNOLOGIST TRAINING PROGRAM
AND JAPANESE SOCIETY OF CLINICAL
CYTOLOGY CERTIFICATION

The JSCC holds examinations for qualification of cytotechnol-
ogists and those who pass are registered as JSCC certified cytotech-
nologists. There are two pathways to obtaining national board
recognition as a medical technologist in Japan; candidates must
complete either a 3-year course at a vocational school or a 4-year
course at a medical technology school, after which graduates can
sit the national examination for medical technologists. Those
who obtain a national medical technology license can apply to sit
the JSCC examination for cytotechnologists after working for
one year at the cytology laboratory of a teaching hospital. More than
800 teaching hospitals in Japan provide education on cytological
diagnosis and technical skills, along with cytology laboratory expe-
rience. There are also college level (4-year) schools whose grad-
uates are eligible to sit the JSCC cytotechnologist examination
without 1 year of practical experience, but these schools are
fewer than 10 and they remain a minor pathway. JSCC certified
cytotechnologists provide both technical assistance and cytology
screening services in the cytology laboratories of most institutions
in Japan and often play a leading role in a central laboratory.
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PREPARATION AND STAINING OF THYROID
CYTOLOGY SAMPLES

A 22- or 23-gauge needle is often used instead of a 26- or 27-
gauge needle, in combination with a 10-mL disposable syringe
and a pistol-grip mechanical syringe holder. Local anesthesia is
not provided. Two smear slides are usually prepared from one
FNA specimen, and are fixed in 95% ethanol or an equivalent
fixative. Wet-fixed smears with Papanicolaou stain are favored
by most laboratories, although some cytopathologists prefer ait-
dried smears with Giemsa stain or Diff-Quik stain. Liquid-based
cytology is used in some laboratories, but is not widely available.
Examination of FNA needle washings (hormonal assays and other
diagnostic markers) has recently become popular for confirmation
of the cytological diagnosis.

Thyroid FNA cytology reporting systems in Japan

There are two sets of clinical guidelines for handling thyroid
nodules. One is the General Rules for the Description of Thyroid
Cancer (GRDTC) published by the Japanese Society of Thyroid
Surgery (JSTS) in 2005 and updated in 2016.” It includes a reporting
system for thyroid FNA cytology. The other is a national reporting
system (the Japanese system) for thyroid FNA cytology that was
included in the clinical guidelines published by the Japan Thyroid
Association (JTA) in 2013.* The GRDTC reporting system was
adapted from the Papanicoloau Society recommendations pub-
lished in 1996," while the Japanese system was adapted from
Toriya’s diagnostic system developed at Ito Hospital in Japan,
which is characterized by two or three subclassifications of the
indeterminate category.*” The Japanese system initially classifies
the lesions in indeterminate category into indeterminate A (follic-
ular neoplasms without PTC-type nuclear features [PTC-NJ) and
indeterminate B (nodules with nuclear atypia). The indeterminate
A is further classified into three subcategories: Al (favor benign),
A2 (borderline), and A3 (favor malignant) (Table 1).” Although
the Bethesda System for Reporting Thyroid Cytopathology (TB-
SRTC) itself is rarely used in Japan, the GRDTC and JTA system
tried to incorporate TBSRTC so that cytological diagnoses made
with the GRDTC or Japanese system could be related to TB-
SRTC diagnoses, and even the JSTS recommended TBSRTC after
significant modifications. The GRDTC system is widely used in
Japan, but several high-volume thyroid surgery centers prefer
the Japanese system because they want to stratify the ROM in
patients with FN. The indication for surgery is judged compre-
hensively by risk assessment on the basis of cytological diagnosis,
ultrasound findings, and clinical findings. The prototype of the
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Japanese system has been used to reduce unnecessary diagnostic
thyroidectomy in patients with FN cytology at several thyroid cen-
ters, including Ito Hospital (Tokyo, Japan) and Kuma Hospital
(Kobe, Japan). As a result, it is not mandatory for Japanese patients
with FN to undergo diagnostic thyroidectomy, which is com-
pletely different from the management in Western countries.

Thyroid cytology classification according to the Japanese
system
In the Japanese system, thyroid nodules are classified into six

Table 1. Cytological reporting system recommended in the 2013
Japanese guideline for management of thyroid nodules

Diagnostic category Risk of malignancy (%)
Inadequate (non-diagnostic) 10
Normal or benign <1
Indeterminate

Indeterminate A (foliicular neoplasm)

A-1: favor benign <15

A-2: borderline 15-30

A-3: favor malignant 40-60

Indeterminate B

(others: atypia in non-follicular pattern lesions) g

Suspicious for malignancy

(not conclusive for malignancy) >80
Malignancy >99

categories by cytological diagnosis (inadequate, benign, inde-
terminate A, indeterminate B, suspicious for malignancy, and
malignant) (Table 1, Fig. 1). Indeterminate A is a category for
FN (equivalent to Bethesda IV, but excluding cases with PTC-N),
which is divided into three subcategories (A1, A2, and A3)
based on cytological findings and ROM. These cytological sub-
categories have an impact on making decisions about clinical
management. The cytological features of indeterminate A are
no colloid background, microfollicular growth, enlarged nuclei,
3-dimensional clusters, and high cellularity. Nodules that dem-
onstrate prominent trabecular clusters, cellular atypia, loss of cel-
lular polarity, loss of cohesiveness, and nuclear overlapping are
classified as group A3 (Fig. 2), while those with sheet-like follicles,
medium-sized follicles, and a low nucleus/cytoplasm ratio are
classified as group A1 (Fig. 3). Group A2 is intermediate between
groups Al and A3. Oxyphilic follicular tumors are handled as a
separate group from indeterminate A and do not undergo sub-
classification in the Japanese system. Indeterminate B consists
of lesions with nuclear abnormalities that are difficult to distin-
guish between benign and malignant, and are differentiated
from FN by the presence of worrisome PTC-N. Lesions with
extremely equivocal findings of PTC or medullary thyroid carci-
noma (MTC) may be classified into this category. Indeterminate

The Japanese system and the Bethesda system

The Bethesda system The Japanese system

| Inadequate

I Normal of benign

1l Indeterminate B (other tumors)

Oxyphillic

Indeterminate A oxyphilic

Oxyphillic FN

The original category of
Yamashita Thyroid Hospital

Favor benign

Indeterminate A1

Indeterminate A
vV "
(foliicular neoplasm)
Vv Suspicious for malignancy
Yl Malignant

Borderline
_v| Borderine |

Not oxyphillic FN Indeterminate A2

{ '
‘ Favor malignant ‘

Indeterminate A3

- J

Fig. 1. Correlation between the Japan Thyroid Association reporting system (the Japanese system) and the Bethesda System for Reporting

Thyroid Cytopathology (TBSRTC). FN, follicular neoplasm.
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B is almost equivalent to the Bethesda III (AUS/FLUY) category,
but FLUS without PTC-N are excluded and classified as inde-
terminate Al by the Japanese system. The other categories of
the Japanese system (inadequate, benign, suspicious for malig-
nancy, and malignant) are equivalent to those of TBSRTC (Fig. 1).
A further modification of the Japanese system is classifying
samples that only contain cyst fluid as benign because of an ex-
tremely low ROM."

The Japanese system in clinical practice at Yamashita
Thyroid Hospital

There are differences in surgical indications between Western
and Asian practice, and the indications vary even among the insti-

tutions in Japan.

Fig. 2. Cytological findings of indeterminate A3. Cellular atypia,
loss of cellular polarity, nuclear enlargement, and nuclear over-lap-
ping are noted. The specimen was aspirated from a minimally in-
vasive follicular carcinoma.

Fig. 3. Cytological findings of indeterminate A1. Microfollicular
clusters are seen. The nuclei are round and slightly small. The
specimen was aspirated from a follicular adenoma.
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At Yamashita Thyroid Hospital, the indications for surgery
in patients with thyroid nodules are as follows. Patients with
inadequate cytology are recommended to undergo repeat FNA
cytology or follow-up examination at intervals of 6 to 12 months.
US is routinely performed at each follow-up visit in these patients.
If a follicular tumor or cancer is suspected by US during the fol-
low-up, repeat FNA cytology is usually performed. Patients with
benign cytology are usually recommended to have follow-up
examination, but diagnostic thyroidectomy may be recommended
when the tumor is larger than 4 cm in diameter. Patients with
indeterminate A1 cytology receive either diagnostic thyroidectomy
or observation based on US findings and tumor size. Patients
with indeterminate A2 or A3 cytology are recommended to
undergo diagnostic thyroidectomy unless the tumor is small (e.g.
<1 cm in diameter). Although repeat FNA is recommended for
patients with indeterminate B cytology, most patients with sus-
pected malignancy according to US findings immediately undergo
diagnostic thyroidectomy without repeat FNA. Patients with
suspicious for malignancy or malignant cytology are recommended
to undergo therapeutic thyroidectomy, but some patients with
papillary microcarcinoma may be managed by observation, a
so-called active surveillance.'"*

At Yamashita Thyroid Hospital (Fukuoka, Japan), about
1,000 surgical procedures for thyroid disease are carried out every
year, and the results of US-guided FNA cytology for 1,600
nodules from January 2015 to April 2016 are summarized in
Tables 2 and 3. These tables show the correlation between cyto-
logical and histological diagnoses categorized according to either
TBSRTC or the Japanese system. Because liquid-based cytology
was not performed during this period, the frequency of Bethes-
da I (inadequate category) was high at 23.9% (382/1,600). The
resection rate (RR), ROM in resected patients, and ROM in all
patients receiving FNA are presented in Table 2. Among 154
nodules classified as Bethesda IV (Indeterminate A), 75 nodules
were Al, 29 nodules were A2, and 11 nodules were A3. Thirty-
nine lesions were suspected to be oxyphilic follicular tumors and
wete separately classified as indeterminate A oxyphilic according
to our original classification. The RR and ROM in each of these
four subcategories are also listed in Table 3. We were able to
successfully stratify category A into subcategories Al, A2, and A3
according to the increase of ROM and RR, thus reducing unnec-
essary thyroidectomies in patients with indeterminate A (EN).

The correlation between cytological and histological diagnoses
in patients who underwent FNA cytology and surgical follow-up
at Yamashita Thyroid Hospital is presented in Table 2. While
PTC accounted for 98% of Bethesda VI, only two MTCs, one
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Table 3. Resection rate and risk of malignancy in patients with indeterminate A cytology (including oxyphilic follicular neoplasm)

No. (%) Histological classification (malignancy)
Cytological classification Malignancy HOe Cigie] FTC PTC WDC-
FNA-cytology Resection histology (%)  ROM (%)  FTC PTC macrofol MTC
OXy fol NOS
Indeterminate A1 75 (48.7) 33 (44) 4 121 5.3 2 1 - 1 -
Indeterminate A2 29 (18.8) 20 (68.9) 10 50 34.5 7 - - 1 2 -
Indeterminate A3 1(7.1) 10(90.9) 6 60 54.5 3 - 2 - - 1
Indeterminate A oxyphilic 39 (25.3) 22 (56.4) 1 4.5 2.6 = 1 = = =
154 (100)  85(55.2) 21 247 13.6 12 2 2 2 2 1

FNA, fine-needle aspiration; ROM, risk of malignancy; FTC, follicular thyroid carcinoma; FTC oxy, follicular thyroid carcinoma, oxyphilic variant; PTC fol, papil-
lary thyroid carcinoma, follicular variant; PTC macrofol, papillary thyroid carcinoma, macrofollicular variant; WDC-NOS, well-differentiated carcinoma, not oth-

erwise specified; MTC, medullary thyroid carcinoma.

anaplastic thyroid carcinoma and one diffuse large B-cell lym-
phoma were included in this category. Similarly, PTC accounted
for more than 90% of the malignant tumors in Bethesda V. FTC
accounted for about 70% of the malignant tumors in Bethesda
IV (indeterminate A), while follicular variant PTC accounted
for 20%. In each indeterminate A subcategory (A1, A2, and
A3), more than half of the malignant tumors had a histological
diagnosis of FTC. In our hospital, the final histological diagnosis
was FTC for the majority of malignancies in indeterminate A.

In 2015, Sugino ¢ al.” reported on the correlation between
cytological and histological diagnosis in indeterminate A patients
according to the Japanese system. They assessed 1,553 indeter-
minate A patients (4.3%) among 36,066 patients who underwent
US-guided FNA thyroid cytology between 2005 and 2011 at Ito
Hospital (Tokyo, Japan). Histological diagnosis of the primary
thyroid tumor was available in 779 of the 1,553 patients with
indeterminate A lesions. The overall RR was 50.2%, with the
RR being 46.9% in Al, 55.4% in A2, and 65.1% in A3. The
overall ROM was 34.5% in resected cases, while the ROM was
30.0% in resected Al cases, 40.3% in A2, and 50.0% in A3.
In addition, FTC accounted for about 75.5% of malignant tumors
in indeterminate A patients, and 11 follicular variant PTCs
(4.1%) were included in indeterminate A category. Their results
are fairly consistent with our findings.

In conclusion, the Japanese system seems to direct high-risk
patients with FN to surgery, while low-risk patients with FN
are recommended for follow-up. FTC accounted for the majority
of malignancies in Japanese patients with indeterminate A lesions
who underwent diagnostic thyroidectomy, which is different

from reports on Western patients.'®"’

ANCILLARY TESTING,
INCLUDING CORE BIOPSY

Core needle biopsy is rarely performed in thyroid patients in
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Japan; it may be used instead of open biopsy to confirm malignant
lymphoma of the thyroid or undifferentiated carcinoma in inop-
erable cases. Molecular testing for BRAF mutation and other
molecular alterations, as suggested in the 2015 guidelines of the
American Thyroid Association,™ may be used to triage patients
with indeterminate nodules, but is not a common practice in Japan.
As of 2017, it is only done for academic research'’ because its
use is not supported by the Japanese national health insurance
system. On the other hand, measurement of thyroglobulin (Tg)
and/or calcitonin in FNA needle washings is often used as a helpful
diagnostic adjunct in patients with thyroid nodules or cervical
tumors, as are serum tumor markers. When the needle aspirate
is immediately fixed and submitted for cytological examination,
the needle and syringe are washed with 0.5 mL of saline and the
washings are also submitted for measurement of biochemical
markers. The presence of Tg in the FNA needle washings suggests
that the tumor originated from thyroid follicular cells. This
method is useful for establishing the diagnosis of lymph node
metastasis when samples are obtained from possible cervical
metastases of well-differentiated thyroid carcinoma. In 1983,
Miyauchi ¢ #/.*° (one of the leaders in the field of thyroid oncology
in Japan and Asia) reported that the detection of very high thyro-
globulin content in aspirates from cystic lymph nodes of the neck
supported the diagnosis of metastatic PTC. This method is also
applied to the diagnosis of MTC. Kudo (a colleague of Miyauchi)
et al” reported that the measurement of calcitonin in FNA
needle washings could identify MTC with a high sensitivity and
specificity. This is the historical background that explains why
the measurement of Tg and/or calcitonin in aspirates is pre-
ferred by endocrinologists and endocrine surgeons in Japan.

CONCLUSION

In Japan, the clinician (endocrinologist, endocrine surgeon,
or head and neck surgeon) usually performs FNA cytology at an
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outpatient clinic, while it is rarely done by pathologists, and
US-guided FNA is common.

A 22- or 23-gauge needle is popular instead of a 26- or 27-
gauge needle. Wet-fixed smears (95% ethanol) and Papanicolaou
stain are favored by most laboratories in Japan.

The most popular reporting system for thyroid FNA cytology
in Japan is the GRDTC adapted from the 1996 Papanicolaou
Society recommendations. Although TBSRTC was introduced
to replace the GRDTC, it has not yet become popular in Japan.
The Japanese system is used at several high-volume thyroid sur-
gery centers to stratify the ROM for FN nodules.

Cytological diagnoses made by the GRDTC or Japanese system
correspond to those of TBSRTC.

At high-volume thyroid centers, the Japanese system has
been useful for risk stratification in patients with FN nodules
and it has reduced unnecessary diagnostic thyroidectomy.

The measurement of Tg and/or calcitonin in FNA needle
washings is often used as a diagnostic adjunct in patients with
possible cervical lymph node metastasis.
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Fine-needle aspiration (FNA) is a well accepted initial approach in the management of thyroid lesions.
It has come a long way since its introduction for nearly a century ago. In the Philippines, FNA of
the thyroid was first introduced 30 years ago and has been utilized until now as a mainstay in the
diagnosis of thyroid malignancy. The procedure is performed by pathologists, endocrinologists,
surgeons, and radiologists. Most pathologists report the cytodiagnosis using a combination of the
aspiration biopsy cytology method that closely resembles the histopathologic diagnosis of thyroid
disorders and the six-tier nomenclature of The Bethesda System for Reporting Thyroid Cytopa-
thology. Local endocrinologists and surgeons follow the guidelines of the 2015 American Thyroid
Association in the management of thyroid disorders. There is still a paucity of local research studies
but available data deal with cytohistologic correlations, sensitivity, specificity, and accuracy rates
as well as usefulness of ultrasound-guided FNA. Cytohistologic correlations have a wide range of
sensitivity from 30.7% to 73% and specificity from 83% to 100%. The low sensitivity can be attributed
to poor tissue sampling since a majority of the thyroid FNA is done by palpation only. The reliability
can be improved if FNA is guided by ultrasound as attested in both international and local studies.
Overall, FNA of the thyroid has enabled the diagnosis of thyroid disorders with an accuracy of 72.8%
t0 87.2% and it correlates well with histopathology.
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Fine-needle aspiration (FNA) biopsy has proved to be an accurate,
safe, and cost-effective method in the initial management of
thyroid nodules. It is a widely accepted diagnostic tool all over
the world with a history spanning from the reports of Mannheim
followed by the works of Martin & Ellis on needle aspirates way
back in the 1930s."” In the 1950s to the 1970s, Scandinavian
pioneers from Sweden continued to develop the method includ-
ing aspiration biopsy cytology of practically all organs.™® To
date, voluminous works on accuracy data, cytohistologic corre-
lations, the usefulness of six-tier Bethesda System for Reporting
Thyroid Cytopathology (TBSRTC), and a wide array of ancil-
lary studies on thyroid FNA are available.

HISTORY OF FINE-NEEDLE ASPIRATION
IN THE PHILIPPINES

ENA of the thyroid started in the late 1980s at the Philip-
pine General Hospital, a 1,500-bed tertiary government hospital
that serves as the training facility for health sciences students
enrolled in the University of the Philippines. Consultants and
resident physician trainees from the departments of pathology

pISSN 2383-7837
elSSN 2383-7845

Key Words: Fine-needle aspiration cytology; Thyroid fine-needle aspiration; The Bethesda System
for Reporting Thyroid Cytopathology (TBSRTC)

and surgery started doing FNA of various palpable lesions mainly
in the neck, 40% to 50% of which were thyroid aspirates. There-
after, an aspiration cytology unit in the Department of Pathology
housed at the College of Medicine of the University was estab-
lished upon the return of a faculty member of the department
from a 2-month training in FNA at the Cytology Unit of Karo-
linska Hospital in Stockholm, Sweden, in 1987. Two years later,
another pathologist with interest in cytopathology established
an FNA clinic in a private university hospital in Metro Manila.
Resident physicians in the Department of Pathology used the
technique prescribed by the Scandinavian pioneers utilizing a
10-mL syringe with 23G to 25G needles attached to a syringe
holder. Some surgeons and endocrinologists performed the proce-
dure without a syringe holder. Smears were prepared by the aspi-
rationist and cytotechnicians stained the smears using either Papa-
nicolaou stain or modified Wright-Giemsa stain (Diff-Quik), or
both. All interpretations were rendered by the pathologist on duty.
In the 1990s, private hospitals in the national capital region
(Metro Manila) likewise engaged in the practice of thyroid FNA
with pathologists, surgeons, and endocrinologists performing
the procedure. Pathologists who were trained from the university
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hospital performed thyroid FNA in their affiliated hospitals when
they started their practice in various regions of the country.

In 2010, interventional radiologists, endocrinologists, and cyto-
pathologists started doing thyroid FNA under ultrasound-guid-
ance, especially for small lesions measuring from 1.0 to 1.5 cm.

Local endocrinologists follow the 2015 guidelines of the
American Thyroid Association.” In 2011, a revisit of the clinical
practice guidelines at the Philippine General Hospital for patients
with thyroid cancer maintained the original 2008 recommen-
dation of total or near total thyroidectomy for all patients with
well differentiated thyroid carcinoma with nodule size of greater
than 1.0 cm in diameter, and lobectomy with an isolated nodule
size of less than 1.0 cm in diameter, and without lymph node
metastasis on preoperative ultrasound.® There is no specific rec-
ommendation on preoperative FNA including terminology
referable to TBSRTC. Intra-operative frozen section for non-diag-
nostic FNA is controversial as no consensus was reached by the
multispecialty members of the panel. Likewise, international
guidelines do not recommend the use of frozen section due to
its limited role with high frequency of false-negative results and
lack of consistent agreement between frozen section and final
histological diagnosis.”

TECHNIQUE OF FINE-NEEDLE ASPIRATION

Most practicing pathologists performing thyroid FNA use a
syringe holder made of aluminum or plastic. The procedure starts
with proper positioning of the patient, application of 70% alcohol
at the puncture site, and localization of the lesion by immobi-
lizing the target with one hand followed by needle puncture of
the skin into the target lesion. Negative pressure or suction is
applied by back and forth cutting motions within the thyroid
nodule and releasing this negative pressure prior to withdrawal
of the needle once the material is obtained. Some surgeons and
endocrinologists use only a syringe without a syringe holder while
others use the non-aspirating technique.'’

PREPARATION OF SAMPLE

The physician-aspirationist prepares the smears by placing a
small drop of the aspirated material onto a glass slide. Smear is
made by laying another glass on top of the sample material and
pulling the slides apart to spread it. Wet smears are fixed in 95%
ethyl alcohol or air dried for submission to the laboratory. Wet
smears are subjected to Papanicolaou stain while air dried smears
are prepared for modified Wright-Giemsa stain (Diff-Quik). The
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latter stain is also used in cases where there is an on-site request for
rapid evaluation of the aspirates. All smears and liquid samples
obtained from cyst fluids are processed in the laboratory by cyto-
technicians. Smears are routinely stained with Papanicolaou stain
and the remains of the samples are processed as cell block and
stained with hematoxylin and eosin. Liquid based cytology is not
used for thyroid aspirates.

CYTOPATHOLOGY AND
CYTOTECHNOLOGY TRAINING

Formal cytopathology and cytotechnology training programs
are not offered in the country at present. However, cytopathology
is included as a rotation in anatomic pathology training pro-
grams. In both government and private hospitals with training
in pathology, all aspirates are screened by pathology resident phy-
sician trainees and final cytodiagnosis is signed out by the pathol-
ogist on duty. In the absence of a training program, the pathologist
on duty at the cytology unit screens and issues the final cytodi-
agnosis.

Pathologists interested in cytopathology have to study abroad
for fellowship in cytopathology, after which they can apply to
the local pathology society for recognition. To date, there are ten
cytopathologists in the whole country, two of whom are certified
by the local pathology society. Majority of the practice is in the
national capital region.

There is no formal subspecialty society for cytopathology
within the national organization of pathologists. Lectures in cyto-
pathology are incorporated in the scientific program during the
annual convention of the Philippine Society of Pathologists. Within
individual training institutions, conferences in cytopathology are
embedded in the training program of anatomic pathology.

THYROID CYTOLOGY REPORTING SYSTEM

Prior to the 2009 publication of TBSRTC," which is a stan-
dardized six-tier nomenclature, the aspiration biopsy cytology
method was used.”” This method provides a spectrum of diag-
nosis that closely resembles the histopathologic diagnosis of
thyroid disorders. In most instances, it is cytologically possible
to categorize a thyroid lesion into one of the three main entities:
hyperplasia/adenomatous colloid nodule, thyroiditis, and neo-
plasm. There are also indeterminate cases in which the presence
of cellular atypia cannot totally rule out a malignancy. For this,
“atypia suspicious for malignancy” cytodiagnosis is given and
followed by a recommendation for clinical correlation or for fur-
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ther investigation if warranted. Cytodiagnosis is based on the
assessment of cellularity, architectural or group patterns of diag-
nostic cells, individual cell cytology including nuclear and cyto-
plasmic characteristics, and the presence of other cells and mate-
rials in the background. Criteria for non-diagnostic aspirates
(category I) follow the criteria prescribed by TBSRTC, and these
include bloody samples, presence of blood and colloid only,
paucicellular smears with less than six follicular cell groups of ten
cells each, and poorly prepared smears." Aspiration performed
with dissolution of the nodule is compatible with a thyroid cyst
and is not considered as non-diagnostic if pathologist has a clear
knowledge of the patient’s biopsy findings. With the introduction
of TBSRTC in 2009, a majority of the thyroid FNA reports
utilized both descriptive diagnosis and its corresponding equiv-
alent category number in the six-tier nomenclature for a more
effective understanding by the referring physicians.

Difficult thyroid aspirates are handled in various ways by pa-
thologists. Self-review is done with subsequent intradepartmental
referral to another pathologist if a cytopathologist is not part of
the hospital staff. Presently, the Philippines is still in the process
of developing an external quality assurance program in cytopa-
thology.

Based on a recent survey of FNA practice in 16 hospitals in
the country, thyroid FNA comprised 46% to 85% of the total
FNA in five major hospitals at the national capital region, and
30% to 85% in 11 hospitals in various regions of the country. At
the Philippine General Hospital, 60% of aspirates were from
the thyroid. Being a training hospital, it has the highest number
of non-diagnostic aspirates, ranging from 37% to 46% with an
average of 42%. The high number is unique since different resi-
dent physician trainees perform the procedure in the course of
their rotation in the departments engaged in FNA. Four private
hospitals from the national capital region with a bed capacity
from 300 to almost 1,000 had a non-diagnostic yield ranging
from 5% to 7%. In the various regions of the country from north
to south, category I registered 0 to 19% from a survey of four gov-
ernments and seven private hospitals with a 300400 bed capacity
in the former and 90—680 bed capacity in the latter. Category I
was 0% in one private hospital in southern Philippines since the
physician-aspirationist is a pathologist who always makes a rapid
on-site evaluation as part of FNA. Benign aspirates (category II)
comprised 50% to 85%. Aspirates in the category III accounted
for 1% to 20% and were re-aspirated following the recommen-
dation of TBSRTC. Category IV aspirates ranged from 1% to
14%, category V from 1% to 10%, and category VI from 2% to
20%.
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THYROID CYTOLOGY AUDIT PROGRAM

Patients nowadays are highly mobile and may seek medical
services in different institutions. It often happens that FNA is
done in one hospital and thyroid surgery with histopathologic
diagnosis is performed in another center. However, all thyroid
surgeries with previous FNA done in the same hospital are reviewed
as part of the hospitals’ monitoring program. No data has been
released but may soon be forthcoming.

STATUS OF ANCILLARY TESTING

Ancillary studies of thyroid FNA are infrequently used. Immu-
nohistochemistry in the diagnosis of thyroid tumors such as ga-
lectin-3, cytokeratin 19, and HBME-1 are only rarely utilized in
a few hospitals at the national capital region for thyroid surgical
pathology specimens and not in aspirates. Molecular testing for
somatic mutations is yet to be developed because most of the
patients opt thyroid surgery with just regular follow-up.'>'* Health
care insurance does not cover molecular testing for somatic muta-
tions. If requested, molecular testing is mainly physician driv-
en. If the patient agrees to pay for the molecular testing, the test
is referred to neighboring Asian countries or to North America.

REVIEW OF PUBLICATIONS

Researches on thyroid cytology in the country are mainly cyto-
histologic correlations with sensitivity, specificity, and accuracy
rates. Cytohistologic correlation from three hospitals in the national
capital region yielded a wide range of sensitivity from 30.7% to
73%, specificity from 83% to 100%, and accuracy from 72.8%
t0 87.2%.""'° The low sensitivity can be attributed to poor tissue
sampling since most thyroid FNAs are done by palpation only. A
majority (85%) of the discordant cases were due to sampling
errors attributable to dual pathology with a dominant benign
lesion, missing a small malignant focus which is usually a papillary
microcarcinoma.'* The reliability can be improved if FNA is
guided by ultrasound as attested in both international and local
studies.'*"® Solid nodules with microcalcifications and itregular
margins which were found to be significant predictors of malignancy
can be readily detected.'”” Improvement in diagnostic yield and
accuracy was observed from 82.6% to 86.2% with ultrasound
guidance.'® When combined with frozen section examination,
ultrasound-guided FNA for concordant cases approached an
accuracy of 97.2% in one study.”

The incidence of each diagnostic category of the Bethesda
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Table 1. Distribution of thyroid fine-needle aspiration diagnoses by the Bethesda system

) Distribution by the Bethesda categories (%)
Study Hospital Year | i m " - - Nodule

2007-2009 2341 64.7 9.42 2.8 2,239
2010-2014 13 562 5.4 11.1 13.2 12.8 3,799

Young et al. (2011)* St. Luke’s Medical Center, Quezon City
Salillas and Almocera (2016)°  Private practice, Cebu City and Bohol

4Sum of indeterminate categories lll to V: classified as “indeterminate.”

Table 2. Cytohistopathologic correlations in operated thyroid nodules

Study Hospital

Risk of malignancy for the Bethesda categories (%)
vear | Il 1] \Y V Y[ Node

Young et al. (2011)*
Abelardo et al. (2011)'
Canete et al. (2014)'°
Carlos et al. (2014)%
Ramos and Mirasol (2014)'®
Salillas et al. (2015)*
Salillas and Almocera (2016 Private practice, Cebu City and Bohol
Abelardo and Abesamis (2016)" The Medical City, Pasig City

The Bethesda system reference rate'

St. Luke’s Medical Center, Quezon City
Philippine General Hospital, Manila
Philippine General Hospital, Manila
St. Luke’s Medical Center, Quezon City
St. Luke’s Medical Center, Quezon City

SWU-MHAM College of Medicine, Cebu City

2007-2009  17.2 9.6 36.5% 76.5 251

2010 444 189 40.0 444 60.0 100.0 99
2008-2011 na 320 na 414 897 1000 837
2012-2013 n/a na 353 n/a n/a n/a 68
2012-2013 33.3 1356 222 333 722 1000 175
2009-2012 n/a 26 500 500 780 100.0 80
2010-2014 n/a n/a 39.4 n/a n/a n/a 33
2010-2015 n/a 26.5 n/a n/a 71.4° 448

1-4 0-3 5-15 15-30 60-75 97-99

n/a, not available.

aSum of indeterminate categories Ill to V: classified as “indeterminate”; ®Overall risk of malignancy for suspicious for malignancy and malignant cases.

system is rarely addressed in local studies (Table 1). Summary of
available publications on the malignancy risk in the Bethesda
categories is presented in Table 2. An overall risk of malignancy
for malignant and suspicious for malignant cytodiagnosis is 71.4%
while the overall risk of malignancy for benign cytodiagnosis is
26.5%." The risk of malignancy for category ITI ranges from 35.3%
to 50%,"”*** which is higher than TBSRTC reference rate. Con-
veying these rates to our clinical colleagues with the recommen-
dation to do a repeat FNA should be reconsidered for optimal

patient care.””

FUTURE CHALLENGES

Although thyroid FNA was introduced more than 30 years
ago, a centralized database may be difficult to construct because
the FNA practice in the Philippines is highly individualistic. If
teaching and training of FNA are structured into the major train-
ing programs of physicians, a standardized FNA protocol, par-
ticularly in specimen sampling, can be improved. Looking for-
ward, there is a need to establish a national registry from various
hospitals and training institutions. Quality assurance and other
related issues can be addressed through the establishment of a
local society of cytopathologists in order to develop and improve
the art and science of FNA. Finally, collaborative networking
amongst pathologists, endocrinologists and surgeons is a strong
impetus toward unified practice in the diagnosis of thyroid disor-
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ders using FNA.
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Thyroid cancer is the most common endocrine gland malignancy,
accounting for 3.26% of all cancers in Taiwan.' The incidence
of thyroid cancer is 14.34 per 100,000 persons per year. It has a
female predominance at 21.6 per 100,000 women per year
(representing the fifth most common malignancy in women)
versus 7.06 per 100,000 men per year (the 15th most common
malignancy in men). The incidence has increased four-fold in the
past two decades (from 3.3 per 100,000 petsons per year in 1995).
Unlike in South Korea,” thete is no thyroid cancer screening
program in Taiwan. However, the general population is increasingly
aware of cancer-related issues and health checkups are growing
in popularity. Detection of small thyroid nodules via ultrasonog-
raphy largely accounts for the increasing incidence of thyroid
cancer in Taiwan. Papillary thyroid carcinoma, which comprises
91% of all newly diagnosed thyroid cancers, has contributed to
the majority of this increase (Fig. 1). Nevertheless, the mortality
rate of thyroid cancer remains relatively low (0.86 per 100,000
women per year and 0.47 per 100,000 men per year) and has
increased little since 1995 (0.73 per 100,000 women per year
and 0.28 per 100,000 men per year).

Fine-needle aspiration (FNA) is an accurate and cost-effective

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
560 by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

In Taiwan, thyroid cancer is the most common endocrine gland malignancy and the incidence of
thyroid cancer has increased four-fold in the past two decades. Fine-needle aspiration is an
accurate and cost-effective method of evaluating thyroid nodules and has been the gold-standard
diagnostic tool for thyroid tumors in Taiwan since the 1980s. This article reviews the history, current
practice, reporting systems, training, and quality assurance for thyroid fine-needle aspiration cytology
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method of evaluating thyroid nodules. It has been the gold-
standard diagnostic tool for thyroid tumors in Taiwan since the
1980s. This article reviews the history, current practice, reporting
systems, training, and quality assurance for thyroid FNA cytology

in Taiwan.

THE HISTORY OF THYROID FINE-NEEDLE
ASPIRATION IN TAIWAN

Before the 1980s, the application of diagnostic cytology in
Taiwan was limited to exfoliative cytology, such as sputum,
body fluid, and Pap test. The utilization of interventional cytology
began with thyroid FNA. Prof. Tien-Chun Chang, an endocri-
nologist at National Taiwan University Hospital, is considered
to be the pioneer of thyroid FNA in Taiwan. In 1979, he pet-
formed the first thyroid FNA on a patient with follicular thy-
roid carcinoma. After this initial attempt, which demonstrated
promising diagnostic value, he began an on-site aspiration and
cytologic diagnosis service at bedsides and in his thyroid clinic.
Instead of using standard May-Griinwald-Giemsa staining,
which usually takes less than 10 minutes, he applied Liu staining
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on cytologic smears, which produced similar staining quality
for rapid diagnosis.” The Liu stain is a modified Romanowsky
stain invented by Prof. Chen-Hui Liu in 1953 for hematologic
smears. The entire staining procedure is simple and takes only
2 minutes.” Therefore, it is suitable for on-site diagnostic services
and has been widely used in Taiwan and China.

In 1981, Prof. Chang published the first article on thyroid FNA
in a Taiwanese medical journal and attracted attention among
clinicians." Later on, he published a series of articles on the cytologic
presentation of non-neoplastic thyroid diseases, such as Hashi-
moto’s thyroiditis,” acute suppurative thyroiditis,’ and granulo-
matous thyroiditis,” as well as thyroid carcinomas, such as papillary
carcinoma® and anaplastic carcinoma’ in the same journal. With
these experiences from local practice, he started to publish articles
in international journals in 1989."* An anecdote about him is
that he performs thyroid FNA while holding the needle like a
Chinese brush pen.'” He published this unique FNA method in
Acta Cytologica." Prof. Chang was also the pioneer of ultrasound-
guided thyroid FNA,” cytomorphometry analysis of thyroid

14 and immunoperoxidsase staining of thyroglobulin

tumors,
and parathyroid hormone on cytologic smears.'”"” In 1995, he
published the first color atlas of thyroid and parathyroid cytology
using Liu staining, which was written in Chinese. This book has
been the textbook of choice for thyroid FNA in Taiwan for many

years and a second edition was published in 2015 (Fig. 2).**
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CURRENT THYROID FINE-NEEDLE
ASPIRATION PRACTICE IN TAIWAN

Clinicians, especially endocrinologists, used to be both the
performer and the interpreter of thyroid FNA. However, after
the establishment of Taiwan’s National Health Insurance in 1995,
specialized medicine has become the mainstay of healthcare.
Physicians from different specialties started taking over the
multidisciplinary tasks. Currently, radiologists are the main
performers of FNA and pathologists are the main cytologic diag-
nosticians in Taiwan. Ultrasonography is used in the majority of
thyroid FNA cases to guide the procedure.

When clinicians were the main performer of thyroid FNA and
interpreter of corresponding cytology, air-dried direct smears
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Fig. 2. The second edition of Thyroid and Parathyroid Cytology
(Leader Book Company, 2015)* by Prof. Tien-Chung Chang.
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Fig. 1. Thyroid cancer statistics from 2004 to 2014. The proportion of papillary thyroid carcinoma (PTC) among thyroid cancers has in-
creased 11% (blue line) and the proportion of thyroid cancer among all cancers has increased 1.1% (red line). Data from the Taiwan Cancer

Registry Annual Report.!
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and Liu staining were the method of choice for slide preparation.
Papanicolaou stain has been commonly applied since patholo-
gists took on thyroid cytology diagnosis, due to its superiority
in demonstrating nuclear features that are important in papillary
carcinoma diagnosis. Currently, conventional smears for both
Papanicolaou staining (on alcohol-fixed slides) and Liu staining
(on air-dried smears) are the most common preparations for
thyroid FNA cytology in Taiwan. Liquid-based preparation was
first introduced and applied in thyroid FNA in 2014, and is
becoming more popular due to its high cell yield and standardized
quality. In some institutions, immunocytochemical staining
and molecular testing are also utilized on thyroid cytologic speci-
mens to further facilitate diagnosis. Thyroid core-needle biopsy
is a rare practice in Taiwan.

REVIEW OF THE LITERATURE AND
REPORTING SYSTEM FOR THYROID
CYTOLOGY IN TAIWAN

Given the history of thyroid FNA in Taiwan, most studies on
the diagnostic accuracy and rate of malignancy were published
by endocrinologists before the introduction of the Bethesda
System. The major issue in previous studies is that investigators
used different diagnostic categories, making it difficult to compare
the findings of different studies. For example, Prof. Jen-Der Lin
from Chang Gung Memorial Hospital used a four-tier system
(benign, follicular neoplasm, malignant, and unsatisfactory) to
emphasize the follicular pattern and this approach resulted in
16.6% of resected papillary carcinomas being diagnosed as follic-
ular neoplasm.”® In contrast, other groups used different four-tier
systems without further specifying the follicular pattern.””*
Among all hospitals in Taiwan, only three branches of the Veterans
General Hospital, in which American System of thyroid FNA
practice was adopted initially, use the Bethesda System or a diag-
nostic system compatible with the Bethesda System.”

In Taiwan, the diagnostic criteria for inadequate specimen vary
between different individuals. The “more than six groups and
each group more than 10 follicular cells” rule proposed by the
Bethesda System is usually applied.” Most pathologists from
Taiwan still consider the specimen negative instead of non-diag-
nostic in the following situations: a specimen with less than six
groups but more than 50 follicular cells in total, or a degenerative
hemorrhagic cyst with scant benign follicular cells.

Comparing the diagnostic system used at our hospital with
the corresponding categories in the Bethesda System and the
British System,’" the frequency of atypical diagnosis is lower in
Taiwan (Table 1). However, the rate of malignancy in these cate-
gories is compatible to data collected in Western countries. A study
from Taichung Veterans General Hospital, Taichung showed a
similar trend.” We consider microcarcinomas larger than 0.5
cm found on resection specimens, which are usually detectable on
ultrasonography, as malignant on follow-up. This could explain
the higher rate of malignancy in our negative categories.

CYTOLOGY TRAINING AND QUALITY
ASSURANCE IN TAIWAN

Cytology training for medical graduates is integrated into the
Anatomic Pathology Residency Training Program. In addition
to at least 3 months of cytology practice training, pathology
residents are required to take a 2-week intensive course. This course
covers various topics in cytology from Pap smear to thyroid FNA.
A microscopic exam is held on the last day of the course. Residents
need to pass the exam to be qualified. On the anatomic pathology
board exam, in addition to surgical pathology, there is a separate
cytopathology section. Residents need to get passing scores in
both parts in order to pass the anatomic pathology board exam. For
board-certified pathologists, annual cytology education activities
are required.

The training program for cytotechnologists consists of one

Table 1. Comparison of diagnostic categories used at the Taipei Veterans General Hospital with the Bethesda System and the British System

Taiwan® The Bethesda System® The British System?®'!
Category Pre\zzoa/!jnce Mall(g(%rj)?ncy Category Pre\z%ence Mal:goz)imcy Category Pre\;g/!:)snce Mah(go;/:)ilncy
Inadequate 8 16.7 | 13 16.8 Thy 1/1¢c 18 4
Negative 81 6.5 II 59 37 Thy 2/2¢ 42 1.4
Atypical 2 1.7 1l 9.6 15.9 Thy 3a 5 17
Suspicious for follicular tumor 2 211 vV 10.1 26.1 Thy 3f 14 Up to 40
Suspicious for malignancy 2 75.0 \ 2.6 75.2 Thy 4 2 Up to 68
Positive 5 97.2 VI 5.4 98.6 Thy 5 5) Up to 100

aData from Taipei Veterans General Hospital, Taipei from 2010 to 2011; °Rate of malignancy on resected nodules.
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year of on-site training at a qualified training institution and a
final exam. The training institution must routinely provide
both surgical pathology and cytology services and process more
than 8,000 Pap smears annually. The cytology lab director must
be a qualified cytopathologist (certified by either the International
Academy of Cytology or the Taiwan Society of Clinical Cytology)
and there must be at least two senior cytotechnologists on site
with more than 3 years of work experience. Currently, there are
12 qualified institutions for cytotechnologist training in Taiwan.
After training and exams, each qualified cytotechnologist is allowed
to screen up to 10,000 cytology cases (Pap smears and non-gyne-
cologic specimens) per year. Currently, there are about 550 prac-
ticing cytotechnologists in Taiwan. There have been no systematic
surveys of the number of cytotechnologists working with thyroid
specimens in Taiwan. Most work at hospitals where thyroid FNA
is performed. Cytotechnologists usually perform specimen prep-
aration and screening under the supervision of pathologists.
Since 2017, the Taiwan Society of Clinical Cytology has started an
inter-laboratory diagnosis comparison program for non-gynecologic
cytology, including thyroid FNA. So far, a total of 81 labs have
participated. The results are still under analysis and will be given
to individual lab.

FUTURE CHALLENGES

Thyroid FNA cytology is being performed morte frequently
and has become the most common FNA specimen in Taiwan.
Therefore, it is important to apply a uniform diagnostic system for
consistent communication and management. Newly developed
thyroid cytology technologies, such as liquid-based preparation,
immunocytochemistry and molecular testing, may facilitate

more accurate diagnosis.
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Thyroid carcinoma is one of the leading malignancies in Thailand increasingly prevalent in the female
population. Fine-needle aspiration (FNA) cytology is a widely used diagnostic tool for evaluation
of thyroid nodules and thyroid cancer. Thyroid FNA is a routine procedure universally performed
in Thai hospitals by a variety of clinical specialists. Manual guidance is the first-line choice comple-
mented by ultrasound assistance in selected cases. Despite national guidelines recommendations,
the diagnostic criteria and terminology of the Bethesda System for Reporting Thyroid Cytopathology
(TBSRTC) was slowly adopted in the local settings. Currently, the Bethesda system is actively
promoted by the local professional societies as a uniform reporting system. Experience with thyroid
FNA has been rarely reported to date—only a handful of publications are available in local journals.
Our review, in addition to presenting various aspects of thyroid FNA in Thailand, established for
the first time national references for a certain statistical outputs of TBSRTC based on the original
multi-institutional cohort. The risk of malignancy in 2,017 operated thyroid nodules collected from
three tertiary thyroid cancer centers was 21.7%, 14.7%, 35.9%, 44.4%, 76.7%, and 92.6% for
categories | to VI, respectively. The malignancy risk in several diagnostic categories (Il to IV) was
higher than the risk estimated by TBSRTC and recent meta-analysis studies. We endorse the use of
uniform terminology of the Bethesda system in Thailand, which will help facilitate communication
among diverse medical professionals involved in the management of patients with thyroid nod-
ules, to share local experience with the international audience.

Key Words: Fine-needle aspiration cytology; Thyroid fine-needle aspiration; The Bethesda System
for Reporting Thyroid Cytopathology (TBSRTC); Review; Thailand

Fine-needle aspiration (FNA) entered the clinical practice
around 1930s, which was highlighted by the landmark paper
by Martin and Ellis." Further elaboration of FNA by the Swedish
school in the mid-century was crucial for the establishment of
the technique and its worldwide acceptance.” Thyroid, owing
to its easy access, was one of the first organs to be practiced.’
Since that time, the technique has gained popularity and is now
commonly used as a standard method for initial diagnosis of lesions
in various anatomic sites/organs.

Thyroid nodules are common, with a prevalence ranging 20%—
60% depending on the screening approach, age, sex, iodine status,
and other factors.* Thyroid cancer is the most serious clinical
condition behind thyroid nodule. Thyroid cancer is one of the most
common malignancies in Thai women; its prevalence is ranked
fourth and its incidence is ranked seventh.” Recent reports
found that papillary carcinoma incidence increased and follicular
carcinoma incidence decreased in Thailand due to higher recog-

nition of microcarcinomas, iodination policy, and changes in
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histological classification.”” Thyroid FNA is the most widely used
diagnostic test for the management of thyroid nodules.

Thyroid cytology is considered as an effective screening and
diagnostic tool for rendering a management decision. Thyroid
FNA significantly reduces unnecessary surgery, which, in turn,
can prevent associated complications and save excessive costs.® The
procedure can be performed by different practitioners including
endocrinologists, surgeons, otolaryngologists, radiologists, and
pathologists. Thyroid FNA can be guided manually or with the
help of ultrasound imaging.® Aspiration of thyroid nodules is
safe and rarely causes serious outcomes.” The complications may
include local infection, hematoma, and vasovagal reflex.'’

This article represents an overview of the thyroid FNA practice
in Thailand. Information was provided by cytopathologists
from 10 different institutions around the countty via direct interviews
and supplemented by available publications from the Thai series
and original data.

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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HISTORY OF THYROID FINE-NEEDLE
ASPIRATION PRACTICE IN THAILAND

It is unclear in exactly what year thyroid FNA practice has
started in Thailand. It is known that endocrinologists were the
pioneers to experience thyroid FNA in Thailand. Aside from
performing the procedure, they were also responsible for inter-
pretation of the cytologic findings. Pathologists started to play
a role in this area as interpreters of thyroid cytology after 1986.
Initially, it was started by senior pathologists from the Institute
of Pathology, a referral pathology laboratory center, and Ramat-
hibodi Hospital, a large university based hospital. At present,
almost all cases of thyroid FNA cytology are signed out by cer-
tified pathologists. General cytopathology and thyroid cytology
are the essential parts of the training program for anatomic
pathology residents. In addition, there are few endocrinologists
signing out thyroid FNA in academic centers. Currently, there
is no specific law forbidding medical doctors from practicing
pathology or cytology in Thailand; hence, officially it is not
illegal for clinicians to sign out pathology cases. Cytotechnolo-
gists are not involved in thyroid FNA since their major role is
confined to performing cervical screening on Pap smears.

FINE-NEEDLE ASPIRATION PERFORMERS

ENA procedure is universally performed by clinicians, including
endocrinologists, surgeons, radiologists, otolaryngologists, and
general practitioners. In academic environment, inexperienced
trainees (i.e., residents, young fellows) are frequently responsible
to perform FNA, which may contribute to relatively high rates of
non-diagnostic results (see below). There are very few pathologists
petforming this procedure whete rapid onsite evaluation can be
carried out. The eminent benefit is that, in case of unsatisfactory
results, repeat aspiration can be done while the patients are
waiting in the aspiration venue, and that preliminary diagnosis
may sometimes be provided. Attending clinicians will be able
to commence appropriate therapeutic approaches. Thus, patients
are more satisfied with the procedure and the waiting time is cut
short. However, the disadvantage is that it is time consuming
for the pathologists who have to perform the procedure. In general,
there is no financial incentive for those who perform FNA in
public hospitals. To our knowledge, such services are available
only in university based centers by a few dedicated cytopathol-
ogists. Core needle biopsy of thyroid nodules is an alternative
diagnostic approach performed by some clinicians; however, this
practice is very uncommon in Thailand.

http://jpatholtm.org/

PREPARATION OF THYROID
CYTOLOGY SAMPLES

The technique of a smear preparation is rather standard.
Briefly, after a smear is placed on a glass slide, another slide is laid
on top of the sample material, and then each slide is pulled apart
to spread the sample into a thin layer. Both slides are submitted
for further staining. Wet smears are fixed in 95% ethyl alcohol
or with spray fixatives while air-dried smears are left unfixed.
The staining methods for thyroid cytology are not much different
between each institute. Conventional Papanicolaou stain is used
for wet smears, and air dried samples are stained with Diff-Quik
method. Liquid-based preparation for thyroid ENA cytology is
rarely used in Thailand, because most cytopathologists are not
familiar with the technique and are not trained to interpret these
cytologic smears. To our knowledge, this method is used only
in a few institutions, which are basically private hospitals.

THYROID CYTOLOGY REPORTING SYSTEM

Currently, there is no standard format used by all cytopathol-
ogists across Thailand, but the Bethesda System for Reporting
Thyroid Cytopathology (TBSRTC) is supposed to be the most
widely accepted method for reporting thyroid cytopathology. In
addition, the Bethesda system is acclaimed by most clinicians and
has recently been incorporated into the residency and fellowship
training programs in the relevant clinical fields, including otolar-
yngology, endocrinology, and general surgery. It is also credited
in the national guidelines for the diagnosis and treatment of thyroid
cancer released by the National Cancer Institute of Thailand."

The Bethesda system has started to be widely recognized locally
since 2010 after the well-illustrated explanatory notes were
published.”” Prior to the era of TBSRTC, the cytologic reports of
thyroid nodules in Thailand were not standardized and varied
significantly among institutions and pathologists. At that time,
cytology reporting of thyroid lesions was based on specific diagnosis
of the lesions, e.g., hyperplasia, thyroiditis, equivocal, goiter, etc.
Nowadays, the Bethesda terminology is consistently employed
for indeterminate nodules from the categories III, IV, and V. At
the same time, benign and malignant lesions are often signed out
with a specific diagnosis. Another different issue is that, contrary
to TBSRTC recommendations, aspirates with cystic fluid only
were considered as benign by some readers and were signed out
accordingly. Otherwise, the Bethesda criteria of adequacy that
require six groups of 10 well-visualized follicular cells are widely
accepted.”
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QUALITY ASSURANCE

External quality assurance program for Thai pathologists is
aimed to standardize their competencies in cytology interpretation.
The program is set up and supported by the Thai Society of
Cytology (http://www.thaicytology.org/). All enrolled participants
are granted certificates upon successful completion. The cases,
which are distributed to all participants, consist of cytology cases
from different organs/systems including the thyroid gland. So far,
there has been no nationwide thyroid FNA cytologic-histological
correlation program similar to the recent Korean multi-institu-
tional project.” This issue, as a measure of the quality control,
is partially resolved in our original series described below.

ANCILLARY TESTS

Ancillary methods for thyroid FNA, e.g., immunocytochem-
istry and molecular studies, are not routinely used in Thailand.
Immunostaining in thyroid pathology, either surgical or cyto-
pathology, is not much used because of its insufficient accuracy
in distinguishing benign from malignant follicular-patterned
lesions and other limitations."'® Immunocytochemistry on cell
blocks is infrequently employed for differential diagnosis of cer-
tain malignancies, such as papillary carcinoma (thyroid tran-
scription factor 1 [TTE-1], thyroglobulin), medullary carcinoma
(TTE-1, calcitonin, carcinoembryonic antigen), and metastatic
adenocarcinoma (cytokeratin 7, CDX2)."

Molecular techniques for preoperative evaluation of indeter-
minate thyroid nodules are currently being increasingly adopted
in the United States."® Mutation testing is one of the approaches,
which potentially can be implemented in our local settings. For

example, a presence of the BRAF'*"*

mutation is highly concor-
dant with malignant thyroid nodules." However, several limita-
tions including high cost, limited access to equipment, uncertain
regulations, and lack of local studies interfere with potential

implementation of the molecular testing in Thailand."”

SUMMARY ON FINE-NEEDLE ASPIRATION
STUDIES AND UTILITY OF THE BETHESDA
SYSTEM IN THAILAND

Three major national academic centers from geographically
different parts of the country (King Chulalongkorn Memorial
Hospital, Bangkok; Srinagarind Hospital, Khon Kaen; Maharaj
Nakorn Hospital, Chiang Mai), where the leading authors are
affiliated, were queried to provide their data on thyroid FNA
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over the applicable time period, 5-6 years. Since the terminology
of TBSRTC was not uniformly used in local settings, especially
in the early 2010s, we converted all the cytological diagnoses to
the Bethesda system categories."* Category I (non-diagnostic),
in addition to initially unsatisfactory smears, included samples
signed out as hemorrhagic content, old hemorrhagic content,
cyst with hemorrhage, cystic fluid, and no cells. Category II
(benign) included FNA diagnosed as nodular goiter, multinod-
ular goiter, adenomatous goiter/nodule, Hashimoto's/lympho-
cytic thyroiditis, and colloid fluid/cyst. Categories III-V were
usually signed out according to the Bethesda terminology. Cat-
egory VI (malignant) referred to various malignancies according
to their histological type, e.g. papillary carcinoma, anaplastic
carcinoma, lymphoma, etc. All the patients who underwent
thyroid FNA were matched with thyroid surgical pathology
database to find their histological follow-up. Surgical pathology
reports were analyzed with a special emphasis on malignancy.

In addition, PubMed and Google Scholar were searched for a
combination of keywords: “Thailand,” “thyroid,” “FNA,” and
“cytology”. All available publications in English and Thai lan-
guages released since 1990 were reviewed to obtain information
on cytological diagnosis and cytological-histological correlations.
The same adjustment of cytological diagnosis to the Bethesda
terminology as described above was done, where possible. We
found 11 publications (including eight in Thai language) from
nine institutions published in local journals from 1991 to 2017.2*°
Currently, there are no published Thai data on thyroid FNA in
international journals.

There are several statistical outputs of the Bethesda system.
The most acknowledged is a risk of malignancy (ROM), and ad-
ditional are distribution of fine-needle aspiration cytology samples
by the Bethesda category and operation/resection rate, i.e. ratio
of surgically excised nodules to all nodules sampled by FNA
within a category. Estimated ranges of ROM for the diagnostic
categories were provided in the original Bethesda publication."
These ranges were further adjusted to the so-called actual ROMs
as per numerous original studies and meta-analysis (Table 1)."*
Statistical outputs of the Bethesda system serve as a quality con-
trol tool for individual institution and demonstrate concordance
with or deviation from national and international standards.

Distribution of thyroid FNA diagnoses by the Bethesda system
has been rarely addressed in the Thai publications.”” Our own
data based on 7,447 samples from two institutions are presented
in Table 2. There was a high variability not only between the
hospitals, but also between departments of the same hospital
where the smears were signed out. A notable finding was a high
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Table 1. Implied and actual ROM according to the Bethesda diagnostic categories

Mean % (95% Cl)
Source Parameter
II 1l \% V Vi
Cibas et al. (2009)* Estimated ROM 1-4 0-3 5-15 15-30 60-75 97-99
Bongiovanni et al. (2012)*" - Actual ROM, meta-analysis (n=6,362) 16.8 3.7 15.9 26.1 75.2 98.6
Sheffield et al. (2014)* Actual ROM, meta-analysis (n=8,044)  18.7 (11-26)  6.5(5-9) 28.3(19-38) 33.1 (27-40) 65 (50-79) 98.6 (98-100)
Krauss et al. (2016)* Actual ROM, meta-analysis (n=8,214) 12 (9-14) 5(3-7) 17 (11-23)  25(20-29) 72 (61-84) 98 (97-99)
ROM, risk of malignancy; Cl, confidence interval.
Table 2. Distribution of thyroid FNA diagnoses by the Bethesda system
. 0y
Hospital Period years Ui No. (%)
nodules [ I i \Y Vv Vi
KCMH (Department of Pathology), Bangkok?® 2010-2015 2,762 1,314 (47.6) 1,127 (40.8) 108(3.9) 72(2.6) 53(1.9 88(3.2)
KCMH (Department of Endocrinology), Bangkok 2015-2017 1,542 196 (12.7) 1,274(82.6) 4(0.3) 37(2.4) 23(1.5) 8(0.5)
Chiang Mai University 2011-2015 3,143 672 (21.4) 2,141(68.1) 47(15) 87(2.8) 43(1.4) 153(4.9

FNA, fine-needle aspiration; KCMH, King Chulalongkorn Memorial Hospital.

Table 3. Malignancy rates of the adjusted Bethesda categories by cytological-histological correlation

Risk of malignancy in the Bethesda category (%)

Hospital Study cohort Operated nodules

[ 1 % V Vi
Srinagarind Hospital, Khon Kaen?' 1984-1990 101 n/a 1.4 n/a 125 n/a 100
Ramathibodi Hospital, Bangkok? 1988-1990 77 n/a 8.6 &3 n/a n/a 75
Chiang Mai University? 1996-1999 230 n/a 2.5 n/a 22.6 n/a 90.2
Chiang Mai University? 1992-2000 174 n/a 5.1 n/a 30.6 50 88.2
Chonburi Hospital® 1999-2003 97 17.4 9.1 n/a 15.4 333 100
Songklanagarind Hospital, Hat Yai®® 1999-2003 341 n/a 8.5 n/a 23.2 68 73.9
Ratchaburi Hospital*” 2001-2005 101 n/a 1.4 n/a n/a 71.4 100
Buddhachinaraj Phitsanulok Hospital®® 2005-2009 234 14.3 6.8 57.1 6.1 92.9 100
Ramathibodi Hospital, Bangkok?® 2005-2008 469 28.4 9.5 n/a 42.4 86.7 100
Siriraj Hospital, Bangkok® 2002-2004 60 n/a 5.6 n/a 37.5 n/a 100

Modified from Limlunjakorn et al. J Med Assoc Thai 2017;100:783-92, with permission of Medical Association of Thailand.?°

n/a, not available.

rate of non-diagnostic category, which approached almost 50%
at the King Chulalongkorn Memorial Hospital (KCMH),
Bangkok. This extremely high rate was addressed in our previous
study.” Briefly, it was attributed to several factors such as un-
skilled operators (resident physician trainees), absence of ultra-
sound guidance, and high prevalence of cystic nodules in the local
population.”” Currently, a special training program for residents
is implemented to fix this issue. It is interesting that another
department at the same hospital (Department of Endocrinology),
where the sampling is performed by experienced staff and often
with ultrasound guiding and rapid onsite evaluation, had much
more acceptable level of non-diagnostic aspirates, 12.7% (Table
2). Cyst fluid only is another contributing factor to the non-diag-
nostic category."** Based on our experience at the KCMH, 10%
(Department of Pathology) to 40% (Department of Endocrinol-
ogy) of all non-diagnostic smears were cyst fluid only aspirates.
Benign thyroid FNA samples were the most prevalent among

http://jpatholtm.org/

all the diagnostic categories (Table 2), which is concordant with
the international experience.” Collectively, indeterminate cate-
gories III-V were 4.2% to 8.4% (Table 2). Resection rates for
each diagnostic category based on 5,905 FNA from the KCMH,
Bangkok and Chiang Mai University were as follows: 13.3%
(category I), 22.0% (category II), 30.3% (category III), 68.6%
(category IV), 56.3% (category V), and 50.2% (category VI).
Local experience with thyroid FNA in the pre-Bethesda era is
summarized in Table 3. There were only 10 publications in 23
years, which basically had obvious limitations including small
sample size, poor design, poor data presentation, etc. There was a
high diversity in the terminology used. None of the recent studies
published in 2010-2013 adopted the Bethesda system. After
adjustment according to TBSRTC criteria, we found that ROM in
each category was generally comparable to the range described by
the Bethesda system (Table 3). The issue of indeterminate nodules
was not well explored, partially due to diverse terminology. To
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Table 4. Risk of malignancy per the Bethesda diagnostic category
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: Operated Risk of malignancy in the Bethesda category, n (%)
Hospital Year
nodules | I ] v v VI
KCMH, Bangkok® 2010-2015 457  20/104 (19.2)  29/207 (14)  11/29(37.9)  9/43(20.9) 22/27 (815)  44/47 (93.6)
Srinagarind Hospital, Khon Kaen 2011-2015 701 60/265 (22.6) 37/243 (15.2) 23/70(32.9)  14/24(68.3) 25/32(78.1) 62/67 (92.5)
Chiang Mai University 201120156 859  35/161(21.7) 76/513(14.8)  8/18(44.4)  36/66 (54.5) 19/27 (70.4) 68/74(91.9)
Mean/Total 2,017 115/530 (21.7) 142/963 (14.7) 42/117(356.9) 59/133 (44.4) 66/86(76.7) 174/188 (92.6)

conclude, a majority of existing publications do not adequately
represent the Thai experience with thyroid FNA.

To address cytologic-histologic correlations and the ROM for
the Bethesda diagnostic categories, we collected a cohort of
2,017 thyroid nodules with surgical follow-up from three insti-
tutions (Table 4). Malignant diagnoses on histopathology were
mainly papillary carcinoma, followed by follicular and Hurthle
cell carcinomas, as well as rare cases of anaplastic, insular, and
medullary thyroid carcinomas, thyroid lymphomas and secondary
malignancies. Mean ROM for all the categories except for ma-
lignant in our cohort was higher than the ROM estimated by
TBSRTC or provided by the meta-analysis studies (Table 1). We
found particularly high malignancy rate for the categories II
(14.7%), 111 (35.9%), and 1V (44.4%) whereas a ROM in malig-
nant category (92.6%) was lower than expected. There may be
several reasons which contribute to these deviations, such as inter-
pretation errors, co-existence of dominant benign nodule and
cance, tertiary center bias, etc. In addition, there was a variation
among the three institutions. For instance, the low ROM for
category IV and high ROM for category V was noted in the
KMCH (Table 4). Nevertheless, we believe that our multi-insti-
tutional study has established for the first time a reference range
of the ROM for the Bethesda diagnostic categories in Thailand.

CONCLUSION

Thyroid FNA is a routine procedure universally performed in
Thai hospitals by a variety of clinical specialists. The number of
thyroid aspirations is growing, which s reflected by the increasing
workload of general and head-neck pathologists and also cyto-
pathologists who basically evaluate cytologic smears. TBSRTC
was slowly adopted in local settings, but currently it is actively
promoted as a uniform reporting system by the local profes-
sional societies. This review, in addition to presenting various
aspects of thyroid FNA in Thailand, provides for the first time
national references for several statistical outputs of the Bethesda
system based on our original multi-institutional cohort. A notable
finding was that the ROM in several diagnostic categories (II to

https://doi.org/10.4132/jptm.2017.08.12

IV) was higher than the malignancy risk established by TBSRTC.
We endorse the use of uniform terminology of the Bethesda
system in local settings, which will help facilitate communication
among diverse medical professionals involved in the manage-
ment of patients with thyroid nodules, and with the interna-
tional audience.
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The Use of Fine-Needle Aspiration (FNA) Cytology in Patients with Thyroid
Nodules in Asia: A Brief Overview of Studies from the Working Group
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of Asian Thyroid FNA Cytology

Ultrasound-guided fine-needle aspiration (FNA) cytology is the most widely used screening and
diagnostic method for thyroid nodules. Although Western guidelines for managing thyroid nodules
and the Bethesda System for Reporting Thyroid Cytopathology are widely available throughout
Asia, the clinical practices in Asia vary from those of Western countries. Accordingly, the Working
Group of Asian Thyroid FNA Cytology encouraged group members to publish their works jointly
with the same topic. The articles in this special issue focused on the history of thyroid FNA, FNA
performers and interpreters, training programs of cytopathologists and cytotechnicians, staining
methods, the reporting system of thyroid FNA, quality assurance programs, ancillary testing, and
literature review of their own country’s products. Herein, we provide a brief overview of thyroid
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Fine-needle aspiration (FNA) cytology has been widely accepted
as a safe, cost-effective, and accurate tool for the preoperative
diagnosis of thyroid nodules. In the past, aspirations were per-
formed only with the manual aid. Since FNA under ultrasound
guidance proved to be more accurate for the detection of thyroid
cancer, FNA should be performed under ultrasound guidance
using a 23-, 25-, or 27-gauge needle for cytological evaluation."?
The wide use of FNA cytology for thyroid nodules has significantly
decreased the rate of unnecessary surgery for benign thyroid
nodules over the last three decades.'”

Although North American and European guidelines for
managing thyroid nodules and the Bethesda System for Reporting
Thyroid Cytopathology (TBSRTC) are available throughout
Asia, the clinical practices in Asia vary from those of Western
countries in terms of disease incidence, diagnostic methods,
availability of diagnostic tests, conservative management approach,

pISSN 2383-7837
elSSN 2383-7845

FNA practices in China, India, Japan, Korea, the Philippines, Taiwan, and Thailand.

Key Words: Thyroid; Cytology; Fine-needle aspiration; Asia; History; Methods; Survey

national health insurance system, and governmental regulations
on health care. Moreover, there is considerable variation among
Asian countries due to the different rates of economic develop-
ment and kinds of healthcare systems. Asian countries have increas-
ingly reported their experiences of FNA of thyroid nodules using
TBSRTC. Despite these efforts, Asian data on thyroid FNA have
not been very well-organized so far. Accordingly, the Working
Group of Asian Thyroid FNA Cytology established in 2016 has
encouraged group members to publish their work jointly."

In this special issue, seven articles from China, India, Japan,
Korea, the Philippines, Taiwan, and Thailand jointly focused
on the same topic regarding the history of thyroid FNA, FNA
petformers and interpreters, the training programs of cytopa-
thologists and cytotechnicians, staining methods, the reporting
system of thyroid FNA, quality assurance programs, and ancillary
testing, added by the comprehensive review of publications released
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from the individual countries.”"" Herein, we provide a brief
overview of contemporary thyroid FNA practices based on the
review articles from seven Asian countries.

HISTORICAL ASPECTS OF THYROID
FINE-NEEDLE ASPIRATION

In the late 1920s, Hayes Martin and Edward Ellis performed
aspiration biopsies using an 18-gauge needle for the cytological
evaluation of thyroid lesions in the Memorial Hospital of New
York." In 1952, thyroid aspiration cytology using a fine needle
(diameter of 0.4-0.8 mm) was introduced by Nils Soderstrom
in Sweden."” Thyroid FNA was used in routine practice as an
accurate test for distinguishing between benign and malignant
thyroid nodules in Sweden since the 1950s. In the United States,
FNA was not successfully used for the diagnosis of thyroid nodules
before 1970s because of the clinician’s preference for surgical
biopsies, a lack of familiarity with the FNA procedure, and
concerns about tumor seeding along the needle tract."™" After
that time, thyroid FNA was reintroduced in the United States
and became widely available in the 1980s."

In Asia, thyroid FNA was introduced in China and Japan in
the 1950s.”'" In Korea, India, and Taiwan, thyroid FNA was
introduced in the 1970s.””"" Table 1 summarizes the brief history

of thyroid FNA in seven Asian countries.”'

Table 2. Thyroid FNA performer and interpreter

Practices of Thyroid FNA inAsia ® 573

PERFORMERS AND INTERPRETERS
OF THYROID FINE-NEEDLE
ASPIRATION CYTOLOGY

Since thyroid FNA was initially introduced by clinicians in
most countries, interpretation of FNA cytology were mostly
done by clinicians in the past, including endocrinologists, surgeons,
and radiologists. In recent years, thyroid FNA has been performed
under ultrasound guidance by clinicians in Japan, Korea, the
Philippines, Taiwan, and Thailand. Chinese clinicians prefer an
intraoperative frozen section rather than FNA for the diagnosis
of thyroid nodules.” Thyroid FNA is more frequently performed
through palpation rather than ultrasound in India, Thailand, and
the Philippines because of limited or delayed access to sonography.”®"!
Table 2 summarizes the current practices of thyroid FNA per-

formers and interpreters in seven Asian countries.”"!

STAINING METHODS OF THYROID
FINE-NEEDLE ASPIRATION
CYTOLOGY SAMPLES

The most widely used staining method for thyroid FNA
specimens was Papanicolaou stain. Hematoxylin and eosin stain
was favored by most Chinese pathologists.” In India and Thailand,
thyroid FNA samples were stained with a combination of two
classical stains: alcohol-fixed smears were stained with Papani-

Country Sampling

Interpretation

China Primarily performed in endocrinology department in 1970-80s.

After 1987, thyroid FNA began to be popular in the pathology
department.
Thyroid FNA is not yet well accepted in China.

Most general hospital use frozen section as a diagnostic method

instead of thyroid FNA.

India Blind, palpation-guided FNAs performed by cytopathologists
US-guided FNA performed by clinicians or radiologists
Palpation-guided FNA appears to be the most commonly

used technique.

Japan US-guided FNA usually performed by clinicians

Korea US-guided FNA usually performed by clinicians

Philippines  Thyroid FNA procedure under US-guidance is performed
by pathologists and clinicians.
Taiwan Radiologists are the major performer of thyroid FNA.
US is used in most cases.
Thailand FNA procedure is universally performed by clinicians.

In academic environment, trainees are frequently responsible
to perform FNA.

Primarily performed in endocrinology department in 1970-80s.
After 1987, thyroid FNA began to be interpreted mainly
by pathologists.

Interpretation done by pathologists
Rapid on-site evaluation done in few academic institutions

Pathologists and clinicians with a board certification in cytopathology

Pathologists (cytopathologists) only interpret the thyroid FNA.

Majority of pathologists report the diagnosis of cytology.

Allinterpretations are rendered by the pathologist.

Pathologists are the main diagnostician.

Before 1995, clinicians used to be both the performer and the
interpreter of thyroid FNA.

Almost all cases of thyroid FNA cytology are signed out by certified
pathologists.

Cytotechnologists are not involved in thyroid FNA.

Few endocrinologists sign out thyroid FNA in academic centers.

Rapid on-site evaluation is rarely performed.

FNA, fine-needle aspiration; US, ultrasound.
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colaou stain and air-dried smears were stained with modified
Giemsa stain (e.g., May-Griinwald-Giemsa stain or Diff-Quik
stain).”® Table 3 summarizes the staining methods for thyroid

5-11

FNA cytology specimens.

REPORTING SYSTEM OF THYROID
FINE-NEEDLE ASPIRATION CYTOLOGY

The reporting system of thyroid FNA cytology has improved
significantly over the past 10 years with the introduction of
TBSRTC." TBSRTC consists of six diagnostic categories in order
to facilitate communication among cytopathologists and their
clinical colleagues and to provide the risk of malignancy for
each diagnostic category.” After the introduction of TBSRTC,
the system has been most widely accepted in China, India, Korea,

Table 3. Staining methods for thyroid fine-needle aspiration cytol-
0gy specimens

Country Staining method
China Wrights staining is popular in endocrine and clinical
laboratory department.
H&E stain is common in pathology department.
India Combination of Romanowsky (May-Griinwald-Giemsa stain)
and Papanicolaou stains is most widely used.
H&E stain in few institutions
Japan Papanicolaou stain is the most widely used.
Giemsa stain or Diff-Quik stain
Korea Papanicolaou stain is the most widely used.
H&E or Giemsa stain are used in some institutions.
Philippines  Papanicolaou stain
Diff-Quik stain
H&E stain in cell blocks
Taiwan Papanicolaou stain
Liu stain
. Combination of Papanicolaou and Diff-Quik stains are
Thailand

most widely used.

H&E, hematoxylin and eosin.

Table 4. Reporting system of thyroid FNA cytology

the Philippines, and Thailand.”*®’ Other reporting systems for
thyroid FNA cytology used in Asia were the General Rules for
the Description of Thyroid Cancer by the Japanese Society of
Thyroid Surgery, the Japanese System for Thyroid FNA Cytology by
the Japan Thyroid Association, and the 6-tier System of Taiwan.”"
Table 4 summarized the reporting system of thyroid FINA cytology

before and after the introduction of TBSRTC."!

NON-DIAGNOSTIC THYROID
FINE-NEEDLE ASPIRATION

Although ultrasound-guided thyroid FNA has high sensitivity
and specificity in distinguishing benign from malignant thyroid
nodules, in 1%-40% of cases, thyroid FNA is insufficient for
diagnosis and is categorized as non-diagnostic according to
TBSRTC." The non-diagnostic FNA cytology by TBSRTC
includes virtually acellular specimens (requiring the presence of
at least six groups of well-visualized follicular cells with each
group containing at least 10 well-preserved epithelial cells), cystic
fluid only, and other specimens (obscuring blood, crushed artifacts,
poor clotting artifacts, air drying artifacts, overly thick smears,
etc.).” In the Japanese system, thyroid FNA with “cystic fluid
only” is classified as benign rather than non-diagnostic.'™" In
Taiwan, a paucicellular specimen with fewer than six groups of
ten benign follicular cells is considered benign if it contains
more than 50 follicular cells in total or consists of degenerative
hemorrhagic cyst fluid and scant benign follicular cells.”

Table 5 summarizes the criteria and rate of non-diagnostic
thyroid FNA."" A high rate of non-diagnostic aspirates was
reported from several teaching hospitals in the Philippines and
Thailand, which was linked to the training activity of unskilled

residents and limited access to ultrasound guidance.*""

Country Before TBSRTC After TBSRTC
China No data TBSRTC is the most widely accepted.
India No data TBSRTC is the most widely used.
Japan General Rules for the Description of Thyroid Cancer (GRDTC): GRDTC system is widely used.
adapted from the 1996 Papanicolaou Society Japanese system for thyroid FNA cytology published by the Japan
recommendations; published by the Japanese Society Thyroid Association (JTA) in 2013: used in several high-volume thyroid
of Thyroid Surgery in 2005 and updated in 2006 surgery centers
TBSRTC is rarely used.
Korea Not standardized and varied, but mostly followed guidelines TBSRTC is the most widely accepted.
of the Papanicolaou Society of Cytopathology
Philippines Based on histopathologic terminology of thyroid disorder TBSRTC is the most widely used.
Taiwan All investigators used different diagnostic categories. TBSRTC or the 6-tier system corresponding to each Bethesda category
Thailand Not standardized and varied, e.g., TBSRTC is the most widely accepted.

thyroid FNA reporting was based on specific diagnosis
of the lesions.

FNA, fine-needle aspiration; TBSRTC, The Bethesda System for Reporting Thyroid Cytopathology.
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LIQUID-BASED CYTOLOGY
AND ANCILLARY TESTS

In Korea, the use of liquid-based cytology in thyroid FNA
was adopted in 2008 and became widely used since 2010.%'® In
Taiwan, liquid-based cytology in thyroid FINA was first introduced
in 2014 and then became commonly used.” However, liquid-
based cytology has not been made widely available for thyroid
FNA in other countries.”*"!

Core needle biopsy as an alternative to thyroid FNA has been

Table 5. Non-diagnostic thyroid FNA

Practices of Thyroid FNA inAsia @ 575

used mainly in Korea whereas in other countries, this biopsy is
petformed only in a few institutions.”"

Immunocytochemistry generally has limited applications for
the diagnosis of thyroid FNA in Asian countries. Although
molecular testing has been useful for the diagnosis of indeter-
minate thyroid FNA, it is often not practical for most clinical

laboratories and is generally not covered by health insurance in

Asia” !

Table 6 summarizes the ancillary tests in thyroid FNA cytology.™"

Country Criteria for non-diagnostic FNA Incidence of non-diagnostic FNA
China TBSRTC 3.6% at one institution
India TBSRTC 7.4% (0.5%—25.7%) from 38 studies
Different criteria in a study: 10 clusters are needed with each having more than 20 cells;
in case of presence of tissue fragments, minimum number of fragments required is 8.
Royal College of Pathologists guidelines in one study
Japan General Rules for the Description of Thyroid Cancer system 10% according to the Japanese system
Japanese system
Korea TBSRTC 12.4% (0%—-32.6%) from 12 institutions
Philippines TBRSTC 1.3% and 23.1% from 2 studies
Taiwan Variable but different from TBRSTC? 8% at one institution
Thailand TBSRTC 12.7%-47.6% from three institutions

FNA, fine-needle aspiration; TBSRTC, the Bethesda System for Reporting Thyroid Cytopathology.

aMost Taiwan pathologists consider that the specimen is negative, but not non-diagnostic when there are less than six groups but more than 50 follicular cells

in total or a degenerative hemorrhagic cyst with scant benign follicular cells.

Table 6. Ancillary tests in thyroid FNA cytology

Country Liquid-based cytology Core needle biopsy Immunocytochemistry Molecular or other testing

China Not commonly used No data No data Amplification refractory mutation system
for BRAF VBOOE is the most popular
technique.

Next generation sequencing is not well
accepted.

India Has been used in some Limited applicability and Limited applicability and Limited applicability and acceptability
institutions as addition acceptability acceptability
to conventional smears
Japan Used in some laboratories, Rarely performed No data BRAF testing is uncommon practice and
but is not widely available not covered by national health insurance
system.

Thyroglobulin and/or calcitonin in FNA
needle washings is often used in thyroid
or lymph node aspirates.

Korea Became popular since Widely used Not routinely used but can be BRAF testing is used.
2010 applied in specific cases Thyroglobulin and/or calcitonin in FNA
Used in 68% institutions needle washings is often used in thyroid
in2016 or lymph node aspirates.
Philippines Not used No data Rarely performed Not covered by health care insurance

Referred to outsource/abroad facilities

if patients agree to pay
Taiwan Became popular since Rarely performed In some institutions, In some institutions, molecular testing
2014 immunocytochemical staining is used.
is used.
Thailand Rarely used Very uncommon Available, but rarely performed Rarely used due to limited availability

FNA, fine-needle aspiration.
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TRAINING PROGRAM

Asian pathologists receive a certification in pathology and cyto-
pathology after completing residency training and passing
board examinations, and usually practice both surgical pathology
and cytopathology. Training programs for cytotechnicians have
been well organized in Japan, Korea, and Taiwan. Certified cyto-
technicians screen thyroid FNA cytology, but are not eligible to
declare a final diagnosis without supervision by a pathologist.
Table 7 summarizes the training programs for cytopathologists

and cytotechnicians.”"'

QUALITY CONTROL AND QUALITY
ASSURANCE PRACTICES

Quality control in cytology includes all activities to improve
the performance of the test from the time of specimen collection
until the cytology report is completed. Quality assurance defined
by the College of American Pathologists includes quality review
activities and systematic monitoring of quality control results

Table 7. Training programs for cytopathologists and cytotechnicians

to provide confidence that all quality control systems are func-
tioning properly and quality requirements are fulfilled.” Quality
control materials in thyroid FNA should include the distribu-
tion of each diagnostic category, histologic outcomes of FNA
diagnostic categories, rate of surgical follow-up, and risk of
malignancy calculated using the total number of each diagnostic
category with and without surgical follow-up.

Quality improvement programs in Asian countries are orga-
nized by local societies of cytology and/or pathology. Table 8
summarizes the quality assurance and quality control programs

5-11

in thyroid FNA cytology.
CONCLUSION

The purpose of the recently established Working Group of
Asian Thyroid FNA Cytology is to promote communication
and share practices among pathologists, cytopathologists, and
clinicians dealing with thyroid FNA in Asia. In this special issue,
we presented for the first time a single volume collection of con-
temporary reviews on Asian practices of thyroid FNA. Despite

Country Cytopathologist Cytotechnician
China No data No data
India No data Indian Academy of Cytologists conducts exam for cytotechnicians and
cytotechnologists.
Few centers run cytotechnician and cytotechnologist training programs
for certification.
Only limited institutions have cytoscreeners.
Japan Pathologists have dual boards of anatomical pathology JSCC certification
and cytopathology. Candidate 1: medical technologist after 3-year course at a vocational
Clinicians also have board of cytopathology. school or 4-year course at a medical technology school, 1-year work
experience requirements at the cytology laboratory of a teaching hospital
Candidate 2: 4-year college graduate
Korea Pathology residents must pass the exam in both fields Nationwide cytotechnician education program began under the auspices
of surgical pathology and cytolopathology to get of the World Health Organization in 1981.
the pathology board. After 2-year pathology or cytology laboratory practice as a technician,
For board certificated pathologists, there is annual 1-year training program at a National Cancer Center and
requirement for continuing cytology education activities. certification exam
Philippines Formal cytopathology training programs are not offered. No training programs
Conferences in cytopathology are embedded
in the training program of anatomic pathology.
Taiwan At least 3 months of cytology screening and sign-out One-year on-site training at a qualified training institution and a final exam
practice There are 12 qualified institutions for cytotechnologist training in Taiwan.
Pathology residents are required to attend a 2-week
intensive course.
Pathology residents should pass both exams of
surgical pathology and cytolopathology to get
the pathology board.
For board certificated pathologists, there is annual
requirement for continuing cytology education
activities.
Thailand General cytopathology and thyroid cytology are the No data

essential parts of the training program for anatomic
pathology residents.

JSCC, Japanese Society of Clinical Cytology.
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Table 8. Quality assurance and quality control programs in thyroid FNA cytology

Country Internal program Nationwide external program
China No data No data
India No data External Quality Assurance Programme of the Indian Academy
of Cytologists
Only straightforward diagnose are assessed for thyroid FNA quality
control.
Japan No data No data
Korea Accuracy assessment by cyto-histological correlations Cytology proficiency testing in the Korean Society for Cytopathology

Annual reports on quality control of thyroid FNA
have been published since 1996.

Philippines Self-review
Intradepartmental referral to another pathologist
All thyroid surgeries with previous FNA done in the same
hospital are reviewed.
Taiwan No data
Thailand No data

has been performed since 1996.

National quality control program in the Korean Society of Pathologists
began in 1999.

In the process of developing an external quality assurance program
in cytopathology

Currently there is no authoritative quality assurance program
for external evaluation.

External quality assurance program for Thai pathologists is set up and
supported by the Thai Society of Cytology.

No nationwide thyroid FNA cytologic-histological correlation program

FNA, fine-needle aspiration.

most countries adopting Western systems and guidelines and
incorporated them into their national systems early, there remains
local variation which should be considered when doing compari-
sons between Asian and Western countries, and among Asian
countries. We hope that these reports from Asia will encourage
further studies on thyroid FNA cytology to improve the diag-
nosis of thyroid nodules and subsequently provide optimal care
for patients with thyroid nodules in Asia.
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Background: Limited data are available on the current status of cytology practices in Korea. This
nationwide study presents Korean cytology statistics from 2015. Methods: A nationwide survey
was conducted in 2016 as a part of the mandatory quality-control program by the Korean Society
for Cytopathology. The questionnaire was sent to 208 medical institutions performing cytopatho-
logic examinations in Korea. Individual institutions were asked to submit their annual cytology
statistical reports and gynecologic cytology-histology correlation data for 2015. Results: Re-
sponses were obtained from 206 medical institutions including 83 university hospitals, 87 general
hospitals, and 36 commercial laboratories. A total of 8,284,952 cytologic examinations were per-
formed in 2015, primarily in commercial laboratories (74.9%). The most common cytology speci-
mens were gynecologic samples (81.3%). Conventional smears and liquid-based cytology were
performed in 6,190,526 (74.7%) and 2,094,426 (25.3%) cases, respectively. The overall diagnos-
tic concordance rate between cytologic and histologic diagnoses of uterine cervical samples was
70.5%. Discordant cases were classified into three categories: category A (minimal clinical im-
pact, 17.4%), category B (moderate clinical impact, 10.2%), and category C (major clinical im-
pact, 1.9%). The ratio of atypical squamous cells of undetermined significance to squamous in-
traepithelial lesion was 1.6 in university hospitals, 2.9 in general hospitals, and 4.9 in commercial
laboratories. Conclusions: This survey reveals the current status and trend of cytology practices
in Korea. The results of this study can serve as basic data for the establishment of nationwide cy-
topathology policies and quality improvement guidelines in Korean medical institutions.

Key Words: Cytology; Statistics; Surveys; Quality; Accuracy

The number of cytology cases has been increasing over time
in Korea.! In 1988, the Papanicolaou (Pap) smear was first
introduced to screen for cervical cancer during regular health
check-ups for Korean industrial workers and their family members.”
The National Cancer Screening Program for stomach, breast
and cervical cancer began in 1999. Over time, participation in
this program has increased as both the target population and
the cancer types included have expanded.” Recent guidelines for

pISSN 2383-7837
elSSN 2383-7845

cervical cancer screening in Korea recommend that all asymp-
tomatic women over the age of 20 begin cervical cancer screening
with a Pap smear or liquid-based cytology (LBC) and continue
every 3 years until the age of 74 (if three-consecutive cytologic
examinations have been negative within the previous 10 years).”

The Korean Society for Cytopathology is committed to
improving the quality of cytologic diagnosis and guiding the
administration and management of cytology laboratories. The

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Table 1. Assessment of diagnostic accuracy in cervical cytology Histologic diagnosis Cytologic diagnosis Category
Histologic diagnosis Cytologic diagnosis Category Atypical glandular cells B
Squamous cell Atypical g!andular cells favor A
Negative Negative ° EEZ?)ZSS' ISaI adenocarcinoma A
I I
ASCUS A in situ
Sl £ Adenocarcinoma A
LSIL B
HSIL c ASCUS, atypical squamous cells of undetermined significance; ASC-H,
: atypical squamous cells ca nnot exclude high-grade squamous intraepithe-
Squamous cell carcinoma C lial lesion; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-
LSIL Negative B grade squamous intraepithelial lesion.
ASCUS A
ASC-H A . . .
LSIL 0 Committee for Quality Improvement (QI), founded in 1992,
HSIL B monitors and evaluates cytopathologic outcomes on a regular
Squamous cell carcinoma B basis. This committee has generated standard operating proce-
L NETELE < dures and documents for quality assurance/quality control since
ASCUS B . . .
ASC-H A 1995; this is the same year that the first nationwide survey for
LSIL B quality control in cytopathology was conducted." Cytology profi-
HSIL 0 ciency testing has been performed as a part of QI programs
Squamous cel carcinoma A since 1996. Every year since 2003, all cytopathology laboratories
Squamous cell carcinoma  Negative C . . . ; .
ASCUS c have been required to submit the previous year’s quality control
ASC-H B statistics and participate in two cytology proficiency testing programs
LSIL B as provided by the QI committee." The QI program has contrib-
HSIL A uted to a reduction in cervical cancer mortality, reducing the odds
Squamous cell carcinoma 0 ratio to 0.36 (95% confidence interval, 0.31 to 0.43).}
Glandular cell In this stud ¢ nati ide cvtol catistics f
Negative Negative 0 n '1s S u. y, we present nationwide cytology sta '15 ics from
Atypical glandular cells A 2015, including the number of cytology cases, specimen type,
Atypical glandular cells favor B case volume by diagnosis, specimen preparation methods, and
neoplastic . .
tology-histol rrelations.
Endocervical adenocarcinoma C CYLoTogy-ustology COtreiations
in situ
Adenocarcinoma c MATERIALS AND METHODS
Adenocarcinoma in situ Negative B
Atypical glandular cells A . .
Atypical glandular cells favor A The QI Committee of the Korean Society for Cytopathology
neoplastic conducted a nationwide quality control survey in cytopathology
Endo;:ervical adenocarcinoma N from February 2, 2016, to February 22, 2016. The questionnaire
in situ
——— A was sent to 208 medical institutions performing cytopathologic
Adenocarcinoma Negative C examinations in Korea in order to gather statistical data on cytology
Atypical glandular cells B and gynecologic (GYN) cytology-histology correlation results
A;ye%;ﬂsgtlizndular cell favor B from 2015. Written informed consent was obtained from each
Endocervical adenocarcinoma A institution. This study was approved by the Institutional Review
in situ Board of The Catholic University of Korea, Seoul St. Mary’s
Adenocarcinoma 0 .
Gl Hospital (KC13SISI0198).
Other malignant neoplasm  Negative c For the purposes of this study, medical institutions were cate-
ASCUS B gorized into three groups: university hospitals, general hospitals,
ASC-H B and commercial laboratories. All cytology samples were also
::glll__ i classified into three groups: GYN, fine needle aspiration (FNA),
g e A and non-GYN/non-FNA samples including body fluids, urine,
(Continued) bronchial washing/brushing samples, cerebrospinal fluid, etc.
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The diagnostic concordance between cytologic and corresponding
histologic examinations of the uterine cervix was categorized as
either concordant (category O) or into one of three discordant
categories: category A (minimal clinical impact), category B
(moderate clinical impact), and category C (major clinical impact).
The criteria for the assessment of diagnostic accuracy are shown
in Table 1.

Statistical analysis was performed using GraphPad Prism software
ver. 6.05 (GraphPad Software, La Jolla, CA). p-values less than
.05 were considered statistically significant. Graphs were generated
using GraphPad Prism and Microsoft Excel.

RESULTS

Responses were obtained from 206 out of 208 medical insti-
tutions (99.0%) including 83 university hospitals, 87 general
hospitals, and 36 commercial laboratories.

Total number=8,284,952
Commercial laboratory

69.0%

(n=5,717,336)

Cytology Practices in Korea ® 581

Statistics of all cytopathology cases in 2015

The total number of cytopathologic examinations performed
in 2015 was 8,284,952, of which 5,717,336 (69.0%) were per-
formed in commercial laboratories, 1,603,591 (19.4%) in uni-
versity hospitals, and 964,025 (11.6%) in general hospitals
(Fig. 1A).

Out of a total of 8,284,952 samples examined, 6,734,465
(81.3%) were classified as GYN, 314,893 (3.8%) as FNA, and
1,235,594 (14.9%) as non-GYN/non-FNA (Fig. 1B).

In all, 6,190,526 (74.7%) cytology samples were prepared
for conventional smear (CS) and 2,094,426 (25.3%) were pre-
pared for LBC. Among the CS samples, 81.2% were GYN, 3.5%
were FNA, and 15.3% were non-GYN/non-FNA. Among the
LBC samples, 81.5% were GYN, 4.7% were FNA, and 13.9%
were non-GYN/non-FNA (Fig. 1C).

Statistics of GYN cytology
The number of GYN cytology samples was 6,734,465. GYN

cytology samples were examined mainly at commercial labora-

General

University hospital hospital

19.4% 11.6%
(n=1,603,591)  (n=964,025)

GYN Non-GYN/FNA FNA
81.3% 14.9% 3.8%
(n=6,734,465) (n=1,235,594) (n=314,893)
cs LBC
74.7% 253%
(n=6,190,526) (n=2,094,426) (C)
FNA FNA
Non-GYN, 3.5% Non-GYN, 4.7%
Non-FNA Non-FNA
15.3% 13.9%

Fig. 1. Number of cytopathology cases in 2015 according to the type of medical institution (A), specimen (B), and preparation method (C).
GYN, gynecologic; FNA, fine needle aspiration; CS, conventional smear; LBC, liquid-based cytology.

https://doi.org/10.4132/jptm.2017.08.11

http://jpatholtm.org/



582 e OhEJ etal

tories (74.9%, n = 5,043,280) and followed by university hospitals
(13.9%,1=935,590) and general hospitals (11.2%, n=755,595)
(Fig. 2A).

GYN cytology samples in commercial laboratories and general
hospitals were more frequently examined by CS than LBC,
whereas university hospitals preferred LBC over CS (Fig. 2B).

Statistics of FNA cytology

A total of 314,893 FNA cytology samples were examined.
Among them, 133,849 (42%) were examined in commercial
laboratories, 125,059 (40%) in university hospitals, and 55,985
(18%) in general hospitals (Fig. 3A).

The most common specimens were thyroid followed by lung
(Fig. 3B). FNA Samples in university hospitals showed the highest
ratio of LBC to CS followed by general hospitals and commercial
laboratories in descending order (Fig. 3C).

Statistics of non-GYN, non-FNA cytology

A rtotal of 1,235,594 non-GYN/non-FNA cytology samples
were examined, consisting of 542,942 (43.9%) from university
hospitals, 540,207 (43.7%) from commercial laboratories, and
152,445 (12.3%) from general hospitals (Fig. 4A). The proportion
of each specimen type (respiratory, body fluid, urine, cerebrospinal
fluid, etc.) is shown in Fig. 4B. The most common type of non-
GYN/non-FNA specimen was respiratory cytology, regardless

GYN cytology, total number=6,734,465

of the type of institution. The ratio of LBC to CS was higher in
university and general hospitals than in commercial laboratories
(Fig. 4C).

Methods of LBC preparation

A total of 11 methods for LBC preparation were used: ThinPrep
(Hologic, Marlborough, MA, USA), Cell Prep (Biodyne, Seongnam,
Korea), SurePath (BD Diagnostics, Sparks, MD, USA), Huro
Path (CelltraZone, Seoul, Korea), MonoPrep (MonoGen, Arlington
Heights, IL, USA), Prex-Prep, EASY Prep (YD Diagnostics,
Yongin, Korea), Cell Scan (Cell & Tech Bio, Seoul, Korea), CYTO-
fast (Hospitex Diagnostics, Firenze, Italy), Liqui-PREP (LGM
International, Melbourne, FL, USA), and Max-Prep (Fig. 5).
The number of medical institutions using each type of LBC
preparation method is listed here in descending order: ThinPrep
(68), SurePath (44), Cell Prep (17), EASY Prep (9), Huro Path
(5), Cell Scan (4), and Prex-Prep (2). Only one institution used a
preparation other than the aforementioned methods. The most
commonly used LBC method was ThinPrep (39.7%) followed
by Cell Prep (26.3%) and SurePath (23.7%); the others methods
accounted for less than 5% of LBC cases. In GYN cytology spec-
imens, ThinPrep (38.8%) was most commonly used followed by
Cell Prep (30.0%) and SurePath (19.4%). In non-GYN/non-
FNA cytology specimens, SurePath (49.9%) was most commonly
used followed by ThinPrep (44.7%) and Cell Prep (2.6%). In

University General
Commercial laboratory hospital hospital
74.9% 13.9% 11.2%
(n=5,043,280) (n=935,590)  (n=755,595)
4,004,458 0
(79.4%) 0 cs [ LBC
1,038,822
(20'6%) 522‘552 61 0,955
413,038 A 60.9%)
@41 ~ (55:9%) : 144,640
’—‘ (19.1%)
—
Commercial laboratory University hospital General hospital Q

Fig. 2. Number of gynecologic (GYN) cytology cases in 2105 according to the type of medical institution (A) and sample preparation method

(B). CS, conventional smear; LBC, liquid-based cytology.
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FNA cytology, total number=314,893
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General
University hospital Commercial laboratory hospital
(n=125,059) (n=133,849) (n=55,985) (A)

B Thyroid B Lung E Others

General hospital

Commercial laboratory

University hospital

518,280

(98.0%) 0 cs [ LBC
278,585
(56.9%)
210,905
(43.1%)
110,088
(75.7%)
35,256
:;:;5)’ (24.3%)
. 0 ’—‘
University hospital Commercial laboratory General hospital G

Fig. 3. Number of fine needle aspiration (FNA) cytology cases in 2105 according to the type of medical institution (A), specimen (B), and
sample preparation method (C). CS, conventional smear; LBC, liquid-based cytology.

FNA cytology specimens, ThinPrep (45.09%) was most commonly
used followed by SurePath (33.6%), EASY Prep (12.9%), and
Huro Path (4.5%).

Prevalence of cytologic diagnoses of the uterine cervix

Of the GYN cytology samples, 95% were diagnosed as negative,
3% as atypical squamous cells of undetermined significance
(ASCUY), and 1% as low-grade squamous intraepithelial lesion
(LSIL). In each type of institution, 1% of samples were considered
to be unsatisfactory. The frequencies of unsatisfactory, negative,
ASCUS, atypical squamous cells-cannot exclude high-grade
squamous intraepithelial lesion, atypical glandular cells (AGC),
AGC-avor neoplastic, LSIL, high-grade squamous intraepithelial
lesion, adenocarcinoma 7 situ, squamous cell carcinoma, adeno-
carcinoma, etc. are shown in Table 2.

The ratio of atypical squamous cells of undetermined significance

https://doi.org/10.4132/jptm.2017.08.11

to squamous intraepithelial lesion (ASCUS:SIL), representing
the screening sensitivity, was significantly higher in commercial
laboratories (6.0 = 9.2) than in university hospitals (1.9 + 2.0)
and general hospitals (2.8 + 3.0) (p <.001) (Fig. 6).

Diagnostic accuracy of GYN cytology

Statistical data on diagnostic accuracy were obtained from 77
university hospitals and 54 general hospitals (Fig. 7). In university
hospitals, a total of 44,044 GYN cytology cases were compared
with matching histologic specimens with the following results:
9.1% in category A, 4.0% in category B, 0.6% in category C, and
86.3% in category O. In general hospitals, a total of 3,898 GYN
cytology cases were compared with matching histologic specimens
with the following results: 17.4% in category A, 10.2% in category
B, 1.9% in category C, and 69.5% in category O. Accuracy data
from commercial laboratories was not available.

http://jpatholtm.org/
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Table 2. Prevalence of cytologic diagnosis of uterine cervix according to the type of medical institution

Cytology University hospital Commercial laboratory General hospital Total
Unsatisfactory 5,010 (0.5) 30,271 (0.7) 5,421 (0.7) 40,702 (0.6)
Negative 872,873 (93.6) 4,382,832 (94.7) 741,720 (95.5) 5,997,425 (94.6)
ASCUS 29,421 (3.2) 171,549 (3.7) 20,224 (2.6) 221,194 (3.5)
ASC-H 3,792 (0.4) 6,640 (0.1) 1,504 (0.2) 11,936 (0.2)
LSIL 13,262 (1.4) 28,667 (0.6) 5,253 (0.7) 47,182 (0.7)
HSIL 5,243 (0.6) 6,010 (0.1) 1,833 (0.2) 13,086 (0.2)
Squamous cell carcinoma 890 (0.1) 500 (<0.1) 246 (<0.1) 1,636 (<0.1)
AGC 1,055 (0.1) 2,350 (0.1) 507 (0.1) 3,912 (0.1)
AGC, favor neoplastic 195 (<0.1) 292 (<0.1) 74 (<0.1) 561 (<0.1)
Adenocarcinoma in situ 51 (<0.1) 4(<0.1) 19 (<0.1) 74 (<0.1)
Adenocarcinoma 348 (<0.1) 65 (<0.1) 64 (<0.1) 477 (<0.1)
Others 56 (<0.1) 628 (<0.1) 13 (<0.1) 697 (<0.1)
Total 932,196 (100) 4,629,808 (100) 776,878 (100) 6,338,882 (100)

Values are presented as number (%).
ASCUS, atypical squamous cells of undetermined significance; ASC-H, atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion;
LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; AGC, atypical glandular cells.

Non-GYN, non-FNA cytology, total number=1,235,594

General

University hospital Commercial laboratory hospital

43.9% 43.7% 12.3%
(n=542,942) (n=540,207) (n=152445 @

B Respiratory B Body fluid E Urine B CSF B Others
42%
I 5%

0.1%

33.6%
1.9%

University hospital

Commercial laboratory 2.0%

General hospital - 3.6%
528,462
(97.8%) 0 cs 0O LBC
302,669
(65.7%) 540073
(44.3%)
141,111
(74.9%)
11,745 38,334
0 2 %) (25.1%)
. 0 ’—‘
University hospital Commercial laboratory General hospital G

Fig. 4. Number of non-gynecologic (GYN), non-fine needle aspiration (FNA) cytology cases in 2105 according to the type of medical institu-
tion (A), specimen (B), and sample preparation method (C). CSF, cerebrospinal fluid; CS, conventional smear; LBC, liquid-based cytology.
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Liquid-based cytology, total number=2,034,563

ThinPrep | 1 808,354 (39.7%)
Cell Prep | ] 535,201 (26.3%)
Sure Path ] 482,340 (23.7%)

Huro Path [T 68,722 (3.4%)
MonoPrep [T 56,417 (2.8%)
Prex-Prep | 38,019 (1.9%)
EASY Prep [T 34,288 (1.7%)
Cell Scan 7,727 (0.4%)
CYTOfast | 1,560 (0.1%)
Liqui-PREP | 1,448 (0.1%)
Max-Prep | 487 (0.0%)

Fig. 5. Usage of liquid-based cytology in 2015 according to num-
ber of institutions, number of specimens, and type of specimen.

50 -

40 ] p<.001
i)
©
i 30
D
g
3 204 .
c/) A
< . 7

10 4 . "

.... -" _e:—
University hospital General hospital Commercial
(n=80) (n=76) laboratory (n=25)

Mean+SD 1.9+2.0 2.8+3.0 6.0£9.2

Fig. 6. Ratio of atypical squamous cells of undetermined signifi-
cance (ASCUS) to squamous intraepithelial lesions (SIL) according
to the type of medical institution in 2015.

DISCUSSION

The survey response rate for this study was quite high. In all,
99.0% of medical institutions providing cytopathology service
responded to this survey as mandated by the QI program of the
Korean Society for Cytopathology.

GYN cytology comprised 81.3% of all cases, which is due to
the national cervical cancer screening program. Of the GYN
cytology samples, 74.9% were examined at commecial laborato-
ries, 13.9% at university hospitals, and 11.2% at general hospitals.
In Korea, Pap smears are generally performed in primary care
clinics and health promotion centers, and most of those specimens
are then sent to commercial laboratories.

The conventional Pap smear is a simple and effective method
for screening cervical cancer. LBC was initially introduced in
GYN cytology, and its use has increased continuously over the
past two decades. According to a previous nationwide study in
Korea, the use of LBC comprised 7.6% and 20.5% of all cytology

https://doi.org/10.4132/jptm.2017.08.11

Cytology Practices in Korea ® 585

B Category O M Category A [@ Category B B Category C
4.5%

Total [ 1 08%
University 40%
hospital ] 06%
General 1.9%
hospital

Fig. 7. Diagnostic accuracy of gynecologic cytology in 2015 ac-
cording to the type of medical institution.

7,000,000 - ] LBC
bcs
6,000,000
25.3%
5,000,000
4,000,000
20.5%
7.6%
3,000,000 -
T4.7%
2,000,000 -
0,
92.4% 19:5%
1,000,000
0
2004 2007 2015
Total number (2,891,867) (4,023,166) (6,734,465)
Year

Fig. 8. Total number of gynecologic cytology cases according to
the method of sample preparation at three different times. The
number of cytology cases and the proportion of liquid-based cytol-
ogy (LBC) have increased over time. CS, conventional smear.

cases in 2004 and 2007, respectively (Fig. 8).' In 2015, LBC was
used in 25.3% of all GYN cytology cases. In university hospitals,
55.9% of all GYN cytology were examined by LBC, whereas
commercial laboratories used LBC less frequently (Fig. 2B).

In the field of non-GYN cytology, LBC is only used for body
fluid and thyroid aspiration samples by the National Health
Insurance System in Korea. The proportion of LBC in non-
GYN cytology cases was higher in university hospitals than in
other types of institutions (Figs. 3C, 4C). The thyroid gland was
the highest source of FNA samples (Fig. 3B). The high number
of thyroid FNA cases in Korea closely correlates with the high
rate of thyroid cancer screening, as Korea has the highest incidence
of thyroid cancer in the world." Although 11 methods of LBC

http://jpatholtm.org/
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were introduced in Korea, more than 95% of cases used either
ThinPrep, Cell Prep, or SurePath. This is the first report to investigate
the current status of the LBC methods used in Korea.

The overall rates of unsatisfactory, negative, and ASCUS for
GYN cytology cases were 0.6%, 94.6%, and 3.5% respectively.
These results did not significantly differ among the three types of
medical institutions. The ASCUS rate may have varied according
to the cytopathologist performing the exam. The ASCUS:SIL
ratio was less affected than the ASCUS rate by patient population,
prevalence of disease, and the effect of screening.”"” Thus, the
ASCUS:SIL ratio was used as a quality control reference." In one
study, cytotechnologists with an ASCUS:SIL ratio < 1.5 showed
a significantly lower sensitivity than those with a ratio >3.0.”
In our study, the mean ASCUS:SIL ratio was 1.9 in university
hospitals, 2.8 in general hospitals, and 6.0 in commercial laboratories
(Fig. 6). Thus, the mean screening sensitivity of commercial
laboratories may be higher when compared with referral hospitals.

Quality control of diagnostic accuracy was assessed by corre-
lating cervical cytology with histologic results as mandated in
university hospitals and general hospitals by the QI program of
the Korean Society for Cytopathology. However, this correlation
was not performed in most commercial laboratories. The concor-
dance rate of cytologic and histologic diagnoses may vary depending
upon the time difference between the two examinations.'"
Diagnostic correlations between cytology and histology are lower
when the two examinations are performed simultaneously than
when cytology precedes histologic examination.'"'* During this
study, we recognized that there was no standardization of cytologic-
histologic correlation methods, including the type of histologic
specimens, the intervals for correlation, and the statistical metrics
used. In our study, cytologic-histologic correlation was performed
in real time and/or retrospectively. The tissue samples for histologic
correlation were obtained from either cervical biopsy, conization,
or hysterectomy.

We found that the volume of cytology cases, sample type,
preparation method, access to paired tissue specimens, practice
variables, and screening sensitivity all differed from institution
to institution. In general, both the total volume of cytology cases
and the proportion of cases using LBC have significantly increased.
The screening sensitivity of GYN cytology was higher and more
variable in commercial laboratories when compared with university
and general hospitals. The results of this study can serve as basic
data for the establishment of nationwide cytopathology policies
and QI guidelines in Korean medical institutions.
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with Extracranial Metastasis: A Case Report
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Ependymoma is the third most common pediatric primary brain tumor. Ependymomas are cate-
gorized according to their locations and genetic abnormalities, and these two parameters are
important prognostic factors for patient outcome. For supratentorial (ST) ependymomas, RELA
fusion-positive ependymomas show a more aggressive behavior than YAP1 fusion-positive
ependymomas. Extracranial metastases of intra-axial neuroepithelial tumors are extremely rare.
In this paper, we report a case of aggressive anaplastic ependymoma arising in the right frontopa-
rietal lobe, which had genetically 125 gain, CDKN2A homozygous deletion, and L1CAM overex-
pression. The patient was a 10-year-old boy who underwent four times of tumor removal and seven
times of gamma knife surgery. Metastatic loci were scalp and temporalis muscle overlying primary
operation site, lung, liver, buttock, bone, and mediastinal lymph nodes. He had the malignancy for
10 years and died. This tumor is a representative case of RELA fusion-positive ST ependymoma,
showing aggressive behavior.
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Genetics

Ependymoma is the third most common neuroepithelial tumor
of the childhood." It is a circumscribed glioma consisting of
uniform small cells with ependymal differentiation, commonly
originates from the walls of the cerebral ventricles or spinal canal,
and is mostly manifest in children and young adults.” Ependy-
momas account for 9% and 8% of intracranial and intraspinal
neoplasms of all primary brain and central nervous system (CNS)
tumors in ages 0—14 and 019, respectively.’ Like other primary
glioneuronal tumors, extracranial metastasis of ependymoma is
extremely rare.""" Korshunov ¢ @/."” reported that the incidence of
extracranial metastasis in their cohort was 2% (5/258 cases). In
this paper, we present a rare case of anaplastic ependymoma
with widespread extraneural metastasis. This study abides by
the World Medical Association Declaration of Helsinki recom-
mendations and was approved by the Institutional Review
Board of Seoul National University Hospital IRB No. 1507-
040-690). The patient agreed and signed the agreement.

CASE REPORT

A 10-year-old boy visited the pediatric neurosurgery outpatient

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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clinic due to headache and vomiting for 1 week. On physical
examination, grade IV+ motor weakness in the right upper extremity
and limping gait of the right leg were noted. Initial magnetic reso-
nance imaging (MR]I) revealed a large cystic mass (6.2x4.5 cm)
in the left frontoparietal lobe (Fig. 1A). Craniotomy and gross
total removal (GTR) of the tumor were performed in May 2007.
Both solid and cystic portions were dissected from the normal-
appearing brain parenchyma for GTR of the tumor. Histological
diagnosis was World Health Organization (WHO) grade II
ependymoma. Postoperatively, the patient’s neurological status was
significantly improved, and right hemi-weakness gradually nor-
malized.

Follow-up (F/U) MRI 3 months after initial surgery showed a
small enhancing lesion with peripheral edema at the superolateral
side of the operation bed compared with immediate postoperative
MRI. At that time, clinicians could not rule out tumor recurrence.
Therefore, the patient was treated with 8 weeks of adjuvant radio-
therapy with 61.2 Gy. Five months after surgery, when the dose
of antiepileptic drug was decreased, focal seizure developed as
twitching in the right arm. After reverting to the full dosage of
antiepileptic drugs, the symptoms disappeared. By that time, the
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right upper extremity weakness had almost normalized. However,
6 months after surgery, F/U MRI (Fig. 1B) revealed an increased
extent of the recurrent tumor and peritumoral edema at the operation
site compared with the 3-month F/U MRI finding (1X0.8x1.9 cm
vs 1.5%1.6x3.1 cm). On reoperation 8 months after initial sur-
gety, intraoperative ultrasound was used for GTR, and anterior,
posterior, and both lateral margins were checked through frozen
section biopsy. The second reoperation revealed WHO grade 111
anaplastic ependymoma. Subsequent F/U MRI was performed,
and GTR was suggested.

Two months after the second operation, F/U MRI showed no
definite enhancing recurrent mass; however, rim enhancement
was noted along the resection margin. Tumor recurrence was
suspected, and chemotherapy was considered; however, no recom-
mendable chemotherapy regimen was available. Therefore,
gamma knife surgery (GKS) (No. 1) was performed (volume,
3.7 cc; dose, 18 Gy at 52%; shot, 8 X). However, the lesion
enlarged again one month after the GKS. Subsequent GKS was
then performed twice (GKS No. 2: volume, 1 cc; dose, 16 Gy at
50%; shot, 6x; GKS No. 3: volume, 1.8 cc; dose, 19 Gy; shot,
6x). Approximately a year after the second surgery, the tumor
showed a rapid growth (February 2009, 13.8x18.6X 13.8 cm;
April 2009, 20.6x21.5 X 15.8 cm), and reoperation for GTR
was considered but eventually could not be carried out. Without
reoperation, there was a gradual decrease in tumor size for a year.

However, findings of the 2-year and 6-month F/U MRI
worsened. Several newly appearing enhancements were found
in the left parietal and temporal lobes, left cranial nerves (CN)
VII and VIII, and right CN V. Leptomeningeal seeding was
also noted (Fig. 1C). GKS No. 4 was performed again. A third
operation was again considered due to increased enhancing
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mass, but was refused by the guardian. Fractionated GKS No. 5
was performed instead. Numbness of the right arm and myoclonic
movement accompanied by limb weakness and sensory change
in taste developed. F/U MRI showed increased enhancing mass
and increased edema compared with the MRI findings a month
ago. Fractionated GKS No. 6 was then performed. Right hemi-
paresis worsened. A third craniotomy and tumor removal was
petformed, and the tumor along the gliotic plane was totally
removed. However, after surgery, right hemiparesis worsened;
as such, the patient started to receive rehabilitation management.
Two-month F/U MRI showed an increase in the size of the enhanc-
ing dura-based mass. Fractionated GKS No. 7 was done, which
was preferred by the guardian. The patient then went to the emer-
gency room due to right-sided tonic clonic seizure. On computed
tomogtaphy scan, focal nodular enhancing lesion appeared again
at the operation site. Tumor invasion to the incision scar and
temporalis muscle was observed. Additionally, new enhancing
nodule in the left parietal lobe was found (Fig. 1D). A fourth
craniotomy and excision of the tumor, which showed enhance-
ment on MRI, was subsequently performed.

Seven years after initial presentation, several new tumors
were found in the leptomeninges, scalp, temporalis muscle,
lung, mediastinal lymph node (LN), liver, and bones on positron
emission tomography imaging study (Fig. 2A). Excision of the
scalp masses and needle biopsy of the liver were performed for
diagnostic and palliative purpose (Fig. 3). The tumors were
pathologically confirmed as mestastatic anaplastic ependymoma.
The patient received chemotherapy, seven cycles of VIP (etopo-
side, ifosfamide and cisplatin).

However, the disease progressed and his condition worsened.
He died after 9 years of having anaplastic ependymoma.

Fig. 1. Magnetic resonance imaging (MRI) findings. (A) Initial MRI scan shows a 6.2-cm large cystic mass in the left frontoparietal lobe (May
2007). First craniotomy and tumor removal was done. (B) An increase in the extent of the recurred tumor and surrounding peritumoral edema
at the superior-lateral side of the postoperative defect was noted on several follow-up MRI scans (November 2007). (C) Clinical leptomenin-
geal seeding was first detected via MRI, which also shows a new ill-defined lesion with contrast enhancement in the left parietal lobe (July
2010). (D) Extracranial scalp metastasis was suspected clinically. It was detected via MRI (November 2013) and showed focal nodular enhanc-

ing lesion overlying the left temporalis muscle.
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Pathological findings

Pathologic diagnosis of the initially resected tumor in 2007
was grade II ependymoma (Fig. 2B), with low mitotic rate
(4/10 high-power field) and low Ki-67 labeling index (1%).
However, the pathologic diagnosis of the second recurrence at 5
months after the initial GTR, which was removed 8 months after
the initial GTR, was WHO grade I1I anaplastic ependymoma,
with high mitotic rates, extensive necrosis, microvascular prolif-
eration, and high Ki-67 (1:1,000, DAKO, Glostrup, Denmark)
labeling index (Fig. 2C, G). Moreover, Ki-67 labeling indices in
the specimen from leptomeningeal seeding were 24.5% to 37.3%,
suggesting rapid malignant transformation. After GKS, the tumor
showed extensive necrosis (more than 50%), suggesting that radio-
therapy and GKS were effective to a certain level. However, the
tumor eventually metastasized systemically. The tumor cells
were robustly positive for glial fibrillary acidic protein (GFAP;
1:300, DAKO), and showed extensive dot-like positivity for
epithelial membrane antigen (1:100, DAKO) (Fig. 2D, E).

Results of the ultrastructural study showed microvilli and cilia in
the intercellular and intracytoplasmic microrosettes. In addition,
long intermediate junctions were present. Collectively, these ultra-
structural findings suggested anaplastic ependymoma. In all speci-
mens, LICAM (1:200, Abcam, Cambridge, UK) was robustly
positive in the entire tumor cell cytoplasm, suggesting RELA
fusion-positive ependymoma (Fig. 2F).

Results of the liver biopsy revealed metastatic anaplastic epen-
dymoma, which showed robust GFAP positivity and high Ki-
67 index of 92.47% (Fig. 3A-C).

Using formalin-fixed paraffin embedded tissue, fluorescence
in situ hybridization (FISH) was performed to examine genetic
characteristics. Locus-specific 1p36 (Spectrum Orange)/LSI 1q25
(Spectrum Green) dual-color FISH Probe (Vysis, Downers
Grove, IL, USA) and 9p21.3 (CDKN2A) (Spectrum Orange)/
CEP9 (Spectrum Green) dual color FISH Probe (Vysis) were
used. A total of 100 nuclei were counted. The 1g25/1p36 ratio
was 1.55, which revealed 1 copy gain of chromosome 1q25,

Fig. 2. Positron emission tomography image of the patient and microscopic and immunohistochemical findings of the primary and recurrent
tumors. (A) Positron emission tomography scan shows metastasis to the muscle, lung, mediastinal lymph node (white arrows), liver (black arrow),
buttocks, and bones. (B, C) Initial (in 2007) and recurrent tumors (in 2013) show sheets of monotonous cells with oval nuclei with salt-and-
pepper chromatin pattern. The recurrent tumor in 2013 shows microvascular proliferation. (D) Glial fibrillary acidic protein is robustly positive
in tumor cells. (E) Epithelial membrane antigen shows dot-like positivity, suggesting ependymal tumor. (F) L1CAM shows diffuse strong positivity
in the tumor cells, suggesting RELA fusion-positive ependymoma. (G) Ki-67 labeling index in the recurrent tumor was high (37.3%).
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and 9p21.3 homozygous deletion was also found (Fig. 3D, E).
DISCUSSION

Ependymomas are tumors arising from ependymal lining
cells, which are classified according to the location and age of
the patient because different genetic abnormalities and biological
behaviors are found according to these two parameters.>* Epen-
dymomas are more common in children than in adults and are
the third most frequent neuroepithelial tumors of childhood.
Ependymomas in children tend to occur in the posterior fossa
(PF), whereas they tend to occur in the supratentorium and spinal
cord (SC) in adults. The tumors can be graded as WHO grade
IT and III according to histopathological parameters, such as
mitotic rate, microvascular proliferation, and nuclear pleomor-
phism; however, it is difficult to apply and the clinical utility is
questionable."

By far, no effective anticancer regimen has been found against
ependymomas. Surgical resection and radiotherapy is the treatment
of choice. Therefore, unlike other CNS gliomas, the outcome of
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ependymomas does not follow grade but the location and resect-
ability.

Ependymomas are divided into three groups according to
their location: supratentorial (ST), PE, and SC. ST ependymoma
is further categorized as RELA-C11 or 95 fusion and YAPI-
MAMDLI or YAP1-FAM118B fusion."® RELA fusion subtype
comprises 70% of ST ependymomas, and the rest is YAP! fusion.®
The RELA fusion group has remarkably worse survival than
that of YAPI fusion group. RELA fusion can be detected via
reverse transcriptase—polymerase chain reaction or immunohis-
tochemical marker LICAM." In case of PF ependymomas,
LAMA2-expressing ependymomas (group A) has worse outcome
than NELL2-expressing ependymomas (group B)."

At initial presentation, the tumor is located in the left fronto-
parietal area. In general, patients with ST ependymomas are
believed to have better survival rates than those with infratentorial
ependymomas because GTR is possible.'® However, several
contradictory reports regarding patients” outcomes have been
published.”

The most important prognostic factor for ependymomas is

Fig. 3. Microscopic finding and immuohistochemical and fluorescence in-situ hybridization studies of metastatic ependymoma to the liver. (A)
Results of the liver biopsy reveal metastatic anaplastic ependymoma. The metastatic tumor shows robust glial fibrillary acidic protein positivity
(B) and high MIB-1 (Ki-67) labeling index of 92.47% (C). Fluorescence in-situ hybridization reveals low copy gain of 1925 (1925 [spectrum
green]/1p36 [spectrum orange] ratio=1/55) (D) and CDKN2A (9p21.3) homozygous deletion (E).
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genomic aberration. In cases of ST ependymomas, RELA fusion-
positive ependymomas have worse prognosis than YAP! fusion-
positive ependymomas.” Additionally, gain of 1q25 and homo-
zygous deletion of CDKN2A (9p21.3) are powerful independent
indicarors of unfavorable prognosis." Our case is LICAM-expressing
ST ependymoma with poor clinical course and extracranial metas-
tases to the skull, temporalis muscle, lung, mediastinal LN, liver,
and bone.

Rickert published a review article on extracranial metastasis
of pediatric brain tumors that included six cases of ependymoma,
not otherwise specified, and two cases of anaplastic ependymoma.*’
Among them, one had metastasis without prior surgical interven-
tion, including biopsy, and seven had metastasis after surgical
intervention. The mean latency, which is the latency between
brain surgery and extracranial metastasis, for metastasis was
25.7 months for non-shunt related metastasis.

In our case, although three surgeries had been done before
extracranial metastasis, the latency for extracranial metastasis
was 78 months from the first surgery. We assume that the surgery
might have played a major role in metastasis to the skull and
temporalis muscle; however, the tumor recurrence in the primary
site despite GTR in a short duration (in 8 months) and repeated
recurrences suggest its aggressive nature, which might be due
to its genetic alteration of RELA fusion positivity and 1q25 gain.
In general, cerebrospinal dissemination indicates poor prognosis in
brain tumors.”” Our case showed leptomeningeal seeding after
tumor recurrence in the primary site.

In this paper, we report a case of aggressive anaplastic ependymoma
with extracranial metastasis, positive for RELA fusion, 1925
gain, and CDKN2A homozygous deletion.
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