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EDITORIAL

New insights into classification and risk stratification of encapsulated
thyroid tumors with a predominantly papillary architecture

Chan Kwon Jung', So Yeon Park’, Jang-Hee Kim", Kennichi Kakudo’

'Department of Hospital Pathology, College of Medicine, The Catholic University of Korea, Seoul;
“Cancer Research Institute, College of Medicine, The Catholic University of Korea, Seoul;
*Department of Pathology, Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam;
“Department of Pathology, Ajou University School of Medicine, Suwon, Korea;
*Department of Pathology and Thyroid Disease Center, lzumi City General Hospital, lzumi, Japan

Three cases of noninvasive encapsulated papillary RAS-like
(NEPRAS) thyroid tumor are reported in this issue [1]. The
term “NEPRAS” was first used by Ohba et al. in 2019 [2] to
designate a noninvasive thyroid tumor showing a complete
fibrous capsule, a predominantly papillary architecture, and
RAS mutation but with subtle nuclear features of papillary thy-
roid carcinoma (PTC) (Fig. 1). The tumor was considered a
borderline thyroid tumor that showed a predominantly papil-
lary structure. The name and concept of “NEPRAS” tumors
were proposed as a counterpart of noninvasive follicular thyroid
neoplasm with papillary-like nuclear features (NIFTP) having a
predominantly follicular architecture. NEPRAS is different
from follicular adenoma with papillary hyperplasia because of
the appearance of nuclear features of PTC (Fig. 2). The distinc-
tion between NEPRAS and NIFTP is based on the presence
of papillary structure in NEPRAS tumors (Table 1). NEPRAS
tumors with RAS mutations or other RAS-like mutations are
different from encapsulated classic PTCs in that classic PTCs
typically harbor the BRAF V600E mutation. Therefore, in the
diagnostic schema recommended by the World Health Organi-
zation (WHO) classification of thyroid tumors, pathologists
might have variably classified these noninvasive encapsulated
tumors as either benign follicular adenoma or encapsulated
PTC depending on the subjective judgment of nuclear features.

The 2017 WHO classification newly adopted a borderline
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tumor of the thyroid [3]. Encapsulated follicular-patterned
thyroid tumors with borderline behavior include follicular tumor
of uncertain malignant potential (FI-UMP), well-differenti-
ated tumor of uncertain malignant potential (WDT-UMP), and
NIFTP [3]. FI-UMP has round nuclei that lack PTC-type nu-
clear features, whereas WDT-UMP and NIFTP share the nu-
clear features of PTC, including a nuclear score of 2 or 3 on a
three-point scoring scale [3]. Although encapsulated follicular-
patterned lesions are well defined by the WHO classification,
there is a lack of consensus on encapsulated papillary-patterned
thyroid tumors that demonstrate subtle nuclear changes. Many
diagnostically controversial cases exhibit subtle nuclear features,
such as a nuclear score of 2, and therefore pose challenges for
accurate diagnosis.

Pathologic diagnosis of a thyroid tumor is fundamentally
dependent on pathologists” knowledge and experience in inter-
preting microscopic findings [4-8]. Due to variable application
of loose or strict criteria in assessing the nuclear features of PTC
and its invasion of the tumor capsule and vessels, there is discrep-
ancy in diagnosis of encapsulated/well-circumscribed thyroid
tumors among pathologists [6-9]. Noninvasive encapsulated
papillary-patterned thyroid tumor is diagnosed as encapsulated
classic PTC if nuclear features of the tumor are interpreted as
nuclear score of 3. However, diagnostic challenges may arise in
cases with subtle nuclear changes. In Western practice, equivocal
nuclear changes are more easily interpreted as PTC-type nuclear
features, whereas most Asian pathologists agree that such nuclear
features are insufficient for diagnosis of PTC [10]. As a result,
the same tumor can be diagnosed as a follicular adenoma by
certain pathologists who apply more stringent criteria for diag-

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. Noninvasive encapsulated papillary RAS-like thyroid tumor. (A) The tumor has a thick fibrous capsule and shows cystic change. (B)
The solid area is predominantly composed of papillary architecture lined by cuboidal to columnar follicular cells. (C) Psammoma bodies are
occasionally seen (arrow). (D) Tumor cells show nuclear enlargement, overlapping, and elongation, with slightly irregular nuclear membranes
and dark chromatin, and have no nuclear pseudoinclusions. Molecular analysis revealed KRAS G12V mutation.

nosis of PTC.

RAS-mutated thyroid tumors demonstrate different histolo-
gy and biological behavior than tumors with BRAF V600E
mutation [11]. RAS or other RAS-like mutations are frequently
found in follicular adenoma, NIFTP, and follicular carcinoma
with a similarity in the possible spectrum of mutations [12-14].
In PTCs, two molecular subtypes, BRAF V600E-like and RAS-
like types, were proposed by the Cancer Genome Atlas (TCGA)
project [11]. Follicular-patterned PTCs typically carry RAS-like
mutations, including RAS mutations, whereas PTCs with pap-
illary architecture have BRAF VG60OE or other BRAF-like mu-
tations. However, this rule does not apply in all cases. RAS-like
mutations can be found in PTCs with papillary architecture. In
the TCGA dataset [11], of 250 classic PTCs with molecular
classification data, 43 (17.2%) had an RAS-like molecular sig-
nature, while 16 (6.3%) had RAS mutations. Noninvasive en-

http://jpatholtm.org/

capsulated papillary-patterned tumor can also demonstrate
PTC-like nuclear features and RAS mutations. The tumor was
previously classified either as encapsulated classic PTC if it had
a nuclear score of 2-3 or as follicular adenoma with papillary
hyperplasia if it had a nuclear score of 0 or 1 according to the
WHO classification [3]. However, the new diagnostic term
“NEPRAS” can reclassify a subset of noninvasive encapsulated
papillary-patterned tumors as bordetline cumors [2].

NEPRASs share common characteristics of NIFTP as a non-
invasive encapsulated tumor, having RAS-like mutations, and
demonstrating a PTC-type nuclear score of 2. However, NE-
PRAS lesions are papillary-patterned tumors and can have
psammoma bodies (Fig. 1). Because the presence of true papil-
lae and psammoma bodies suggest the probability of classic
PTC, these findings are major exclusion criteria for the diagno-
sis of NIFTP. A nuclear score of 3 and the well-developed nu-

https://doi.org/10.4132/jptm.2020.04.29
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clear features of PTC are not exclusion criteria for NIFTP, but mor, including more grossing and immunostaining or molecu-
they indicate a higher probability of classic PTC and should lar testing for BRAF VG0OE (Fig. 3) [15-18]. As encapsulated
serve as an indicator for a more thorough examination of the tu- papillary-patterned tumors with nuclear scotes of 3 are fre-

Fig. 2. Follicular adenoma with papillary hyperplasia. The tumor is cystic and has a thick complete capsule upon gross (A) and microscopic
examination (B). (C) The tumor is composed of a predominantly papillary structure. (D) Tumor cells show basally located, small, and dark nu-
clei with round contours.

Table 1. Classification of encapsulated thyroid tumors with RAS-like mutations: a proposal for NEPRAS

Tumor : Nuclear . . Predominantly follicular growth
) Invasion Papillary architecture
behavior score Presence of true papillae Absence of true papillae
Benign Absent Oto1 Follicular adenoma with Follicular adenoma, conventional type Follicular adenoma, conventional type
papillary hyperplasia

Borderline Absent 2 (rarely 3) NEPRAS - NIFTP

Questionable 2 (rarely 3) - - WDT-UMP
Malignant  Present 1 (rarely 0)  Follicular carcinoma Follicular carcinoma Follicular carcinoma

Present 21083 Papillary carcinoma, Papillary carcinoma, encapsulated classic ~ Papillary carcinoma, invasive

encapsulated classic variant  variant with predominant follicular growth encapsulated follicular variant

NEPRAS, noninvasive encapsulated papillary RAS-like thyroid tumor; NIFTR, noninvasive follicular thyroid neoplasm with papillary-like nuclear features; WDT-
UMP, well-differentiated tumor of uncertain malignant potential.

“Nuclear score is calculated as the sum of all categories of nuclear features of papillary carcinoma: (1) nuclear size and shape (nuclear enlargement, overlap-
ping, crowding, and elongation), (2) nuclear membrane irregularities (iregular nuclear contours, grooves, and pseudoinclusions), (3) chromatin characteristics
(chromatin clearing, margination of chromatin to the membrane, glassy nuclei) [14].

https://doi.org/10.4132/jptm.2020.04.29 http://jpatholtm.org/
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Fig. 3. Noninvasive encapsulated classic papillary thyroid carcinoma with predominant follicular growth and BRAF VEOOE. This tumor was initial-
ly misdiagnosed as noninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP). (A) The tumor is completely surrounded by
a thin fibrotic capsule. (B) The encapsulated tumor is composed of follicular architecture. (C) The tumor cells have florid nuclear features of papil-

lary carcinoma. Nuclear pseudoinclusions and grooves are frequently seen. (D) Immunostaining for BRAF VBOOE (VE1) is positive.

quently positive for the BRAF V600E mutation and therefore
confidently diagnosed as PTC, a nuclear score of 3 is an exclu-
sion critetion for diagnosis of NEPRAS. While NEPRAS re-
mains a morphologic diagnosis like NIFTP, detection of RAS-
like low-risk mutations (RAS, BRAF K601E, EIFIAX,
PPARG fusion, THADA fusion, and so forth) further substan-
tiates the diagnosis when molecular results are available.
BRAF-like mutations (BRAF V600E, ALK, RET/PTC, NTRK
fusions, etc.) and high-risk mutations (TERT promoter, TP53,
PIK3CA, CTNNBI, etc.) are essentially exclusionary criteria for
diagnosis of NEPRAS and NIFTP lesions. In our case seties
(Table 2), one NEPRAS tumor had a KRAS mutation. In addi-
tion, the NRAS mutation was found in one NEPRAS tumor
showing minimal capsular invasion. Another case had no RAS
mutations.

Most encapsulated thyroid tumors without invasion are very

http://jpatholtm.org/

indolent and behave like follicular adenoma despite their
growth patterns. The management strategy for patients with
NEPRAS tumors is similar to those with NIFTP lesions. Thy-
roid lobectomy is a sufficient treatment for NEPRAS and NIF-
TP tumors. No further surgery, completion thyroidectomy, or
radioactive iodine treatment is required after surgical resection
of the primary tumor. Thus, reclassification of a subset of encap-
sulated classic PTCs into borderline tumors would ultimately
lead to more conservative treatment standard and improved
quality of life for patients with these tumors.

NEPRAS tumors can progtess to invasive cancer just as NIF-
TP has the potential to progress to an invasive encapsulated fol-
licular variant of PTC (Fig. 4). When NIFTP and NEPRAS
tumors develop capsular and/or vascular invasion, they are truly
malignant and mostly labelled as PTCs based on the PTC-type
nuclear features (Table 1). However, the same cases may be di-

https://doi.org/10.4132/jptm.2020.04.29
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Table 2. Cases of noninvasive encapsulated papillary RAS-like thyroid tumor and its malignant counterpart with invasion

Reference Age Sex Al Invasion Mugear Fagliany O Psammoma Molecular profile Immunohistochemistry
(yn) category? (cm) score component change bodies
Index case, 26 M I, vV 2.3  Absent 2 Dominant Present Present  KRAS G12A; BRAF, Ki-67 index 1%-2%
Ohba et al. NRAS, HRAS, and
(2019) 2] TERT promoter: wild type
Rosario 35 F \% 4.0  Absent 2 <1% NA NA BRAF wild type
(2020) [1]
43 F Il 22 Absent 2 1% NA NA BRAF wild type
448 M \% 3.5  Absent 2 1% NA NA BRAF wild type
Case 1 9 M \ 3.7 Absent 2 Dominant Present Present  KRAS G12V; BRAFand  CK19, focal+; HBMET,
NRAS: wild type focal+; CD56, focal loss;
ALK, negative; Pan-Trk,
negative
Case 2 38 M Il 1.2 Capsular 2 Dominant Present Absent — NRAS Q61R; BRAF,
HRAS, KRAS, and
TERT promoter: wild type
Case 3 21 M Il 4.0 Capsular 2 Dominant Present Absent  BRAF, NRAS, HRAS, and
KRAS: wild type

FNA, fine-needle aspiration cytology; M, male; F, female; NA, not available.
“Based on the categories of the Bethesda System for Reporting Thyroid Cytopathology.

(A, B) A tumor with NRAS Q61R. (C, D)
The other case without BRAF V60OE or RAS mutations. Both tumors show capsular invasion (A, C). A high-power view of the tumors re-
veals enlarged round-to-ovoid, overlapping nuclei with few nuclear grooves and less chromatin clearing than seen in classic papillary carci-
noma.

https://doi.org/10.4132/jptm.2020.04.29 http://jpatholtm.org/
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agnosed as follicular carcinoma if the nuclear features are inter-
preted as a nuclear score of 1. Fortunately, these tumors are low-
risk cancers despite their name and do not require additional
treatment after surgical resection if the cumor is only minimally
invasive without angioinvasion. Table 2 summarizes the report-
ed cases in the literature, including our cases.

Although long-term follow-up results of patients with NE-
PRAS are not available, it is reasonable to expect an excellent
outcome after surgical resection of the tumor. Even when late
recurrences do occur, the disease can be successfully treated.
While reclassification has important impacts in clinical practice,
implementation of new diagnostic criteria and terminologies
may provoke resistance in pathologists and clinicians at variable
levels. However, these efforts by pathologists will contribute to
reducing the incidence rates of overdiagnosis and overtreatment
of thyroid cancer.
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Current status and future perspectives of liquid biopsy
in non-small cell lung cancer
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With advances in target therapy, molecular analysis of tumors is routinely required for treatment decisions in patients with advanced
non-small cell lung cancer (NSCLC). Liquid biopsy refers to the sampling and analysis of circulating cell-free tumor DNA (ctDNA) in vari-
ous body fluids, primarily blood. Because the technique is minimally invasive, liquid biopsies are the future in cancer management. Epi-
dermal growth factor receptor (EGFR) ctDNA tests have been performed in routine clinical practice in advanced NSCLC patients to
guide tyrosine kinase inhibitor treatment. In the near future, liquid biopsy will be a crucial prognostic, predictive, and diagnostic method
in NSCLC. Here we present the current status and future perspectives of liquid biopsy in NSCLC.
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Molecular analysis is traditionally performed on tumor tissue.
Although the number of mandatory tests for treatment decisions
increases in patients with advanced non-small cell lung cancer
(NSCLC), it is difficult to secure adequate tumor tissue for this
purpose [1]. Small biopsy specimens, cell blocks, or aspirates
are often the only available samples in patients with advanced
NSCLC [2,3]. It is difficult to repeat tissue biopsies because
they are invasive. Liquid biopsy could be an alternative or a com-
plementary minimally invasive method for detecting molecular
changes in NSCLC [1,2,4,5].

The clinical use of liquid biopsy to select patients with advanced
NSCLC who are candidates for third-generation epidermal growth
factor receptor (EGFR) tyrosine kinase inhibitor (TKI) therapy
has been demonstrated in many clinical trials [6-10]. The United
States Food and Drug Administration (FDA) approved Cobas
EGFR Mutation Test v2 (Roche, Indianapolis, IN, USA) in
2018 as a companion diagnostic for third-generation EGFR
TKI based on these results [11]. The Korea National Health
Insurance Service INHIS) has covered circulating cell-free tumor

© 2020 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 (https://creativecommons.org/licenses/
204 by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

DNA (ctDNA) tests for EGFR mutations in advanced NSCLC
since 2018. In this review, we present the current status and future
perspectives of liquid biopsy in patients with NSCLC.

BIOLOGY OF CIRCULATING TUMOR DNA

Liquid biopsy refers to the collection and analysis of analytes
from various body fluids such as blood, urine, sputum, and
pleural fluid [12-14]. Different analytes can be present in a lig-
uid biopsy including circulating tumor cells (CTCs), circulating
cell-free DNAs (cfDNAs), circulating tumor RNAs (ctRNAs),
circulating exosomes, tumor-educated platelets, proteins, and
metabolites [15,16]. CTCs are intact, viable tumor cells circulat-
ing in the blood [12]. Cancer releases single or clusters of CTCs
into the bloodstream during the course of hematogenous spread.
cfDNA refers to all circulating DNA in body fluids. ((DNA
can be derived from neoplastic as well as non-neoplastic cells
[15,16]. fDNA can be detected in other body fluids, including
urine, saliva, or cerebrospinal fluid. ctDNA refers to a subgroup
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of cell-free DNA originating from tumor cells.

Circulating DNA fragments have a fragmentation pattern
similar to a nucleosomal fragmentation pattern resulting from
activation of nucleases in apoptotic cells [17,18]. Apoptosis (and
necrosis) of the tumor is thought to be the major source of ctD-
NA [19-21]. As the tumor grows, apoptosis/necrosis increases
as a result of rapid cell turnover. This leads to more release of
tumor DNA into the circulation [14]. Macrophages may play a
role in tumor cell release by phagocytosis of necrotic tumor
cells. CTCs and active secretion from tumor cells may also be a
source of ctDNA [21,22]. Circulating DNA is rapidly cleared
via the kidney, liver, and spleen [23,24]. The load of ctDNA is
highly correlated with total tumor burden and both volume and
number of metastatic sites, suggesting that ccDNA may poten-
tially have diagnostic and prognostic value [1,25-27]. Abbosh
et al. [25] monitored clonal changes in NSCLC cells from ini-
tial diagnosis to death in the TRACER x trial (TR Acking non-
small cell lung cancer evolution through therapy R[x]) and sug-
gested that ctDNA release is dependent on proliferation rate,
apoptotic potential, and genomic instability. The amount of
ctDNA before treatment highly correlated with the metabolic
tumor volume on positron emission tomography—computed to-
mography. However, some patients with metastases have an
unexpectedly low fraction of ctDNA [17,28,29]. Further inves-
tigation is required to understand the release and removal of
ctDNA.

LIQUID BIOPSY VERSUS TISSUE BIOPSY

Liquid biopsy is a minimally invasive procedure [30], it
avoids the complications of surgical biopsies and can be used for
serial monitoring. Liquid biopsy allows for storage of tissue for
further analyses such as immunohistochemistry related to im-
muno-oncology or participation in clinical trials. Tumors gener-
ally consist of different subclones (tumor heterogeneity). The
outgrowth of some subclones under selection pressures such as
therapeutic stress, particularly by targeted drugs, and micro-en-
vironmental changes can lead to disease progression and metas-
tasis [14,30,31]. This clonal evolution can dynamically modify
the genomic landscape of tumors. Tissue-based molecular analysis
provides only a snapshot of tumor heterogeneity when and where
the tumor was biopsied. Liquid biopsy can analyze complete
and real-time molecular profiling of the tumor because blood
samples contain ctDNA constantly released into the circulation
from multiple regions of primary and metastatic tumors [14].

Despite these advantages, liquid biopsy has several limita-
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tions in its widespread use. ctDNA detection requires more
sensitive techniques than traditional approaches such as Sanger
sequencing or pyrosequencing because of low fraction and high
fragmentation of ctDNA [17,18,21,30]. Highly sensitive and
highly specific tests, which are not available in all laboratories,
are needed for ctDNA analysis. Liquid biopsy has an unfamiliar
preanalytical variable associated with special processing and
handling [11,32]. It does not yield information concerning his-
tological tumor type, morphologic changes such as small cell
lung cancer transformation that is one of the acquired resistance
mechanisms to EGFR TKIs, and the tumor microenvironment
in a liquid biopsy [16,33].

CURRENT TECHNOLOGIES FOR CIRCULATING
TUMOR DNA DETECTION

Current tools for ctDNA analysis include real-time polymerase
chain reaction (RT-PCR), digital PCR (dPCR), and next-gener-
ation sequencing (NGS) [15,21,30,34]. RT-PCR and dPCR are
targeted methods that only allow screening of specific muta-
tions. NGS allows targeted sequencing and whole exome se-
quencing. RT-PCR detects allele frequency (AF) and the ratio of
variant alleles to wild type (WT) alleles down to 0.1% [8,15,35].
NGS and dPCR have detection thresholds approximately 0.01%
or lower [36]. NGS and dPCR allow more precise quantifica-
tion of the amount of ccDNA harboring target mutations than
RT-PCR. dPCR can determine the absolute concentration of a
gene of interest in a sample using the ratio of positive partitions
with a targeted PCR product and an associated fluorescence sig-
nal over the total number [37]. RT-PCR uses a fluorescence
readout to measure the amount of PCR product after each ampli-
fication and calculates the relative ratio of the target and reference
genes for each sample (Semi-Quantitative Index).

The clinical use of various ctDNA tests for detecting EGFR
mutations in plasma from patients with advanced NSCLC has
been validated [6-9,38]. A meta-analysis showed that the sensi-
tivity of ctDNA testing for the EGFR mutation was 66.4% (95%
confidence interval [CI], 62.7% to 69.9%) and specificity was
95.6% (95% CI, 83.3% to 99.0%) in lung adenocarcinoma [39)].

The Cobas EGFR Mutation Test v2 is the first ctcDNA test to
be approved by the US FDA to select patients who may benefit
from TKI treatment. The Cobas EGFR Mutation Test v2 (Co-
bas) and PANAMutyper R EGFR (PANAMutyper; Panagene,
Daejeon, Korea) were approved by the Korea FDA. A cross-plat-
form comparison study showed comparable sensitivity between
Cobas and PANAMutyper [40]. Commercially available ctD-
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NA tests for detecting EGFR mutations in plasma are summa-
rized in Table 1 [11,14,40-42].

Cobas can detect 42 mutations in exons 18-21 including
L858R, exon 19 deletions, L861Q, and T790M in tissue and
plasma [40]. The Cobas DNA Sample Preparation Kit (Roche,
Indianapolis, IN, USA) was simultaneously developed for extract-
ing ctDNA from plasma. PANAMutyper is a combination of
peptide nucleic acid (PNA)-mediated clamping and melting
curve analysis [40]. PNAClamp is a technology that selectively
amplifies only the desired mutant sequences by combining the
PNA clamping probe complementary to the W'T sequences [40].
The PNA probe has a unique melting temperature according
to the base sequence, separating from the DNA of the target se-
quence at a given temperature and reducing the fluorescence
signal. The genotype of the target DNA can be determined by
analyzing the temperature at which the signal decreases. The Th-
erascreen EGFR Plasma RGQ PCR Kit (Qiagen, Manchester,
UK) can detect EGFR mutations with amplification-refractory
mutation system PCR and scorpion primers.

Droplet digital PCR (ddPCR; Bio-Rad, Hercules, CA, USA)
and OncoBEAM (beads, emulsion, amplification, and magnetics;
Sysmex Inostics, Hamburg, Germany) are dPCR-based tech-
niques.

In dPCR, the sample is distributed into many reaction com-
partments containing one or no DNA copies and associated PCR
reagents [4,12,40]. After amplification, the individual compart-
ments are analyzed by a binary (presence or absence of amplifi-
cation product) system. The number of compartments with am-
plification product corresponds directly to the number of copies
of target mutation in the sample. In ddPCR, emulsion droplets
are analyzed by fluorescence signal detection after target DNA
is amplified within water-in-oil emulsion droplets. OncoBEAM
combines emulsion PCR with magnetic beads and flow cytome-
try. After amplification, beads are coated with thousands of copies
of single DNA molecules and each bead enters the water droplets

[43]. Flow cytometry analyzes the beads. A prospective study
revealed that the positive predictive value is 100% for detection
of EGFR L858R and 19del and 79% for T790M [27].

Because there is an increasing number of mutations to be ana-
lyzed, NGS panels are an attractive approach for ccDNA analysis
[15]. NGS panels offer advantages of higher throughput, higher
sensitivity, more efficient use of limited tissue, and lower cost
per analysis than PCR-based methods [15,44,45]. Foundation-
One CDx (Foundation Medicine, Cambridge, MA, USA) is an
FDA-approved targeted NGS panel and detects mutations in
324 genes. Another FDA-approved panel, OncomineDx Target
Test (ThermoFisher Scientific, Waltham, MA, USA) is designed
to detect 368 variants in 23 genes associated with NSCLC in-
cluding EGFR, ROS1, and BRAF. The overall concordance rate
of gene panel testing for tissue and ctDNA was 70.3% for EGFR
mutation [46]. Cancer personalized profiling by deep sequencing
combines optimized library preparation methods for low DNA
input with a specialized bioinformatics approach to design a
“selector” consisting of biotinylated DNA oligonucleotides that
target recurrently mutated genomic regions in the cancer of in-
terest [26,47].

CURRENT USE OF CIRCULATING TUMOR DNA
TESTING IN LUNG CANCER

The clinical use of ctDNA testing for EGFR mutation using
plasma specimens has been demonstrated by the AURA trials,
which evaluated the dose, safety, and efficacy of osimertinib in
patients with NSCLC who progtessed following EGFR TKIs.
The sensitivity of Cobas, OncoBEAM, ddPCR, and Therascreen
for plasma T790M was up to 93%, 81%, 71%, and 29%, respec-
tively (Table 2) [6-10]. The specificity of Cobas, OncoBEAM,
ddPCR, and Therascreen for plasma T790M was 100%, 69%,
83%, and 100%, respectively. The concordance rate of T790M
testing in plasma and tissue was up to 74%. Patients with T790M

Table 1. Summary of commercially available ctDNA tests for EGFR mutation

Trade name Cobas Therascreen PANAMutyper ddPCR OncoBEAM

Kit Cobas EGFR mutation  Therascreen EGFR plasma  PANAMutyper R EGFR kit QX200 ddPCR Dx system  oncoBEAM-EGFR assay
test version 2 RGQ PCR version 2

Company Roche Qiagen Panagene Bio-Rad Sysmex Inostics

Method RT-PCR Scorpion ARMS PNA clamp Water-emulsion droplet Emulsion PCR

technology
Gene coverage 42 Mutations 29 Mutations 47 Mutations 15 Mutations 10 Mutations
Result Semi-quantitative Semi-quantitative Semi-quantitative Absolute quantitative Absolute quantitative

ctDNA, circulating cell-free tumor DNA; EGFR, epidermal growth factor receptor; ddPCR, droplet digital polymerase chain reaction; BEAM, beads, emulsion,
amplification, magnetics; RT-PCR, real-time polymerase chain reaction; ARMS, amplification-refractory mutation system; PNA, peptide nucleic acid; PCR,

polymerase chain reaction.
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mutation in tissues or plasma had similar outcomes of osimertinib
treatment [6,7,10]. Aura 17 showed that outcomes for patients
with T790M mutations were comparable across the three plas-
ma tests (56%—64%) [10]. Patients with T790M-positive plas-
ma/T790M-negative tissue had unfavorable outcomes [6]. Pa-
tients with T790M-positive tissue/T790M-negative plasma status
had better outcomes than patients who were tissue- and plasma-
positive [8].

Currently, plasma ctDNA tests are recommended to detect
EGFR mutations in patients with advanced NSCLC [11,15,
16,39].

Korea NHIS covers up to three uses of ctDNA testing to se-
lect NSCLC patients for EGFR TKI when a tissue biopsy speci-
men is unavailable or insufficient for molecular testing. Liquid
samples other than plasma have not been approved. Cobas and

Table 2. Detection of T790M using ctDNA in third-generation TKI
clinical trials

Sample Sensitivity Specificity Concordance

Platform size (n) %) (%) %)
Aurat
Preliminary assessment [7]
Cobas? 38 4 100 57
Therascreen? 38 29 100 48
ddPCR? 38 71 83 74
BEAMing® 38 71 67 70
Subsequent assessment [7] [0
Cobas 72 73° 67°¢
BEAMing 72 81¢ 58°
Escalation and expansion cohorts [6]
BEAMing® 216 70 69
AURA extension and AURAZ2 [8]
Cobas? 551 61 79 65
Cobas? 562 93 92 92
Aural7 [9]
Cobas® 240 42 83
AmoyDx SuperARMS? 249 49 78
ddPCR (in-house)? 249 56 73

ctDNA, circulating cell-free tumor DNA; TKI, tyrosine kinase inhibitor; ddP-
CR, droplet digital PCR; BEAM, beads, emulsion, amplification, magnetics;
RT-PCR, real-time polymerase chain reaction; ARMS, amplification-refrac-
tory mutation system.

“The reference value is the result of the Cobas test with tissue; °The con-
cordance rate is between Cobas and BEAMing with plasma; “The refer-
ence value is the result of the Cobas test with tissue; “The reference value
is the result of next-generation sequencing with plasma.

Table 3. Results of proficiency test
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PANAMutyper are ctDNA tests for EGFR mutation covered by
Korea NHIS.

CURRENT STATUS OF LIQUID BIOPSY
IN KOREA BASED ON EXTERNAL QUALITY
ASSURANCE RESULTS

Proficiency testing for EGFR mutation analysis using liquid
biopsy specimens has been performed annually by The Korean
Society for Pathologists since 2018. Twenty-six laboratories pat-
ticipated in the proficiency test in 2018. The cfDNA Reference
Standard (Horizon Discovery, Cambridge, UK) was used as ref-
erence material, which contained mutant AFs of 1% and 0%
T790M, E19del, L858R, L861Q, G719S, S768I, and E20ins.
Laboratories were requested to report the following: (1) time to
sample processing, (2) tube type, (3) methods for plasma stor-
age, (4) methods for ccDNA extraction, (5) methods for ctDNA
analysis, and (6) results. All participating laboratories showed
excellent performance with 100% accuracy for EGFR E19del,
L858R, and T790M mutations (Table 3). There were no false-
positive results for L861Q, G719S, S768I, or E20ins. In 2019,
24 laboratories participated in the proficiency test. The Korea
Research Institute of Standards and Science produced reference
materials comprising AFs of 1.9% for E19del, 1.5% for L858R,
and 2.5% for T790M. All participating laboratories had excel-
lent performance with 100% accuracy for EGFR E19del, L858R,
and T790M mutations (Table 3). The 2017 European External
Quality Assessments (EQA) scheme for ctDNA analysis that
involved 32 laboratories from 16 countries showed an overall
error rate of 42% for 1% of T790M/L858R and 7% for 5% of
T790M/L858R [48]. One false-positive result was observed.
Compared with these results, the results of Korean EQA over
the past 2 years support the notion that good quality ctDNA
analyses for EGFR mutation are performed in Korean pathology
laboratories.

PANAMutyper was the most commonly used test in 2018.
Twenty-four of 26 laboratories (92%) used PANAMutyper for
ctDNA analysis. One used Cobas and another used ddPCR. For
ctDNA extraction, 12 of 26 laboratories (45%) used Cobas,
nine (33%) used TANBead (Taiwan Advanced Nanotech, Taoyuan,

Wild type E19del L 858R T790M L861Q G719S S768| E20ins
2018 26%/26° 26/26 26/26 26/26 25/26 20/26 22/26 21/26
2019 24/24 24/24 24/24 24/24 - - -

aNumber of laboratory with correct results; "Number of participating laboratory.

https://doi.org/10.4132/jptm.2020.02.27

http://jpatholtm.org/



208 e ChangSetal.

Taiwan), three (11%) used Maxwell RSC ccfDNA Plasma Kit
(Promega, Madison, W1, USA), 2 (7%) used QIAamp circulat-
ing nucleic acid kit (Qiagen), and one (4%) used LIBEX (Tian-
long Science and Technology, Xian, China). Plasma volume
used for ctDNA extraction was 2 mL in 17 (63%), 1 mL in 4
(15%), and 0.6 mL in six of the laboratories (22%). The volume
of DNA used for mutation testing was 100 pL (n=11, 41%) or
50 pL (n =11, 41%). The purity of DNA was assessed by Nano-
Drop (ThermoFisher Scientific) in 16 (76%) of the laboratories.
Quibit (Invitrogen, Carlsbad, CA, USA), Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA), Quantus (Promega), and
TapeStation (Agilent Technologies) were also used in two, one,
one, and one laboratories, respectively. Ethylenediaminetetraacetic
acid (EDTA) tubes were used in 21 laboratories (78%). Seven-
teen laboratories (63%) kept blood samples refrigerated. Samples
were processed within 2 hours in 13 (48%) and between 2 and
4 hours in 11 of the laboratories (41%). Plasma was stored in a
freezer in 22 of the laboratories (82%) and immediately used in
three laboratories.

Compared with 2018, there were decreases in sample process-
ing time, decreases in volumes of plasma and DNA used, and
increases in the use of TANBead for ctDNA extraction in 2019.
All but one lab used PANAMutyper for ccDNA analysis. Twelve
of 24 laboratories (50%) used TANBead for ctDNA extraction.
The use of Cobas decreased (n =6, 25%). Maxwell (n =3, 13%),
QIAamp (n = 1, 4%), and LIBEX (n =2, 13%) were used. The
number of laboratories using 2 mL of plasma for ccDNA extrac-
tion decreased to nine (38%), and those using 1 mL and 0.6 mL
increased to seven (29%) and eight (33%), respectively. Some
laboratories reduced the volume of DNA used for mutation
testing to 50 pL (n = 18, 75%). Five laboratories (21%) used 100
pL. There was no change in DNA QC method. EDTA tubes were
used in 21 laboratories (96%). Blood samples were kept refrig-
erated in 17 laboratories (71%). Twenty-one of the laboratories
(88%) processed samples within 2 hours. The rest of the labora-
tories processed samples within 4 hours. The number of labo-
ratories that immediately used plasma samples increased to six
(25%). The rest stored plasma samples in a freezer. In the Euro-
pean EQA scheme, NGS (39%) is the most commonly used
ctDNA test, followed by Cobas (26%) and ddPCR (23%) [48].
Fifty-five percent of the laboratories used QIAamp and 25% used
Cobas for ctDNA extraction.

http://jpatholtm.org/

FUTURE PERSPECTIVES ON CIRCULATING
TUMOR DNA TESTING IN LUNG CANCER

Other targetable mutations including ALK, BRAF, ROS1,
MEK, and HER?2 have been detected in plasma from patients
with NSCLC, although the sensitivity for detecting these muta-
tions is lower than that for EGFR mutant detection [15,49-52].
The NGS-based approaches will facilitate detection of various
rare genetic mutations that could be targeted. Highly fragmented
ctDNA could result in insufficient mappable sequences to iden-
tify fusion events [51]. New technologies have been developed
for detection of ALK fusion in ctDNA or ctRNA [15,49-52]. Re-
cently developed, hybrid capture-based NGS can retrieve large
genomic fragments to whole genomes with high sequencing cov-
erage and accurate detection of genomic alterations, including
genomic re-arrangements and short variants at low AFs and copy
number amplifications. The clinical value of rare targetable mu-
tations has not been demonstrated in NSCLC. The clinical use of
ctDNA testing for BRAF V600E mutation was reported in
metastatic melanoma and similar clinical trials are in progress
in NSCLC [53].

Sputum, pleural fluid, and urine could also be used for molec-
ular analysis [15,39]. T790M mutation was detected in urine
and relevant tumor tissue from patients with NSCLC undergoing
TKI therapy [24]. Using extracellular vesicle-derived DNA and
ctDNA from pleural fluid supernatants yielded significant im-
provement in EGFR mutation analysis compared to the use of
cell blocks or smears [54]. Kawahara et al. [55] also detected
EGFR mutations in four of 18 cytologically negative groups using
pleural fluid supernatant ctDNA. Further trials using these body
fluids are needed for use in real practice.

In the near future, ctDNA testing is expected to play a signif-
icant role in identifying prognostic, predictive, and diagnostic
biomarkers in patients with NSCLC patients. Tracking of ctD-
NA levels by an absolute quantitative method could be a mini-
mally invasive tool for monitoring therapeutic effects and tumor
recurrence [2,15,16]. Clinical trials showed that serial ctDNA
tests using BEAMing can be used to monitor tumor response dur-
ing treatment. Median progression-free survival (PES) was short-
ened and objective response rate decreased in patients with per-
sistent detection of plasma T790M for six weeks after initiation
of osimertinib treatment [56]. Changes in plasma EGFR muta-
tion load predicted response in 93% and progression in 89% of
patients with lung adenocarcinoma in advance of radiologic
evaluation [57].

PES was significantly longer for patients without ccDNA de-
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tection compared to those with ctDNA detection (295 vs. 55 days)
during treatment [58]. However, the lack of consensus evalua-
tion criteria and standard methodology are major limitations to
expanding the use of ctDNA to monitor treatment efficacy and
relapse [2].

Immunohistochemical programmed death-ligand 1 (PD-L1)
assays are a companion or complementary diagnostic test for
checkpoint inhibitor immune therapy. But, there are many chal-
lenges to the effective use of the PD-L1 test [59]. Tumor muta-
tion burden (TMB), which is the total number of non-synony-
mous somatic mutations in the tumor genome, has recently been
proposed as a predictive biomarker for immunotherapy in vari-
ous tumors [58]. Liquid biopsy using the NGS-based approach
is an emerging tool to assess TMB [2]. The OAK and POPLAR
trials, which evaluated the efficacy of atezolizumab, showed a
relationship between PFS and TMB of plasma ctDNA with
FoundationOne CDx [60,61]. Giroux Leprieur et al. [62] also
showed that TMB of ccDNA determined by an NCS gene panel
approach can predict the efficacy of nivolumab in patients with
advanced NSCLC. Patients with a ctDNA increase > 9% from
baseline to the first tumor evaluation at 2 months had no long-
term clinical benefit with nivolumab with a sensitivity of 71.4%
and specificity of 100%. Because tumor-induced leukocyte infil-
tration may increase tumor volume or result in the development
of new lesions, it may be difficult to radiographically assess the
response to immunotherapy. Serial assessment of TMB using
ctDNA testing will be beneficial for monitoring efficacy of im-
munotherapy. Goldberg et al. [63] showed that > 50% decrease
in ctDNA was associated with improved PES and OS. Median
time to initial ccDNA response was 24.5 days, while the median
time to initial radiographic partial response was 72.5 days. The
use of ctDNA with imaging will allow a more comprehensive
assessment of the response to immunotherapy.

The use of liquid biopsy has been studied in the assessment of
minimal residual disease (MRD) after surgical resection in local-
ized NSCLC [2,15]. Persistent detection of ctDNA after surgery
in patients with NSCLC is highly correlated with tumor relapse
[5,25,64]. Abbosh et al. [25] showed that the median interval
between postoperative detection of ctDNA detection and tumor
relapse confirmed on computed tomography (CT) imaging was
70 days in NSCLC patients. Chaudhuri et al. [64] also showed
the utility of postoperative ctDNA detection using an NGS-
based approach for MRD detection. The MRD detection rate
was 94% by tracking all known mutations while 58% on aver-
age by tracking a single mutation. Postoperative ctDNA detec-
tion was earlier than imaging in 72% of patients with a median
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of 5.2 months. Patients without postoperative ctDNA detec-
tion had a better outcome than those with ctDNA detection,
while radiographic response assessment by CT at four months
was not prognostic. Prospective clinical trials are needed to estab-
lish the clinical utility of MRD assessment using ctDNA.
Low-dose CT scans play a significant role in reducing lung
cancer mortality. However, the overall false-positive rate is 96.4%
because of many indeterminate pulmonary nodules [65]. Con-
ventional sputum cytology is a simple, rapid, and specific screen-
ing tool, but less sensitive for lung cancer. Epigenetic changes
such as hypermethylation were detected in the sputum of patients
with lung cancer years preceding clinical diagnosis [1,66,67].
Combining the detection of epigenetic changes in sputum and
CT scanning could facilitate a reduction in false-positive results
and improve early diagnosis of lung cancer. Low sensitivity is
the major limitation for detection of hypermethylation because
a relative excess of background WT DNAs can mask epigenetic
changes. Panels of methylated promoter genes and ultrasensitive
detection methods should be developed for lung cancer screening.

CONCLUSION

Although the mechanism of ctDNA release and removal is
not clearly understood, EGFR mutation detection in liquid biopsy
specimens can be used to guide EGFR TKI treatment when a
tissue biopsy cannot be obtained. Liquid biopsy will play a sig-
nificant role as a prognostic, predictive, and diagnostic tool for
various tumors. Pathologists should be able to integrate the results
of molecular tests from the liquid biopsy and the morphological
characteristics of relevant tissue, understand the preanalytical
variables and different assay performance, and participate in a mul-
tidisciplinary team approach for optimal management of cancer
patients.
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Clinical management of abnormal Pap tests:
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Cervical cancer has been the most common gynecological cancer in Korea but has become a preventable disease with regular screen-
ing and proper vaccination. If regular screening is provided, cervical cancer does not progress to more than carcinoma in situ, due to its
comparatively long precancerous duration (years to decades). In 2012, the American Society for Colposcopy and Cervical Pathology
published guidelines to aid clinicians in managing women with abnormal Papanicolaou (Pap) tests, and they soon became the standard
in the United States. Not long thereafter, the Korean Society of Gynecologic Oncology and the Korean Society for Cytopathology pub-
lished practical guidelines to reflect the specific situation in Korea. The detailed screening guidelines and management options in the
case of abnormal Pap test results are sometimes the same and sometimes different in the United States and Korean guidelines. In this
article, we summarize the differences between the United States and Korean guidelines in order to facilitate physicians’ proper manage-

ment of abnormal Pap test resullts.
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Cervical cancer has been the most common gynecological
cancer in Korea. Its incidence, however, has been consistently
decreasing, from 18.9 per 100,000 females in 1999 to 13.9 in
2016 [1] due to increased interest in cervical cancer screening
and the introduction of vaccination [2]. With regular screening
and proper vaccination, cervical cancer has become a preventable
disease. In fact, if regular screening is provided, cervical cancer
does not progress to more than carcinoma in situ, due to its com-
paratively long precancerous duration (years to decades). In Ko-
rea, the promotion and provision of free screening tests for cer-
vical cancer have steadily increased the rate of women undergoing
screening [3]. In 2012, the American Society for Colposcopy
and Cervical Pathology (ASCCP) published guidelines [4] to
aid clinicians’ management of women with abnormal cervical
cytology and cervical intraepithelial neoplasia (CIN), and they
soon became the US standard. Not long thereafter, the Korean
Society of Gynecologic Oncology and the Korean Society for Cy-
topathology published practical guidelines for early detection of
cervical cancer to reflect the high incidence of cervical cancer and

pISSN 2383-7837
elSSN 2383-7845

low medical costs in Korea [5]. The Papanicolaou (Pap) test is the
primary screening method in both guidelines; however, in the
case of abnormal Pap test results, the detailed screening guide-
lines and management options differ in some respects. In this ar-
ticle, we summarize the differences between the US and Korean
guidelines in order to facilitate physicians’ proper management
of abnormal Pap test results.

SCREENING STRATEGIES

When to start screening?

According to the guidelines of the ASCCP [4], the Pap test is
the standard screening method for cetvical cancer and should be
started at the age of 21. Women aged 20 and younger are not
considered eligible for screening, regardless of sexual activity, ow-
ing to the rarity of cervical cancer cases among that cohort [6].
The ASCCP suggested that the Pap test screening interval for
women in their 20s should be 3 years [4]. For such women, spon-
taneous regression occurs frequently, and the rate of progression
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to invasive cancer is low, notwithstanding the high incidence of
human papillomavirus (HPV) infection among that age group
[7]. Therefore, HPV triage would be less efficient for those wom-
en [8]. In the case of women aged 30 years and older, the screen-
ing strategy changes. For them, the ASCCP guidelines call for
both a Pap test and an HPV test (i.e., a co-test) every 5 years [4].
The US Preventive Services Task Force (USPSTF) stated that an
HPV test alone every 5 years also is possible [9], as women aged
30 years and older are less likely to clear a new HPV infection
and more likely to have HPV persistence [10]. Although the co-
test may have financial and logistical limitations, it can both in-
crease the detection of prevalent CIN 3 and enhance the detec-
tion of adenocarcinoma and adenocarcinoma in situ (AIS) [11].
The Korean guidelines [5] are somewhat different. All wom-
en aged 20 years and older who have commenced sexual activity
should be screened with a Pap test annually. The co-test for wom-
en aged 30 years and older can be applicable. The interval can
be extended to every 2 years for a woman who has negative re-
sults from both a Pap smear and an HPV test. In summary, the
screening test interval is shorter in Korea than in the United States.
This difference can be attributed to Korea’s lower medical costs
and higher cervical cancer incidence rate. Also, whereas in Ko-
rea, women aged 20 years and older who have not commenced
sexual activity are excluded from screening, in the United States,
women aged 21 years and older should be screened regardless of

sexual activity.

When to terminate?

According to the ASCCP [4], screening can be terminated in
women aged 65 years and older if three consecutive Pap tests
within 10 years are negative or two consecutive co-tests are neg-
ative for women with no history of CIN 2 or 3. Women with a
history of CIN 2 or 3 or AIS should be screened for 20 years from
the date on which the cervical lesion was treated. Women who
have had a total hysterectomy and who have a history of CIN 2
or 3 should be screened every 3 years for a total duration of 20
years from the date on which the cervical lesion was treated.
Meanwhile, women who have had a total hysterectomy but lack
any history of CIN 2 or 3 can be excluded from screening.

In Korea, screening terminates later than in the United States.
Screening can be terminated in women aged 70 years and older
if three consecutive Pap smears within 10 years are negative [5].

HPV test alone?
The HPV test was approved by the Food and Drug Admin-
istration (FDA) in 2014 for use in the United States. However,

http://jpatholtm.org/

the FDA does not include any specific guidelines for application
of this test in cervical cancer screening [12]. The USPSTF stat-
ed that screening every 5 years with the HPV test alone can be
performed for women aged 30 to 65 years [9]. Also a study of
the USPSTF showed that HPV testing detected higher rates of
CIN 3 or worse (CIN 3+) and that co-testing did not provide
for increased CIN 3+ detection relative to the Pap test [13]. Al-
though the HPV test shows high sensitivity, the efficacy and
cost effectiveness of primary HPV screening vary in different
medical environments [3]. Considering the Korean situation,
which entails lower screening costs and easier access to healthcare,
the Pap test, rather than the HPV test, is considered to be the
primary screening modality. According to the Korean guidelines
[5], the data on primary HPV screening is not yet sufficient to
assess its utility for cervical cancer screening [14].

MANAGEMENT OF ABNORMAL PAP RESULTS

Negative cytology

We will summarize how to manage negative cytology ac-
cording to only the ASCCP guidelines [4], as specific correspond-
ing Korean guidelines do not exist. Negative cytology can be
classified into three categories. The first is “unsatisfactory cytol-
ogy” resulting mainly from an insufficiency of squamous cells
[15], and its reporting rates are 1.1% or less [16]. Women with
unsatisfactory cytology should undergo a repeat Pap test after
24 months. Immediate colposcopy is recommended for wom-
en aged 30 years and older who are HPV positive. Women with
two consecutive unsatisfactory cytology results should undergo
colposcopy. The second category of negative cytology is “nega-
tive but absent or insufficient endocervical/transformation com-
ponent,” which means that the squamocolumnar junction may
not have been sufficiently collected. Women aged younger than
30 years or 30 years and older with HPV negativity can be re-
turned to routine screening without any further evaluation. How-
ever, women aged 30 years and older who are HPV-unknown
status should be screened by HPV testing. If women aged 30
years and older are HPV positive, it is recommended that they
undergo both repeated Pap testing and HPV testing 12 months
later or immediate genotyping of HPV. If HPV 16 or 18 shows
positivity by genotyping, immediate colposcopy is recommend-
ed. The third category of negative cytology is “negative with a
positive HPV test,” which presents two options. The first op-
tion is repeated co-testing at 12 months, because most cases of
HPV infection are cleared rapidly, two-thirds clearing by 12
months [17]. Among a group of women whose HPV infection
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persisted for 1 year, only 21% progtessed to CIN 2+ within 30
months [17]. If, according to the repeated test, HPV is positive
or the cytology is atypical squamous cells of undetermined sig-
nificance (ASC-US) or worse, immediate colposcopy is recom-
mended. The second option for treatment of the “negative with
a positive HPV test” category is HPV DNA typing. It HPV 16
or 18 is positive, immediate colposcopy is recommended. In
Korea, the overall management does not differ from that in the
United States, except for the follow-up interval and duration,
which are determined at the clinician’s discretion.

Atypical squamous cell

ASC is a common status that is worse than reactive change but
does not attain to the criteria of squamous intraepithelial lesion.
ASC is classified into ASC-US and high-grade lesion (ASC-H),
which runs a high risk of CIN 2+ [18].

ASC-US

The prevalence rate of ASC-US is 5%, which is relatively
high, though the possibility of its becoming a high-grade lesion
such as CIN 3+ is low. In the cases of one-third to two-thirds of
women, their ASC-US is not related to HPV infection [8]. There-
fore, proactive management, including screening, of women with
ASC-US who have a high-grade lesion (e.g., CIN 2+) has proved
to be problematic. There are three options for women with ASC-
US: repeated Pap test, HPV test, or colposcopy. In the Korean
guidelines, any of these options can be chosen, and the actual
choice is made by the clinician’s personal preference. However,
in the ASCCP guidelines, HPV testing is preferred over repeat-
ed Pap testing, though colposcopy is not an available option.
The more specific guidelines are as follows.

Repeated Pap test

According to the ASCCP, repeated Pap testing at 12-month
intervals can be chosen [4]. In the Korean guidelines [5], the in-
terval of repeated Pap testing is shortened to 6 months. If the re-
sult of repeated Pap testing is ASC-US or worse, immediate col-
poscopy is recommended. If the result is negative, returning to
the routine screening program is recommended in the United
States, while one additional repeated Pap test (to be performed
in 6 months’ time) is recommended in Korea. If two consecutive
Pap tests show negativity, returning to routine screening is rec-
ommended. To sum up, one additional repeated Pap test is need-
ed in Korea, whereas in the United States, the prescription is a
return to routine screening.

https://doi.org/10.4132/jptm.2020.03.11

The management of abnormal Pap tests ¢ 215

HPV test

HPV testing is the preferred management for women with
ASC-US in the United States. If HPV is detected, immediate col-
poscopy is recommended. If the HPV test is negative, a return
to the routine screening program is recommended.

Colposcopy

Immediate colposcopy is an option only in Korea. If the result
is confirmed as CIN 1 or less, Pap testing at 6 and 12 months
or HPV testing at 12 months is recommended. If all of the these
results are negative, returning to routine screening is possible.
In the United States by contrast, immediate colposcopy, accord-
ing to the ASCCP guidelines, is not recommended [4]. This
may be explained by the significantly expensive medical costs
in the United States. Actually, the cost of a colposcopy in the
United States is over 230 US dollars, whereas in Korea, it is
around a tenth of that (28,950 won), cheaper even than an
HPV test (50,890 won) or a Pap test (55,000 won, or free once
every two years).

ASC-US in special situations

The ASCCP guidelines are more subdivided for women aged
21-24 years than is the case in Korea [4], due to the fact that
the cervical cancer risk remains low there for women aged under
25 years [6]. An inappreciable difference for women aged 21-24
years is the fact that repeated Pap testing is preferred over HPV
testing. If the result of a repeated Pap test is ASC-US, low-grade
squamous intraepithelial lesion (LSIL), or negative, again-repeat-
ed Pap testing in 12 months is recommended. If the result of a
repeated Pap test is ASC-H, atypical glandular cells (AGC), ot
high-grade squamous intraepithelial lesion (HSIL), immediate
colposcopy is recommended. After two consecutive Pap tests are
negative, returning to routine screening is possible. If an HPV
test is negative once, returning to routine screening is possible.
In the Korean guidelines, however, adolescent woman with
ASC-US are considered instead of women aged 21-24. For such
women, only annual Pap testing is recommended. If the results
of a Pap test at 12 months is HSIL or worse, immediate colpos-
copy should be done. If the results of a Pap test at 24 months are
ASC-US or worse, immediate colposcopy should be done.

The management of pregnant women with ASC-US is the
same as that of adult women with ASC-US, except for a colpos-
copy option [4,5]. It should be noted that even though colpos-
copy is permitted for pregnant women, deferring it until 6 weeks
after delivery is also acceptable. However, endocervical curet-
tage (ECC) is prohibited during pregnancy.
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ASC-H

There are no differences in the management of ASC-H be-
tween the US and Korean guidelines [4,5]. Colposcopy should
be conducted immediately, because the risk of CIN 3+ in wom-
en with ASC-H is several times higher than in women with
ASC-US or LSIL [19,20]. ASC-H, therefore, should be managed
in the same manner as HSIL. According to the literature [19],
the 5-year cancer risk of women having ASC-H with HPV neg-
ativity is approximately 2%, which is too high for conservative
observation without further evaluation or treatment. If the re-
sult of a colposcopy is not CIN 1, immediate repeated Pap test-
ing and colposcopy can be considered, ot, especially according to
the Korean guidelines, they can be repeated after 6 months [5].
If ewo consecutive results of both Pap testing and colposcopy are
negative, returning to routine screening is possible. HPV testing
for such women is not recommended.

According to the ASCCP guidelines [4], if the result of a col-
poscopy is CIN 1, co-testing at 1 year is recommended.

ASC-H in special situations

According to the ASCCP guidelines, immediate colposcopy
should be primarily considered for women aged 21-24 years
with ASC-H. According to the Korean guidelines, immediate
colposcopy should be done for adolescent women with ASC-H.
There are no detailed recommendations for pregnant women
with ASC-H in either the Korean or ASCCP guidelines.

LSIL

The natural history of LSIL is clinically equivalent to that of
HPV-positive ASC-US [21]. CIN2+ has been found in 11.8%
of woman with LSIL [22]. According to the ASCCP guidelines
[4], colposcopy is preferred for women in whom there is LSIL
with no HPV test result or in whom there is HPV positivity. For
women in whom there is LSIL with HPV negativity, repeated
co-testing at 12 months is preferred, or alternatively, colposcopy
is acceptable. If the results of co-testing at 12 months is ASC-
US or worse or positive for HPV, immediate colposcopy is rec-
ommended. If the results of co-testing at 12 months are nega-
tive, repeated co-testing at 36 months is recommended.

According to the Korean guidelines [5], immediate colposco-
py is preferentially recommended [23] irrespective of HPV test
results. ECC should be considered for women in whom cervical
lesion is not identified or those for whom colposcopy proves un-
satisfactory, except for pregnant women [24].

http://jpatholtm.org/

LSIL in special situations

For women aged 21-24 years with LSIL, only Pap testing in
12 months is recommended in the ASCCP guidelines [4]; nei-
ther colposcopy nor HPV should be considered. For adolescent
women with LSIL according to the Korean guidelines [5], obser-
vation with Pap testing in 12 months is permitted. Immediate
colposcopy is preferred for pregnant women with LSIL accord-
ing to both the ASCCP and Korean guidelines [4,5]. Deferring
of the colposcopy until 6 weeks after delivery is acceptable.

HSIL

There are no specific differences between the ASCCP [4] and
Korean guidelines [5] for management of HSIL. The 5-year can-
cer risk is not statistically different between woman aged 30 to
64 with HPV-negative HSIL and those with HPV-positive HSIL
(6.8 and 6.6%) [18]. Consideration of HPV testing, therefore,
is not proper for women with HSIL. Because 40%-60% of
women with HSIL turn out to be CIN 2+ by colposcopy [20,22],
an immediate excisional procedure can be pursued; otherwise,
colposcopy is acceptable. If the colposcopic findings are unsatis-
factory, an excisional procedure should be done. If there is no le-
sion visible by colposcopy, ECC should be done. If the ECC re-
sults are negative, two consecutive Pap tests and colposcopy at
6 and 12 months should also be negative in order to return to
routine screening. If the finding is CIN 2+ by colposcopy, an ex-
cisional procedure is called for. If the colposcopic findingis CIN
1, there are three options [5]: First, a diagnostic excisional pro-
cedure can be performed; second, both the Pap test and colpos-
copy results can be reviewed once again; and third, both colpos-
copy and Pap testing should be done at 6 and 12 months until
two consecutive results are negative. If the Pap test shows HSIL
again, an excisional procedure should be done.

HSIL in special situations

Only immediate colposcopy (not any excisional procedure)
should be considered for adolescent women [5], or those aged
21-24 years (only applicable in United States [4]), with HSIL.
Understandably too, only immediate colposcopy is recommend-
ed for pregnant women with HSIL as well. However, colposcop-
ic biopsy should be conducted only in cases where high-grade
lesion is suspected. Also, ECC is prohibited in pregnant women.
If CIN 2 or 3 is found through colposcopic biopsy, an excisional
procedure can be delayed until after the birth of the baby, be-
cause several studies have shown that high-grade lesion may re-
gress postpartum [25,26].
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Atypical glandular cells

AGC as detected on a Pap test may originate from a variety of
locations [27]. Therefore, endometrial sampling or ECC might
be needed in certain situations. In addition, AGC has not only
been associated with benign disease but also with neoplasms of
the endometrium, cervix, fallopian tube, and even ovary [28].
According to Katki et al. [18], CIN 3+ was found in 4.7% and
cancer in 2.3% of woman aged 30 to 64 years with AGC. Basi-
cally, immediate colposcopy with ECC is recommended for
women with AGC, due to the relatively high risk of CIN3+.
Moreover, HPV testing in concert with colposcopy and ECC
should be performed in Korea [5]. Given that endometrial can-
cer is not HPV associated, routine HPV test is not proper for
identification of women who need less invasive management [4].
Endometrial sampling is also recommended in conjunction with
colposcopy and ECC in women aged 35 years and older or who are
at risk for endometrial cancer. According to the Korean guide-
lines [5], for women with CIN 1 and negative ECC, a Pap test
can be performed at 6 and 12 months or an HPV test can be
performed at 12 months. If ASC-US or worse is found in the en-
suing Pap test, immediate colposcopy is recommended. Other-
wise, a diagnostic excisional procedure is recommended. There
are a few differences in the ASCCP guidelines [4]. For women
with AGC in whom CIN 2 + is not found, co-testing at 12 and
24 months is recommended. If both co-tests are negative, co-test-
ing 3 years later is recommended. If any abnormality is found

Table 1. Summary of the United States/Korea differences in
screening strategies for cervical cancer

Screening strategy United States Korea
Screening age (yr) 21-65 20-70
Screening methods
Pap test Every 3 yr Every year
HPV test Every 5 yrat age 30 yr Not recommended
Co-test Every 5 yrat age 30 yr Every 2 yr at age 30 yr

Pap test, Papanicolaou test; HPV, human papillomavirus; Co-test, Pap test +
HPV test.
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in the subsequent co-test, immediate colposcopy is recommended.
Diagnostic excisional procedure is recommended for women with
AGC (favor neoplasia) or AIS, regardless of colposcopic results.

AGC in special situations

Only ASCCP guideline [4] is available. Women aged 21-24
years or those pregnant with AGC should be managed in the
same manners as adult women with AGC. Again, ECC and en-
dometrial biopsy are prohibited in pregnant women.

MANAGEMENT OF CIN 1, CIN 2, AND CIN 3

Abnormal results of Pap test should be managed as described
above. Subsequently, once the lesion is revealed to be CIN 1,
CIN 2, or CIN 3 by colposcopy or ECC, it should be treated by
respective proper methods. CIN 1 has been considered as ob-
servable status and known to regress well, and it does not prog-
ress frequently to CIN 2+ [29,30]. For women with CIN 1, co-
test at 1 year is recommended in the United States [4]. If the
subsequent co-test is negative, an age-appropriate test at 3 years
(Pap test for women younger than 30 years, co-test for women
aged 30 years and older) is recommended. If the age-appropri-
ate test is negative, returning to routine screening is possible.
On the other hand, in Korea, Pap testing at 6 and 12 months or
HPV testing at 1 year is recommended [5]. If two consecutive
Pap tests or HPV tests are negative, returning to routine screen-
ing is possible.

CIN 2 and 3 have higher progression rates and lower regres-
sion rates than CIN 1. Basically, excisional or ablation therapy,
therefore, is recommended for CIN 2 or 3 with adequate colpos-
copy. However, ablation therapy is not recommended for CIN 2
or 3 with inadequate colposcopy or ECC showing CIN 2, CIN 3,
or ungraded CIN. If residual lesion remains at the resection mar-
gin after excisional therapy, Pap testing at 6 months or HPV
testing at 1 year can be done in follow-up [5].

Table 2. Summary of the United States/Korea differences in management of abnormal Pap tests

Result United States Korea

ASC-US HPV test® or Pap test (12 mo) Pap test (6 mo) or HPV test or colposcopy
ASC-H Colposcopy Same as the United States

LSIL Co-test? (12 mo, only for HPV-) or Colposcopy Colposcopy

HSIL Colposcopy or excisional procedure Same as the United States

AGC Colposcopy and ECC Colposcopy, ECC and HPV test

All procedures should be performed immediately unless otherwise noted.

Pap, Papanicolaou test; ASC-US, atypical squamous cells of undetermined significance; HPV, human papillomavirus; ASC-H, ASC-US and high-grade lesion;
LSIL, low-grade squamous intraepithelial lesion; Co-test, Pap test+HPV test; HPV-, women who are HPV negative; HSIL, high-grade squamous intraepitheli-

al lesion; AGC, atypical glandular cells; ECC, endo-cervical curettage.
*Preferred method.
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CONCLUSION 4. Massad LS, Einstein MH, Huh WK, et al. 2012 Updated consensus

guidelines for the management of abnormal cervical cancer screen-

ing tests and cancer precursors. ] Low Genit Tract Dis 2013; 17(5

Pap test results, relative to the US guidelines, is a shorter intet- Suppl 1): S1-27.

val of follow-up and more invasive evaluation (e.g., immediate 5. Lee JK, Hong JH, Kang S, et al. Practice guidelines for the early de-
tection of cervical cancer in Korea: Korean Society of Gynecologic

The overall tendency of the Korean strategy for abnormal

colposcopy) rather than following up with HPV or repeated Pap
Oncology and the Korean Society for Cytopathology 2012 edition.
shown in Tables 1 and 2. These differences reflect the inherent J Gynecol Oncol 2013; 24: 186-203.

medical environment in Korea. First, the incidence rate of cer- 6. Benard VB, Watson M, Castle PE, Saraiya M. Cervical carcinoma
rates among young females in the United States. Obstet Gynecol

2012; 120: 1117-23.
Moscicki AB, Schiffman M, Burchell A, et al. Updating the natural

history of human papillomavirus and anogenital cancers. Vaccine

Strengthening these national advantages and clearly under- 2012; 30 Suppl 5: F24-33.

standing (and consistently following) the treatment guidelines 8. Katki HA, Schiffman M, Castle PE, et al. Five-year risks of CIN 3+
and cervical cancer among women with HPV testing of ASC-US

Pap results. ] Low Genit Tract Dis 2013; 17(5 Suppl 1): S36-42.
9. US Preventive Services Task Force, Curry SJ, Krist AH, et al.

testing [4]. Summarized differences between the guidelines are

vical cancer is still higher than in the United States or other de-
veloped countries. Second, there is good overall accessibility to

N

medical service in Korea. Third, medical costs are low, and es-
pecially, colposcopy is cheaper than a Pap test or HPV test.

may further reduce the incidence of cervical cancer in Korea.
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Sarcoma metastasis to the pancreas: experience at a single institution
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Background: Reports of metastatic sarcoma to the pancreas are limited. We reviewed the clinicopathologic characteristics of such cases.
Methods: We reviewed 124 cases of metastatic tumors to the pancreas diagnosed at Asan Medical Center between 2000 and 2017.
Results: Metastatic tumors to the pancreas consisted of 111 carcinomas (89.5%), 12 sarcomas (9.6%), and one melanoma (0.8%). Pri-
mary sarcoma sites were bone (n=4); brain, lung, and soft tissue (n=2 for each); and the uterus and pulmonary vein (=1 for each).
Pathologically, the 12 sarcomas comprised 2 World Health Organization grade Il solitary fibrous tumors/hemangiopericytomas, and one
case each of synovial sarcoma, malignant solitary fibrous tumor, undifferentiated pleomorphic sarcoma, osteosarcoma, mesenchymal
chondrosarcoma, intimal sarcoma, myxofibrosarcoma, myxoid liposarcoma, rhabdomyosarcoma, subtype uncertain, and high-grade
spindle-cell sarcoma of uncertain type. The median interval between primary cancer diagnosis and pancreatic metastasis was 28.5
months. One case manifested as a solitary pancreatic osteosarcoma metastasis 15 months prior to detection of osteosarcoma in the
femur and was initially misdiagnosed as sarcomatoid carcinoma of the pancreas. Conclusions: The metastatic sarcoma should remain a
differential diagnosis when spindle-cell malignancy is found in the pancreas, even for solitary lesions or in patients without prior history.
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Most pancreatic tumors are primary, and the majority are ade-
nocarcinomas of ductal origin [1,2]. Although direct invasion of
the pancreas by adjacent aggressive tumors is often observed,
pancreatic metastasis from distant primary sites is very rare [1,3].
Metastatic pancreatic cancer accounts for less than 2% of all
pancreatic malignancies [4,5]. Renal cell carcinoma is the most
common primary tumor to metastasize to the pancreas [4,5].
Other common tumors are colorectal cancer, melanoma, breast
cancer, lung cancer, and sarcoma [4]. Among these, cases of
metastatic sarcoma to the pancreas are limited [4]. Metastatic
sarcoma to the pancreas may present a diagnostic and therapeutic
challenge due to its rarity and the difficulty in distinguishing
between primary and metastatic tumors based on their radiologic
features, especially for solitary mass [3,6]. Furthermore, tumors
located in the body or tail of the pancreas often present with
no symptoms [3,7]. Therapeutic approaches can vary greatly
between primary pancreatic cancer and metastatic sarcoma
[3,4,8-10]. With continued improvements in treatment and
survival for sarcoma patients, the frequency of detection of
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metastasis to unusual sites is increasing [11]. However, the index
of suspicion for metastatic sarcoma in the pancreas is still very
low, and a standard management regimen for metastatic pan-
creatic sarcoma has not been established. Prolonged survival
after surgery for isolated or resectable pancreatic metastatic
sarcoma has been reported [10,12-16].

In this paper, we present 12 cases of metastatic sarcoma to
the pancreas and report their clinical and histologic features.

MATERIALS AND METHODS

One hundred twenty-four cases of metastasis to the pancreas
diagnosed by biopsy (n =49, 39.5%) or sutgical resection (n =
75, 60.5%) at Asan Medical Center between 2000 and 2017
were reviewed. Only distant metastatic tumors to the pancreas
were included; adjacent tumors directly extending to the pan-
creas were excluded. Patient medical records were retrospec-
tively reviewed to evaluate clinical presentation, treatment, and
patient status. Hematoxylin and eosin-stained slides of both
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primary tumors and pancreatic metastases were reviewed by

two pathologists (M.L. and K.J.C.).

Ethics statement
This study was approved by the appropriate institutional re-
view board (2020-0048), and the informed consent was waived.

RESULTS

The primary tumors of 124 patients with pancreatic metasta-
ses included 111 carcinomas (89.5%), 12 sarcomas (9.6%), and
one melanoma (0.8%). The metastatic carcinomas (n=111)
were mainly renal cell carcinomas (n = 50, 40.3%), followed by
lung cancer (n = 18; eight small-cell carcinomas, five adenocar-
cinomas, three squamous cell carcinomas, and two sarcomatoid
carcinomas), colorectal cancer (n =12, all adenocarcinomas),
gastric cancer (n = 12; six tubular adenocarcinomas, three poorly
cohesive carcinomas, two mucinous adenocarcinomas, and one
hepatoid adenocarcinoma), ovarian or fallopian tube cancers (n =
7, six serous carcinomas and one clear-cell carcinoma), hepato-
cellular carcinoma (n =4), and other cancers (n = 8).

Of the 12 sarcoma patients, nine were female and three were
male, with ages ranging from 2070 years (Table 1). Among the
primary lesions, the most common site was bone (n = 4); fol-
lowed by brain, lung, soft tissue (n = 2 for each), uterus, and pul-
monary vein (n =1 each) (Table 1). Histologically, the sarcomas
included two World Health Organization (WHO) grade I1I sol-
itary fibrous tumors/hemangiopericytomas, and one case each of
synovial sarcoma, malignant solitary fibrous tumor, undifferenti-
ated pleomorphic sarcoma, osteosarcoma, mesenchymal chon-
drosarcoma, intimal sarcoma, myxofibrosarcoma, myxoid lipo-
sarcoma, rhabdomyosarcoma, subtype uncertain, and high-grade
spindle-cell sarcoma of uncertain type (Table 1). In the case of sy-
novial sarcoma, the presence of an SYT-SSX fusion product was
confirmed by reverse transcription polymerase chain reaction.

The primary tumor of case no. 8 arose in the medullary cavi-
ty of the metaphysis of the distal femur. The tumor destroyed
the cortex and extended into the adjacent soft tissue. Clinically,
osteosarcoma was highly suspected, but neoplastic bone forma-
tion, which is the essential diagnostic feature of osteosarcoma,
was not observed in either primary or metastatic tumor. Thus,
we diagnosed it as a high-grade spindle-cell sarcoma of uncer-
tain type.

The median interval between primary sarcoma diagnosis and
detection of pancreatic metastasis was 28.5 months. In one ex-

ceptional case, a pancreatic metastasis of an osteosarcoma mani-
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fested 15 months prior to detection of the osteosarcoma in the
femur (Table 1). This patient first presented with abdominal
pain, and abdominal computed tomography revealed a 2.5-cm
mass-like lesion in the pancreatic tail. Other radiologic work-
up, such as imaging of the extremities, was not performed at
that time. A 2.7-cm, ovoid, solid mass was identified during
distal pancreatectomy (Fig. 1A). Microscopy revealed prolifera-
tion of pleomorphic spindle cells, numerous giant cells with in-
filtrative margins (Fig. 1B), high mitotic activity, and focal os-
teoid and bone formation (Fig. 1C). Vascular invasion was also
identified (Fig. 1D). The tumor was diagnosed as a sarcomatoid
carcinoma of the pancreas. The patient was hospitalized with
left leg pain 15 months after distal pancreatectomy. Magnetic
resonance imaging revealed a 9-cm mass in the left femur with
fracture and adjacent soft-tissue extension (Fig. 1E). A biopsy
was performed, revealing histologic features similar to those of
the pancreatic mass (Fig. 1F). We concluded that the osteosar-
coma of the femur had metastasized to the pancreas, and the
original diagnosis of sarcomatoid carcinoma of the pancreas was
incorrect.

Metastatic tumors were located in the body or tail of the pan-
creas (n = 8), the head of the pancreas (n = 3), and throughout
the entire pancreas (n= 1) (Table 1). Nine cases were single
masses, and three cases showed multiple masses. Pancreatic tu-
mor size ranged from 2.5-19 ¢cm (median, 2.7 cm) (Table 1).
Primary lesions and pancreatic metastatic lesions (Fig. 2) showed
similar histologic features except in one case in which about
30% of the round-cell components were present in the primary
myxoid liposarcoma but not in the metastasis.

Primary tumors from 12 patients had undergone surgical
resection: two patients with distant metastasis synchronously
received neoadjuvant chemotherapy, six received postopera-
tive or preoperative radiation therapy, and four received adju-
vant chemotherapy (Table 1). The chemotherapy regimens
varied, and several combinations of methotrexate, ifosfamide,
doxorubicin, cisplatin, and etoposide were used. In five patients,
local recurrence of the primary lesions occurred prior to
detection of pancreatic metastasis (Table 1).

After diagnosis of metastatic pancreatic lesions, nine of 12
patients underwent surgical resection with or without preopera-
tive chemotherapy or radiation therapy. Five cases received post-
operative radiation therapy or chemotherapy (Table 1). Lymph-
node dissection was performed in eight cases, and none of the cases
showed metastasis to the lymph nodes. After detection of pan-
creatic metastasis, eight patients died between 548 months,
and four patients remained alive from 4-92 months (Table 1).
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Fig. 1. Primary (A-D) and metastatic (E, F) osteosarcoma. (A) Gross photographs of a distal pancreatectomy specimen bisected along the
main pancreatic duct. A well-defined 2.7-cm ovoid solid mass is observed in the tail of the pancreas. Metastatic osteosarcoma to the pan-
creas shows infiltrative margins (B) and consists of pleomorphic cells and multinucleated giant cells with bone formation and osteoid stroma
(C). (D) Vascular invasion is noted. (E) T2-weighted coronal magnetic resonance imaging showing an approximately 9-cm soft tissue mass in
the left femur (arrows). (F) The primary lesion of the femur shows similar features to the metastatic pancreatic lesion.

DISCUSSION

Sarcomas preferentially metastasize via the blood rather than
the lymphatic system, and lung and bone tissue are the most
frequent sites of metastatic sarcoma [17]. Lymph node metastasis
is uncommon, but some histologic sarcoma types exhibit high
metastasis rates via lymphatic drainage, including rhabdomyo-
sarcoma, angiosarcoma, clear-cell sarcoma, epithelioid sarcoma,
and myxoid liposarcoma [18,19]. In our study, the absence of
lymph node metastasis in all eight lymph node dissection cases
suggests that metastatic sarcoma to the pancreas is more likely
to occur via the blood than the lymphatic system. The connec-
tive interspaces and cavities such as the peritoneum or pleural

https://doi.org/10.4132/jptm.2020.03.04

space, in which tumor cells can become entrapped, are also pos-
sible routes of metastatic dissemination [18].

Synovial sarcoma metastasizes in approximately 50% of cases,
and common metastatic sites are the lung and bone [12]. Un-
like other sarcomas, spread to the lymph nodes is not infrequent
(3%-23%) [12]. For disseminated disease, chemotherapy based
on adriamycin and ifosfamide is usually accempted. Makino et
al. [12] suggested that pancreatic metastasis from synovial sar-
coma can be successfully treated by surgical resection in cases of
solitary pancreatic lesions with no extra-pancreatic metastasis
and a more than 3-year interval between diagnosis of the pri-
mary tumor and pancreatic metastasis. Only four cases of meta-
static synovial sarcoma to the pancreas have been reported in

http://jpatholtm.org/
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the literature [5,10,12,20], making our case the fifth. The pa- doing well, without recurrence or distant metastasis for 92
tient reported here was also treated by surgical resection. Our months, 40 months, and 30 months after surgical resection, re-
patient and the two patients described by Makino et al. [12] are spectively.

T ) A

Fig. 2. Metastatic sarcomas to the pancreas. (A) Synovial sarcoma from the lung with cellular fascicles of uniform spindle cells. (B) World Health
Organization grade Il solitary fibrous tumor/hemangiopericytoma from the brain composed of spindle cells with prominent vascular structure. (C)
Undifferentiated pleomorphic sarcoma from the tibia with fascicular arrangement of atypical spindle cells. (D) High-grade spindle-cell sarcoma
from the femur. (E) Intimal sarcoma from the pulmonary vein. (F) Myxofibrosarcoma from the knee showing prominent myxoid stroma and elon-
gated, thin-walled blood vessels. (G) Myxoid liposarcoma from the thigh with abundant myxoid stroma, a delicate, arborizing capillary vascula-
ture, and surrounding lipoblasts. (H) Rhabdomyosarcoma, subtype uncertain, from the uterus showing scattered eosinophilic rhabdomyoblasts.

St
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Solitary fibrous tumors/hemangiopericytomas of the central
nervous system (CNS) show two distinct histologic phenotypes,
a solitary fibrous tumor phenotype and a hemangiopericytoma
phenotype [21]. The hemangiopericytoma phenotype has a
high recurrence rate (75%-90%) and a high rate of distant me-
tastasis (20%-33%), especially to the liver, lung, and bone
[14,21-24]. Both our cases showed the hemangiopericytoma
phenotype and were grade III. The metastatic sites of these cases
were the lung, bone, breast, and pancreas. A total of 18 cases of
metastasis from the brain to the pancreas have been reported to
date [14,25]. Interestingly, the interval between diagnosis of
the primary tumor and development of pancreas metastasis was
long (5.3-24 years, with a median of 10.13 years) [14,25]. Af-
ter detection of pancreatic metastasis, eight patients died be-
tween 2.6-16 years, and seven patients lived for 3.4-25 years.

Outside the CNS, such as in the soft tissue, pleura, and other
visceral sites, malignant solitary fibrous tumors showed in-
creased cellularity and mitotic activity (>4 per 10 high-pow-
ered fields). Metastatic malignant solitary fibrous tumors to the
pancreas have been reported in two cases, one originating in the
chest wall [13] and one originating in the kidney [26]. Our
case originated in the lung.

Osteosarcoma has a high potential for metastasis [27]. The
high incidence of metastasis is related to its strong propensity
for early hematogenous spread [15,16,28]. Prolonged survival
is possible with treatment including multi-centric chemothera-
py and resection of the primary tumor [3,11,15,28]. This result
is attributed to the delayed appearance of metastasis and in-
creased metastasis incidence at unusual sites [11]. The common
metastasis sites are the lung, bone, pleura, and liver [3,27,29].
Twelve cases of metastatic pancreatic osteosarcoma have been
reported [3,6,11,15,16,27-32], making our case the thirteenth.
The median interval between primary osteosarcoma diagnosis
and development of pancreas metastasis was three years (range,
-1.25 to 11 years), including our case, which was the first re-
ported case with a pancreatic metastasis diagnosis prior to pri-
mary osteosarcoma diagnosis. Among the eight patients with
available follow-up information, four who had undergone surgical
resection of the pancreatic metastasis were alive for 7-13 months.
Three patients died two weeks, three months, and 18 months
after pancreatic metastasis development, respectively [3,28,29,32].

Mesenchymal chondrosarcoma mainly metastasizes to the
lungs [33]. Metastasis to the pancreas is extremely rare and has
only been reported in six cases, making our case the seventh
[1,10,33-36]. The primary site was extra-skeletal soft tissue
(thigh, brain, buttock, or femoral vein) in five cases and bone
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(skull) in two cases. Among the four patients with available fol-
low-up information, two were alive 6 years and 10 years after
surgery for pancreatic metastasis, and two patients died 2 and 4
years after surgery.

Myxoid liposarcoma generally has a favorable prognosis. The
round-cell content is a poor prognostic factor in this disease.
The most common metastatic site is the abdomen, including
the retroperitoneum, abdominal wall, and abdominal cavity,
followed by bone [37,38]. Until now, metastasis to the pancreas
has not been reported. Our case showed metastasis from the
thigh to the bone and the pancreas. Microscopy showed round-
cell content of approximately 30% in the primary lesion, but
not in the metastatic lesion.

Myxofibrosarcoma was first described in 1977 as a myxoid
variant of malignant fibrous histiocytoma and was reclassified as
myxofibrosarcoma in 2013 by the WHO [39]. The most com-
mon metastatic site is the lung, followed by the pleura, lymph
node, bone, and retroperitoneum [40,41]. In this report, a case
of myxofibrosarcoma in the knee showed metastasis to the pan-
creas. Only two cases of pancreatic metastasis of a myxofibrosar-
coma have been previously reported, although there are some
papers that present cases of metastatic myxofibrosarcoma with-
out describing the specific metastatic sites [40]. Some studies
show that adjuvant or neoadjuvant radiation therapy may im-
prove recurrence and metastasis in this indication.

In this study, we present several rare cases of metastatic sarco-
mas to the pancreas. This is the largest reported case series of pan-
creatic metastatic sarcomas to date. Metastatic sarcoma comprised
10% of pancreatic metastases, which is high given the overall
sarcoma incidence. Furthermore, pancreatic metastasis may man-
ifest as a primary solitary lesion before detection of the primary
tumor. Intensive whole-body imaging screening is necessary in
sarcoma patients, and metastasis should remain a differential di-
agnosis in pancreatic tumors with sarcomatoid features. Recently,
the efficacy of surgical resection of pancreatic metastases was
shown for sarcoma [10,12-16] as well as renal cell carcinoma [4].
Clinicians caring for patients with sarcoma should be aware of the
potential for increased survival following surgical resection of the
metastasis. This study will contribute to a better understanding
of this unusual clinical circumstance and, thus, may lead to im-
proved diagnostic accuracy and treatment.
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A scoring system for the diagnosis of non-alcoholic steatohepatitis
from liver biopsy
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Background: Liver biopsy is the essential method to diagnose non-alcoholic steatohepatitis (NASH), but histological features of NASH
are too subjective to achieve reproducible diagnoses in early stages of disease. We aimed to identify the key histological features of
NASH and devise a scoring model for diagnosis. Metheds: Thirteen pathologists blindly assessed 12 histological factors and final histo-
logical diagnoses (‘not-NASH,” ‘borderline,” and ‘NASH’) of 31 liver biopsies that were diagnosed as non-alcoholic fatty liver disease
(NAFLD) or NASH before and after consensus. The main histological parameters to diagnose NASH were selected based on histological
diagnoses and the diagnostic accuracy and agreement of 12 scoring models were compared for final diagnosis and the NAFLD Activity
Score (NAS) system. Results: Inter-observer agreement of final diagnosis was fair (x=0.25) before consensus and slightly improved after
consensus (k=0.33). Steatosis at more than 5% was the essential parameter for diagnosis. Major diagnostic factors for diagnosis were
fibrosis except 1C grade and presence of ballooned cells. Minor diagnostic factors were lobular inflammation (>2 foci/ x 200 field), mi-
crogranuloma, and glycogenated nuclei. All 12 models showed higher inter-observer agreement rates than NAS and post-consensus
diagnosis (k=0.52-0.69 vs. 0.33). Considering the reproducibility of factors and practicability of the model, summation of the scores of
major (x2) and minor factors may be used for the practical diagnosis of NASH. Conclusions: A scoring system for the diagnosis of
NAFLD would be helpful as guidelines for pathologists and clinicians by improving the reproducibility of histological diagnosis of
NAFLD.

Key Words: Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis; Biopsy; Consensus
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Hepatic steatosis has long been regarded as a general mor-
phological change caused by a variety of etiologies, e.g., alcohol,
viral hepatitis, drugs or toxins, or metabolic disease. Alcoholic
steatohepatitis is a prototype of fatty liver disease but excessive
alcohol consumption is regarded as a major challenge to study-
ing the disease. Recently, abnormal hepatic steatosis, irrespec-
tive of inducing agents, has been classified as an independent
disease that can lead to hepatocellular damage, can progress
into chronic liver disease, and increase the incidence of liver
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cancer. Non-alcoholic fatty liver disease (NAFLD) is a disease
entity characterized by hepatic steatosis without a history of
significant alcohol use or other known liver disease. Metabolic
syndrome, obesity, hyperlipidemia, nutritional imbalance asso-
ciated with gastro-intestinal surgery, or parenteral nutrition are
risk factors for NAFLD.

NAFLD is patt of a hepatic steatosis spectrum that ranges
from simple steatosis without clinical abnormality to steatohepa-
titis with manifestation of clinical symptoms. Clinical assess-
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ment, including abnormal liver function tests, radiologic find-
ings, presence of subjective symptoms, other causes of liver
disease, or consumption of alcohol or drugs, etc., is critical infor-
mation for diagnosing NAFLD. A histological assessment with
liver biopsy is considered the only means by which to judge sim-
ple steatosis and non-alcoholic steatohepatitis (NASH). The de-
gree of steatosis, evidence of hepatocyte injury, and presence of fi-
brosis, which implies chronic liver injury or the possibility of
progression to chronic liver disease, are the major factors that help
to discriminate simple steatosis and steatohepatitis. Several grad-
ing systems have been published by US and European patholo-
gists since Brunt et al. [1] published the first grading system in
1999 [2-5]. Common morphologic factors include the degree of
steatosis, inflammation, ballooning change of hepatocytes indi-
cating cellular damage, and fibrosis reflecting the chronicity of
liver disease. These systems play an important role in providing
quantitative assessment criteria for NAFLD, but they generally
do not provide diagnostic criteria for judging if the disease is so
called simple steatosis or NASH [3]. However, clinicians and re-
searchers require pathologists to identify simple steatosis versus
NASH for treatment or clinical study.

Classifications for simple steatosis or NASH differ depending
on the researcher, and the histomorphological criteria for NAFLD
pathological features in liver tissue remains subjective with low
reproducibility. Thus, in this study we divided NAFLD into
three diagnostic categories: ‘not-NASH, ‘borderline,” and
‘NASH, and evaluated diagnostic agreement and proposed a di-
agnostic scoring system that could increase diagnostic consistency
and accuracy.

MATERIALS AND METHODS

Case selection and histological review

Thirteen pathologists reviewed 31 liver biopsies that were
clinically and pathologically diagnosed as NAFLD from 10 hos-
pitals (Daegu Catholic University Medical Center, Dong-A Uni-
versity Hospital, Samsung Medical Center, Seoul National Uni-
versity Hospital, Inje University Seoul Paik Hospital, Seoul St.
Mary’s Hospital, Soon Chun Hyang University Seoul Hospital,
Wonju Severance Christian Hospital, Inha University Hospital,
Chungnam National University Hospital). The selection criteria
were clinically NAFLD (non-alcoholic, serologically negative for
viral and autoimmune markers, abnormal levels of liver enzymes
such as aspartate aminotransferase and alanine aminotransferase),
and aged 219 years. Cirrhosis cases were excluded. Drug and
toxic injuries were excluded. One hematoxylin and eosin and
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one Masson’s Trichrome—stained slide for each case were pre-
pared anonymously and randomized by a researcher not involved
in the study. Pathologists blindly assessed 12 histological pa-
rameters and made a final diagnosis of one of three diagnostic
categories: ‘not-NASH,” ‘borderline,” and ‘NASH, in 31 liver
biopsies. Twelve histological parameters and detailed scoring
criteria were followed as previously reported [6].

Evaluation of diagnostic agreement, selection of histological
parameters, and comparison of diagnostic models

The review was blindly conducted twice before and after the
consensus meeting. Pre-consensus and post-consensus diagnos-
tic agreements were compared, and selection of diagnostic pa-
rameters and modeling were based on the post-consensus re-
sults. The gold standard was the diagnosis that accounted for
more than half of the participants’ agreements after consensus.
Final diagnosis agreement rates were assessed by Free-Marginal
Multirater Kappa (multirater kfree) [7]. Among the 12 histo-
logical parameters, histological parameters that significantly
discriminated ‘not-NASH,’ ‘borderline, and ‘NASH’ were se-
lected by chi-square test, univariate, and multivariate repeated
measures logistic regression analysis. A p-value of <.05 was
considered statistically significant. All statistical analyses (ex-
cept kappa analysis) were performed using IBM SPSS statistics
ver. 21 (IBM Corp., Armonk, NY, USA). The Kappa value was
calculated using an online Kappa Calculator [8]. The cut-off
value of the weighted model was determined by the receiver
operating characteristic (ROC) curve.

Ethics statement
The Institutional Review Board of Seoul St. Mary’s Hospital

approved this study with a waiver of informed consent (KIRB-
00562_5-001).

RESULTS

Distribution of diagnoses and diagnostic agreement
of NAFLD

Diagnostic frequency of all 31 cases before (pre) consensus
and after (post) consensus were plotted and shown in Fig. 1.
The agreement rate of NASH’ or ‘borderline’ in the pre-con-
sensus diagnoses of all 31 cases was 53%-100%, and there was
no case in which the major diagnosis was ‘not-NASH.” After
consensus, five cases were classified as ‘not-NASH’ (case Nos.
21, 2,11, 12, and 10) by more than 50% of pathologists and
22 cases were classified as ‘borderline’ or NASH’ by more than

http://jpatholtm.org/
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Distribution of diagnosis
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Fig. 1. Distribution of 13 pathologist diagnoses before and after consensus. ‘NASH_pre’, ‘Borderline_pre’” and ‘Not NASH_pre’ are diagnoses
before consensus (bar graph), and ‘NASH_post’ and ‘Borderline & NASH_post’ are diagnoses after consensus (line graph). The level of ‘border-
line NASH’ decreased in the not-NASH group and increased in the NASH group after consensus. NASH, non-alcoholic steatohepatitis.

50% of pathologists. The remaining four cases (case Nos. 3, 20,
37, and 28) had no dominant diagnosis. Consensus made classi-
fication clearer than before consensus. Kappa values for inter-
observer agreement for pre-consensus and post-consensus diag-
noses are summarized in Table 1. Pre-consensus kappa values
wete fair grade, and below 0.4 in all categories. Post-consensus
kappa values were still fair except in the NASH’ group (0.41)
and were increased in all categories compared to the pre-con-
sensus kappa values. Post-consensus kappa values increased
from 0.35 to 0.41 compared to the pre-consensus kappa values
in the ‘NASH’ group (n = 22). Agreement rates of NASH after
consensus were 60.72%, a slight increase relative to before con-
sensus (overall agreement rate 56.93%). Increase of agreement
rates was more pronounced in the ‘not-NASH’ category, from
33.59% to 49.49%. Histologic pictures of representative cases,
‘not-NASH’ (case 11), ‘borderline’ (case 17), and ‘NASH’ (case
30) after consensus are illustrated in Fig. 2.

Selection of histological parameters for decision modelling
Twelve histological features in 31 cases that were diagnosed
by 13 pathologists are summarized in Table 2 by final diagnosis.
Significantly different histological parameters among diagnoses
(chi-square p <.05) were fibrosis, lobular inflammation, micro-
granuloma, portal inflammation, ballooning change, Mallory
body, and glycogenated nuclei. Multivariate logistic regression

http://jpatholtm.org/

Table 1. Inter-observer agreement of diagnosis before and after
CONSensus

Free-marginal kappa  Overall agreement rates

(95% Cl) (%)

Pre-consensus

Total (n=31) 0.25(0.14t0 0.36) 50.08

NASH (n=22) 0.35(0.23t0 0.48) 56.93

Not-NASH (n=5) 0.00 (-0.04 to 0.05) 33.59
Post-consensus

Total (n=31) 0.33(0.22t0 0.44) 55.38

NASH (n=22) 0.41(0.27 t0 0.55) 60.72

Not-NASH (n=5) 0.24 (0.16 10 0.33) 49.49

Cl, confidence interval; NASH, non-alcoholic steatohepatitis.

analysis showed fibrosis (except 1C), ballooning change, and mi-
crogranuloma were significant discriminators among the three
groups; lobular inflammation, portal inflammation, Mallory
body, and glycogenated nuclei were significant discriminators
between NASH' and ‘not-NASH’ or ‘borderline.” Considering
the incidence of parameters, rare parameters, such as portal in-
flammation and Mallory body, were excluded. Ballooning
change and fibrosis (except 1C) were selected as major factors;
lobular inflammation, microgranuloma, and glycogenated nuclei
were selected as minor factors to construct a diagnostic model.

Decision models and accuracy

Nine models were constructed for quantitative diagnosis and

https://doi.org/10.4132/jptm.2020.03.07
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Fig. 2. Representative pictures of ‘not-NASH,” ‘borderiine,” and ‘NASH’ cases after consensus. (A, D) ‘Not-NASH’ (case 11) shows steatosis with
minimal lobular inflammation, no ballooning and stage 1a fibrosis in Masson-trichrome (MT) staining (B, E). ‘Borderline’ (case 17) shows steatosis
with mild lobular inflammation, rare ballooned cells and stage 1b fibrosis in MT staining. (C, F) ‘NASH’ (case 20) shows steatosis with moderate
lobular inflammation, some ballooned cells and stage 1b fibrosis in MT staining (D-F, MT staining). NASH, non-alcoholic steatohepatitis.

are described in Table 3. Models 1-6 were non-weighted models
that depended on the presence of major or minor factors to diag-
nose, and the severity of factors was not considered (Table 3).
Models 7-9 were weighted models which considered the grade of
major and minor factors (Table 3). Model 7 used only major fac-
tors. Model 8 weighted major factors twice and minor factors
were stratified into two groups to reduce the ambiguity of equiv-
ocal findings. None to mild grade was scored as 0, and moderate
to severe was scored as 1. Model 9 basically adds 9 points to the
major factors, which corresponds to the total sum of the minor
factors and was the only model that used the degree of steatosis in
calculations (Table 3). Table 4 and Fig. 3 summarize the diagnos-
tic accuracy referenced with the post-consensus diagnosis as the
gold standard, agreement rates, and area under the curve (AUC)
calculated by the ROC curve. Four cases with no consensus diag-
nosis were excluded. Concordance rates were higher in all scoring
models than post-consensus diagnoses (k = 0.52-0.69 vs. 0.33).

https://doi.org/10.4132/jptm.2020.03.07

Sensitivity, rate of borderline cases, Kappa rates, and overall
agreement rates of quantitative models were superior to the
NAFLD Activity Score (NAS) system (Table 4). Specificity and
false negative rates were similar or higher than the NAS system.
Based on the AUC, model 8 showed the best performance (AUC,
0.88) (Fig. 3). Model 9 had lower false-positive and false-negative
rates than other models.

Recommendation of decision model

Weighted model 8 and model 9 were the finalists for recom-
mendation. Overall accuracy was better for model 9 than model
8; however, model 9 had higher borderline rates than model 8,
and model 8 had a higher AUC curve than model 9. The scor-
ing numbers of model 9 were large, ranging from 0 to 88;
therefore, model 8 would be more practical for clinical use. Ex-
ternal validation is required to confirm the efficacy of the scor-
ing system for diagnosis.

http://jpatholtm.org/
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Table 2. Histological parameters among disease groups

Frequency of tests p-value of chi-square test p-value of logistic regression analysis
Histological parameter NASH Borderline Not-NASH NASHvs.  NASHvs. Borderlinevs. NASHvs.  NASHvs. Borderline vs.
(=228 (=78 (=97) PV GNASH borderine not-NASH not-NASH borderine  not-NASH
Steatosis grade
3:>66% 49 14 24 .094 .038 272 487 374 444 .059
2: 34%-66% 96 26 25
1:5-33% 72 34 40
0: <5% 11 4 8
Steatosis location
1: Zone 1 0 0 0 .096 027 078 287 155 NA NA
2: Zone 3 44 17 32
3: Azonal 111 39 4
4: Panacinar 73 20 24
Microvesicular fatty change
Absent 134 52 63 .354 297 218 812 024 .353 .755
Present 94 26 34
Fibrosis
None 2 13 51 <.001  <.001 <.001 <.001 <.001 <.001 <.001
1A: Mild, zone 3, 67 36 25
perisinusoidal
1B: Moderate, zone 3, 54 6 1
perisinusoidal
1C: Portal/periportal 2 3 5
2: Perisinusoidal and 64 16 4
portal/periportal
3: Bridging fibrosis 39 4 11
4: Cirrhosis
Lobular inflammation
0: 0/200 x 0 2 5 <.001  <.001 <.001 0.64 <.001 <.001 493
1:1/200% 53 53 68
2:2-4/200 x 95 14 12
3:5/200 % 80 9 12
Microgranuloma
0: Absent 75 30 54 001 <.001 .002 .302 <.001 .007 .005
1: Present 1563 48 43
Lipogranuloma
0: Absent 195 67 78 467 .025 .936 .339 183 .943 407
1: Present 33 11 19
Portal inflammation
0: None to minimal 143 64 85 <.001 <.001 .002 .302 <.001 .007 .336
1: Greater than minimal 85 14 12
Ballooning change
0: None 14 17 66 <.001  <.001 <.001 <.001 <.001 <.001 <.001
1: Few 17 31 30
2: Many 157 58 13
Acidophilic body
0: None to rare 199 69 91 220 .082 785 .209 410 723 .380
1: Many 29 9 6
Mallory body
0: None to rare 169 74 89 <.001  <.001 <.001 A17 .007 <.001 271
1: Many 69 4 8
Glycogenated nuclei
0: None to rare 100 45 68 <.001  <.001 .035 .088 <.001 .033 130
1: Many 128 33 29

NASH, non-alcoholic steatohepatitis; NA, not applicable.
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DISCUSSION

NAFLD is a disease spectrum ranging from simple steatosis

to steatohepatitis. A major difference between simple steatosis

Table 3. Final histologic criteria for modeling
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and steatohepatitis is the presence of cellular injury induced by

fat accumulation, which is apparent by the ballooning change

of hepatocytes, inflammation, and fibrosis. Many scoring sys-

tems have been published by Ludwig since 1980, but the pur-

Criteria Parameter Score Model No. NASH Borderline Not-NASH
Non-weighted method
Essential requirement  Steatosis >5%, any location Mo. 1 Major >1, any minor No major & minor >2 No major & minor <1
Major factors (1) Any fibrosis except 1C Mo. 2  Major >2, any minor Major 1 & minor <1 No major & minor <1
(2) Any ballooning change Major >1 & minor >2
Minor factors (1) Lobular inflammation Mo. 3 Major >2, any minor Major 1 & minor <1 No major & minor <1
>2/200x Major >1 & minor >2 No major & minor >2
(2) Many microgranuloma
(3) Many glycogenated nuclei Mo. 4 Major =2, any minor Major 1 & minor <2 No major & minor <2
Major =1 & minor 3 No major & minor 3
Mo. 5  Major 2, any minor Major 1, any minor ~ No major & minor <2
No major & minor 3
Mo. 6  Major 2, any minor Major 1, any minor ~ No major, any minor
Weighted method 1
Essential requirement  Steatosis >5%, any location - - -
Major factors (1) Fibrosis except 1C stage  0: None Mo. 7 =Sum of major score [0-4]
1.1A 2 1 0
2:1B, 2,3, 4 Mo. 8 =2xSum of major score +minor [0-11]
(2) Ballooning change 0: None 6-11 4-5 0-3
1: Few - - -
2: Many - - -
Minor factors (1) Lobular inflammation 0: 0-1/200 x - - -
1:2>/200x - - -
(2) Microgranuloma 0: None to rare - - -
1: Many - - -
(3) Glycogenated nuclei 0: None to rare - - -
1: Many - - -
Weighted method 2
Essential requirement  Steatosis >5%, any location  1: 5%-33% Mo.9 =Sum of all scores [0-88]
2: 34%-66% 20-88 19-4 0-3
3:>67% NAS  =Steatosis +lobular inflammation+ballooning change [0-8]
Major factors (1) Fibrosis stage 0: None 5-8 3-4 0-2
9: Stage 1A - - -
10: Stage 1B & 1C - - -
11: Stage 3 - - -
12: Stage 4 - - -
(2) Ballooning change 0: None - - -
9 [1]a: Few - - -
10 [2Ja: Many - - -
Minor factors (1) Lobular inflammation 0: 0/200 x - - -
1: <2/200 % - - -

(2) Microgranuloma

(3) Glycogenated nuclei

2: 2-4 foci/200 x
3: >4 foci/200 x
0: None to rare
1: Many

0: None to rare
1: Many

NASH, non-alcoholic steatohepatitis.
aScore for NAFLD Activity Score (NAS).
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Fig. 3. Receiver operating characteristic (ROC) curve of models. (A) ROC of 10 models. (B) ROC of three weighted models (models 7, 8, and 9).

Table 4. Diagnostic accuracy of diagnostic models

e o Borderline False-positive False-negative Free-marginal Overall agreement AUC
SRl Speeidly rate raF\)te rateg kappa rate (35% Cl) ra%e (ROC)
Model 1 0.92 0.43 0.02 0.11 0.43 0.69 (0.55-0.82) 79.24 0.71
Model 2 0.90 0.43 0.12 0.07 0.31 0.62 (0.46-0.77) 74.48 0.81
Model 3 0.92 0.51 0.11 0.07 0.51 0.59 (0.45-0.74) 72.95 0.81
Model 4 0.93 0.51 0.17 0.06 0.51 0.54 (0.38-0.69) 69.23 0.84
Model 5 0.91 0.51 0.19 0.05 0.51 0.52 (0.37-0.67) 68.20 0.85
Model 6 0.90 0.51 0.01 0.04 0.44 0.52 (0.37-0.66) 67.70 0.85
Model 7 1.00 0.09 0.12 0.06 0.47 0.61(0.45-0.77) 7419 0.85
Model 8 0.90 0.68 0.13 0.03 0.57 0.56 (0.40-0.71) 70.55 0.88
Model 9 0.92 0.40 0.21 0.05 0.00 0.60 (0.46-0.74) 73.33 0.86
NAS 0.75 0.49 0.30 0.04 0.41 0.40 (0.28-0.51) 59.84 0.83

Cl, confidence interval; AUC (ROC), area under receiver operating characteristic curve; NAS, NAFLD Activity Score.

pose of these systems is to assess the severity of steatohepatitis, Concordance rates of subjective assessment were fair before and
not to diagnose [9]. The NAS system is a scoring system using after consensus, but quantitative scoring increased concordance
steatosis, ballooning change, and lobular inflammation, but di- rates up to a moderate to substantial level in all models (k =
agnosis should be made before scoring. The reference range for 0.33 vs. 0.52-0.69). Decreased inter-observer variation in a
diagnosis is 0-2 for not diagnostic of NASH, 5-8 for diagnos- semiquantitative scoring system was reported by the Fatty Liver

tic of NASH, but scores of 3—4 are evenly distributed in not di- Inhibition of Progression (FLIP) Pathology Consortium in
agnostic, borderline, or positive for NASH groups [2]. Low 2014 [3]. They proposed a NASH diagnostic algorithm and

agreement rates of NASH in histological diagnosis are well Steatosis, Activity, and Fibrosis score (SAF score) based on the
known because the evaluation of each diagnostic feature is sub- presence of steatosis and grade of ballooning-change and lobular
jective and has low concordance rates [3,6]. Another limitation inflammation. Grade 1 or 2 ballooning change, and grade 1 or
of the NAS system as diagnostic criteria is the severity of ste- 2 lobular inflammation were the minimum diagnostic criteria
atosis that can obscure other grades, such as ballooning change used in the FLIP algorithm [3]. Concordance rates increased
and inflammation. from 77% to 97% after using the FLIP algorithm and the kap-
In the present study, we attempted to construct a scoring sys- pa value also increased from moderate grade to substantial
tem for diagnosis to reduce inter-observer variation based on grade (k= 0.54-0.66) [3].
the 13 pathologists’ subjective assessment of 31 liver biopsies. The diagnostic components of our study were based on the

http://jpatholtm.org/ https://doi.org/10.4132/jptm.2020.03.07



key discriminators of post-consensus diagnosis that were select-
ed by multivariate logistic regression analysis and the chi-
square test. Ballooning change and lobular inflammation were
the same histological factors of other grading systems disctimi-
nating NASH from NAFLD. The different component from
other grading systems was fibrosis. Generally, many scoring
systems for hepatitis and NAFLD use the concepts of grade and
stage. Fibrosis is the key feature of liver injury progression and
is separately assessed from necroinflammatory activity. Lobular
inflammation, portal inflammation, and presence of confluent
necrosis are examples of activity. High activity grade means the
current status of hepatic injury and stage of fibrosis predict the
progression of liver disease. The FLIP algorithm uses balloon-
ing change and lobular inflammation as diagnostic factors but
not fibrosis, which is used to assess the severity of NASH [10].

Our study showed that pathologists considered the presence
of fibrosis as a major histological feature of NASH. Our study
enrolled adult NAFLD cases without other causes of hepatitis,
such as virus, alcohol, or autoimmune disease. The pathologists
were aware of these conditions beforehand and only assessed the
diagnosis of NAFLD according to three categories. As fibrosis
with steatosis was presenting as irreversible hepatic injury by
steatosis, pathologists easily diagnosed NASH in this situation.
Interestingly, grade 1C fibrosis, which is portal fibrosis and is
usually observed in pediatric patients, did not affect the diagno-
sis of ‘not-NASH,’ ‘borderline,” or ‘NASH.” As the fibrosis
grade increased, the tendency to diagnose NASH increased.
The three-tiered scoring system for fibrosis (0, 1A, 1B-4 except
1C) was applied considering practicality, reproducibility of
grade 1A, and the smothering effect of a high fibrosis score over
other diagnostic factors. Our previous report on the reproduc-
ibility of pathologic features of NAFLD mentioned ambiguity
between the normal framework of the perivenular area and ob-
vious pericellular collagen deposition [6]. Ballooning change is
a mandatory feature of NASH, but inter-observer agreement
was not so high (i-value after consensus = 0.34); therefore, we
adopted three levels for fibrosis grade and ballooning change [6]
to prevent ambiguous scores affecting NASH diagnosis.

A common feature of our proposed model and the FLIP algo-
rithm is that the amount of fat deposition was dismissed for di-
agnosis and fat deposition is considered as a minimum require-
ment of NASH. Grade of steatosis is a major factor in the NAS
system [11]. Different features between our proposed model
and the FLIP algorithm are (1) presence of the borderline cate-
gory in the diagnostic group (steatosis vs. NASH in FLIP; ‘not-
NASH, ‘borderline,” and ‘NASH’ in our model), (2) cutoff level

https://doi.org/10.4132/jptm.2020.03.07
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of ballooning and lobular inflammation for definite NASH, and
(3) adaption of fibrosis as a diagnostic component. In the FLIP
criteria, grade 1 ballooning and grade 1 lobular inflammation is
the minimum requirement for NASH, but this category might
be included as borderline by our model because the cut off value
for lobular inflammation in our model was higher than that of
the FLIP algorithm/SAF score (24 foci/200 X field vs. <2 foci
per lobule) [3]. Borderline cases defined by our model might be
defined as NASH by the FLIP algorithm. A relatively low
NASH criteria by FLIP was reported in a comparative valida-
tion study of the NAS and SAF score [12]. Rastogi et al. [12]
reported concordance of not-NASH and NASH by the NAS
system and SAF algorithm, but 79.4%-94.4% of borderline-
NASH diagnosed by NAS were diagnosed as NASH by the
SAF algorithm.

Fibrosis is a major predictor for the progression of NAFLD;
however, the NAS and FLIP algorithm/SAF score exclude fibro-
sis in the decision scheme. Exclusion of fibrosis in the score
risks missing the fibrotic inactive NAFLD cases. Rastogi and
colleagues reported that 76.39% diagnosed by NASH and
78.63% diagnosed by the FLIP algorithm/SAF score, who were
not-NASH, showed the presence of fibrosis [12]. Only the fi-
brosis stage, but no other histological feature, was found to be
independently associated with long-term overall mortality, liver
transplantation, and liver-related events in a retrospective study
of 619 NAFLD patients [13]. Inclusion of fibrosis as a diagnos-
tic criterion may risk narrowing the range of definite NASH;
however, considering the low progression rates of simple steato-
sis without fibrosis and low inter-observer reproducibility of
perivenular fibrosis and ballooning change, a borderline catego-
ry with equivocal features can be a buffering group between
not-NASH and definite NASH.

The limitations of our study are that the performance of the
model was not verified in external datasets and clinicopatholog-
ic analysis was not petformed due to the small size of the co-
hort. Further study including external validation of the model
and risk prediction for disease progression of each diagnostic
group could provide valuable information.

In summary, a semi-quantitative scoring system increased the
diagnostic reproducibility of NASH, and subjective assessment
and summation of two major factors (X 2; ballooning and fibro-
sis, range 0-2) and minor factors (lobular inflammation, glyco-
genated nuclei, and microgranuloma, range 0-1) are proposed
as a practical NASH diagnostic criteria (diagnostic range: 0-3,
‘not-NASH’; 4-5, ‘borderline’; 6-11, NASH).

http://jpatholtm.org/
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Gene variant profiles and tumor metabolic activity as measured hy
FOXM1 expression and glucose uptake in lung adenocarcinoma

Ashley Goodman', Waqas Mahmud”, Lela Buckingham'*

"Rush University College of Health Sciences, Chicago, IL;
“Department of Pathology, Rush University Medical Center, Chicago, IL, USA

Background: Cancer cells displaying aberrant metabolism switch energy production from oxidative phosphorylation to glycolysis. Mea-
sure of glucose standardized uptake value (SUV) by positron emission tomography (PET), used for staging of adenocarcinoma in high-
risk patients, can reflect cellular use of the glycolysis pathway. The transcription factor, FoxM1 plays a role in regulation of glycolytic
genes. Cancer cell transformation is driven by mutations in tumor suppressor genes such as TP53 and STK71 and oncogenes such as
KRAS and EGFR. In this study, SUV and FOXM1 gene expression were compared in the background of selected cancer gene mutations.
Methods: Archival tumor tissue from cases of lung adenocarcinoma were analyzed. SUV was collected from patient records. FOXM1 gene
expression was assessed by quantitative reverse transcriptase polymerase chain reaction (QRT-PCR). Gene mutations were detected by
allele-specific PCR and gene sequencing. Results: SUV and FOXM1 gene expression patterns differed in the presence of single and co-
existing gene mutations. Gene mutations affected SUV and FOXM1 differently. EGFR mutations were found in tumors with lower
FOXM1 expression but did not affect SUV. Tumors with TP53 mutations had increased SUV (p=.029). FOXM1 expression was signifi-
cantly higher in tumors with STK77 mutations alone (p<.001) and in combination with KRAS or TP53 mutations (p<.001 and p=.002,
respectively). Conclusions: Cancer gene mutations may affect tumor metabolic activity. These observations support consideration of tu-

mor cell metabolic state in the presence of gene mutations for optimal prognosis and treatment strategy.
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Lung cancer is the leading cause of cancer death in the United
States, with the majority of cases falling into the adenocarcinoma
(non-small cell lung cancer [NSCLC]) subgroup. There are a large
number of somatic mutations that can lead to biological differ-
ences among histologically identical tumors in NSCLC patients.
This variability partially accounts for the heterogeneity in disease
progression and patient outcome seen among the different cases
of NSCLC.

Population studies and clinical trials have led to identification
of frequently mutated genes and gene products that serve as
therapeutic targets [1,2]. Tumor protein P53, TP53 is the most
frequently mutated gene in cancer, encoding a transcription fac-
tor that regulates cell cycle arrest and apoptosis. The Kirsten Rat
Sarcoma Viral proto-oncogene, KRAS, also frequently mutated in
cancer cells, is a membrane-associated protein with intrinsic GT-
Pase activity involved in the regulation of cell proliferation. The
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epidermal growth factor receptor gene, epidermal growth factor
receptor (EGFR), encodes a tyrosine kinase membrane receptor
identified as a therapeutic target in clinical trials investigating
tyrosine kinase inhibitors for treatment of lung cancer. STK11
encodes a tumor suppressor serine/threonine-protein kinase that
controls the activity of AMP-activated protein kinases (AMPK),
affecting cell metabolism, cell polarity, apoptosis, and DNA
damage response. Current clinical testing includes investigation of
these genes along with many others for characterization of tumor
mutational status as well as therapeutic strategy. Depending on
the testing approach, somatic mutations in one or more cancer
genes are frequently detected.

Tumor biochemistry has been proposed as one source of tumor
heterogeneity [3]. Aberrant energy metabolism has been well doc-
umented, with observations that cancer cells can switch their
source of energy production from oxidative phosphorylation to
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glycolysis [4,5]. Glucose metabolism in malignant and benign
cells is measured using cellular uptake of 18-fluorodeoxyglucose
(FDG). FDG is glucose combined with a radionuclide. Malignant
cells, growing and metabolizing glucose faster than benign
cells, use more of the tracer. Measure of FDG uptake in tumors is
expressed in a semiquantitative measure, the standardized uptake
value (SUV) which is the ratio of tissue radioactivity concentra-
tion (C/T) imaged by positron emission tomography (PET) at a
point in time to the injected dose of radioactivity per kilogram of
the patient’s body weight: (C/T)/(injection dose [MBq]/patient’s
weight [kg]).

SUV has been proposed as a factor in determining adjuvant
chemotherapy for stage 1A NSCLC [6]. A combination of cytol-
ogy, computed tomography and PET measurement of SUV has
been reported to detect 90% of malignancy in lung pleural ef-
fusions [7].

Along with massive glucose utilization, there is also a signifi-
cant increase in lactate production in tumor cells [8]. The con-
version into lactate is performed by the enzyme lactate dehydro-
genase (LDHA), which has been shown to have increased activity
in breast, gynecological, colorectal and lung cancer. LDHA is par-
tially regulated by the Forkhead Box M1 (FOX M1) transcrip-
tion factor. FoxM1 protein bound to the LDHA promoter in-
creases its expression at the mRNA and protein level. In vivo
studies showed silencing FoxM1 expression caused a decrease in
LDHA expression with a corresponding decrease in lactate pro-
duction and glucose utilization [9]. Thus, FoxM1 plays a role
in cancer cell metabolism, at least through the transcriptional
regulation of LDHA. The study also showed that elevated FoxM 1
expression correlated with increased cell growth and metastasis.
Increased cell proliferation associated with higher FOXMI ex-
pression can lead to poorer prognosis [10].

FOXM!1 expression is genetically and epigenetically controlled.
FOXMI transcription is one of several targets of the mictoRNA,
miR-149 [11]. An inverse relationship between miR-149 and
FOXMTI has been reported in colon cancer [12]. FoxM1 protein
function is regulated through cell signaling. For FoxM1 protein
to become active, it must be phosphorylated at particular sites,
a modification mainly achieved through the Ras-Raf-Mek sig-
naling cascade [13]. Thus, FoxM1 could be a downstream target
of the Ras oncogenic signaling cascade and Ras is required for
FoxM1 activation through phosphorylation. Conversely, FoxM1
may also be necessary for Kras-mediated changes in expression
of several different target genes involved in homeostasis, metab-
olism and tumor growth [14]. Using a mouse model of NSCLC,
it was found that the presence of an activating mutation in KRAS,
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Kras®'*", with simultaneous deletion of FOXM1, was sufficient
to initiate uncontrolled respiratory epithelial cell proliferation or
hyperplasia, but this single stimulus was not enough to progtess
the hyperplasia into full lung cancer [15]. Therefore, FoxM1 is
not necessary for increased cell proliferation of respiratory epi-
thelial cells, but is required for true tumorigenesis. This depen-
dent relationship between Kras and FoxM1 suggests a role for the
two genes in increased tumorigenicity and thus affect the overall
clinical outcome.

This study assessed the relationship between tumor mutation-
al status and tumor glucose metabolism as measured by stan-
dardized glucose uptake volume (SUV) and FOXM1I gene ex-
pression. The results support the consideration of tumor metabolic
state in the interpretation of mutation status in NSCLC.

MATERIALS AND METHODS

Patient samples

Analysis of archival tissue in the current study was approved
by the Rush University Institutional Review Board (IRB#1212
1202). Participants were deidentified before group statistical
analyses. Patient samples consisted of formalin-fixed paraffin-em-
bedded tissue from 301 patients with adenocarcinoma NSCLC
(stage I-III) treated at Rush Medical Center through surgical
resection and no adjuvant therapy. The study includes cases of
adenocarcinoma only.

PET analysis

Tumor metabolic activity was assessed by measure of glucose
metabolism (rate of consumption of glucose) through accumu-
lation of FDG. Benign and malignant tumors differ in FDG SUV
measured by PET. PET data, measured from tumor tissue prior
to surgery, was collected from electronic medical records. When
the tumors are imaged by PET, a minimum (PET Min) and
maximum (PET Max) density of FDG is reported for the tissue
regions scanned. A high (PET Max) and low (PET Min) density
was recorded for 301 patients (Table 1). PET Max is considered
the maximum SUV of the tissue.

Gene expression analysis

The amount of mRNA expression of the FOXMI gene was
measured in tumor and non-malignant lung tissue in all patient
samples with available corresponding sample material. Hema-
toxylin and eosin-stained 4-micron sections were reviewed by a
pathologist to distinguish tumor and non-malignant tissue for
each sample. Tissue was then macro-dissected from the adjacent
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Table 1. Patient demographics tumor genetic profile (n=301)
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SuUV Gene expression® Mutation status, n (%)°
No. PET Min PET Max FOXM1/miR-149 EGFR KRAS STK11 P53

Total 301  247+1.44  885+6.69 3.11+4.69/3.92+9.84 32/267 (12)  105/296(35) 17/173(10) 73/173 (42)
Sex

Female 168 2.33 8.79 1.83/5.94 22/152 61/167 7/99 40/99

Male 133 2.65 8.93 4.38/1.39 9/115 42/123 10/73 32/73

p-value .077 .867 .0585 .661 675 150 .652
Age (yr)

<60 70 2.48 8.99 0.76/3.30 9/53 17/69 4/42 20/42

>60 231 247 8.82 17.3/2.25 22/212 85/227 13/126 51/128

p-value 973 .857 .002 181 .050 .882 462
Smoking®

Ever 56 2.16 10.3 -/0.00 2/40 24/53 8/53 34/53

Non-smoker 17 1.87 8.62 -/2.84 3/10 3/17 017 517

p-value 527 529 018 042 .089 012

SUV, standardized uptake value; PET, positron emission tomography.

aExpression normalized to B2M; left-tailed probability of the chi-square distribution; "Mutated/total resulted:; left-tailed probability of the chi-square distribution;

°Smoking status was not available for all cases.

unstained slide and the RNA extracted using the RecoverAll
Total Nucleic Acid Isolation Kit (Ambion/Life Technologies,
Austin, TX, USA) according to manufacturer’s directions.

Ten microliters of the extracted RNA were converted to cDNA
in a reaction mix (Thermo Fisher Scientific, Waltham, MA,
USA) containing 5 pL 5X reaction buffer, 2 uL 0.1M DTT, 1
pL each of RNasin (40 units/pL) dNTPs (2.5 mM each) and
Moloney virus reverse transcriptase (200 units/pL), yielding 20
pL total volume. Gene expression levels were then measured from
the cDNA using TagMan gRT-PCR. Two microliters of cDNA
were mixed with 1.25 pL primer/probe mix (Integrated DNA
Technologies, Coralville, W, USA), 12.5 pL Universal Master Mix
with passive reference dye (Roche Diagnostics/Sigma, Mannheim,
Germany) brought to a final volume of 25 pL with nuclease-free
water. The primers used for FOXMI were F: 5'-GATGGC-
GAATTGTATCATGGC, R: 5'-GGAGGAAAAGGAGA-
ATTGTCAC and probe: 5'-/56-FAM/CAGCGACAG/ZEN/
GTTAAGGTTGAGGAGC/AIABKFQ and those used for miR-
149 were F: 5'-CGTTGTTCCAGCTGCCCCAGC, R: 5'-
GCTCCCAGGCCGGCGCC and probe: 5'-/56-FAM/AGACA/
ZEN/CGGAGCCAGA/3IABKFQ. In addition to well to well
correction through the passive reference dye, the mRNA levels
of the housekeeping gene, beta-2 microglobulin (B2M; Integrated
DNA Technologies), were concurrently measured in duplicate
samples as a cDNA input normalization control. For statistical
analysis, target gene expression was normalized to the amount
of B2M expression, to compensate for variability in the amount
of tissue used and the input cDNA of each sample.
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Mutation status

KRAS mutation status was measured from column purified,
diluted tissue DNA using the Therascreen PCR method (Qiagen,
Hilden, Germany) according to manufacturer’s directions. Fur-
ther variant information was collected from a clinical next-gen-

eration sequencing panel of 500 genes (Foundation Medicine,
Cambridge, MA, USA).

Statistics

Statistical analysis was petformed using SPSS software ver.
18.0 (SPSS Inc., Chicago, IL, USA). Association between gene
expression and tumor mutation status was analyzed using the
independent T-test. Nonparametric data were analyzed by the
Mann-Whitney U test. Association of dichotomized gene ex-
pression and mutation status with patient outcome (time to re-
currence [TTR] and overall survival [OS]) was analyzed for sig-
nificance using Kaplan-Meier survival curves.

Ethics statement

All procedures performed in the current study were approved
by the Rush University Institutional Review Board (IRB#1212
1202, approved date 3/22/18) with a waiver of individual con-
sent in accordance with the Common Rule (45CFR46, Decem-
ber 13, 2001) and any other governing regulations or subparts.
The Institutional Federalwide Assurance Number is FWA000
00482 in accordance with the 1964 Helsinki declaration and

its later amendments.
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RESULTS

Patient demographics and PET activity

FDG uptake reflects active glucose metabolism in tumor
cells but is not constant across tumor tissue. PET Min and PET
Max define the low and high metabolic activity of cells, respec-
tively, for each tumor. PET Max is a measure of the maximum
metabolic activity of the tumor. Nucleic acid was successfully
extracted from 301 archival tissue samples for analysis (Table 1).
Tested patients had an average age of 66.8 years (range, 40 to
92 years), were 44% male, and 77% ever smokers. Tumor PET
activity was similar in demographic groups, except for marginally
increased PET Min in tumors from male patients. It is noted
that younger and older patients are not evenly represented in the
patient group: 77% of patients were older than 60 years. PET
Max (maximum SUV) was not significantly different by sex.

Mutation status

Mutation status was assessed by allele-specific PCR, Sanger
sequencing and/or next-generation sequencing of tumor tissue
(Table 1). EGFR mutations were present in 12% of cases. Four-
teen percent of female patient tumors had EGFR mutations
compared to 8% of male patient tumors. Exon 19 deletions (n =
15) and L858R point mutations (n = 5) accounted for the ma-
jority of EGFR variants in this patient group.

KRAS mutations present in 35% of cases were equally repre-
sented by sex (36% vs. 34% in females and males, respectively).
Of the 105 KRAS mutations, the most common variants wete
G12C (n=42) and G12D (n=22), and G12V (n=20). TP53 is
the most mutated gene in cancer and was the most frequently
mutated gene in this patient group. TP53 mutation frequency
was 42%, about equally represented in male (40%) and female
(44%) patients. The spectrum of TP53 mutations fell mostly
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within the DNA binding domain of the protein.

Chi-square analysis revealed significantly increased mutation
frequency in smokers compared to non-smokers for KRAS (p =
.042) and TP53 (p=.012). The reverse was true for EGFR,
where 30% of non-smokers had EGFR mutated tumors, com-
pared to 5% of those in smokers (p = .018). Older patients had
increased KRAS mutations (p = .042).

Metabolic activity as measured by SUV vs. gene mutation
status

Maximal SUV was assessed in tumor tissue. There was no sig-
nificant difference in SUV with KRAS nor EGFR mutation com-
pared to no mutation (p =.443) nor with any TP53 nor STK11
mutations (p=.114 and p=.191, respectively) (Fig. 1). Mutation
status for all genes were grouped as “mutated” vs. “not mutated.”
Similar grouping was done for STK11 due to the low number
of STK11 mutant cases.

Median SUV did not differ significantly among the most fre-
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Fig. 1. Maximum positron emission tomography (PET) standard-
ized uptake value (SUV) in the presence of mutations (darker bars)
in KRAS (p=.089) (A), EGFR (p=.443) (B), TP53 (p=.114) (C), and
STK11 (p=.191) (D).
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Fig. 2. Metabolic activity as measured by positron emission tomography (PET) standardized uptake value (SUV) in the presence of multiple
mutations. Tumors with TP53 and KRAS mutations together had higher SUV (p=.029 vs. no mutations) (A). No significant differences in SUV
were observed in tumors with KRAS with and without STK77 mutations (B). Tumors with STK77 and TP53 mutations had marginally de-
creased SUV (p=.141 vs. TP53 only) (C).
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quent KRAS mutations. For 170 wild-type, 31 G12C, 22 G12D,
19 G12V, and 14 other KRAS mutations, median SUV ranged
from 6.4 (G12D) to 8.4 (G12V). Median SUV in the absence of
any KRAS was 7.4.

Thirty-one tumors displayed mutations in more than one on-
cogene. Tumor metabolic activity measured by PET was com-
pared in the presence of these mutation profiles (n = 168) (Fig. 2).
Tumors with co-existing KRAS and TP53 mutations showed
higher metabolic activity (p =.029) (Fig. 2A). The presence of
single KRAS and STK11 mutations vs. combinations showed
no significant relationship to metabolic activity (Fig. 2B). FDG
uptake was lower in the presence of STKI! mutations when
TP53 mutations were present, but not significantly so (Fig. 2C).

Metabolic activity as measured by FOXM1 gene expression

The role of FOXM! in glycolysis along with its tumor sup-
pressor potential led to assessing its association with tumor
metabolic activity. FOXM1 is epigenetically regulated, in part,
by miRNA, specifically miR-149, the expression of which was
also measured. The amount of FOXM1 and miR-149 expression
in the tumor samples was assessed by quantitative reverse tran-
scriptase PCR normalized to B2M expression. There was signifi-
cantly higher FOXM1I expression in tumor tissue from older pa-
tients accompanied by half the miR-149 expression (chi-square
p=.002) (Table 1).

Compared to non-malignant tissue, FOXM]I transcription is
increased in tumor cells. To confirm this, mRNA was isolated
from adjacent non-malignant lung tissue to estimate endoge-
nous FOXM1 expression before the oncogenic transformation.
Only two of the 34 normal tissue samples tested were positive
for FOXM1 expression (5.9%) indicating that expression differ-
ences were not likely due to differences in endogenous levels of
gene expression between patients, but FOXMI was specifically
induced in and unique to the tumor cells (FOXM1/B2M% 8.65
tumor vs. 1.67 normal; p <.001).

Because miR-149 negatively regulates FOXMI, an inverse
expression pattern between the two genes might be expected.
FOXM1 expression was inversely proportional to miR-149 ex-
pression, 13.6 FOXM1/B2M% with no detectable miR-149 ex-
pression versus 4.6 with miR-149 expression. If both gene activi-
ties were dichotomized (expressed/not expressed), cross-tabulation
showed more cases of FOXM1 expressed when miR-149 was not
detected, consistent with an inverse relationship which was also
observed in dichotomized data for both genes (expressed/not
expressed).

FOXM1 expression in the tumor samples was compared to

https://doi.org/10.4132/jptm.2020.02.08
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metabolic activity as measured by SUV from FDG-PET imag-
ing. SUV (minimal and maximal) were higher with any FOXM1
expression compared to no detectable FOXMI (avg. maximum
SUV, 8.90 vs. 6.8 [p = .425]; avg. minimal SUV, 2.62 vs. 2.02
[p=.069] with and without FOXM1, respectively).

FOXM1 gene expression and mutation status

Marginally lower FOXM1 expression was observed in the
presence of any EGFR mutations (Fig. 3), regardless of the mu-
tation. No difference was observed in FOXM1 expression with
KRAS nor TP53 mutated. There was significantly higher FOXM1
expression when STK11 was mutated than with no mutations
(p<.001).

Comparing FOXM1 expression and the different KRAS mutant
subtypes, the G12V mutants had the highest median FOXM1
expression (2.8; range, 1.0 to 2.1), higher than the levels seen
with wild-type KRAS (3.5; range, 0.0 to 9.0). G12C mutants
had the lowest FOXM1 expression with a median of 0.16 (range,
0.0 to 10.5).

FOXMI expression patterns in the presence of multiple mu-
tations were dissimilar to patterns seen with SUV for KRAS and
TP53 mutations (compare Figs. 2 and 4). Tumors with KRAS
and TP53 mutations had increased FOXM1I expression com-
pared to no mutations or either mutation alone (Fig. 4A). In
contrast, the presence of STK11 with KRAS mutations resulted
in significantly higher levels of FOXM1I expression than with
no mutation (p <.001) (Fig. 4B). A significant increase was seen
in combination with TP53 versus no mutation and versus TP53
alone (p=.002 and p <.001, respectively) (Fig. 4C).

Patient outcome studies

To assess predictive value of metabolic state combined with
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Fig. 3. Tumor FOXM1 expression in the presence of mutations in
EGFR, TP53, and STK11 mutations. Cases were classified only on
the basis of the indicated mutation.
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Fig. 4. FOXM1 expression patterns in tumors in the presence of multiple mutations. Tumors with TP53 and KRAS mutations alone or to-
gether had higher FOXM1 expression than those with neither mutation (A). Unlike standardized uptake value, tumors with STK77 mutations
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showed significantly higher FOXM1 expression with or without KRAS mutations (B) or TP53 mutations (C).
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Fig. 5. FOXM1 expression versus TTR in all cases (n=104; p=0.253; left), KRAS unmutated cases (=67, p=.274, center), and KRAS mu-

tated cases (n=16, p=.033, right).

mutational status, FOXM]I expression (any expression vs. no
expression) in the tumor samples was compared to TTR and
OS in early-stage surgically treated patients. There was no sig-
nificant difference in OS and marginal decrease in TTR when
FOXM1 was expressed versus not expressed. In cases with KRAS
mutations, however, a significantly shortened TTR was observed
when FOXM1 was expressed (24 months vs. median not reached,
respectively; p=.033) (Fig. 5).

DISCUSSION

Identification of somatic variants in tumors is essential in the
prognosis and treatment strategy for lung adenocarcinoma. Tumor
mutational and glycolytic status can vary in predicting treat-
ment efficacy. The current study examined the relationship be-
tween tumor metabolic activity as measured by glucose uptake,
gene expression in the glycolysis pathway and mutational status,

http://jpatholtm.org/

with potential consequences on outcome.

Frequencies of the selected mutations in this patient group:
TP53 (42% of cases), KRAS (35% of cases), EGFR (12% of
cases), and STK11 (10% of cases) reflected reported frequencies
of these variants in lung cancer [16]. Co-existing mutations (among
the four genes tested) was observed in 10% of cases. In previous
studies, the presence of co-existing mutations such as TP53 and
EGFR mutations in NSCLC were associated with inferior sur-
vival [2]. Others have observed that survival with chemothera-
py was longer for patients without TP53 and KRAS mutations
compared with patients with KRAS, TP53 mutations, or double
mutant tumors [1,17].

Glucose metabolism and the glycolysis pathway are dysregu-
lated in lung cancer. This is a complex issue, with numerous fac-
tors involved, including tumor stage, co-morbidities, age, per-
formance status, and tumor mutational state. Metabolic activity
may not predict the presence of mutations in cancer genes, such
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as EGFR [18,19]. Consistent with these reports, no significant
relationship between EGFR mutation status and SUV was ob-
served in the current study. SUV was increased, however, with
co-existing TP53 and KRAS mutations (p =.029) (Fig. 2).
STKI1 or any KRAS alone were also not related to tumor meta-
bolic status as measured by maximum SUV. Significant differ-
ences in SUV in the presence of co-existing mutations were not
observed. There was marginally decreased maximum SUV in
tumors with co-existing KRAS + STK11 mutations (p =.141).
In contrast, there was significantly increased glycolytic activity
as measured by levels of FOXM! expression in the presence of
mutated STKI1 (p <.001). Furthermore, tumors with co-exist-
ing TP53 or KRAS + STK11 mutations showed significantly
increased FOXM1 expression (p=.002 and p <.001, respectively).
FOXM1 is downregulated by TP53 through the FOXO03 tran-
scription factor to slow DNA repair functions in cells with DNA
damage. FoxO3 and FoxM1 transcription factors are also impli-
cated in cancer initiation through metabolic programs [20].
Reported higher levels of FOXM!I expression in oral cancer
tumors with 7P53 mutations than with wild-type TP53 were not
observed here with lung adenocarcinoma [21]. One explanation
for this difference is the effect of co-existing mutations, such as
STK11.STK11 serine/threonine-protein kinase (also called LKB1)
controls the activity of AMPK, to dampen cell metabolism. Hu-
man bronchial epithelial cells carrying mutated KRAS together
with downregulated STK11 produced squamous cell carcinoma
and adenosquamous cell carcinoma when injected into nude mice
[15]. Furthermore, Stk11-deficient lung tumors showed primary

S0 mutants

resistance to treatments that are effective to Kras
[16,17]. These results show the potential heterogeneity in out-
come of gene inactivation in NSCLC. Differences in PET and
FOXMI response in STKI1 + KRAS mutant tumors complicate
coordination of tumor progression with metabolic adaptation by
gene (STK11 and KRAS) inactivation. FoxM1 protein is acti-
vated by Kras which is one of its downstream effectors. STK1 1
may also down-regulate Kras activity.

Adding to the complexity are differences in SUV and FOXM1
expression levels in the presence of the KRAS mutant subtypes
suggesting that the mutant proteins produced could behave
differently within the tumor cells and act through different
pathways (causing differences in the progression and/or severity
of the disease). The particular point mutation can change the
overall stoichiometry of the encoded protein altering the pro-
teins native interactions and normal effects on the cell. These
mutation subtypes also interact differently with FOXM!I, lead-
ing to varying levels of expression and activation.

https://doi.org/10.4132/jptm.2020.02.08
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Expression of the FOXM! transcription factor gene is highly
correlated with the glycolytic pathway. Its expression was ob-
served to be significantly higher in tumor tissue than in non-ma-
lignant tissue. PET SUV (also correlated with malignancy) trended
lower when FOXM1 was not expressed than with any FOXM1
expression. Furthermore, FOXM1 expression is under epigenetic
control, in part, as a target of miR-149. In this study minimum
and maximum SUV trended lower when FOXMI was not ex-
pressed than with any FOXM1I expression.

FOXM!1 expression on its own did not have a significant effect
on patient survival (p =.875) nor tumor recurrence (p = .274),
but did have a significant negative effect on TTR in patients who
also expressed mutant KRAS. The effect of FOXMI expression
on tumor recurrence in cases with KRAS mutations (Fig. 5),
suggests that FOXM1 expression may have a minor effect on
the tumor phenotype, but could still be a viable prognostic factor,
especially in the presence of other cancer gene mutations [22].
The phosphatidylinositol 3-kinase pathway signals growth and
survival and helps drive the glycolytic phenotype of cancer cells
by increasing cellular glucose uptake and glycolysis [23]. HNSCC
patients with high levels of FOXM! expression in the presence of
TP53 mutations have been observed to have poor survival out-
comes [21]. The presence of FOXM1 expression could indicate
a higher chance of tumor recurrence, which can then be used by
a provider when deciding on the intensity of the course of treat-
ment [24,25].

These observations are limited to the four genes investigated
in this study. The effects of co-existing mutations suggest that
cancer cells with high tumor mutational burden (coding somatic
mutations/Mb of tumor DNA) may have further differences in
metabolic characteristics. Tumor mutational burden also affects
immune characteristics of tumors which contribute to recurrence
and survival following treatment. Further studies with more
comprehensive mutational analysis would address this question.

With the effects of mutation state on FOXMI expression,
further studies on outcome were performed comparing FOXM1
expression and outcome. STKII mutations were significantly
related to increased FOXM1 expression; however, numbers were
not sufficient for analysis. Although measurement of FOXM!I
gene expression is not currently a practical method for tumor
assessment, its comparison to PET activity shows a degree of
complexity in metabolic activity in tumor cells with and without
mutations. The effect of KRAS mutations on outcome with and
without FOXM! expression suggests that both metabolic and
mutational status affect tumor characteristics, and predicted pa-

tient outcome.
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Continuous quality improvement program and its results
of Korean Society for Cytopathology
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Background: Since 1995, the Korean Society for Cytopathology has overseen the Continuous Quality Improvement program for cytopa-
thology laboratories. The Committee of Quality Improvement has carried out an annual survey of cytology data for each laboratory and
set standards for proficiency tests. Methods: Evaluations were conducted four times per year from 2008 to 2018 and comprised statis-
tics regarding cytology diagnoses of previous years, proficiency tests using cytology slides provided by the committee, assessment of
adequacy of gynecology (GYN) cytology slides, and submission of cytology slides for proficiency tests. Results: A total of 206 institutes
participated in 2017, and the results were as follows. The number of cytology tests increased from year to year. The ratio of liquid-based
cytology in GYN gradually decreased, as most of the GYN cytology had been performed at commercial laboratories. The distribution of
GYN diagnoses demonstrated nearly 3.0% as atypical squamous cells. The rate for squamous cell carcinoma was less than 0.02%.
The atypical squamous cell/squamous intraepithelial lesion ratio was about 3:1 and showed an upward trend. The major discordant rate
of cytology-histology in GYN cytology was less than 1%. The proficiency test maintained a major discordant rate less than 2%. The rate
of inappropriate specimens for GYN cytology slides gradually decreased. Conclusions: The Continuous Quality Improvement program
should be included in quality assurance programs. Moreover, these data can contribute to development of national cancer examination
guidelines and facilitate cancer prevention and treatment.

Key Words: Cytology; Quality; Statistics; Proficiency
Received: December 27,2019 Revised: February 16, 2020 Accepted: February 22, 2020

Corresponding Author: Hoon-Kyu Oh, MD, PhD, Department of Pathology, Daegu Catholic University School of Medicine, 33 Duryugongwon-ro 17-gil, Namgu, Daegu 42472, Korea
Tel: +82-53-650-4156, Fax: +82-53-650-3456, E-mail: ap510@cu.ac.kr

The Committee of Quality Improvement of the Korean Society
for Cytopathology (CQIKSC) was organized in 1992 for quality
control management in advancement of cytopathology. In the
initial period, the Committee distributed quality assurance
slides to participating institutions, assessed diagnostic accuracy
based on the received results, and issued quality assurance certi-
fication to those who qualified. Since 2004, the Committee has
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collected internal quality assurance data for the previous year
from each institution at the first of the four quality assurance
evaluation rounds per year and evaluated diagnostic accuracy
from the second to fourth rounds. In 2008, the Committee com-
piled and reported the quality assurance status for the cytopa-
thology field until 2007 in Korean_Journal of Cytoparhology [1].
This study seeks to explore future quality assurance in cyto-
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pathology while simultaneously evaluating past work by com-
piling and reporting the results of cytopathologic quality assur-
ance situations and activities.

MATERIALS AND METHODS

This study was based on data collected from 2008 to 2018 by
institutions participating in cytopathologic quality assurance.
Data collected included: (1) previous years’ statistics of internal
quality control (data from 2007 to 2017), including degree of
concordance between gynecology (GYN) cytology and histology
correlation; (2) proficiency test of cytology slides provided by the
CQIKSC; (3) assessment of adequacy of GYN cytology slides;
and (4) cytology slides submitted for proficiency tests. For this
study, the institutions were categorized into three groups: univer-
sity hospitals, general hospitals, and commercial laboratories [2].

Statistics of internal quality control

The first quality assurance implementation of the year was to
collect internal quality control data of the previous year, includ-
ing GYN, non-GYN, fine needle aspirations (FNA) cytology
statistics, test methods, diagnosis-specific frequencies (under
the Bethesda assessment criteria for GYN cytology), statistics
on concordance between GYN cytology and histology correla-
tion, personnel situations of cytopathologists, and initial micro-
scopic specimen assessments. GYN cytology methods were in-
vestigated using conventional smear method or liquid-based

Table 1. Changes in quality improvement items from 2007 to 2017
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cytology (LBC). Concordance between GYN cytology and his-
tology was analyzed based on the criteria defined by the CQIK-
SC. Briefly, the results were categorized into category O, concot-
dant; category A, discordant but minimal clinical impact; category
B, discordant with minor clinical impact; and category C, discor-
dant with major clinical impact.

Proficiency test for cytology slides provided by the CQIKSC
(external quality control)

The slides for proficiency tests were provided every year by
institutions participating in quality assurance. The slides were
randomly sent to the institutions according to an ordered series,
and each institution returned their diagnostic results along
with an evaluation of the adequacy of the slides received. Any
slides that were deemed inadequate were reexamined by the
CQIKSC and reevaluated for appropriateness as quality assur-
ance slides. From 2008 to 2012, virtual slide or image file-based
proficiency tests were also conducted once a year. However, since
2013, only the slide-based proficiency test has been implemented
annually (Table 1).

For proficiency tests, a total of five slides was sent to each insti-
tution, consisting of two GYN slides, one non-GYN slide (body
fluid or urine), and two respiratory sample or FNA slides. The
diagnoses received by each institution within a set period were
compared by CQIKSC. With respect to the diagnostic form, the
cervical smear test was evaluated based on the Bethesda system
(3], and the thyroid gland FNA test was based on the Bethesda

First Second

Third Fourth

2007 Total C. statistics

Diagnostic-specific frequency of GYN C.

Concordance between GYN C. and H.
2008 Total C. statistics

Diagnostic-specific frequency of GYN C.

Concordance between GYN C. and H.
2009 Total C. statistics

Diagnostic-specific frequency of GYN C.

Concordance between GYN C. and H.
2010 Total C. statistics

Diagnostic-specific frequency of GYN C.

Concordance between GYN C. and H.

Describe the discordant GYN cases
2011-12  Total C. statistics

Diagnostic-specific frequency of GYN C.

Concordance between GYN C. and H.

Describe the discordant GYN cases
2013-17  Total C. statistics

Diagnostic-specific frequency of GYN C.

Concordance between GYN C. and H.

Describe the discordant GYN cases

Proficiency test (3 slides)

Proficiency test (5 slides)

Proficiency test (5 slides)

Proficiency test (5 image files)

Proficiency test (5 slides)

Proficiency test (5 slides)

Proficiency test (3 slides) Proficiency test (3 slides)

Proficiency test (virtual slide)

Slide submission
Image submission

Proficiency Test (5 image files)

Slide submission
Image submission

Proficiency test (5 slides)
Proficiency test (4 image files)

Slide submission (6 slides)

Assessment of adequacy for
GYN 5 slides

Slide submission (6 slides)

GYN, gynecology; C., cytology; H., histology.
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system for reporting thyroid cytopathology [4]. The CQIKSC
defined the diagnostic forms of respiratory sample, body fluid,
and FNA for organs other than the thyroid gland In addition, the
Committee set up the evaluation criteria for diagnostic concor-
dance for GYN, non-GYN, and FNA tests, classifying them into
category O, concordant; category A, discordant but minimal
clinical impact; category B, discordant with minor clinical im-
pact; and category C, discordant with major clinical impact. In-
stitutions that were categorized into C for any slide were sched-
uled to receive one reevaluation. If still categorized into C in the
reevaluation, the institution did not receive the quality assur-
ance certification for the corresponding round and was required
to undergo cytopathologic training. Repeated category C also
indicated failure in the cytopathology area of the proficiency
evaluation of the Quality Assurance of Pathology Division at the
Korean Society of Pathologists.

Assessment of adequacy of gynecologic cytology slides

Since 2013, GYN slide adequacy has been evaluated in the
Cytology Quality Improvement program once a year. Institutions
evaluate the adequacy of five consecutive gynecologic slides pre-
pared on a given random day and send the slides and reports to
CQIKSC, which then assesses the adequacy of the GYN sam-
ple. Using this method, each institution was evaluated to ensure
that the adequacy of samples had been properly reported.

Cytology slide submission for diagnostic accuracy evaluation

Every year, institutions participating in quality assurance sub-
mitted to the CQIKSC two GYN slides, two non-GYN slides,
and two FNA slides for proficiency tests. The submitted slides
were limited to cases of histologically confirmed diagnoses.
CQIKSC members reviewed the slides to ensure that they were
appropriate and useful as quality assurance data before using
them as quality control slides.

Statistics

The distribution of GYN diagnostic categories according to
year was conducted using the score test for trend in IBM SPSS
Statistics software ver. 23.0 (IBM Corp., Armonk, NY, USA). A
p-value of <0.05 was considered statistically significant.

Ethics statement

This study was approved by the Institutional Review Board
of Daegu Catholic University Medical Center (IRB No. CR-18-
162), and informed consent was waived due to the retrospective
nature of the study.

http://jpatholtm.org/

RESULTS

The number of institutions participating in the Continuous
Quality Improvement program of the Korean Society of Cyto-
pathology (KSC) has gradually increased from 196 in 2007 to
206 in 2017. The results of diagnostic accuracy and sample ad-
equacy evaluation have been reflected in the proficiency assess-
ment of the cytopathology area within the proficiency evaluation
program, Pathology Division, Korean Society of Pathologists’
Quality Assurance Committee.

Statistics of cytopathology cases

The total number of cytology results exceeded 6.1 in 2008,
7.7 million in 2011, 8.4 million in 2014, and 9.3 million in
2017. The number of GYN cytology results in 2008 was 4.34
million; in 2011, 5.63 million; in 2013, 6.18 million; and in
2017, 7.51 million. In 2013, of the number of total cytology
results, the number of GYN cytology was 6.18 million, which
accounted for 80.3%; non-GYN cytology, 1.06 million, 13.8%;
and FNA cytology, 450,000, 5.9%. In 2017, of the number of
total cytology, the number of GYN cytology was 7.51 million,
accounting for 80.3%; non-GYN cytology, 1.54 million,
16.5%; and FNA cytology, about 300,000, 3.2%. Of the num-
ber of non-GYN cytology results, the number of respiratory cy-
tology samples, including sputum, accounted for the largest
number, followed by urine and then body fluid. In relation to
the FNA, thyroid gland FNA was the highest at 68.4%. In
2013, the number of GYN LBC was 1.65 million, or 26.8% of
the total GYN cytology results. In 2017, 1.99 million LBC were
performed, accounting for 21.3% of the number of total cytolo-
gy results. Of them, the number of GYN LBC was 1.52 mil-
lion, 20.3% of the total GYN cytology results, and the number
of non-GYN LBC was 340,000, 22.3% of the total non-GYN
cytology results. The total number of FNA tests implemented
as LBC was 120,000, accounting for 40.4% of all FNA tests
(Table 2).

Statistics of GYN cytology

In 2010, of the number of GYN cytology results, 61.1%
were implemented by commercial laboratories; this frequency
increase in 2011 to 73.2%; in 2014 to 77.1%; in 2015 to
77.9%; and in 2017 t0 79.2%. Of all GYN cytology results, in
2009, 95.9% were negative; 2.2% were atypical squamous cells
of undetermined significance (ASC-US); 0.2% were atypical
squamous cells cannot exclude high-grade squamous lesions
(ASC-H); 0.9% were low-grade squamous intraepithelial le-
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sions (LSIL); 0.4% were high-grade squamous intraepithelial
lesions (HSIL); 0.12% were squamous cell carcinomas (SQCC);
and 0.02% were atypical glandular cells (AGC). In 2017,
95.1% were negative; 3.3% were ASC-US; 0.2% were ASC-H;
0.7% were LSIL; 0.2% were HSIL; 0.02% were SQCC; and
0.06% were AGC. The atypical squamous cell/squamous intraep-
ithelial lesion (ASC/SIL) ratio was 3.00 in 2013 and gradually
increased to 3.82 in 2017 (p=.011). The ASC/SIL ratio of com-
mercial laboratories increased from 3.68 in 2013 to 4.95 in 2017
(p =.004). The ASC/SIL ratio of university hospitals increased
from 1.70 in 2013 to 1.95 in 2017 (p = .042) (Table 3). With
respect to concordance between GYN cytology and histology
evaluated by each institution, in the year 2009, category O ac-
counted for 78.3%; category A for 11.6%; category B for 8.6%;
and category C for 1.4%. In 2013, category O was 86.3%; while
categories A, B, and C were 8.9%, 4.0%, and 0.8%, respectively.
In 2017, category O was 84.8%; and categories A, B, and C were
11.0, 3.7%, and 0.5%.

External proficiency test
The external proficiency tests for GYN cytology samples pro-

Table 2. Total cytology cases according to category and method
in2017

GYN Non-GYN FNA
Total 7,510,563 1,539,926 297,885
cs 5084,860(79.7) 1,196,103 (77.6) 177,679 (59.6)
LBC 1,525,694 (20.3) 343,823 (22.4) 120,206 (40.4)

Values are presented as number (%).
GYN, gynecology; FNA, fine needle aspiration; CS, conventional smear;
LBC, liquid based cytology.
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vided by CQIKSC were analyzed based on category. As a result,
in 2014, category O represented 81.0% of the results; category
A, 12.4%; category B, 5.1%; and category C, 1.5%. In 2017,
category O comprised 78.1%; category A, 13.2%; category B,
6.5%; and category C, 2.2%. With respect to diagnostic consis-
tency between non-GYN cytology of respiratory, urine, and
body fluid samples, in 2014, category O was 91.1%; category
A, 5.5%j; category B, 2.4%; and category C, 1.0%. In 2017,
category O was 88.0%; category A, 8.7%; category B, 2.5%;
and category C, 0.8%. The FNA cytology in 2014 showed cat-
egory O, 99.0%; category A, 0.5%; category B, 0.5%; and cat-
egory C, 0.0%. In 2017, these values changed to category O,
95.8%; category A, 2.1%j category B, 1.3%; and category C,
0.8% (Fig. 1).

GYN cytology specimen adequacy evaluation

In 2013, inadequate results for GYN cytology specimens
were found in eight of the 77 participating university hospitals
(10.4%), eight of 77 participating general hospitals (10.4%),
and one of the 35 included commercial laboratories (2.9%). In
2017, two of 79 university hospitals (2.5%) and two of 74 gen-
eral hospitals (2.7%) were inadequate. The total number of in-
adequate results decreased from 2013, but increased to three
among the 30 commercial laboratories (10.0%). However, in
the samples with an unsatisfactory institution-specific diagnostic
ratio among all GYN diagnoses in 2017, university hospitals
had a proportion of 0.39%; general hospitals, 1.9%; and com-
mercial laboratories, as low as 0.07%.

Table 3. Changes of abnormal gynecologic cytology diagnostic criteria according to laboratory category from 2012 to 2017

Year  Laboratory category No. of ASCs ASC rate (%) No. of SILs SIL rate (%) ASC/SIL ratio No. of carcinomas
2012 UH 27,143 3.13 15,960 1.84 1.70 1,323
GH 19,460 317 7,627 1.24 2.55 571
CL 124,219 2.99 33,737 0.81 3.68 953
Total 170,822 3.03 57,324 1.02 2.98 2,847
2014 UH 29,624 3.41 17,034 1.96 1.74 1,299
GH 19,703 2.90 7,631 1.12 2.58 658
CL 183,076 3.50 43,511 0.83 4.21 887
Total 232,403 3.42 68,176 1.00 3.41 2,844
2016 UH 31,944 3.65 17,771 2.03 1.80 1,276
GH 18,867 2.95 6,958 1.09 2.71 419
CL 219,749 3.77 49,407 0.85 4.45 843
Total 270,560 3.68 74,136 1.01 3.65 2,538
2017 UH 41,371 3.82 21,173 1.96 1.95 1,188
GH 14,489 3.04 5,616 1.18 2.58 210
CL 204,737 3.44 41,374 0.70 4.95 622
Total 260,597 3.47 68,163 0.91 3.82 2,020

ASC, atypical squamous cell; SIL, squamous intraepithelial lesion; UH, university hospital; GH, general hospital; CL, commercial laboratories.
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Trend of the frequency of category C
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Fig. 1. Trend of frequency of category C in diagnostic accuracy evaluation (external quality control). GYN, gynecology; BF, body fluid; RESP,

respiratory; ABC, aspiration cytology.

Quiality assurance slide submission evaluation

Slides were submitted to the CQIKSC in the final round each
year to be reviewed by quality assurance committee members
in the following year for suitability as quality assurance slides.
Slides that had been judged to be appropriate were used for pro-
ficiency test 2 years later. Of the 1,035 slides submitted in 2016,
473 were utilized for proficiency tests in 2018. In 2013, inap-
propriate slides from university or general hospitals accounted for
39.2% of the total not used for testing, and that at commercial
laboratories was 60.0%; these numbers declined to 24.6% and
41.0% in 2016, respectively

DISCUSSION

The number of institutions participating in the Continuous
Quality Improvement program managed by the CQIKSC has
increased each year to include most of the institutions that
practice cytopathology nationwide. The Continuous Quality
Improvement program includes the degree of inconsistency be-
tween cytologic statistics and diagnostic accuracy, sample appro-
priateness, and quality assurance slide submission evaluation.

The cytopathologic quality assurance checklist was indepen-
dently initiated by the KSC. However, in 2007, it was moved
into the cytopathologic area of the checklist for the “pathology
division’s quality control” implemented by the Korean Society
of Pathologists. Nevertheless, modification, improvement, and

http://jpatholtm.org/

evaluation of any details are performed by CQIKSC. The check-
list addresses quality assurance in cytopathologic laboratories,
personnel management, operating manuals, test equipment, test
methods, reporting systems, environment, safety measures, etc.

In the initial period after the LBC method was introduced in
GYN cytology, the number and ratio of LBC tended to increase
continuously; however, the ratio decreased to 21.4% in 2017
from 26.8% in 2013. However, the total number of GYN LBC
slightly decreased to 1.52 million in 2017 from 1.65 million in
2013. It seems that the ratio of total GYN samples submitted
to commercial laboratories continuously increased, as most na-
tional cancer screening GYN samples are referred to these enti-
ties. LBC is not being used for the national cancer screening
project. LBC, however, was found to account for a larger portion
of the FNA test compared to GYN cytology or non-GYN cytol-
ogy in 2017. It seems that LBC is largely introduced in FNA tests
for the thyroid gland [5,6]. Nonetheless, further general inves-
tigation on the issue is necessary.

Regarding the statistics on gynecologic cytology, the ratio of
SQCC decreased from 0.12% in 2009 to 0.02% in 2017. AGC
accounted for 0.02% in 2009 and increased to 0.06% in 2017.
Compared to 2009, the number of total tests surged in 2017,
while the ratio of inappropriate results remained relatively con-
stant. These results are correlated with the positive effects of
increased frequency of regular screening under the national cancer
prevention project and declining cancer incidence with socio-

https://doi.org/10.4132/jptm.2020.02.22



economic improvement. This supports the view that domestic
cervical SQCC incidence reduces cancer registration results. The
data are also consistent with an increasing incidence of adeno-
carcinoma [7].

Given that the purpose of GYN cytology is primarily to de-
tect SQCC in the early stage, the initial lesion, ASC (ASC-US
and ASC-H), is most important. Many institutions have aimed
to maintain the ASC diagnosis and ASC/SIL ratios within appro-
priate levels, which means that SIL lesions reflect low inter-ob-
server variation and are more objective than ASC for maintaining
ASC objectivity [8-11]. In the initial period after 2009, the ASC/
SIL ratio was maintained at 2.00 or under but increased to 3.00
in 2013 and then further to 3.82 in 2017. Commercial labora-
tory ASC/SIL rate (2013, 3.68; 2017, 4.95) is growing more
than that of university hospitals (2013, 1.70; 2017, 1.95). Com-
pared with university hospitals commercial laboratories rarely
implement simultaneous biopsy, resulting in relatively high ASC
and low SIL ratios. This finding will require further review.

The histologic diagnostic accuracy of each institution’s GYN
cytology was not significant. Most pathology departments
lacked the necessary resources such as personnel and computer
systems, making it difficult to perform and maintain statistical
processes for diagnostic consistency. Moreover, there were no
criteria on whether tissue sample subject comparison was based
on punch biopsy, cone biopsy, or hysterectomy. There was no
mention on the time difference between cytology and histology.
The criteria for assessment of diagnostic accuracy about GYN
cytology were different according to time, limiting comparison
of category ratios over years. For quality improvement of each
institution, a previous GYN cytology slide review seems a good
method, in addition to cytology and histology correlation diag-
nostic consistency analysis. Reviewing 10% of slides under ASC
and reviewing high-risk groups is recommended [12].

With respect to the external proficiency test, most of the in-
stitutions showed a lower diagnostic accuracy rate of GYN cytol-
ogy compared with non-GYN or FNA cytology. This is likely
because, compared with other samples, GYN cytology and di-
agnosis structure are more complicated and difficult. Some other
countries divide the diagnostic codes of GYN cytology into three
categories of inadequate sample, negative or reactive lesion, and
epithelial cell abnormal lesion. Minor differences within a cate-
gory are defined as minor discrepancies and differences between
categories as major discrepancies to determine false positivity and
false negativity. In this situation, it seems necessary to improve
the discrepancy grade system as defined by the CQIKSC.

The sample adequacy evaluation that has been implemented
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since 2013 is related to the diagnosis rate of inadequate sam-
ples. The percentage of inadequate samples in university hospi-
tals decreased in 2017, compared with 2013, while the percent-
age in commercial laboratories increased. Regarding the finding
that commercial laboratories had a very low percentage of un-
satisfactory diagnosis in GYN cytology compared to university
and general hospitals, an important factor could be that com-
mercial laboratories are pushed to maintain higher thresholds for
‘inappropriate/inadequate samples’ because they rather not offend
the referring clinicians by implying that they had not done well
in collecting the samples.

The most urgent and necessary aspect observed while orga-
nizing the quality control results was that, if participating in-
stitutions utilized a common program for internal and external
quality assurance, they would efficiently make use of the quality
assurance results. If a quality assurance program compatible for
each institution is developed by the Society or Committee and
provided to institutions for quality control data organization, it
would be very helpful for future advancement of cytopathology.
In addition to such a system, other programs that need to be
developed include quality assurance on the human papillomavi-
rus test and quality assurance on automatic screening equip-
ment for GYN cytology.

The KSC, in cooperation with the CQI program, has devel-
oped a computer program and plan to utilize it beginning in
2018. This more advanced and efficient quality improvement
program is expected to play an advanced role in determining
the foundation for cancer prevention and treatment. The KSC
quality improvement program has continuously developed since
1995, comprising about 206 participating institutions. Four
evaluations are implemented each year. Since 2008, factual sur-
veys in cytopathology have been integrated into the “pathology
division’s quality control” program. However, inspection is cur-
rently ongoing. With the national cancer prevention project ex-
pansion, an increasing number of GYN cytology tests are being
implemented by commercial laboratories. Although the num-
ber of LBC increased in various areas, its proportion in GYN cy-
tology tended to gradually decrease. In GYN cytology, the pro-
portion of SQCC diagnoses is decreasing, whereas the proportion
of AGC is rising. Compared with university or general hospitals,
commercial laboratories tend to show a lower rate of unsatisfac-
tory diagnoses in GYN cytology with a higher ASC/SIL frequency.
External diagnostic accuracy remains high. It seems that more
advanced and higher-quality upgrades would be achieved when
the computerized cytopathologic quality assurance program
launches in 2018. The researchers also hope for expedited devel-
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opment of quality assurance programs on human papillomavirus
and automatic screening equipment for GYN cytology.
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CASE STUDY

Morphologic variant of follicular lymphoma reminiscent
of hyaline-vascular Castleman disease

Jiwon Koh', Yoon Kyung Jeon'?

"Department of Pathology, Seoul National University Hospital, Seoul; 2Department of Pathology, Seoul National University College of Medicine, Seoul, Korea

Follicular lymphoma (FL) with hyaline-vascular Castleman disease (FL-HVCD)-like features is a rare morphologic variant, with fewer than
20 cases in the literature. Herein, we report a case of FL-HVCD in a 37-year-old female who presented with isolated neck lymph node
enlargement. The excised lymph node showed features reminiscent of HVCD, including regressed germinal centers (GCs) surround-
ed by onion skin-like mantle zones, lollipop lesions composed of hyalinized blood vessels penetrating into regressed GCs, and hya-
linized interfollicular stroma. In addition, focal areas of abnormally conglomerated GCs composed of homogeneous, small centro-
cytes with strong BCL2, CD10, and BCL6 expression were observed, indicating partial involvement of the FL. Several other lymphoid
follicles showed features of in situ follicular neoplasia. Based on the observations, a diagnosis of FL-HVCD was made. Although FL-
HVCD is very rare, the possibility of this variant should be considered in cases resembling CD. Identification of abnormal, neoplastic
follicles and ancillary immunostaining are helpful for proper diagnosis.
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Follicular lymphoma (FL) is an indolent B-cell lymphoma
and the second most common non-Hodgkin lymphoma (NHL)
in the western world [1]. FL is the third most common form of
B-cell NHL in Korea, accounting for 7.1% of all malignant
lymphomas [2]. Several morphological variants of FL exist, in-
cluding marginal zone variant, floral variant, and sclerosing
variant [3-5]. Although typical cases of FL lead to straightfor-
ward diagnosis, the morphological variants are sometimes very
challenging, rendering proper diagnosis difficult for patholo-
gists. Herein, we describe a case of FL with hyaline-vascular Cas-
tleman disease (FL-HVCD)-like features, an extremely rare mor-

phological variant.
CASE REPORT

A 37-year-old female presented with a palpable right neck
mass that had been found one month prior. She denied having
any previous medical problems, except anemia. On review of
systems, she denied fever, unintentional weight loss, or night

pISSN 2383-7837
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sweats. Enlargement of the right cervical lymph node (LN) was
found on physical examination, and complete blood count re-
vealed decreased hemoglobin level (10.5 g/dL); white blood cell
and platelet counts were within normal limits. Neck ultraso-
nography showed a 3.5-cm-sized mass in the right neck (Fig. 1A),
and computed tomography scan confirmed a well-enhanced LN
along with smaller LNs in the right cervical level II area (Fig.
1B). On "*F-positron emission tomography scan, an enlarged LN
in the right level II area was found with maximal standardized
uptake value of 4.0; no other hypermetabolic lesions were found,
except for the mild physiologic uptake at bilateral tonsils and
oropharynx (Fig. 1C). Overall, the clinical impression was con-
sistent with benign lymphoproliferative disease or localized lym-
phoma.

The patient underwent needle biopsy of the right cervical
LN. Microscopic examination revealed a small fragment of LN
tissue showing relatively preserved nodular LN structure. BCL2
was diffusely positive with more intense staining within the
germinal center (GC); GC areas were also positive for CD20,

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. Imaging work-up of the patient at presentation. (A) Neck ultrasonography shows a hypoechoic mass (arrow). (B) Neck computed to-
mography shows a well-enhanced ovoid mass at level Il area (arrow). (C) "8F-positron emission tomography scan shows hypermetabolic le-

sion in the right neck (arrow) and no other hypermetabolic lesions.

BCL6, and CD10 with low Ki-67 proliferation index. Possibili-
ties of both in situ follicular neoplasia (ISFN) and partially biop-
sied FL was considered, and complete excision of the LN was
recommended.

On microscopic examination, the excised neck LN was com-
posed of numerous regressed GCs surrounded by expanded
mantle zones (Fig. 2A, B), often showing concentric distribu-
tion of small lymphocytes (onion skin pattern) (Fig. 2C) and
follicles separated by hyalinized interfollicular stroma. In addi-
tion, hyalinized blood vessels penetrating into regressed GCs,
forming a typical “lollipop” appearance, were observed (Fig.
2D). Although predominant histological features of the excised
LN were suggestive of HVCD, several conglomerated follicles
with GCs composed of small, monotonous, and centrocyte-like
lymphocytes were found on careful examination (Fig. 3A, B).

http://jpatholtm.org/

As shown in Fig. 3B, BCL2-positive, BCL6-positive, and
CD10-positive B-cells were identified within the abnormally
conglomerated GCs. The presence of neoplastic follicles show-
ing structural abnormality and aberrant immunophenotype indi-
cated FL (in the form of partial nodal involvement). In addition,
some follicles with relatively preserved structure and polarity
also harbored BCL2-positive, BCL6-positive, and CD10-posi-
tive B-cells (Fig. 3C), which is consistent with ISFN. Neoplastic
cells were also present within typical HVCD-looking regressed
follicles, as shown in Fig. 2E. Final pathologic diagnosis of FL
grade 1 was made, with additional remarks stating that HVCD-
like features were noted. Subsequent bone marrow examination
confirmed no evidence of lymphoma involvement; therefore,
the patient was finally diagnosed with FL grade 1, Ann Arbor
stage I, and no further treatment was initiated.

https://doi.org/10.4132/jptm.2019.12.17
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Fig. 2. Excised lymph node reminiscent of hyaline-vascular Castleman disease (HVCD). Vaguely nodular pattern is noted on low power (A),
where regressed lymphoid follicles (B) with expanded onion skin-like mantle zones (C) are observed. (D) Hyalinized blood vessels within folli-
cles are frequently noted. (E) Immunostaining shows the presence of BCL2-positive, BCL6-positive, and CD10-positive cells within the re-
gressed follicles.

Ethics statement

The Institutional Review Board of Seoul National University
Hospital (SNUH) approved this study (No. H-1911-032-107)
and waived the need for written informed consent from the pa-
tient.

DISCUSSION

The incidence of FL in Korea is increasing over time; com-
pared with the 2005-20006 statistics [6], the proportion of FL
has increased 2.5-fold from 2015-2016, becoming the third
most common form of B-cell NHL in Korea, following diffuse
large B-cell lymphoma and extranodal marginal zone B-cell

https://doi.org/10.4132/jptm.2019.12.17

lymphoma of mucosa-associated lymphoid tissue [2]. Due to the
overall increase in incidence, pathologists are more likely to en-
counter FL variants in daily practice; therefore, awareness of rare
morphological variants is important for accurate identification
and diagnosis.

FL-HVCD was first described in 1994 [7], and only 11 cases
have been reported in the English literature to date [8-12]. Pi-
na-Oviedo et al. [12] reviewed and reported clinicopathological
findings of these cases. All previously reported patients were
older than the patient in the present study, and median age at
diagnosis was 63 years (range, 41 to 77 years). The patients pre-
sented with a wide range of symptoms from asymptomatic, in-
cidentally found lesion to generalized lymphadenopathy. Eight

http://jpatholtm.org/
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Fig. 3. Features of follicular lymphoma. Upon careful examination, abnormally conglomerated follicles are identified (A, B), and presence of
BCL2-positive, BCL6-positive, and CD10-positive neoplastic B-cells is noted (B), confirming follicular lymphoma. (C) In addition, cells having
an aberrant BCL2-positive, BCLG-positive, and CD10-positive immunophenotype within otherwise normal-looking follicles are observed,

indicating involvement of in situ follicular neoplasia (ISFN).

of 11 patients received either chemotherapy or radiation therapy,
and recurrence or death from the disease has not been reported
to date. Morphologically, cases were reported to have several
HVCD features including hyalinized blood vessels penetrating
regressed GCs, increased vascularity in interfollicular stroma, and
onion skin-like mantle zones, complicating differential diagnosis.
However, all cases harbored at least one focal area showing con-
ventional FL histology.

The current case differs from previously reported FL-HVCD
cases in several aspects. First, the patient had localized disease,
presenting with an incidentally found, isolated neck mass with
no evidence of systemic lymphadenopathy. In addition, the pa-
tient was 37 years old, which is relatively young for FL to be
included in the differential diagnosis, considering the median age
of FL patients at presentation is approximately 60 years. These
two factors complicated the diagnostic process: considering
both clinical features and histopathologic characteristics of the

http://jpatholtm.org/

patient, unicentric HVCD was the most likely diagnosis. How-
evet, identification of abnormally conglomerated follicles that
contained densely packed centrocytes was critical for suspicion
of a neoplastic process. The immunostaining of CD20, BCL2,
BCL6, and CD10 showed conglomerated follicles replaced with
BCL2-positive neoplastic GC-type B-cells, resulting in diagnosis
of FL-HVCD.

Due to the rare incidence, FL-HVCD is one of the most under-
recognized variants of FL. Furthermore, the underlying etiologic
mechanism of this disease is obscure. Hypothetically, FL-HVCD
is a coincidence in which FL involves an LN that previously un-
derwent CD-like changes [12]. Furthermore, because FL cells
are dependent on follicular dendritic cells for survival [13,14]
and are important for the pathogenesis of HVCD [15], there
might be a pathogenic link between FL and HVCD. To further
clarify this condition, long-term follow-up of FL-HVCD patients
may provide additional information.

https://doi.org/10.4132/jptm.2019.12.17



Distinction of FL-HVCD from CD is critically important,
mostly due to therapeutic perspective. Though alleged to be indo-
lent, FLs are a lymphoid malignancy, warranting systemic stag-
ing work-up upon diagnosis. Patients with symptomatic or ad-
vanced stage should be advised to receive therapeutic intervention
[16]. Therefore, possibility of FL-HVCD should be considered
a differential diagnosis when a specimen shows typical HVCD
features.

In summary, we report a case of FL-HVCD. Acknowledg-
ment of rare FL variants and thorough microscopic examination
to identify at least a focal area suggestive of neoplastic follicles
are helpful for accurate diagnosis of FL-HVCD.
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CASE STUDY

Gastric IgG4-related disease presenting as a mass lesion and
masquerading as a gastrointestinal stromal tumor
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IgG4-related disease of the stomach is a rare disorder, and only a few cases have been reported. We present two cases that were iden-
tified over a 2-month period in our center. Two male patients aged 52 and 48 years presented with mass lesion in the stomach, which
were clinically thought to be gastrointestinal stromal tumor, and they underwent excision of the lesion. Microscopic examination re-
vealed marked fibrosis, which was storiform in one case, associated with diffuse lymphoplasmacytic infiltration and an increase in IgG4-
positive plasma cells on immunohistochemistry. Serum IgG4 level was markedly elevated. Although rare, IgG4-related disease should
be considered in the differential diagnosis of gastric submucosal mass lesions.
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IgGA4-related disease (IgG4-RD) is a newly-recognized, im-
mune-mediated fibroinflammatory disorder that most com-
monly affects the pancreas [1]. It can also involve other organs
such as the bile duct, liver, gallbladder, salivary glands, lacrimal
glands, retroperitoneum, and lymph nodes, although involve-
ment of the gastrointestinal tract is very rare [2,3]. The disorder
can present as diffuse wall thickening or as polyp or mass-like
lesion [2]. Histologically, this disease is characterized by stori-
form fibrosis, diffuse lymphoplasmacytic infiltrates, obliterative
or non-obliterative phlebitis, increase in IgG4-positive plasma
cells on immunostaining, and often with elevated serum IgG4
level [1,3,4]. We report two cases of [gG4-RD of the stomach
that presented as a mass lesion, were identified over a two-month
period, and were clinically suspected to be gastrointestinal stromal
tumor (GIST) and surgically excised.

CASE REPORT

Case 1
A 42-year-old male patient was admitted to our hospital with
a diagnosis of acute pyelonephritis. Computed tomography

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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(CT) of the kidney, ureter, and bladder revealed an incidental
mass lesion in the posterior wall of the stomach. Upper gastro-
intestinal endoscopy revealed submucosal lesions in the esopha-
gus and stomach that were clinically suspected to be GIST. The
patient underwent endoscopic ultrasound-guided fine-needle
aspiration biopsy of the esophageal lesion and endoscopic mucosal
biopsy of the stomach, both of which were inconclusive. The
patient also underwent wedge resection of the gastric lesion. His-
topathological examination revealed a wedge of the gastric wall
with a globular submucosal lesion measuring 6.5 x6.0x4.0 cm.
The cut surface had a greyish white appearance with foci of cal-
cification. Microscopically, there was marked fibrous expansion
of the submucosa with collagenization extending through the
muscularis propria to the subserosa, diffuse infiltrates of predomi-
nantly plasma cells arranged in cords and clusters admixed with
lymphocytes and eosinophils, and several lymphoid follicles with
reactive germinal centers (Fig. 1A, B). Small foci of calcification
wete also present. The muscle coat was disorganized and had mus-
cular hypertrophy in foci. There was no storiform fibrosis or evi-
dence of obliterative or non-obliterative phlebitis. Based on these
characteristics, a possible diagnosis of [gG4-RD was suggested.
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Fig. 1. (A) Gastric wall with marked submucosal fibrosis and prominent lymphoid follicles. (B) Diffuse plasma cell rich inflammation. (C) Stori-
form fibrosis with diffuse inflammation and a lymphoid follicle. (D) Many immunoreactive IgG4-positive plasma cells.

IgG4 immunohistochemistry (IHC) and serum IgG4 level
were assessed. The IgG4 THC showed 35-40 immunoreactive
plasma cells per high power field (hpf), and serum IgG4 level
was elevated (4.36 g/L). These tests confirmed the diagnosis of
IgG4-RD. Subsequent serum levels after 3 and 4 months were
2.71g/Land 2.53 g/L, respectively. The patient was treated with
steroids and azathioprine. He experienced postsurgery complica-
tions that required revision of the gastric anastomosis. During
follow-up, his prognosis while receiving medical treatment has
been good.

Case 2

The second patient was a 58-year-old male found to have erosive
gastritis and a submucosal swelling in the body of the stomach
in December 2017, while undergoing upper gastrointestinal
endoscopy for investigation of dyspepsia. CT examination
showed a well-defined, 3 X 2.9 cm, round, homogeneous, en-

https://doi.org/10.4132/jptm.2020.02.10

hancing soft tissue lesion in the distal body of the stomach
along the lesser curvature, which was suspected to be GIST or
leiomyoma. He was advised to undergo follow-up and elective
surgery. His gastric symptoms worsened over the next 10 months,
and he underwent excision of the gastric submucosal lesion in
October 2018. Histopathological examination revealed a well-
circumscribed globular mass measuring 4 x3.3% 3.5 ¢m, and
whorling was seen on the cut surface. Microscopically, the le-
sion was composed of extensively fibrotic and sclerotic stroma
with a storiform pattern of fibrosis in foci (Fig. 1C). Discrete,
cords and clusters of plasma cells admixed with lymphocytes, a
few eosinophils and a few scattered lymphoid aggregates and
follicles were present. Perivascular aggregates of plasma cells
were also present. There was no evidence of obliterative or non-
obliterative phlebitis. Bundles of smooth muscle were identified
at the periphery on one aspect. The possibility of IgG4-RD of
the stomach was suggested, and IgG4 THC and serum estima-
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tion were recommended. The I[gG4 THC revealed 20-30 im-
muno-reactive plasma cells/hpf (Fig. 1D). Serum IgG4 was ele-
vated at 3.11g/L, well above the 1.35 g/L cut-off for diagnosis of
IgG4-RD. The patient did not return for follow-up.

Ethics statement
The authors certify that they obtained patient consent for
publication, and the study was approved by the Institutional

Review Board of Sri Ramaswamy Memorial Institutes for Med-
ical Science, Chennai, India (IEC NO: SIMS IEC/other/18/2019).

DISCUSSION

IgG4-RD is an immune-mediated fibroinflammatory lesion,
first described in patients with sclerosing cholangitis associated
with autoimmune pancreatitis type 1 [5]. Later, it was identified
in other organs including the liver, bile ducts, salivary glands,
retroperitoneum, lymph nodes, and lungs. It is characterized by

diffuse or partial enlargement of the organ and histologically as
dense lymphoplasmacytic infiltration with an increase in IgG4
plasma cells on immunostaining, a storiform pattern of fibrosis
and obliterative or non-obliterative phlebitis, and an increase in
serum [gG4 level.

IgG4-RD of the gastrointestinal tract is very rare and can
present as diffuse wall thickening or as polyp or mass-like lesion
[2,3]. Even though obliterative phlebitis was not present in
these two cases, the presence of dense fibrosis, which was storiform
in one case, and dense lymphoplasmacytic infiltration with lym-
phoid aggregates and follicles, presenting as a submucosal mass-
like lesion, suggested the possibility of IgG4-RD, which was
confirmed by THC and elevated serum IgG4 level. The presence
of at least two histological features is required for confident diag-
nosis of IgG4-RD; in most cases, dense lymphoplasmacytic infil-
trate and diffuse/storiform fibrosis are seen. Additional clinical,
serological (serum level > 135 mg/dL or 1.35 g/L), or radiological
evidence is required to confirm IgG4-RD [1].

Table 1. Clinicopathological features of IgG4-related disease manifesting as gastric lesions

Age Endoscopic finding/ Size

Serum

Case No. ) Sex Clinical diagnosis Location mm) Histopathology/IHC 9G4 levels Treatment Study

1 48 F Mass/GIST/NET Mid body 36x22 SF LP, OP, IgG4 +210/hpf, NA WR Woo et al. [3]
19G4/IgG ratio about 85%

2 62 F Mass/gastic cancer ~Antrum 80x30 SF LP,OP, IgG4+ve Elevated DG Bulanov et al. [6]
lymphoplasmacytes >50/hpf

3 59 F Mass/GIST NA 33x 14 Abundant LP, SF, lymphoid Normal WR Kim et al. [7]
follicles, 9G4 >50/hpf

4 56 F Mass/GIST NA 21x15 Abundant LP, SF, calcification,  Normal WR Kim et al. [7]
lgG4 >50/hpf

5 60 F Nodule/NA Fundus 10x 15  Fibrosis, dense LP, Normal WR Chetty et al. []
lgG4 >80/hpf

6 45 M Multiple nodules/NA ~ Antrum Upto 22 LP, many eosinophils, NA DG Chetty et al. [8]
|gG4/IgG ratio 0.84

7 56 M Nodule/NA Body 8 SF, LP, IgG4-40-102/hpf NA ESR Na et al. [9]
IgG4/1gG ratio 80%-90%

8 58 M Nodule/AIP Fundus and body 14 Dense LP, extensive IgGand ~ Normal Steroid ~ Baezet al. [10]
|gG4 + staining

9 55 F Nodule/GIST Body 20 Dense hyalinization, LP, Normal ESR Zhang et al. [11]
1gG4/IgG ratio 41%

10 75 F Polyp/GIST Body 56x50 Fibrosis, LP, many eosinophils, Normal WR Rollins et al. [12]
l9G4-39/hpf

11 44 M Mass/GIST Body 20x18  Fibrosis, LP, IgG4 +ve Normal ESR Otsuka et al. [13]
lymphoplasmacytes

12 27 F Mass/GIST/NET Fundus 40 Dense fibrosis, LP, IgG4/IgG Normal WR Cheong et al. [14]
ratio 25.3%

13 29 F Mass/GIST Body 20x15  Fibrosis, LP, IgG4 +ve plasma ~ NA WR Skorus et al. [15]
cells 150/hpf

14 43 M Mass/GIST Antrum 70x50 Dense LP IgG4+plasmacells  Elevated ~ WR+ Present case 1
35-40/hpf Steroids

15 58 M Mass/GIST Distal body 45x40 LP SP IgG4+ve plasmacells  Elevated ~ WR Present case 2

20-30/hpf

IHC, immunohistochemistry; GIST, gastrointestinal stromal tumor; NET, neuroendocrine tumor; SF, storiform fibrosis; LP, lymphoplasmacytic infiltrate; OP, ob-
literative phlebitis; hpf, high power field; NA, not available; WR, wedge resection; DG, distal gastrectomy; ESR, endoscopic submucosal resection; AP, auto-

immune pancreatitis.
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The cut-off point for the presence of IgG4 plasma cells in tis-
sues varies and can range from > 30 plasma cells/hpf to > 50/hpf,
which is highly specific [1,5]. In biopsy specimens, more than 10
IgG4 plasma cells/hpf were reported in one study [16]. However,
the cut-off points vary depending on organ system. Some stud-
ies have suggested that I[gG4"/IgG™ plasma cell ratio >0.4 is a
marker of IgG4-RD in the presence of classic histopathological
features and with a compatible clinical features [1,17].

IgG4-RD can involve multiple organs or any sites in the body
synchronously or metachronously [18]. Patients can present with
non-specific symptoms and swelling or mass-like lesion. Patients
with biliary or pancreatic lesion can present with jaundice, weight
loss, and vague abdominal pain. The disease can be an incidental
finding during radiological examination and can be mistaken for
malignancy, as there are no specific radiological features charac-
teristic of this disease [18,19]. Most cases of gastric [gG4-RD
have been reported in middle-aged patients, and both men and
women are affected [3,6]. Both patients in this report were mid-
dle-aged men.

IgG4-RD of the stomach was first described in 2004 by Shinji
et al. [20], presenting as a gastric ulcer. Because it is difficult to
diagnose clinically, especially in isolated cases, most of the reported
patients have undergone surgery. Because this disease involves a
submucosal lesion in the stomach, these cases are often misdi-
agnosed as GIST [3,7,18,19] and are difficult to diagnose on en-
doscopic forceps biopsy, similar to our cases. Gastric lesions that
have been mistaken for GIST or gastric cancer have been reported
in the literature (Table 1) [3,6-15]. IgG4-RD of the stomach that
involved the regional lymph nodes has also been reported [6].

Although steroids are the first therapeutic option for treating
IgG4-RD, it is difficult to diagnose gastric IgG4-RD without
histopathological examination. Almost all cases have been reported
after surgical resection. Therefore, this disease should be considered
in the differential diagnosis of gastric submucosal mass lesion.

To conclude, we present two cases of I[gG4-RD of the stom-
ach that presented as a mass lesion and were clinically suspected
to be GIST. The diagnosis was made only after histopathological
examination of resection specimens. This highlights the impor-
tance of considering this disease in differential diagnosis to avoid

surgical resection.
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BRIEF CASE REPORT

Noninvasive encapsulated papillary RAS-like thyroid tumor (NEPRAS) or
encapsulated papillary thyroid carcinoma (PTC)

Pedro Weslley Rosario

Endocrinology Service, Santa Casa de Belo Horizonte, Minas Gerais, Brazil

In a recent case study, Ohba et al. [1] suggested that presence
of papillae in absence of other criteria of malignancy and exu-
berant nuclear alterations (nuclear score 3 [2]) may not be suffi-
cient for diagnosis of papillary thyroid carcinoma (PTC) and
proposed the name “noninvasive encapsulated papillary RAS-
like thyroid tumor” (NEPRAS) to encompass the borderline
nature of the diagnosis [1].

CASE REPORT

Based on the diagnostic proposal of Ohba et al. [1], we revised
our cases of tumors > 1 cm previously diagnosed as PTC and
that were encapsulated/well-delimited (thick, thin, or partial
capsule or well-circumscribed with a clear demarcation from
adjacent thyroid tissue) and noninvasive (absence of capsular or
vascular invasion) (n = 185). A total of 129 cases met all criteria
for noninvasive follicular thyroid neoplasm with papillary like
nuclear features (NIFTP) [3], and 11 were excluded due to the
presence of papillae [4]. These and an additional 35 cases were
initially considered encapsulated PTC, and nine were diagnosed
as poorly differentiated carcinoma or an aggressive PTC subtype.
Among the 11 cases not considered NIFTP due to the presence
of papillae, eight had exuberant nuclear alterations (nuclear score
3 [2]). The three reported here had a nuclear score of 2 and would
be reclassified from encapsulated PTC to NEPRAS [1]. Ulti-
mately, we analyzed 43 cases of noninvasive encapsulated PTC and
three of NEPRAS. None of the tumors carried the BRAF'*"*
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mutation, which was the only mutation investigated. Thus, the
three cases diagnosed as NEPRAS met all criteria presented in
Table 1. The characteristics of the patients are shown in Table 2.

None of these cases exhibited metastasis at presentation, were
treated with radioiodine, or were maintained under TSH sup-
pression. Excellent response to initial therapy was achieved in
all three cases. No recurrence was detected after 36, 48, and 60
months of follow-up. Because of the small number of NEPRAS
cases (n = 3), we did not perform statistical comparison between
NIFTP and noninvasive encapsulated PTC, analyzing only pa-
tients with lymph node metastases at presentation and/or recur-

rence.

Ethics statement

The study was approved by the research ethics committee of
Santa Casa de Belo Horizonte (No. 21968013.8.0000.5138).
Informed consent was obtained from all individual participants
included in the study.

DISCUSSION

Well-delimited or encapsulated thyroid neoplasms without

vascular or capsular invasion or necrosis, with low mitotic index

Table 1. Criteria for diagnosing “noninvasive encapsulated papillary
RAS-like thyroid tumor”

Criteria

Presence of papillae

Encapsulation or clear demarcation

No vascular or capsular invasion

<30% solid/trabecular/insular growth pattern
No tumor necrosis or high mitotic activity [2]
Nuclear score 2 [2]

Lack of BRAF'%E mutation
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Table 2. Characteristics of three patients with NEPRAS

. Tumor  Nuclear  Papillae Associated ”

Sex  Age (yr) Presentation size (om)  score [2] (%) thyroid pathology Initial therapy ~ TNM/AJCC

F 35 Atoxic uninodular disease, 4 2 <1 Normal extranodular hyroid Total T2NxMO0/
US: hypoechoic solid nodule 4.5 cm?, parenchyma thyroidectomy stage |
FNA: Bethesda IV

F 43 Atoxic multinodular disease; 22 2 1 Benign nodular disease Lobectomy T2NOMO/
US: hypoechoic solid nodule 2.5 cm?, stage |
two nodules 0.6 and 0.5 cm;
FNA: Bethesda lll

M 48 Atoxic uninodular disease, 35 2 1 Normal extranodular thyroid LLobectomy T2NxMO0/
US: hypoechoic solid nodule 4 cm?, parenchyma stage |

FNA: Bethesda IV

NEPRAS, noninvasive encapsulated papillary RAS-like thyroid tumor; AJCC, American Joint Committee on Cancer; F, female; US, ultrasonography; FNA, fine-

needle aspiration; M, male.

AWithout suspicious findings for malignancy (irregular margins, microcalcification, taller-than-wide shape).

and < 30% solid/trabecular/insular growth patterns, and with
nuclear alterations characteristic of PTC (nuclear score 2 or 3
[2]) are diagnosed as NIFTP or encapsulated PTC depending
on the presence (PTC) or absence (NIFTP) of papillae [2]. NIF-
TP is a borderline tumor that requires no additional surgical
complementation, adjuvant therapy with radioiodine, TSH
supptession, or monitoring with serum thyroglobulin and neck
ultrasound after complete resection [5]. In contrast, encapsulated
PTC is a malignant tumor that must be staged. Even when re-
stricted to the thyroid, surgical complementation, radioiodine
ablation, long-term follow-up, and TSH suppression may be nec-
essary depending on tumor size and patient age.

Although the present study comprises only case reports, the
patients supported the observations of Ohba et al. [1] that le-
sions that do not exhibit other malignancy criteria or exuberant
nuclear alterations despite the presence of papillae may be re-
classified from malignant (encapsulated PTC) to borderline
(NEPRAS). This proposal would result in changes of patient
management, with the same implications as those seen for the
change from noninvasive encapsulated follicular variant of PTC
to NIFTP [2].
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