977723837783009 H“
ISSN 2383-7837

and Translational Medicine

>
(o))
o
o
4=
+—
0
o
Y
(@)
©
c
—
3
(@)
]

Updates on Thyroi
Core Needle Biopsy

July 2023

Vol. 57 / No.4
jpatholtm.org
pISSN: 2383-7837
elSSN: 2383-7845




Journal of Pathology and Translational Medicine

Volume 57 « Number 4 « July 2023 (bimonthly)

Published since 1967
Printed on 11 July 2023  Published on 15 July 2023

J Pathol Transl Med

PISSN: 2383-7837
€ISSN: 2383-7845

Aims & Scope

The Journal of Pathology and Translational Medicine is an open venue for the rapid publication of major achievements in various fields of pathology, cytopathology, and biomedical
and translational research. The Journal aims to share new insights into the molecular and cellular mechanisms of human diseases and to report major advances in both experimental
and clinical medicine, with a particular emphasis on translational research. The investigations of human cells and tissues using high-dimensional biology techniques such as
genomics and proteomics will be given a high priority. Articles on stem cell biology are also welcome. The categories of manuscript include original articles, review and perspective
articles, case studies, brief case reports, and letters to the editor.

Subscription Information
To subscribe to this journal, please contact the Korean Society of Pathologists/the Korean Society for Cytopathology. Full text PDF files are also available at the official website
(https://jpatholtm.org). Journal of Pathology and Translational Medicine is indexed by Emerging Sources Citation Index (ESCI), PubMed, PubMed Central, Scopus, KoreaMed, KoMCI,

WPRIM, Directory of Open Access Journals (DOAJ), and CrossRef. Circulation number per issue is 50.

Editors—-in-Chief

Jung, Chan Kwon, MD (The Catholic University of Korea, Korea) https://orcid.org/0000-0001-6843-3708

Park, So Yeon, MD (Seoul National University, Korea) https://orcid.org/0000-0002-0299-7268

Associate Editors

Bychkov, Andrey, MD (Kameda Medical Center, Japan; Nagasaki University Hospital, Japan) https://orcid.org/0000-0002-4203-5696

Kim, Haeryoung, MD (Seoul National University, Korea) https://orcid.org/0000-0002-4205-9081
Lee, Hee Eun, MD (Mayo Clinic, USA) https://orcid.org/0000-0001-6335-7312
Shin, Eunah, MD (Yongin Severance Hospital, Yonsei University, Korea) https://orcid.org/0000-0001-5961-3563

Editorial Board

Avila-Casado, Maria del Carmen, MD (University of Toronto,
Toronto General Hospital UHN, Canada)

Bae, Jeong Mo, MD (Seoul National University, Korea)

Bae, Young Kyung, MD (Yeungnam University, Korea)

Bongiovanni, Massimo, MD (Lausanne University Hospital,
Switzerland)

Bova, G. Steven, MD (University of Tampere, Finland)

Choi, Joon Hyuk (Yeungnam University, Korea)

Chong, Yo Sep, MD (The Catholic University of Korea, Korea)

Chung, Jin-Haeng, MD  (Seoul National University; Korea)

Fadda, Guido, MD (Catholic University of Rome-Foundation
Agostino Gemelli University Hospital, Italy)

Fukushima, Noriyoshi, MD (Jichi Medical University; Japan)

Go, Heounjeong (University of Ulsan, Korea)

Hong, Soon Won, MD (Yonsei University, Korea)

Jain, Deepa]i, MD (All India Institute of Medical Sciences, India)

Kakudo, Kennichi, MD (Izumi City General Hospital, Japan)

Kim, Jang-Hee, MD (Ajou University, Korea)

Kim, Jung Ho, MD (Seoul National University, Korea)

Kim, Se Hoon, MD (Yonsei University, Korea)

Komuta, Mina, MD (Keio University, Tokyo, Japan)

Kwon, Ji Eun (Ajou University, Korea)

Lai, Chiung-Ru, MD (Taipei Veterans General Hospital, Taiwan)
Lee, C. Soon, MD (University of Western Sydney, Australia)
Lee, Hwajeong, MD (Albany Medical College, USA)
Lee, Sung Hak, MD (The Catholic University, Korea)
Liu, Zhiya.n, MD (Shanghai Jiao Tong University, China)
Lkhagvadorj, Sayamaa, MD

(Mongolian National University of Medical Sciences, Mongolia)
Moran, Cesar, MD (MD Anderson Cancer Center; US.A.)
Paik, Jin Ho, MD (Seoul National University, Korea)
Park, Jeong Hwan (Seoul National University, Korea)
Sakhuja, Puja, MD (Govind Ballabh Pant Hospital, India)
Shahid, Pervez, MD (Aga Khan University, Pakistan)
Song, Joon Seon, MD (University of Ulsan, Korea)
Tan, Puay Hoon, MD (National University of Singapore, Singapore)
Than, Nandor Gabor, MD (Semmelweis University, Hungary)
Tse, Gary M., MD (The Chinses University of Hong Kong, Hong Kong)
Yatabe, Yasushi, MD (Aichi Cancer Center, Japan)
Zhu, Yun, MD (Jiangsu Institution of Nuclear Medicine, China)

Ethic Editor
Choi, In-Hong, MD (Yonsei University, Korea)
Huh, Sun, MD (Hallym University, Korea)

Statistics Editors
Kim, Dong ‘Wook (National Health Insurance Service Ilsan Hospital,
Korea)

Lee, Hye Sun (Yonsei University, Korea)

Manuscript Editor
Chang, Soo-Hee (InfoLumi Co., Korea)

Layout Editor
Kim, Haeja (iMiS Company Co, Ltd., Korea)

Website and JATS XML File Producers
Cho, Yoonsang (M2Community Co., Korea)

Im, Ieonghee (M2Community Co., Korea)

Administrative Assistants
Kim, Da Jeong (The Korean Society of Pathologists)
Jeon, Annmi (The Korean Society for Cytopathology)

Contact the Korean Society of Pathologists/the Korean Society for Cytopathology

Publishers: Choe, Gheeyoung, MD, Lee, Seung-Sook, MD
Editors-in-Chief: Jung, Chan Kwon, MD, Park, So Yeon, MD
Published by the Korean Society of Pathologists/the Korean Society for Cytopathology

Editorial Office

Room 1209 Gwanghwamun Officia, 92 Saemunan-ro, Jongno-gu, Seoul 03186, Korea
Tel: +82-2-795-3094 Fax: +82-2-790-6635 E-mail: office@jpatholtm.org

#1508 Renaissancetower, 14 Mallijae-ro, Mapo-gu, Seoul 04195, Korea
Tel: +82-2-593-6943 Fax: +82-2-593-6944 E-mail: office@jpatholtm.org

Printed by iMiS Company Co., Ltd. (JMC)

Jungang Bldg. 18-8 Wonhyo-ro 89-gil, Yongsan-gu, Seoul 04314, Korea
Tel: +82-2-717-5511 Fax: +82-2-717-5515 E-mail: ml@smileml.com

Manuscript Editing by InfoLumi Co.
210-202, 421 Pangyo-ro, Bundang-gu, Seongnam 13522, Korea

Tel: +82-70-8839-8800 E-mail: infolumi.chang@gmail.com

Front cover image: Histological and immunohistochemical features of thyroid nodules in core needle biopsy samples (p213).

© Copyright 2023 by the Korean Society of Pathologists/the Korean Society for Cytopathology

@ Journal of Pathology and Translational Medicine is an Open Access journal under the terms of the Creative Commons Attribution Non-Commercial License

(https://creativecommons.org/licenses/by-nc/4.0).

This paper meets the requirements of KS X ISO 9706, ISO 9706-1994 and ANSI/NISO Z.39.48-1992 (Permanence of Paper).



J Pathol Transl Med

PISSN: 2383-7837

Journal of Pathology and Translational Medicine e s e

Volume 57, Number 4, July 2023

CONTENTS

REVIEWS

189 Areview ofliver fibrosis and cirrhosis regression
Michael J. Lee

196 A stepwise approach to fine needle aspiration cytology of lymph nodes
Yosep Chong, Gyeongsin Park, Hee Jeong Cha, Hyun-Jung Kim, Chang Suk Kang, Jamshid Abdul-Ghafar, Seung-Sook Lee

208 Reevaluating diagnostic categories and associated malignancy risks in thyroid core needle biopsy

Chan Kwon Jung

ORIGINAL ARTICLES

217 Single-center study on clinicopathological and typical molecular pathologic features of metastatic brain tumor

Su Hwa Kim, Young Suk Lee, Sung Hak Lee, Yeoun Eun Sung, Ahwon Lee, Jun Kang, Jae-Sung Park, Sin Soo Jeun, Youn Soo Lee

232 Loss of aquaporin-1 expression is associated with worse clinical outcomes in clear cell renal cell carcinoma:
an immunohistochemical study

Seokhyeon Lee, Bohyun Kim, Minsun Jung, Kyung Chul Moon

CASE REPORTS

238 Metastatic choroidal melanoma in the breast: a case report and review of the literature
Loay Abudalu, Vinisha Malhotra, Nabila Nasir, Sami Titi

242 Intrathyroidal metastasis of tonsillar squamous cell carcinoma masquerading as a primary thyroid tumor
Jai-Hyang Go

NEWSLETTER

246 What's new in hematopathology 2023: updates on mature T-cell neoplasms in the 5th edition of the WHO dlassification
Mario L. Marques-Piubelli, Roberto N. Miranda

© 2023 The Korean Society of Pathologists/The Korean Society for Cytopathology



1l JPTM

Journal of Pathology and Translational Medicine 2023; 57: 189-195
https://doi.org/10.4132/jptm.2023.05.24

REVIEW

A review of liver fibrosis and cirrhosis regression

Michael J. Lee
Department of Pathology and Cell Biology, Columbia University Medical Center, New York, NY, USA

Cirrhosis has traditionally been considered an irreversible process of end-stage liver disease. With new treatments for chronic liver dis-
ease, there is regression of fibrosis and cirrhosis, improvement in clinical parameters (i.e. liver function and hemodynamic markers, he-
patic venous pressure gradient), and survival rates, demonstrating that fibrosis and fibrolysis are a dynamic process moving in two di-
rections. Microscopically, hepatocytes push into thinning fibrous septa with eventual perforation leaving behind delicate periportal
spikes in the portal tracts and loss of portal veins. Obliterated portal veins during progressive fibrosis and cirrhosis due to parenchymal
extinction, vascular remodeling and thrombosis often leave behind a bile duct and hepatic artery within the portal tract. Traditional stag-
ing classification systems focused on a linear, progressive process; however, the Beijing classification system incorporates both the bi-
directional nature for the progression and regression of fibrosis. However, even with regression, vascular lesions/remodeling, parenchy-
mal extinction and a cumulative mutational burden place patients at an increased risk for developing hepatocellular carcinoma and
should continue to undergo active clinical surveillance. It is more appropriate to consider cirrhosis as another stage in the evolution of

chronic liver disease as a bidirectional process rather than an end-stage, irreversible state.

Key Words: Liver; Cirrhosis; Fibrosis

Received: March 20,2023 Revised: May 20, 2023 Accepted: May 24, 2023

Corresponding Author: Michael J. Lee, MD, Department of Pathology and Cell Biology, Columbia University Medical Center, 630 West 168th Street, VC14-240A, New York, NY

10032, USA
Tel: +1-212-342-3016, E-mail: mjl2197@cumc.columbia.edu

Chronic liver disease and injury leads to regeneration of hepa-
tocytes and fibrosis, characterized by the deposition of collagen in
the extracellular matrix with replacement of hepatic parenchyma.
It was initially thought that liver fibrosis with progression to
cirrhosis was an irreversible process with subsequent mechanical
effects (vascular remodeling, collateral circulation, portal hyper-
tension), physiologic changes (retention of bile salts, coagulation
abnormalities, metabolic disarray), and neoplastic implications
(increased lifetime risk for developing hepatocellular carcinoma)
[1,2]. This paradigm was initially challenged by Hans Popper in
1964 when he observed collagen resorption in idiopathic hemo-
chromatosis patients after therapeutic phlebotomy [3,4]. In 1979,
Perez-Tamayo [5] induced fibrosis and cirrhosis by chronic tet-
rachloride intoxication in animal models. Removal of the offend-
ing etiology caused near complete reversal of fibrosis with not-
mal histologic findings [5].

The discussion continued to evolve until the next major break-
through by Wanless et al. in 2000 [2], presenting serial liver bi-
opsies from a patient with hepatitis B following antiviral treat-
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ment. They demonstrated chronological progression and reversal
from cirrhosis to incomplete septal cirthosis, correlating a decreas-
ing viral load with clinical parameters [2]. Finally, the last two
decades certified that successful treatment of chronic liver disease
regardless of etiology (viral, biliary, vascular, steatotic, metabolic)
caused fibrosis regression. Cirrhosis was once considered an end-
stage, irreversible process with orthotopic liver transplantation
as an inevitable conclusion is now regarded as a dynamic, bidi-
rectional process balancing fibrogenesis and fibrolysis [6,7].

PATHOBIOLOGY

With chronic and persistent liver injury, the liver responds
by depositing extracellular matrix (ECM). This is characterized
by type 1 and 3 collagen deposition in the portal tracts and lob-
ules, and collagenous and non-collagenous ECM protein depo-
sition in the space of Disse, which includes collagen type 3 and
4, laminin and fibronectin [8]. This wound healing response or
scarring down of the liver begins when chronic liver injury causes

© 2023 The Korean Society of Pathologists/The Korean Society for Cytopathology
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apoptosis of hepatocytes leading to Kupffer cell activation and
cytokine release: tumor necrosis factor (TNF), platelet derived
growth factor (PDGF), and endothelin-1 (ET-1). Quiescent he-
patic stellate cells (HSCs) in the space of Disse are normally inac-
tive, dormant, fat storing cells, however, TNF activates stellate
cells for transformation into myofibroblast like cells, depositing
ECM as collagen types 1, 3, 4, and laminin. PDGF causes pro-
liferation of stellate cells and ET-1 leads to contraction of stellate
cells and vasoconstriction, affecting vascular resistance and liver
blood flow. While normal sinusoidal spaces are lined by fenes-
trated endothelial cells, increased ECM material and collagen
deposition closes sinusoidal endothelial cell fenestrations and the
space of Disse, a process called capillarization of the sinusoids,
preventing protein exchange between hepatocytes and flowing
plasma [8-10].

Chronic portal and lobular inflammation causing hepatocel-
lular necrosis with subsequent parenchymal extinction not only
represents hepatocellular loss but an alteration in the surround-
ing microvasculature as chronic inflammation causes thrombosis
of small branches of the portal vein, hepatic vein, and hepatic ar-
tery. This ischemic injury leads to subsequent cycles of parenchy-
mal loss with compounding vascular compromise and remodel-
ing, bile ductular reaction, and collapse of the hepatocellular
trabeculae. When chronic injury persists, there can be years of
parenchymal, architectural, and vascular remodeling, the latter
which may be irreversible [2,11,12].

In contrast, matrix metalloproteinases (MMPs) and tissue in-
hibitor of metalloproteinases (TIMPs) are enzymes responsible
for breaking down the extracellular matrix during fibrosis regres-
sion. There are approximately nine MMPs involved in the rever-
sal of fibrosis with varying substrate specificity. These proteases
are subcategorized into the following groups: stromelysins that
break down protein substrates (i.e., laminin, gelatin, and type
IV collagen), collagenases that degrade collagen (i.e., type Il and
I collagen), and gelatinases/type IV collagenases. MMPs are bal-
anced and regulated by TIMPs, which irreversibly bind to and in-
hibit MMPs and are released by HSCs and Kupffer cells [13-15].

Retinoids (vitamin A) keep stellate cells in the quiescent state
and prevent conversion to an activated state, inhibiting further
differentiation into a myofibroblast-like phenotype. In tissue
culture, activated HSCs show loss of retinoids, however, adding
retinoids to the culture medium decreased type 1 collagen syn-
thesis and deposition. Experimental studies showed that exoge-
nous retinoid administration reduced expression of inflammato-
ry cytokines such as TNF-0,, maintained HSCs in a quiescent
state and prevented Kupffer cells from releasing fibrogenic cy-
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tokines. Thus, there is an ongoing balance between fibrogenesis
and fibrolysis involving an interplay of numerous factors during
this dynamic, bidirectional process [16,17].

PATHOLOGIC FEATURES

The typical cirrhotic nodule is surrounded by broad, thick fi-
brous septae with scattered chronic inflammation and bile duct-
ular reaction encapsulating a nodule of regenerating hepatocytes.
The central veins may not be visualized because they have been
compressed and undergo thrombosis. As these outflow vessels
are obliterated, small, collateral vascular channels develop and
act as shunts to offset the increase in portal pressure. In contrast,
fibrosis regression is comprised of three components, fragmen-
tation and regression of the scar, vascular remodeling/distortion,
and parenchymal regeneration. Inflammation subsides as the
balance is shifted towards fibrolysis and fibrous septa become
progressively thinner and wispier (Figs. 1-3). Eventually, hepa-
tocytes push into or split the fibrous septa causing small perfora-
tions and fragmenting the septa (Figs. 4, 5). As the liver reverses
bridging fibrosis and cirrhosis, delicate periportal fibrous spikes
are left behind in the portal tracts [18,19].

The portal tracts also demonstrate fibrosis regression as colla-
gen is broken down, often leaving behind a paired bile duct and
hepatic artery while the previously obliterated portal vein is not
restored or visualized. This is known as a portal tract remnant.
Hepatocytes prolapse or push into the fibroconnective tissue
boundaries of the portal tract and are seen directly adjacent to
the paired bile duct and artery (Figs. 6, 7). As the inflammation

Fig. 1. On low power, a nodular architecture is apparent in fibrosis
regression (arrow). Fibrous septae are thin, incomplete and inter-
rupted.

https://doi.org/10.4132/jptm.2023.05.24



Fig. 2. Trichrome stain highlights fibrosis regression with thin,
wispy, incomplete fibrous septa in a once cirrhotic liver.
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Fig. 4. With ongoing fibrolysis, hepatocytes push into the fibrous
septae (arrow) eventually perforating and splitting the fibrous scar.

Fig. 3. Fibrous septae are thin and wispy with a paucity of chronic
inflammation. There is minimal, patchy bile ductular proliferation.

and hepatocellular extinction subsides, parenchymal regenera-
tion begins, sinusoidal collagen is resorbed and hepatic trabecu-
lae restores its normal architecture [18,20,21].

CLASSIFICATION SYSTEMS

Traditional classification staging systems (i.e., Batts-Ludwig,
Ishak, Metavir) characterized the architectural changes of fibro-
sis and cirrhosis in a linear pattern from no fibrosis to portal ex-
pansion, followed by step-wise periportal fibrosis, bridging fi-
brosis and ultimately cirrhosis (Table 1) [22,23]. Kutami et al.
[24] introduced the Laennec classification system in 2000, which
subdivided stage 4 cirrhosis into three categories: 4A, 4B, and
4C. Stage 4A was deemed mild cirrhosis with thin fibrous septa

https://doi.org/10.4132/jptm.2023.05.24

Fig. 5. Hepatocytes split the septa with ongoing perforations (ar-
row) (Trichrome stain).

and large nodules, 4B with at least two broad septa but small
nodules and stage 4C with large, broad fibrous septa with sev-
eral small nodules. While this system is easily reproducible, there
has not been widespread consensus in adopting this classifica-
tion scheme [24].

Due to effective treatments for chronic liver disease and the
consideration of fibrosis and cirrhosis regression as a dynamic,
bidirectional two-way street, Thiese et al. [18] proposed a new
classification system for grading and staging hepatitis patients,
the Beijing classification (Table 2). This system was proposed for
the assessment of chronic viral hepatitis but has proven useful
in describing activity and fibrosis for other etiologies of chronic
hepatitis. It simplified grading activity and staging fibrosis and
added a new, third category for determining the quality of fibro-

https://jpatholtm.org/
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sis. Each biopsy is assessed a P-I-R score, predominantly progres-
sive, indeterminate, or predominantly regressive as the major
pattern of fibrosis. Predominantly progressive features show
broad, thick fibrous septa with chronic inflammation, ductular
reaction, parenchymal extinction, and congestion. A regressive
pattern demonstrates wispy, thin fibrous septa with fragmenta-
tion, perforation, little or no inflammation and prolapsing hepa-
tocytes into the portal tract as described earlier. Indeterminate
denotes that the surgical pathologist is unable to distinctly clas-
sify a biopsy as P or R. The main benefit is that post-treatment
biopsies can remain in the same stage (i.e., traditional stage 4 cir-
thosis), but show significant changes in fibrosis quality (i.e., pro-
gressive to regressive or indeterminate), providing valuable prog-
nostic information and determining response to therapy [18].
Besides a P-I-R score, liver biopsies are also graded and staged

in the Beijing classification system (Table 2). Necroinflamma-

Fig. 6. Portal veins are often obliterated with vascular remodeling
in advanced fibrosis and cirrhosis.

tion or hepatitis is graded as inactive (only portal inflammation
or rare interface or lobular activity), non-severe active (variable
interface and lobular hepatitis), and severe active (confluent ne-
crosis, perivenular or bridging necrosis). Fibrosis is staged as ear-
ly (no fibrosis, portal fibrosis), intermediate (focal or frequent fi-
brous septa, bridging fibrosis) and advanced (fibrous septa with
focal or diffuse nodularity) [18]. The similarities to prior adopted
grading and staging classification systems are evident. This new
system for microscopic evaluation of grading and staging is sus-
ceptible to intra and interobserver variability, therefore, simpli-
fying and decreasing the number of subcategories in grading ac-
tivity and staging fibrosis improves reproducibility. Interobserver
agreement between pathologists adopting the P-I-R staging
system was high with a Kappa value of 0.71 (substantial agree-
ment) [18,25]. The P-I-R system is also a valuable prognostic
marker independent of the grade and stage, providing a snap-
shot for the current state of disease that strongly correlates with
hepatic venous wedge pressures (hepatic venous pressure gradi-
ent [HVPG]) and portal hypertension [26]. In patients with
chronic viral hepatitis, P, I, or R was an accurate surrogate mark-
er for clinical outcome as successful eradication and clearance of
hepatotropic viruses were predominantly R and unsuccessful
treatments were predominantly P or I [18].

Table 1. Batts-Ludwig classification system for staging fibrosis

Fibrosis Score
None 0
Portal fibrosis confined to the portal tract

Periportal fibrosis or portal to portal fibrosis with intact architecture
Bridging fibrosis with architectural distortion but no cirrhosis
Probably or definitive cirrhosis

S WD =

Fig. 7. Hepatocytes are in close proximity to portal tract elements (A) as they migrate into the portal tract stroma (arrow, B). Portal veins are
not visualized, however, periportal thin, delicate fibrous spikes are seen (Trichrome stain).
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Table 2. Beijing classification system
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Description

Hepatitis assessment

Inactive Portal inflammation only or rare foci of interface or lobular hepatitis, no confluent necrosis

Active, non-severe
Active, severe

Fibrosis stage
Early No fibrosis or portal fibrosis
Intermediate Fibrous septa, focal or frequent
Advanced

P-I-R fibrosis quality
Predominantly progressive
Indeterminate
Predominantly regressive

Varying degrees of interface and lobular hepatitis easily identified at low power, no confluent necrosis
Confluent necrosis (perivenular drop out or bridging necrosis or parenchymal collapse)

Fibrous septa with focal or diffuse nodularity (developing or established cirrhosis)

Most of the specimen shows progressive forms of stroma
Uncertain mix or balance between progressive and regressive forms of stroma
Most of the specimen shows regressive forms of stroma

CLINICAL IMPLICATIONS

In advanced liver disease, there is increased resistance to sinu-
soidal blood flow which causes portal hypertension or increased
portal pressures. The gold standard for measuring portal hyper-
tension is the HVPG and a gradient of less than or equal to 5 is
within normal limits. Cirrhotic patients vary widely in their clin-
ical presentation because the severity of cirrhosis ranges from
compensated and asymptomatic to decompensated cirrhosis with
ascites, esophageal varices, and hepatic encephalopathy. HVPG
is an accurate prognostic marker in cirrhotic patients that risk
stratifies the likelihood of those complications. Clinical studies
show that with cirrhosis and fibrosis regression, there is a de-
crease in HVPG and portal hypertension-related complications
with improvements in liver function and survival rates. A com-
prehensive assessment is based on clinical, hemodynamic (i.e.,
HVPG), and histopathologic features [27-29].

There are multiple approaches to achieving reversal of fibrosis
and cirrhosis. The most common method is to control or cure
the primary, underlying disease. This has a proven and successful
track record for hepatotropic viruses (i.e., hepatitis B and C), au-
toimmune hepatitis, hereditary hemochromatosis, Wilson’s dis-
ease, and fatty liver disease. Anti-fibrotic agents target different
steps in the pathobiology of fibrosis. These therapeutic drugs
are focused on receptor-ligand interactions to prevent quiescent
HSCs from transforming into activated HSCs, preventing the
cascade of events that lead to deposition of ECM by inhibiting
fibrogenesis, or accentuating the resolution of fibrosis through
apoptosis or increased matrix degradation. There are over 500
active, clinical trials in this area of research [30].

Cirrhosis is also a major risk factor for developing hepatocel-
lular carcinoma (HCC). With regression, there are physiologic

https://doi.org/10.4132/jptm.2023.05.24

and mechanical/pressure improvements in the patient’s condi-
tion, however, is there a reduction in the risk for developing
HCC? There are two main factors that contribute to the patho-
biology of HCC, the cumulative mutations of liver disease eti-
ology (i.e., viral, metabolic, fatty liver, etc.) that form a clonal
population/neoplasm and the surrounding extracellular matrix/
tumor microenvironment (TME) which consists of vascular ab-
normalities/remodeling and the fibrous stroma [31- 33]. Even
when the initial insult is removed (i.e., hepatotropic virus cleared
by medication, weight loss or medication for steatohepatitis,
phlebotomy for hemochromatosis, etc.) and fibrosis regression is
visualized, the driver mutations within hepatocytes persist. For
example, in hepatitis B, there is DNA integration into the host
genome leading to genomic instability, alterations to tumor sup-
pressor genes, and TP53 mutations [34,35]. In non-alcoholic
fatty liver disease, there are a different set of cumulative muta-
tions, alterations in fatty acid beta-oxidation and insulin resis-
tance [36]. As for the TME, vascular remodeling, ischemic injury,
thrombosis of small blood vessels, lead to cycles of parenchymal
extinction and regeneration with increased vascular endothelial
growth factor expression and further genomic instability. There-
fore, despite fibrosis regression, the risk for developing HCC re-
mains high compared to the normal population and patients
should continue to be actively screened and followed [32].

CONCLUSION

Cirrhosis was once thought to be an irreversible process of end-
stage liver disease. This is no longer the case with treatment op-
tions for most chronic liver diseases. Fibrosis regression is charac-
terized by thinning of the fibrous septa with hepatocytes pushing
into the septa and eventual perforation. This leads to periportal

https://jpatholtm.org/
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spiking within portal tracts and prolapsed hepatocytes into the
boundaries of the portal tract stroma. Obliterated portal veins
during progressive fibrosis and cirrhosis due to parenchymal ex-
tinction, vascular remodeling, and thrombosis often leaves behind
a bile duct and hepatic artery within the portal tract. To charac-
terize these histopathologic features, the Beijing classification
system offers an accurate snapshot of a dynamic process between
fibrogenesis and fibrolysis. Even with fibrosis regression, vascular
lesions/remodeling, parenchymal extinction, and cumulative mu-
tational burden persists and patients should continue to undergo
clinical surveillance.
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A stepwise approach to fine needle aspiration cytology of lymph nodes
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The cytological diagnosis of lymph node lesions is extremely challenging because of the diverse diseases that cause lymph node en-
largement, including both benign and malignant or metastatic lymphoid lesions. Furthermore, the cytological findings of different lesions
often resemble one another. A stepwise diagnostic approach is essential for a comprehensive diagnosis that combines: clinical findings,
including age, sex, site, multiplicity, and ultrasonography findings; low-power reactive, metastatic, and lymphoma patterns; high-power
population patterns, including two populations of continuous range, small monotonous pattern and large monotonous pattern; and dis-
ease-specific diagnostic clues including granulomas and lymphoglandular granules. It is also important to remember the histological
features of each diagnostic category that are common in lymph node cytology and to compare them with cytological findings. It is also
essential to identify a few categories of diagnostic pitfalls that often resemble lymphomas and easily lead to misdiagnosis, particularly in
malignant small round cell tumors, poorly differentiated squamous cell carcinomas, and nasopharyngeal undifferentiated carcinoma.
Herein, we review a stepwise approach for fine needle aspiration cytology of lymphoid diseases and suggest a diagnostic algorithm that

uses this approach and the Sydney classification system.

Key Words: Cytology; Fine needle aspiration; Lymph node; Lymphoid neoplasms; Diagnosis

Received: February 22, 2023 Revised: May 22, 2023 Accepted: June 12, 2023

Corresponding Author: Yosep Chong, MD, PhD, Department of Hospital Pathology, Uijeongbu St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 271

Cheonbo-ro, Uijeongbu 11765, Korea
Tel: +82-32-820-3160, Fax: +82-32-820-3877, E-mail: ychong@catholic.ac.kr

Lymph nodes are an essential component of the human im-
mune system. Lymphadenopathy occurs when a lymph node is
large in size and numbser or atypical in consistency [1]. The causes
of lymphadenopathy range from benign reactive lymphoid hy-
perplasia to malignant diseases. Although several conditions pres-
ent with lymph node enlargement, the most common cause is
benign lymphadenopathy (90%), including reactive hyperplasia
(60%), followed by infectious or inflammatory lymphadenitis
(30%). Infectious or inflammatory lymphadenitis includes Ki-
kuchi-Fujimoto disease (KFD), tuberculosis, sarcoidosis, infec-
tious mononucleosis, toxoplasmosis, human immunodeficiency
virus infection, cat-scratch disease, drug (phenytoin) reaction, and
others (Fig. 1) [1,2]. Malignant lymphadenopathies only com-
prise 10% of the cases, which include primary lymphomas (3%),
including diffuse large B-cell lymphoma/anaplastic large cell lym-
phoma, follicular lymphoma (FL), mantle cell lymphoma (MCL),
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peripheral T-cell lymphoma (PTCL), and Hodgkin’s lymphoma
(HL). Metastatic carcinomas account for 7% of cases and include
metastatic papillary thyroid carcinoma, adenocarcinomas primar-
ily from lung or breast, and poorly differentiated squamous cell,
small cell, or any primary unknown carcinoma (Fig. 1) [2]. It is
very unlikely to diagnose the cause of lymphadenopathy based
solely on history, physical examination, or ultrasound alone.
Fine needle aspiration cytology (FNAC) has been vastly uti-
lized as a primary diagnostic tool to examine enlarged lymph
nodes and to exclude involvement of alternative organs, such as
the salivary gland, head, neck, or other subcutaneous masses. It
is a minimally invasive approach that allows fast diagnosis and
treatment. There are few complications that have been reported
for FNAC, including hemorrhage, nerve damage, and vasovagal
reactions in head and neck lymph node procedures [3]. Finally,
FNAC is a cost-effective procedure, especially in developing coun-
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* Kikuchi-Fujimoto disease

* Tuberculosis

* Rheumatoid arthritis

* Infectious mononucleosis 30%
* SLE lymphadenitis

+ Toxoplasmosis

* HIV lymphadenitis
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Fig. 1. Disease entity that can be found in lymph node fine needle aspiration cytology. DLBCL/ALCL, diffuse large B-cell ymphoma/anaplas-
tic large cell lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; PTCL, peripheral T-cell lymphoma; HIV, human immunodefi-
ciency virus; HL, Hodgkin’s lymphoma; PTC, papillary thyroid carcinoma; SqCC, squamous cell carcinoma; MSRCT, malignant solitary fi-
brous tumor of the pleura; NPUC, non-papillary urothelial carcinoma; PD, poorly differentiated; SmCC, small cell carcinoma.

tries where the cost of surgical biopsy can be prohibitive [3].
However, this procedure has limitations.

In a review by Rammeh et al. [3], FNAC for head and neck
masses was inconclusive in 17.7% of cases, while literature review
found a rate range of 3%—-30% [4,5]. This rate largely depends
on the experience of cytotechnologists and cytopathologists [4,5].
There are fewer inconclusive cases when experienced cytopathol-
ogists perform the procedure, evaluate the samples, and recog-
nize inadequate aspirates. Another limitation of FNAC is that
the diagnoses of some malignant tumors (e.g., thyroid follicular
carcinoma) are based only on histological criteria [2,6,7]. More-
over, the value of FNAC for verifying recurrent or residual lym-
phoma is well established and accepted. However, the diagnosis
of primary lymphoma remains controversial [4].

A stepwise approach is required when using FNAC to diag-
nose the cause of lymphadenopathy. In general, up to three sep-
arate needle puncture passes with aspirates are needed to obtain
a sufficient sample. Moreover, microscopic evaluation is associ-
ated with the following clinical history: signs and symptoms,
radiological findings, presence of systemic inflammatory symp-
toms, node size and location, enlargement duration, malignancy
history, medical and drug history, autoimmune disease, and risk
factors for malignancy (including age, sex, race, family history,
or presence of other masses in the body) [1,8,9].

In the current study, we introduce a stepwise approach for

https://doi.org/10.4132/jptm.2023.06.12

lymph node FNAC diagnosis along with disease-specific diag-
nostic clues, clinical information, and ultrasonographic findings.
We suggest a diagnostic algorithm that encompasses this step-
wise approach and the Sydney classification system published in
2019 [10].

CLINICAL FINDINGS

Fig. 2 summarizes the stepwise approach to lymph node FNAC.
Before cytological interpretation, it is important to review the
clinical information. In order to formulate a proper differential
diagnosis, the following clinical features are needed: age, site (cer-
vical/inguinal), lymph node size, presence of B symptoms (fever,
weight loss, night sweating), previous medical history (primary
or metastatic), infectious signs, autoimmune disease, and history
of drug or chemical exposure.

Radiological findings, including mostly ultrasonographic and
positron emission tomography computed tomography (PET/CT)
findings, are helpful to narrow the differential diagnosis (Supple-
mentary Table S1, Supplementary Fig. S1). In benign lymph-
adenopathy, the lymph nodes are relatively small, oval-shaped,
and hypoechoic with a regular well-demarcated border. The gen-
eral architecture is preserved, with a visible hilum without ob-
vious necrosis or calcification. In metastatic lesions, lymph nodes
are usually large, round, and hypoechoic with irregular, ill-de-
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fined blurred borders that suggest capsular invasion. The archi-
tecture can be destroyed by metastatic tumors, leading to a het-
erogeneous internal structure without a visible hilum. Cortical
nodules, cystic tumor necrosis, and calcifications can occur. In
malignant lymphomas, lymph nodes are continuously enlarged/
conglomerated and hypoechoic with cortical thickening and no
visible hilum. On PET/CT, metastatic lesions or malignant lym-
phomas demonstrate high fluorodeoxyglucose uptake more fre-
quently than do normal lymph nodes.

On microscopic examination, a comprehensive interpretation
of low-power patterns, high-power patterns, and disease-specific
diagnostic clues is essential for successful differential diagnosis.

LOW-POWER PATTERN OF LYMPH NODE FINE
NEEDLE ASPIRATION CYTOLOGY

The first step in lymph node FNAC is to assess the low-power
magnification patterns. Lymphadenopathy can be broadly cate-
gorized into three patterns: reactive, metastatic, and lymphoma
(Fig. 3). The reactive pattern comprises an evenly distributed
smear with normal cellularity and some normal lymphoid clus-
ters. Diverse inflammatory cells may be observed according to the
type of lymphadenopathy. Necrosis or granulomas may be ob-
served in tuberculosis or KFD. Neutrophilic smears suggest a
benign condition.

The metastatic pattern involves an irregularly distributed hy-
percellular smear with prominent epithelial clusters and is often

A stepwise approach to LN-FNAC
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Fig. 2. A stepwise approach to lymph node fine needle aspiration cytology (LN-FNAC) interpretation. US, ultrasonography; FDG, fluorodeox-
yglucose; Hx, history; Dz, disease; M®, macrophage; R-S, Reed-Sternberg; HEV, high endothelial venule.
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Fig. 3. Low-power smear patterns of lymph node fine needle aspiration cytology interpretation. TB, tuberculosis; KFD, Kikuchi-Fujimoto

disease.
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accompanied by necrosis. Single dispersed malignant cells and
small-to-large clusters are observed.

The lymphoma pattern shows an evenly distributed hyper-
cellular smear with monotonous hyperchromatic lymphoid clus-
ters. Reactive inflammatory cells (such as neutrophils) are un-
common. Occasional multinucleated, large, atypical cells such as
Reed-Sternberg cells and ill-defined granulomas with occasional
eosinophils can be found in HL.

HIGH-POWER PATTERN OF LYMPH NODE FINE
NEEDLE ASPIRATION CYTOLOGY

The second step for lymph node FNAC is to assess high-power
magnification cell population patterns. There are four broad pat-
terns: two-cell, continuous range, monotonously small, and mo-
notonously large population (Fig. 4). The two-cell population
pattern is a smear pattern with two distinct cell populations.
This pattern can be seen in reactive hyperplasia; metastatic carci-
nomas; and diverse lymphomas including HL, FL, and anaplas-
tic large cell lymphoma. Rarely, T-cell/histiocyte-rich B-cell lym-
phoma (TCR-BCL) and lymphomatoid granulomatosis can also
present with this cytological pattern [2].

The second pattern is a smear with a continuous range of vari-
ably sized cells. In this pattern, there is an obvious dominant cell
population of atypical lymphocytes and diverse inflammatory
cells such as eosinophils. PTCL and angioimmunoblastic lym-
phoma, which are representative examples of this pattern, can

FNAC of lymph node 199

present with variable inflammatory/reactive cells.

The third pattern is a small cell population that predominantly
presents as monotonously small, atypical lymphoma cells with
few reactive cells. This category includes malignant small round
cell tumors, such as metastatic small cell carcinoma or small round
cell sarcoma, and low-grade B-cell lymphoma such as MCL or
small lymphocytic lymphoma. However, malignant small round
cell tumors generally have slightly larger nuclei than low-grade
B-cell lymphomas.

The fourth pattern is a large cell population of mostly mo-
notonously large atypical malignant cells. For metastasis, poorly
differentiated squamous cell carcinoma (such as basaloid type)
and undifferentiated nasopharyngeal carcinoma are the major
differential diagnoses. Diffuse large B-cell and Burkitt lympho-
ma are common examples of lymphoma.

Two-cell population pattern

Reactive lymphoid hyperplasia without a specific etiology ac-
counts for 60% of all cases and usually demonstrates polymot-
phic cell populations, including small and large plasmacytoid
lymphocytes [11]. This hyperplasia is often accompanied by tin-
gible-body macrophages; dendritic lymphocytic aggregates (in-
tact follicles); and other reactive inflammatory cells, including
capillaries, eosinophils, and mast cells (Fig. SA) [11].

FL is another example of a two-cell population pattern. It dem-
onstrates predominantly small irregular/cleaved and large cleaved/
non-cleaved lymphocytes with few tingible-body macrophages,

High power cellular population pattern

Two populations

* Reactive hyperplasia

Continuous range
a’e@e,

....0
® 0@
X

* Metastatic ca *« PTCL, NOS

© HL - AITL
+ TCR-BCL

* LyG

- FL
- ALCL

Monotonous Small Monotonous Large

- MSRCT FpsRcc. s
(SmCC, ARMS) - NPUC
- McL
- DLBCL
- LBL
- BL
- SLL/CLL

Fig. 4. High-power magnification cellular population patterns of lymph node fine needle aspiration cytology interpretation. HL, Hodgkin's
Lymphoma; TCR-BCL, T-cell/histiocyte-rich B-cell lymphoma; LyG, lymphomatoid granulomatosis; FL, follicular lymphoma; ALCL, anaplastic
large cell ymphoma; PTCL, NOS, peripheral T-cell lymphoma, not otherwise specified; AITL, angioimmunoblastic T-cell lymphoma; MSRCT,
malignant solitary fibrous tumor of the pleura; SmCC, small cell carcinoma; ARMS, alveolar rhabdomyosarcoma; MCL, mantle cell lympho-
ma; LBL, lymphoblastic lymphoma; SLL/CLL, small lymphocytic lymphoma/chronic lymphocytic leukemia; SqCC, squamous cell carcinoma;
PD, poorly differentiated; NPUC, non-papillary urothelial carcinoma; DLBCL, diffuse large B-cell lymphoma; BL, Burkitt lymphoma.
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similar to reactive lymphoid hyperplasia (Fig. 5B). However,
FL is more hypercellular, and the small lymphocytes are slightly
larger than those in reactive lymphoid hyperplasia. Differential
diagnosis can be challenging, although immunocytochemical
staining for BCL2 may be helpful [12].

HL also demonstrates two-cell populations comprising large
Reed-Sternberg cells in the background of small lymphocytes,
plasma cells, and histiocytes (Fig. 5C) [13]. Because the low-
power cytologic findings of Hodgkin lymphoma may resemble
those of reactive lymphoid hyperplasia, it is important not to
miss Reed-Sternberg cells in high-power examinations.

Rarely, differential diagnosis of metastatic carcinoma that
demonstrates discohesive tumor cells with poor differentiation
can be challenging as it can also present with two-cell popula-
tions, as in other examples (Fig. SD). Tumor cells most often
demonstrate adenoid or squamous differentiation, which can be
useful for a correct diagnosis using high-magnification fields. In-
formation on the clinical history or presentation of the primary
cancer should be carefully verified when interpreting fine needle
aspiration (FNA) slides.

Continuous range of cell size population pattern
A continuous range population pattern might be the most chal-
lenging pattern in lymph node FNA interpretation because it can

'y u‘?hl.‘- o e .: ,
f. .“ ‘-0. [y .-

Fo s

ol S
2

o g0 \:g‘;;

-
»
l

el
- ]
* @

o Feven

L3
L
L)

4

o,
eF

- -

a0 q ﬁ
R 81 0'
- *#.é.‘" .:::

be easily misinterpreted as reactive lymphoid hyperplasia. This
pattern includes peripheral T-cell and angioimmunoblastic lym-
phoma, which are present in the background of diverse inflam-
matory cells including histiocytes, plasma cells, and eosinophils.

PTCL demonstrated a marked variation in cell composition,
including small, intermediate, and large cells (Fig. 6A) [14].
The biggest obstacle for proper diagnosis of PTCL is its lack of
specific diagnostic features and immunocytochemical markers
[15-17]. Likewise, there were no cytomorphological features
specific to angioimmunoblastic T-cell lymphoma that displayed
polymorphous cytomorphology (Fig. 6B). Sometimes, large cells
resemble Reed-Sternberg cells and can be Epstein-Bart virus—
positive, which leads to a misdiagnosis of HL.

Monotonous small cell population pattern

The third pattern involves a population of monotonously small
cells and includes malignant small round cell tumors such as
metastatic small cell carcinoma, alveolar rhabdomyosarcoma,
and mature B-cell lymphomas (including mantle cell, lympho-
blastic, and small lymphocytic lymphoma or chronic lympho-
cytic leukemia).

Small lymphocytic lymphoma or chronic lymphocytic leuke-
mia demonstrated monomorphous small lymphocytes with
scanty cytoplasm, smooth or minimally irregular nuclei with

Fig. 5. Exemplary images of the two-cell population pattern. (A) Reactive hyperplasia. (B) Follicular lymphoma. (C) Hodgkin’s lymphoma. (D)

Metastatic adenocarcinoma.
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clumped (soccer ball-like) chromatin, and inconspicuous or ab-
sent nucleoli (Fig. 7A) [18]. Occasionally, large lymphocytes
such as prolymphocytes and paraimmunoblasts are observed.
MCL demonstrated monomorphous small-to-intermediate-sized
cells with scanty cytoplasm and irregular nuclei with fine chro-
matin and inconspicuous or absent nucleoli (Fig. 7B). Centro-
blasts or immunoblasts are absent. There may be a few histio-
cytes with moderately abundant eosinophilic cytoplasm, or so-
called “pink histiocytes.” Lymphoblastic lymphoma demonstrates
monomorphous intermediate-sized cells with scant or moderate
cytoplasm and round or convoluted nuclei with finely granular
chromatin and inconspicuous nucleoli [19]. The cells look small

e
~
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at low power due to their blastic nature. However, they are 1.5
to 2 times larger than the small lymphocyte at high power. Occa-
sionally, cytoplasmic vacuoles and mitoses are observed (Fig. 7C).

The most common diagnostic pitfalls in this category are ma-
lignant small round cell tumors, such as metastatic small cell car-
cinoma and rarely alveolar rhabdomyosarcoma. Small cell lung
carcinoma commonly metastasizes to the cervical lymph nodes
and demonstrates diverse cellular clusters and dispersed cells with
abundant necrosis (Fig. 7D). Several important differential find-
ings include variable-sized tumor cells with characteristic salt-
and pepper-like chromatin including frequent smudging and
molding. The differential interpretation of cell aggregation and

Fig. 6. Exemplary images of continuous range of variably sized cells pattern. (A) Peripheral T-cell lymphoma, not otherwise specified. (B) An-

gioimmunaoblastic T-cell lymphoma.
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Fig. 7. Exemplary images of monotonously small population pattern. (A) Small lymphocytic lymphoma/chronic lymphocytic leukemia. (B)
Mantle cell lymphoma. (C) Lymphoblastic lymphoma. (D) Metastatic small round cell tumor (small cell carcinoma).

https://doi.org/10.4132/jptm.2023.06.12

https://jpatholtm.org/



202 e ChongYetal.

clusters is important. Rarely, alveolar rhabdomyosarcoma can
simulate the cytological features of malignant lymphomas. There-
fore, the clinical presentation and history are important to avoid
misdiagnosis.

Monotonous large cell population pattern

The last pattern is a monotonously large cell population pat-
tern. This pattern can be seen in high-grade lymphomas, such as
diffuse large B-cell and Burkitt lymphoma, and other metastatic
carcinomas, such as poorly differentiated squamous cell and na-
sopharyngeal undifferentiated carcinoma. The smear of diffuse
large B-cell lymphoma demonstrated a moderately to highly cel-
lular smear of predominantly large, atypical cells that were 2.5-5
times larger than small lymphocytes or histiocytes (Fig. 8A) [20].
The tumor cell has a round or irregular nucleus with a single
prominent nucleolus and scant or abundant cytoplasm. However,
these cells sometimes have multiple abnormal pleomorphic nu-
clei that resemble those of Reed-Sternberg cells. As reactive T-
cells and histiocytes are few, they usually demonstrate a monot-
onously large cell population. Tingible-body macrophages are
variable in number, lymphoglandular bodies are common, while
dendritic lymphocytic aggregates are rarely seen.

Burkitt lymphoma is another example of this pattern when the
lesion involves extranodal sites. The tumor cells were typically
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uniform with intermediate-sized round nuclei, coarse chroma-
tin, two—five small nucleoli per nucleus, and scant blue cytoplasm
with small intracytoplasmic vacuoles (Fig. 8B). Several charac-
teristic features of Burkitt lymphoma include apoptosis and brisk
mitoses, along with frequent tingible-body macrophages.

In this pattern, the major challenging differential diagnoses
were poorly differentiated metastatic squamous cell and undif-
ferentiated nasopharyngeal carcinomas that predominantly dem-
onstrated singly dispersed tumor cells (Fig. 8C, D). It is impor-
tant to identify tumor cells in clusters, which are uncommon in
lymphoma.

DISEASE-SPECIFIC DIAGNOSTIC CLUES

In addition to the low- and high-magnification power pat-
terns, several characteristic findings are specific or pathognomonic
for certain diseases (Fig. 2). One famous example is the occasional
presence of Reed-Sternberg cells in Hodgkin lymphoma, which
are large, atypical cells with multiple prominent nuclei and nu-
cleoli intermixed with diverse inflammatory cells (Fig. 9A). An-
other example is the Russell body or Mott cells that can be found
in mature B-cell lymphomas, including lymphoplasmacytic or
extranodal marginal zone lymphoma (Fig. 9B) [21]. These find-
ings are critical for proper diagnostic use of FNA samples. There-
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Fig. 8. Exemplary images of monotonously large population pattern. (A) Diffuse large B-cell ymphoma. (B) Burkitt lymphoma. (C) Squamous
cell carcinoma, poorly differentiated. (D) Undifferentiated carcinoma, nasopharynx.
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Fig. 9. Disease-specific diagnostic clues. (A) Reed-Sternberg cells in Hodgkin's lymphoma. (B) Russell body (Mott cells) in mature B-cell lym-
phoma such as lymphoplasmacytic lymphoma. (C) Lymphoglandular bodies in reactive hyperplasia. (D) lll-defined granuloma in tuberculosis.

fore, it is important to be familiar with these disease-specific di-
agnostic clues. Lymphograndular bodies, also called hyaline
bodies or lymphoid globules, are round, pale, basophilic fragments
of cytoplasm with smooth borders in lymphoid tissues. Francis
et al. [22] reported that lymphograndular bodies were found in
>90% of non-Hodgkin lymphomas, 86% of reactive lymphad-
enitis, and 66% of Hodgkin lymphomas (Fig. 9C). Granulomas
with caseous necrosis are suspicious for tuberculosis, while those
that are small tight granuloma clusters without necrosis are sus-
picious for sarcoidosis (Fig. 9D). Granulomas can also be found
in toxoplasmosis, cat-scratch disease, and HL. Other diagnostic
clues include dendritic lymphocyte complexes in reactive hyper-
plasia, tingible-body macrophages in highly proliferative lym-
phomas such as Burkitt lymphoma, C-shaped macrophages in
KFD, emperiopolesis in Rosai-Dorfman disease, and melanin-
containing macrophages in dermatopathic lymphadenopathy.
Additionally, Dutcher bodies are intranuclear inclusions of cyto-
plasm (pseudoinclusions) found in plasma cells and were origi-
nally described in Waldenstrom macroglobulinemia and IgA
multiple myeloma. Arborizing vessels (high endothelial venules)
can be found in the lymph node FNA of follicular dendritic cell-
derived tumors, such as Castleman disease. A necrotic back-
ground is a common finding in several high-grade malignant
lymphomas and metastatic carcinomas including diffuse large
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B-cell lymphomas or metastatic squamous cell carcinomas and
in benign lymphadenopathies such as tuberculosis and necrotiz-
ing histiocytic lymphadenitis (KFD) [23].

SYDNEY CLASSIFICATION

In 2019, a steering committee of international cytopatholo-
gists involved in lymph node FNAC developed a system for re-
porting lymph node FNAC in the International Cytology Con-
gress in Sydney. They ultimately published The Sydney system
after five rounds of circulation among committee members based
on a review of the international literature and the expertise of the
members (Table 1).

This system defined the following five diagnostic reporting
categories according to the cytological findings: inadequate/non-
diagnostic (L1), benign (L2), atypical, undermined significance/
atypical lymphoid uncertain significance (AUS/ALUS) (L3), sus-
picious (L4), and malignant (L5) [2]. The inadequate/non-diag-
nostic category includes cases that cannot be diagnosed properly
owing to scant cellularity, extensive necrosis, or technical limi-
tations that cannot be overcome. Repeat FNAC, core needle, or
excision biopsy was recommended in these cases. The benign
category includes cases of suppurative and granulomatous in-
flammation and specific infections that demonstrate a heteroge-
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Table 1. The Sydney classification system

Diagnostic reporting categories Explanation

Post-LN-FNAC
management recommendations

Exemplary findings

Inadequate/non-diagnostic (L1)  Low cellularity
excision
Benign (L2)
Benign lymphadenitis  on the Dx
AUS/ALUS (L3)
fully supported by

cytology and
ancillary technique

Suspicious (L4) Possibly malignant,
not fully supported
by cytology and

ancillary technique

Malignant (L5) (NHL, HL,

metastases)

Histological biopsy requested (not
requested for HL/NHL relapses or
metastasis from known or clearly
indicated primary tumor, etc.)

LN-FNAC repetition and/or CNBor -
Reactive hyperplasia  Clinical F/U or specific Tx depending -
Possibly benign, not  LN-FNAC repetition with acquisition  Two-cell population that cannot exclude follicular lymphoma

of material for ancillary studies
and/or CNB or excision

Monotonously small cell population that cannot exclude
low-grade B-cell lymphomas such as marginal zone B-cell
lymphoma, small cell lymphoma/chronic lymphocytic
leukemia, mantle cell lymphoma, and lymphaoblastic
lymphoma

LN-FNAC repetition with acquisition  Monotonously small and/or medium-sized, monomorphic
of material for appropriate ancillary
studies and/or CNB or excision

atypical lymphoid cells suspicious of lymphoma, but
cytomorphology alone is not sufficient for diagnosis,
polymorphous lymphoid smears in which few
Reed-Sternberg-like cells are detected, large cell or Burkitt
lymphomas with scantly cellular, and smears in which
atypical cells suspicious for metastasis are detected but are
too scant to be diagnostic

Small-to-medium-sized cells of non-Hodgkin lymphomas
supported by evidence of clonality and all the entities in
which cytopathological features alone are sufficient to
identify malignancy as large cell non-Hodgkin's lymphoma.
This category also includes Hodgkin's lymphoma in which
there is an appropriate cellular background and diagnostic
Reed-Sternberg cells as well as metastatic neoplasms

LN-FNAC, lymph node fine needle aspiration cytology; CNB, core needle biopsy; F/U, follow-up; Tx, therapy; Dx, diagnosis; NHL, non-Hodgkin lymphoma.

neous lymphoid population (two-cell population). The AUS/
ALUS category includes cases with two-cell populations in which
the features suggest a reactive process; however, FL cannot be
excluded; or the atypical cells are not lymphoid cells (AUS); or
there is a monotonously small cell population for which low-
grade B-cell lymphomas cannot be excluded. The suspicious cat-
egory includes cases with small and/or medium-sized monomor-
phic atypical lymphoid cells that are suspicious of lymphoma,
but cytomorphology alone is insufficient to make the diagnosis.
The suspicious category includes polymorphous lymphoid smears
containing a few Reed-Sternberg-like cells, large cell or Burkitt
lymphomas with scantly cellular cells, or atypical cells that are
suspicious for metastasis are detected but are too scant to be di-
agnosed. The malignant category includes small- to medium-
sized cells of non-HLs supported by evidence of clonality and all
cases in which cytopathological features alone are sufficient to
identify large cell non-HLs. This category also includes HL in
cases in which there is an appropriate cellular background, diag-
nostic Reed-Sternberg cells, and metastatic neoplasms.

The authors of the Sydney system proposed that this standard-
ized system may improve the quality of the procedure, the han-
dling of material for diagnostic ancillary testing, the understanding
of the report, and the communication between the cytopatholo-
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gist and the clinician. Recently, an Indian research group evalu-
ated the malignancy risk in 6,983 lymph node FNACs by ret-
rospectively reviewing cases with the Sydney system [24]. The
diagnoses using the Sydney system were discordant in 10.7% of
histologic diagnoses. The overall diagnostic accuracy of this sys-
tem was 89.3%. The malignancy risk was 11.5% and 99.6% for
the benign and malignant categories, respectively. Inter- and in-
traobserver variabilities were noted for categories 3 and 4, respec-
tively. The authors reported a relatively high malignancy risk of
27.5% in the inadequate/non-diagnostic categories. For these
cases, they recommended a repeat FNAC according to the Syd-
ney system recommendations. Collectively, the authors conclud-
ed that application of the Sydney system can help achieve uni-
formity, reproducibility, and risk stratification in lymph node
FNAC. However, multicenter studies with larger samples are
needed to validate the utility of the Sydney system.

SUGGESTED DIAGNOSTIC ALGORITHM FOR
LYMPH NODE FINE NEEDLE ASPIRATION
CYTOLOGY

Herein, we suggest a diagnostic algorithm for lymph node
FNAC that encompasses a stepwise approach and the Sydney
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Fig. 10. Diagnostic algorithm for lymph node fine needle aspiration cytology.

classification system (Fig. 10). Sample adequacy should be eval-
uated; if there is insufficient cellularity for proper evaluation or
the smearing condition is poor due to dry artifacts, then the sam-
ple can be categorized as inadequate/non-diagnostic (L1). Once
the clinical information is reviewed, the low-power pattern can
be evaluated under a microscope. Reactive patterns can present
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as two-cell populations, a continuous range, or a monotonously
small cell population. Metastatic patterns can present as two-cell
populations of monotonously small or large cell populations. Lym-
phoma can present with all kinds of patterns at high-power mag-
nification. A large cell population in the two-cell population pat-
tern should be thoroughly reviewed if it has epithelial features to

https://jpatholtm.org/
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exclude the possibility of a metastatic lesion. If there is no chance
of metastasis, FL remains a possibility. FL should be considered
in cases of multiple enlarged lymph nodes in elderly patients
with hypercellular smears and several small lymphocytes that
are slightly larger than usual. Immunocytochemical staining for
BCL2 can be helpful for diagnosis in such cases. When FL cannot
be excluded and immunocytochemical staining is unavailable, an
ALUS diagnosis can be made.

If there are large cells are clearly epithelial, and cytologic atypia
is evident, the case can be diagnosed as malignant or suspicious
according to the level of evidence. This is true regardless of the
high-power pattern of a two-cell, monotonously small, or large
cell population. A monotonously large cell population is mostly
found in high-grade B-cell lymphomas, such as diffuse large B-
cell or Burkitt lymphoma; however, such cases can also be diag-
nosed as malignant or suspicious according to the level of evi-
dence. Monotonously small cell population patterns can be quite
challenging because certain features can be difficult to distinguish
between lymphomas and small cell carcinoma (such as mild cyto-
logic atypia in lymphoma). If there are enough cytological fea-
tures for small cell carcinoma, a case can be diagnosed as malig-
nant or suspicious according to the level of evidence. If there is
no definite evidence that the tumor cells are epithelial, lympho-
mas or other rare mesenchymal malignant tumors should be ex-
cluded. In such cases, cytological findings and additional THC or
molecular studies might be required. These cases can be diag-
nosed as AUS/ALUS, suspicious, or malignant according to the
level of evidence. The continuous range population pattern is
predominantly from possible T-cell lymphomas. Clonality tests,
such as TCR gene rearrangement, are required for a more con-
clusive diagnosis.

The Sydney system has an inevitable limitation in that the epi-
thelial or lymphomatous nature of the lesion is not clearly sepa-
rated into different categories and is not emphasized due to the
ambiguity of the lymph node features on FNAC. In other words,
even though a diagnosis was made on a certain case using the
Sydney system, it is still unclear whether the case is lymphoid
or metastatic. The L3 category, which includes AUS and ALUS,
is a good example. It is often quite challenging to discriminate a
certain lesion as lymphoid or epithelial in origin. The aforemen-
tioned study by the Indian group mentioned intra- and interob-
server variabilities in the diagnosis of category III. However, fur-
ther in-depth knowledge of lesion nature might be warranted.
In cases in which the ENAC features favor certain diseases, the
cases should be described specifically as “AUS, favor poorly dif-

» o«

ALUS, favor atypical lymphoprolifera-

ferentiated carcinoma,

https://jpatholtm.org/

tive disease (Infectious mononucleosis, Kikuchi-Fujimoto disease,
Rosai-Dorfman disease),” or “ALUS, cannot exclude low-grade
lymphoma.” Since the previous study reported a high malignan-
¢y rate of 66.7% in the AUS/ALUS category, it is important to
deliver any evidence that supports either lymphoid or metastatic
lesion. However, it is also important not to conduct unnecessary
excisional biopsy.

CONCLUSION

Lymph node FNAC encompasses diverse diseases, including
benign and malignant lymphoma and metastasis, whose cytologic
findings often resemble each other. A stepwise diagnostic ap-
proach combining clinical findings (age, sex, site, multiplicity,
ultrasonography findings), low-power pattern (reactive, meta-
static, lymphoma pattern), high-power population pattern (two-
cell, continuous range, monotonously small, and monotonously
large population patterns), and disease-specific diagnostic clues
(granulomas, etc.) can help in comprehensive FNAC diagnosis.
It is important to remember representative traits of each diag-
nostic category, including diagnostic pitfalls that share the cyto-
logic findings of other categories.
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REVIEW

Reevaluating diagnostic categories and associated malignancy risks
in thyroid core needle biopsy

Chan Kwon Jung"*

'Department of Hospital Pathology, College of Medicine, The Catholic University of Korea, Seoul;
2Cancer Research Institute, College of Medicine, The Catholic University of Korea, Seoul, Korea

As the application of core needle biopsy (CNB) in evaluating thyroid nodules rises in clinical practice, the 2023 Korean Thyroid Associa-
tion Management Guidelines for Patients with Thyroid Nodules have officially recognized its value for the first time. CNB procures tissue
samples preserving both histologic structure and cytologic detail, thereby supplying substantial material for an accurate diagnosis and
reducing the necessity for repeated biopsies or subsequent surgical interventions. The current review introduces the risk of malignancy
within distinct diagnostic categories, emphasizing the implications of noninvasive follicular thyroid neoplasm with papillary-like nuclear
features on these malignancy risks. Prior research has indicated diagnostic challenges associated with follicular-patterned lesions, re-
sulting in notable variation within indeterminate diagnostic categories. The utilization of mutation-specific immunostaining in CNB en-
hances the accuracy of lesion classification. This review underlines the essential role of a multidisciplinary approach in diagnosing follic-
ular-patterned lesions and the potential of mutation-specific immunostaining to strengthen diagnostic consensus and inform patient

management decisions.
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Core needle biopsy (CNB) has been established as an alterna-
tive to fine needle aspiration (FNA) cytology in assessing thyroid
nodules, particularly in cases where initial FNA results are non-
diagnostic or indeterminate [1,2]. Recent studies advocate CNB
as a primary diagnostic tool [1-7]. CNB of the thyroid yields
tissue samples that maintain histologic structure and cytologic
detail. Moreover, CNB provides substantial tissue for histologic
examination and supplementary ancillary testing [8,9]. CNB al-
lows for an exact diagnosis and reduces the need for repeated
biopsies or subsequent surgical interventions in cases such as
lymphoma, medullary thyroid carcinoma, anaplastic thyroid car-
cinoma, other rare thyroid diseases, and diseases of non-thyroid
origin [1,9].

With CNB becoming increasingly prevalent in clinical prac-
tice, issues have been raised about the appropriate use of diagnos-
tic categories and the corresponding risk of malignancy (ROM).
In Korea, the inaugural pathology reporting system for thyroid
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CNB was introduced in 2015 and later revised in 2019 by the
Clinical Practice Guidelines Development Committee of the Ko-
rean Thyroid Association [9,10]. Despite the Korean Endocrine
Pathologists reaching a consensus on the pathology report of
thyroid CNB [9,10], the implied ROM for each diagnostic cat-
egory has yet to be quantified. In the course of calculating the
malignancy risk estimates within the diagnostic categories, var-
ious factors warrant consideration. These encompass patient de-
mographics, criteria for nodule selection, differences in patholo-
gist expertise and the application of diagnostic criteria, possible
overestimation of malignancy risk for some diagnostic categories
based exclusively on post-surgical thyroid cases, publication bias,
and the surgically proven histological diagnosis of noninvasive
follicular thyroid neoplasm with papillary-like nuclear features
(NIFTP). Recently, the 2023 Korean Thyroid Association Man-
agement Guidelines for Patients with Thyroid Nodules made a
significant stride by addressing the implied ROM for each diag-
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nostic category for the first time [11]. Accordingly, this article
presents a concise review that illuminates these recent updates
concerning the ROM within thyroid CNB categories.

FORMAT OF THYROID CORE NEEDLE BIOPSY
REPORTS

Thyroid CNB reports adhere to a structured format consisting
of a diagnostic category, a subcategory, and a microscopic descrip-
tion (Table 1) [9]. The six diagnostic categories include (1) non-
diagnostic (category I); (2) benign lesion (category II); (3) inde-
terminate lesion (category III); (4) follicular neoplasm (category
IV); (5) suspicious for malignancy (category V); and (6) malig-
nant (category VI). Categories IIl and IV are further divided into
subcategories based on the status of nuclear atypia, architectural
atypia, or oncocytic atypia. Subcategories that exhibit nuclear
atypia (categories I1Ia, Illc, and IVb) raise concerns for conditions
such as papillary thyroid carcinoma and NIFTP, which are typi-
cally associated with a higher ROM compared to subcategories

Table 1. Diagnostic categories of thyroid core needle biopsy

Updates on thyroid core needle biopsy © 209

that display architectural or oncocytic atypia [8,12-16)].

RISK OF MALIGNANCY OF THYROID CORE
NEEDLE BIOPSY DIAGNOSTIC CATEGORIES

Based on retrospective studies in the literature, the frequency
and ROM for each category are summarized in Table 2. The
ROM estimates for each category are based on clinical follow-up
and surgically resected nodules. Benign nodules within category
IT were clinically confirmed based on additional benign results
from FNA or CNB and stable or reduced nodule size observed
over a 1-year ultrasound follow-up period. Pathological confirma-
tions on surgical specimens were used for nodules within catego-
ries I III, IV, V, and VI.

The method of estimating the cancer risk, which is based on
histologic follow-up, overestimates the ROM, particularly for the
categories I-III, where there is selection bias given the relatively
small proportion of nodules that undergo excision. Although
NIFTP is a surgical disease and cannot be preoperatively diag-

Diagnostic category

Category . Nondiagnostic or unsatisfactory
Non-tumor adjacent thyroid tissue only
Extrathyroid tissue only (e.g., skeletal muscle, mature adipose tissue)

Acellular specimen (e.g., acellular fibrotic tissue, acellular hyalinized tissue, cystic fluid only)

Blood clot only
Other
Category Il. Benign lesion
Benign follicular nodule
Hashimoto’s thyroiditis
Subacute granulomatous thyroiditis

Nonthyroidal lesion (e.g., parathyroid lesions, benign neurogenic tumors, benign lymph node)

Other
Category lll. Indeterminate lesion

llla. Indeterminate follicular lesion with nuclear atypia

lllb. Indeterminate follicular lesion with architectural atypia

lllc. Indeterminate follicular lesion with nuclear and architectural atypia

llld. Indeterminate follicular lesion with oncocytic atypia

llle. Indeterminate lesion, not otherwise specified
Category IV. Follicular neoplasm

IVa. Follicular neoplasm, conventional type

IVb. Follicular neoplasm with nuclear atypia

[Ve. Oncocytic (Hurthle cell) neoplasm

I\Vd. Follicular neoplasm, not otherwise specified
Category V. Suspicious for malignancy

Suspicious for papillary thyroid carcinoma, medullary thyroid carcinoma, poorly differentiated thyroid carcinoma, metastatic carcinoma, lymphoma, etc.

Category VI. Malignant

Papillary thyroid carcinoma, poorly differentiated thyroid carcinoma, differentiated high-grade thyroid carcinoma, anaplastic thyroid carcinoma, medullary

thyroid carcinoma, lymphoma, metastatic carcinoma, etc

Adapted with permission from Journal of Pathology and Translational Medicine [9].
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Table 2. Diagnostic frequency and implied risk of malignancy according to the diagnostic category of thyroid CNB

Risk of malignancy based on final diagnosis from  Change in risk of malignancy due to

CNB diagnostic category Diagnostic frequency (%) clinical and/or surgical follow-up (%)° NIFTP:

I. Nondiagnostic 2 (2-9) 33 (18-50) No significant change

II. Benign lesion 46 (40-53) 4 (2-6) No significant change

Il Indeterminate lesion 10 (7-14) 39 (32-45) 24% Decrease (24%-34%)
IV. Follicular neoplasm 7(5-9) 52 (46-57) 20% Decrease (37%-45%)
V. Suspicious for malignancy 2 (2-3) 98 (96-100) No significant change

VI. Malignant 28 (23-34) 100 No significant change

395% Confidence intervals of pooled proportions from meta-analysis of literature [3-5,7,12-14,17,20-32]; "Meta-analysis based pooled proportions and 95%
confidence intervals for confirmed clinical and surgical pathology follow-up [4,5,7,12-14,17,22,23,25-33]; “Influence of noninvasive follicular thyroid neoplasm
with papillary-like nuclear features (NIFTP) on malignancy risk in thyroid core needle biopsy (CNB) diagnostic categories. NIFTP appears to reduce the risk of
malignancy in the diagnostic category of the thyroid CNB reporting system. The alterations in malignancy risk within categories Il and IV were inferred from

shifts in malignancy risk identified in three retrospective studies [13,14,17].

nosed on CNB or FNA specimens, the morphologic features of
NIFTP tend to lead to classification on CNB/FNA as either cat-
egory IIL, IV, or V, thereby impacting the resultant ROM calcula-
tions [13,14,17,18]. The ROM for each category is shown when
including and excluding NIFTP in malignancy, information that
might help guide more conservative clinical management of some
nodules. The presence of NIFTP lowers the ROM within the
diagnostic category of the thyroid CNB reporting system. The
corresponding modifications in the ROM within categories III
and IV have been deduced from the observed shifts in malignan-
cy risk from three retrospective scudies [13,14,17].

DIAGNOSTIC CHALLENGES
IN FOLLICULAR-PATTERNED LESIONS
ON CORE NEEDLE BIOPSY

CNB has emerged as a viable alternative to FNA, serving to
decrease inconclusive results in the diagnosis of thyroid nodules.
Nonetheless, follicular-patterned lesions presented in CNB con-
tinue to pose a significant challenge to pathologists, often falling
within diagnostic categories IL, III, or IV. The diagnostic rates of
CNB categories may fluctuate based on pathologists” diagnostic
thresholds for follicular-patterned lesions [13,14,17].

The histologic architecture and the status of the tumor cap-
sule are critical determinants in diagnosing follicular-patterned
lesions. Within the context of CNB specimens, follicular prolifer-
ative lesions characterized by a discernible tumor capsule are typi-
cally classified as category IV (follicular neoplasm) [9,10]. Con-
versely, in specimens where a tumor capsule is not apparent, these
lesions are generally classified as category II (benign) in the absence
of nuclear or architectural atypia, or category III (indeterminate
follicular lesion) when nuclear or architectural atypia is present.

In addition to the condition of the tumor capsule, the histologic
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architecture also plays a significant role in determining the diag-
nosis of follicular-patterned lesions. A microfollicular prolifera-
tive lesion, distinctly separated from the surrounding normal pa-
renchyma by a fibrous capsule, leans towards a diagnosis of a
category IV (follicular neoplasm). In contrast, a CNB specimen
exhibiting a primarily microfollicular or trabecular growth pat-
tern, but lacking a discernible fibrous capsule or adjacent non-
lesional tissue, typically falls into category IIIb (indeterminate fol-
licular lesion with architectural atypia). This categorization stems
from the uncertainty regarding the presence of a tumor capsule
in the lesion. This subcategory exhibits no nuclear atypia. How-
ever, certain pathologists might classify such cases under category
IV, particularly when ultrasound imaging reveals a solitary nod-
ule with a peripheral hypoechoic halo indicative of a tumor cap-
sule. It is noteworthy that, even if a follicular-patterned lesion
presents a definitive fibrous capsule, if the lesion exhibits a mac-
rofollicular pattern rather than microfollicular or trabecular pat-
terns, some pathologists might lean towards categorizing it as
category IIT [15,16]. This preference is motivated by the under-
standing that a macrofollicular pattern is characteristic of benign
thyroid diseases, even when a definitive fibrous capsule associated
with a macrofollicular proliferative lesion is present.

A comparison of the diagnostic categories from three major
Korean hospitals, all of which perform a high volume of thyroid
CNBs, reveals a noticeable variation. One hospital reported the
frequencies of categories II, III, and IV as 38.1%, 17.6%, and
10.2%, respectively [14]. Another hospital reported the frequen-
cies as 38.3%, 24.5%, and 7.6%, respectively [17]. Contrasting-
ly, at our institution, the frequencies were markedly different at
60.9%, 1.2%, and 17.5%, respectively [13]. It is noteworthy that
the occurrence of category III was significantly lower in our hos-
pital than in the others, while the incidences of categories II and
IV were comparatively higher in our hospital than the others.
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CNB tends to diagnose category IV “follicular neoplasms” more
frequently than FNA [13,17,19], leading to an increased number
of patients undergoing surgery based on CNB diagnoses com-
pared to FNA. While the rate of follicular neoplasms diagnosed
using CNB may differ significantly across various institutions,
potentially due to the variability in how different observers in-
terpret architectural or nuclear atypia in CNB, the ROMs found
post-surgery for these follicular neoplasms remain consistent
[13,14,17]. This consistency is observed irrespective of whether
the initial diagnosis was made via CNB or FNA [13].

CLASSIFICATION OF FOLLICULAR-PATTERNED
LESIONS USING MUTATION-SPECIFIC
IMMUNOSTAINING IN CORE NEEDLE BIOPSY

Immunostaining has served as an essential tool, supplementing
standard methodologies in clarifying differential diagnoses in sur-
gical pathology. This straightforward and economical technique
facilitates the identification of lineage or cell type in histopa-
thology and cytopathology. The recent emergence of innovative
markers, particularly mutation-specific markers and those bear-
ing translational significance, has substantially transformed the
paradigm of immunohistochemistry (IHC). These progressive
strides have notably influenced clinical practice and investigative
pursuits within the field of thyroid disease.
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The RAS genetic variants, typically found to be mutually exclu-
sive with BRAF variants, are the most common oncogenic changes
observed in follicular-patterned thyroid tumors [5,34,35]. Of all
RAS variants identified in thyroid tumors, RAS QG61R is the most
prevalent [8,36]. IHC for RAS Q61R, using the SP174 antibody,
has proven to be an accurate method for detecting thyroid tumors
harboring the RAS Q61R variant [8,37]. While RAS variants are
not inherently sensitive or specific markers for thyroid cancers,
their detection in preoperative FNA or CNB samples exhibiting
indeterminate results usually prompts a diagnostic lobectomy.
Thus, for CNB samples wherein histologic morphologies com-
plicate the differential diagnosis between categories III and IV,
a positive result for RAS Q61R THC often simplifies the diag-
nostic process, favoring a categorization into category IV. In cases
where a CNB specimen primarily displays a microfollicular or
trabecular growth pattern without a discernible fibrous capsule,
it is typically diagnosed as an indeterminate follicular lesion (cat-
egory III). However, a positive RAS Q61R result in such a case
could lead to a revised diagnosis of a follicular neoplasm (catego-
ry IV) (Figs. 1, 2).

When CNB samples display nuclear atypia yet lack sufficient
histologic features for a definitive malignancy diagnosis, they may
be assigned to category Illa (Indeterminate follicular lesion with
nuclear atypia) or category V (suspicious for malignancy) based
on the extent of nuclear atypia and the quantity of atypical cells

Fig. 1. Core needle biopsy of a microfollicular proliferative lesion exhibiting morphological differences from adjacent thyroid tissue. (A) Al-
though the lesion is distinctly segregated from surrounding tissue, the absence of a discernible tumor capsule typically leads to its categori-
zation under category lll based on histomorphology. (B) Immunohistochemistry for RAS Q61R clearly delineates immunostaining-positive tu-
mor cells from the immunostaining-negative normal thyroid tissue. Ultimately, with the incorporation of immunostaining results, the specimen
should be appropriately diagnosed as follicular neoplasm, conventional type (category 1Va).
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Fig. 2. The core needle biopsy displays a microfollicular proliferative lesion that exhibits morphological differences from the adjacent thyroid
tissue, but lacks a fibrous capsule (A). (B) The tumor component tests positive for RAS Q61R immunostaining. (C) A high-power view reveals
microfollicles lined by tumor cells exhibiting nuclear atypia and thin fibrous bands within the stroma. (D) Tumor cells show cytoplasmic and
membranous positivity for RAS Q61R. This specimen should be appropriately classified as a follicular neoplasm with nuclear atypia (category
IVb). After conducting a diagnostic lobectomy, the definitive pathological diagnosis was confirmed as an invasive encapsulated follicular vari-

ant of papillary thyroid carcinoma.

involved. In such situations, employing BRAF VE1 IHC to de-
tect the BRAF p.V60OE variant can be valuable for differential
diagnosis (Fig. 3). Given the demonstrated reliability of BRAF
VE1 IHC in identifying the BRAF p.V60OE across different tu-
mor types, including thyroid cancers [34,38], a positive result
from this method has the potential to clarify indeterminate CNB
results, typically pointing towards a definitive diagnosis of pap-
illary thyroid carcinoma.

RISK STRATIFICATION OF PREOPERATIVELY
DIAGNOSED INDETERMINATE
FOLLICULAR-PATTERNED LESIONS

Recently, our team established that CNB categories III and
IV could be classified into two distinct risk groups based on his-
tologic features of nuclear atypia and IHC for RAS Q61R [8].
CNBs exhibiting nuclear atypia or RAS Q61R expression were
identified as high-risk, bearing an average NIFTP/malignancy
risk of 75.5%. In contrast, CNBs without these findings were
marked as low-risk, having a risk of approximately 34.9%. RAS
QOIR THC has shown high sensitivity and specificity for identi-
fying the RAS p.Q61R variant and demonstrates a positive pre-
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dictive value of 74.3% and a negative predictive value of 55.5%
for diagnosing NIFTP/malignancy in CNB categories III and IV.
Follicular lesions exhibiting both nuclear atypia and RAS Q61R
expression carry an 86% NIFTP/malignancy risk. Therefore, in
patients classified as CNB category III/IV, the presence of nu-
clear atypia or RAS Q61R expression signifies a heightened risk
of NIFTP/malignancy, which may necessitate consideration for
surgical resection (Figs. 4, 5). On the other hand, thyroid nodules
lacking nuclear atypia and RAS Q61R expression, which pres-
ent a lower likelihood of NIFTP/malignancy, might be suitable
for observation without further intervention. This approach can
potentially assist in the management of patients presenting with
indeterminate CNB results.

In patients preoperatively diagnosed with follicular neoplasm
(category IV), nodule size plays a critical role in surgical decision-
making due to the rising ROM associated with increasing nodule
size. The 2023 Korean Thyroid Association Management Guide-
lines for Patients with Thyroid Nodules states that surgical in-
tervention is typically favored for follicular neoplasms of 2 cm or
more, given the escalating malignancy risk [11]. Even for tumors
smaller than 2 cm, a malignancy risk exists, necessitating consid-
eration of diagnostic surgery based on individual clinical findings
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Fig. 3. The core needle biopsy specimen exhibits both follicular and abortive papillary architecture. (A) In light of the nuclear atypia and pre-
dominantly follicular growth, the diagnostic considerations span from category lll to V. (B) The positive result for BRAF VE1 immunostaining
confirmed the diagnosis, categorizing the specimen as category VI - papillary thyroid carcinoma. The inset image provides a magnified view
of the indicated region as a square, facilitating the observation of nuclear atypia. Arrows indicate abortive papillae.

Fig. 4. The core needle biopsy specimen reveals a microfollicular proliferative lesion surrounded by a thick fibrous capsule (A) and exhibiting
positivity for RAS Q61R immunostaining (B). Considering these characteristics, the specimen can be confidently classified as follicular neo-
plasm, conventional type (category IVa). After a diagnostic lobectomy, the tumor was conclusively identified as follicular thyroid carcinoma.

[11]. A meta-analysis of 14 observational studies involving 2,016
thyroid nodules diagnosed as follicular neoplasms (category IV)
demonstrated that in comparison to their smaller counterparts,
nodules measuring 4 cm or larger, 3 cm or larger, and 2 ¢cm or
larger were associated with a respective 2.29-fold (95% confi-
dence interval [CI], 1.68 to 3.11), 2.39-fold (95% CI, 1.45 to
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3.93), and 1.63-fold (95% CI, 1.13 to 2.35) increase in ROM
for thyroid nodules of various sizes [39-52].

Molecular marker tests can facilitate malignancy assessment
and inform decisions regarding ultrasound monitoring or surgi-
cal interventions. These decisions should account for patient pref-
erences, clinical feasibility, and evaluations supplemented by ul-

https://jpatholtm.org/



214 ¢ Jung CK

£l

Fig. 5. The core needle biopsy specimen reveals a follicular proliferative lesion characterized by follicles of varying sizes and a discernible fi-
brous capsule (A), and demonstrates positivity for RAS Q61R immunostaining (B). (C) A high-power view reveals follicles lined by tumor cells
exhibiting nuclear atypia, intermixed with follicles comprised of cells with no nuclear atypia. (D) Tumor cells show cytoplasmic and membra-
nous positivity for RAS Q61R. The specimen was diagnosed as a follicular neoplasm with nuclear atypia (category IVb). Following a diagnostic
lobectomy, the definitive pathological diagnosis was established as noninvasive follicular thyroid neoplasm with papillary-like nuclear features.

trasound findings [20]. While next-generation sequencing (NGS)-
based molecular panel testing is predominantly employed in
Western countries, such molecular NGS testing for diagnostic
or prognostic prediction on preoperative biopsy specimens is not
currently permitted in Korea [11].

CONCLUSION

The use of CNB for the evaluation of thyroid nodules has seen
an increasing trend due to its potential as an alternative to FNA
cytology. The 2023 Korean Thyroid Association Management
Guidelines for Patients with Thyroid Nodules have recognized
the value of CNB for the first time. Despite its advantages, the di-
agnosis of follicular-patterned lesions remains subject to interob-
server variability. Therefore, a multidisciplinary approach empha-
sizing clinicopathologic correlation is essential. Furthermore, the
utilization of mutation-specific immunostaining can enhance di-
agnostic consensus and contribute meaningfully to patient man-
agement by informing clinical decision-making processes.
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Single-center study on clinicopathological and typical molecular
pathologic features of metastatic brain tumor
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Background: The metastatic brain tumor is the most common brain tumor. The aim of this study was to demonstrate the clinicopatho-
logical and molecular pathologic features of brain metastases (BM). Methods: A total of 269 patients were diagnosed with BM through
surgical resection at Seoul St. Mary’s Hospital from January 2010 to March 2020. We reviewed the clinicopathological features and mo-
lecular status of primary and metastatic brain tissues using immunohistochemistry and molecular pathology results. Results: Among
269 patients, 139 males and 130 females were included. The median age of primary tumor was 58 years (range, 13 to 87 years) and 86
patients (32.0%) had BM at initial presentation. Median BM free interval was 28.0 months (range, 1 to 286 months). The most frequent
primary site was lung 46.5% (125/269), and followed by breast 15.6% (42/269), colorectum 10.0% (27/269). Epidermal growth factor re-
ceptor (EGFR) mutation was found in 50.8% (32/63) and 58.0% (40/69) of lung primary and BM, respectively. In both breast primary and
breast cancer with BM, luminal B was the most frequent subtype at 37.9% (11/29) and 42.9% (18/42), respectively, followed by human
epidermal growth factor receptor 2 with 31.0% (9/29) and 33.3% (14/42). Triple-negative was 20.7% (6/29) and 16.7% (7/42), and lumi-
nal A was 10.3% (3/29) and 7.1% (3/42) of breast primary and BM, respectively. In colorectal primary and colorectal cancer with BM,
KRAS mutation was found in 76.9% (10/13) and 66.7% (2/3), respectively. Conclusions: We report the clinicopathological and molecular
pathologic features of BM that can provide useful information for understanding the pathogenesis of metastasis and for clinical trials
based on the tumor’s molecular pathology.
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Brain metastases (BM) are common in patients with solid ma-
lignancies and are the most common intracranial tumor in adults.
Compared to primary malignant brain tumors, BM occurs ap-
proximately 10 times more frequently [1]. Although the actual
incidence of BM is difficult to determine, estimates of BM inci-
dence range from 8.3 to 14.3 per 100,000 [2,3]. As the use of
magnetic resonance imaging (MRI) expands, cancer is not only
detected early, but systemic therapy is gradually improved, which
increases the survival rate of cancer patients and consequently
increases the incidence of BM [4].

Imaging modalities such as computed tomography and MRI
have increased the surgical resection of BM, and neurosurgical
management has been shown to increase patient survival and
enhance neurological performance [5,6]. At 2019 Congress of
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Neurological Surgeons Guidelines on the Role of Surgery in the
Management of Adults with Metastatic Brain Tumors, the adult
patients newly diagnosed with metastatic brain tumors, except
for radiosensitive tumors, surgery plus whole brain radiation
therapy are recommended as first-line treatments if the following
three conditions are satisfied: (1) single BM, (2) favorable perfor-
mance status, and (3) limited extracranial disease [7].
According to increased neurosurgical operation for metastatic
brain tumor, the number of surgical pathologic specimens has
also recently increased. Molecular pathology analyses of these BM
tissues can offer additional clinical gains. To date, some studies
on epidemiology and pathology of patients with BM have been
conducted. In the epidemiologic research of BM, some studies
have been conducted based on patients with BM, but most mo-
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lecular pathological studies were performed targeting primary
cancer patients such as lung cancer and breast cancer, and stud-
ies based on BM cases neatly have not been conducted. We per-
formed an analysis encompassing the epidemiological and mo-
lecular pathological characteristics of metastatic brain tumors
based on BM patients. Therefore, this is the first study of patients
with BM in South Korea in the past decade.

In this retrospectively collected data of patients with BM, we
studied epidemiology, pathologic and molecular features of BM.
We specifically address metastatic brain tumors from the three
major primary cancers in which BM predominates: lung cancer,
breast cancer, and colon cancer, with a focus on the therapy-as-
sociated molecular alterations and their clinicopathological im-
plications. We collected extensive data using next-generation
sequencing (NGS), immunohistochemistry (IHC), in situ hybrid-
ization, and sequencing. In this study, some specific data, which
are emphasized in clinical importance among them, were selected
and analyzed for comparison. We addressed epidermal growth
factor receptor (EGFR), anaplastic lymphoma kinase (ALK), and
KRAS status in lung cancer, human epidermal growth factor
receptor 2 (HER2) and hormone receptor conversion in breast
cancer, and KRAS and NRAS status in colorectal cancer.

MATERIALS AND METHODS

Patients

From January 2010 to March 2020, patients diagnosed with
BM were identified from our institutional database. A total of
269 patients underwent surgical resection for intra-axial lesion
of the BM. We retrospectively reviewed the electronic medical
records for these patients, including demographic information,
clinical characteristics, and surgical pathology reports. Among
these, the most frequent primary tumors, that is, lung cancer (n=
125), breast cancer (n =42), and colorectal cancer (n=27), were
reviewed their protein expression and molecular pathological
status. Due to the molecular pathology studies for primary tu-
mor and BM wete performed at the physician’s request for treat-
ment decision, the tests were not uniform between patients.

Immunohistochemistry

IHC for estrogen receptor (ER), progesterone receptor (PR),
HER2, Ki-67 index, and ALK was performed on formalin-fixed
paraffin-embedded (FFPE) tumor specimens. Primary antibodies
used for immunohistochemical staining were ER (prediluted,
SP1, Roche Tissue Diagnostics, Tucson, AZ, USA), PR (predi-
luted, 1E2, Roche Tissue Diagnostics), HER2 (prediluted, 4B3,

https://jpatholtm.org/

Roche Tissue Diagnostics), Ki67 (prediluted, MIB-1, Roche Tis-
sue Diagnostics), and ALK (prediluted, DSF3, Roche Tissue Di-
agnostics). Immunohistochemical staining was performed using
an automated Ventana Benchmark XT slide stainer (Roche Tis-
sue Diagnostics). The staining results of ER and PR were inter-
preted using the Allred scoring system [8]. The proportion score
was evaluated according to the proportion of positive-stained tu-
mor cells as follows: 0 (0% positive), 1 (< 1% positive), 2 (1% to
10% positive), 3 (11% to 33% positive), 4 (34% to 66% posi-
tive), and 5 (>67% positive). Intensity was scored according to
the average staining intensity of tumor cells, which is as follows:
0 (none), 1 (weak), 2 (intermediate), and 3 (strong). Positive and
negative were evaluated by the sum of proportion and intensity
scores, and a sum score > 2 was interpreted as positive.

HER?2 staining results were interpreted according to the Amer-
ican Society of Clinical Oncology (ASCO)/College of American
Pathologists (CAP) guidelines [9,10]. The criteria for reporting
HER? test results are as follows: score 0 (negative, no staining
observed or membrane staining that is incomplete and is faint/
barely perceptible and within <10% of tumor cells), score 1+
(negative, incomplete membrane staining that is faint/barely per-
ceptible and within > 10% of tumor cells), score 2+ (equivocal,
weak to moderate complete membrane staining in > 10% of tu-
mor cells or complete membrane staining that is intense but
within <10% of tumor cells), and score 3+ (positive, complete
membrane staining that is intense and > 10% of tumor cells).
HER?2 results were scored from 0 to 3+ according to the crite-
ria presented in the guideline, and in the case of 2+, subsequent
analysis of HER2 amplification by silver in situ hybridization
was performed.

Ki-67 proliferation index was evaluated either by manual
counting with ‘eyeballing’ or using automated digital image
analysis. All stained invasive tumor cells were included for eval-
uation, regardless of staining intensity. Slides were scanned with
an iScan Coreo slide scanner (Roche Tissue Diagnostics) and ana-
lyzed with Virtuoso software (Roche Tissue Diagnostics). Ki-67
was counted from more than 1,000 invasive tumor cells in at
least three high-power fields (400 %), including one hotspot area
and two average areas, according to the recommendations of the
International Ki67 in Breast Cancer Working Group [11].

In situ hybridization

ALK rearrangement was detected from FFPE by fluorescence
in situ hybridization (FISH) using ALK (2p23) Break Apart Probe
Kit (Leica Biosystems, Melbourne, Australia) or LSI ALK Dual
Color Probe Kit (Abbott, Chicago, IL, USA). Since 2015, Vysis
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ALK Dual Color Break Apart FISH Probe Kit (Abbott) has been
used for ALK analysis. HER2 amplification status was deter-
mined by using HER2 Dual ISH Probe Cocktail Assay (Roche
Diagnostics, Risch-Rotkreuz, Switzerland).

Sequence analysis

Sanger direct sequencing, peptide nucleic acid (PNA)-medi-
ated real-time polymerase chain reaction (PCR), and pyrose-
quencing were used for sequence analysis, and the DNA extrac-
tion method was the same for each. DNA was extracted from
FFPE tumor specimen using Maxwell 16 FFPE purification kit
(Promega, Madison, W1, USA), according to manufacturer’s pro-
tocol. DNA concentration was measured by Nano drop (Thermo
Fisher Scientific, Waltham, MA, USA). Sanger direct sequencing
was used to analyze EGFR exons 18, 19, 20, 21 and KRAS. After
DNA extraction, PCR was performed using HotStar Taq Plus
DNA Polymerase (Qiagen, Hilden, Germany). As forward prim-
ers, 5'-ACTGCTTTCCAGCATGGTGAGG-3' for EGFR exon
18, 5'-GTGGCACCATCTCACAATTGCC-3' for EGFR exon
19, 5'-ATGCGTCTTCACCTGGAAGG-3' for EGFR exon 20,
5'-CCTGAA TTCGGATGCAGAGCTTC-3' for EGFR exon
21, 5'-GGTGAGTTTGTATTAAAAGG-3' for KRAS exon 2,
and 5'-GGTGCACTGTAATAATCCAGAC-3' for KRAS exon 3
were used. After initial denaturation at 95°C for 5 minutes, the
following process was performed for 40 cycles. 94°C for 30 sec-
onds, 60°C (EGFR exon 18) or 57°C (EGFR exon 19, 20, and 21)
or 50°C (KRAS exon 2 and 3) for 30 seconds, and 72°C for 30
seconds. A final extension was performed at 72°C for 7 minutes.
Sequencing was performed using Applied Biosystems 3730XL
(Thermo Fisher Scientific) with the BigDye Terminator v.3.1
Cycle Sequencing kit (Applied Biosystems, Foster City, CA,
USA). Since 2013, Applied Biosystems 3500 XL (Thermo Fisher
Scientific) has been used. Pyrosequencing of NRAS codon 12, 13
and 61 region was performed using Threascreen NRAS Pyro kit
(Qiagen). NRAS PCR conditions were as follows: initial denatur-
ation at 95°C for 15 min, 42 cycles at 95°C for 30 seconds, 53°C
for 30 seconds, and 72°C for 30 seconds, and final extension was
performed at 72°C for 10 minutes. Streptavidin sepharose beads
(GE Healthcare, Pittsburgh, PA, USA) and PCR product were
dispensed into PyroMark Q24 plate wells, and the pyrosequenc-
ing results were analyzed using PyroMark Q24 software (ver.
2.0.6). PNA-mediated real-time PCR clamping method was
used to analyze EGFR exons 18, 19, 20, 21 and NRAS codons
12,13, 59,61, 117, and 146. The extracted DNA was amplified
using the PANAMutyper R EGFR kit (PANAGENE, Daejeon,
Korea). PCR was performed using the CFX96 Real-Time PCR
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Detection System (Bio-Rad, Hercules, CA, USA) for EGFR
and the QuantStudio 5 Real-Time PCR Instrument for NRAS.

The results were analyzed using the PANAMutyper Analyzer
(PANAGENE).

Next-generation sequencing

Genomic DNA was extracted from dissected FFPE samples
using the RecoverAll Total Nucleic Acid Isolation Kit (Thermo
Fisher Scientific) according to the manufacturer’s instructions.
DNA concentration was measured by Nano drop and Qubit
dsDNA HS Assay Kit (Thermo Fisher Scientific). DNA library
construction was petformed using the Ion AmpliSeq Library kit
2.0 (Thermo Fisher Scientific) according to the manufacturer’s
protocol and quantified by quantitative polymerase chain reac-
tion. IonTorrent S5 XL Sequencer (Thermo Fisher Scientific)
was used for sequencing, and sequencing data were analyzed by
Ton Reporter v5.4 (Thermo Fisher Scientific). Since December
2019, Oncomine Comprehensive Assay v3 panel and Ion Re-
porter v5.10 (Thermo Fisher Scientific) have been used.

Breast cancer subtype classification

Breast cancer subtype were classified as follows: Luminal A (ER
and/or PR positive, HER2 negative, Ki-67 <20%), luminal B
(HER?2 negative type: ER and/or PR positive, HER2 negative,
Ki-67 > 20%, HER2 positive type: ER and/or PR positive, HER2
positive, any Ki-67), HER2-enriched (ER and PR negative, HER2
positive), and triple-negative (ER, PR, and HER2 negative) [12].
In our institution, the Ki-67 cutoff value is 20% [13].

Statistical analysis

Difference comparisons between groups were performed us-
ing the chi-square test. A p-value of <0.05 was set as the level
of statistical significance. Statistical analyses were performed uti-
lizing R software (ver. 4.2.1, R core team 2022, R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Clinical characteristics

Two hundred sixty-nine patients were diagnosed with BM for
the surgically resected brain specimen, including 139 men and
130 women (Table 1). The median age at diagnosis of primary
tumor was 58 years (range, 13 to 87 years). Of these patients, 86
(32.0%) had synchronous BM at initial presentation. The median
interval between diagnosis of primary tumor and metastatic brain
tumor was 28 months (range, 1 to 286 months). Most metastatic
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brain tumors (74.4%) were located in the supratentorial region.
The most frequent primary tumors were lung cancers (46.5%),
followed by breast cancer (15.6%), and colon cancer (10.0%).

Lung was the most frequent site of origin of BM, occupying
125 out of 269 cases (46.5%). The median age at diagnosis of
primary tumor was 62 years (range, 38 to 87 years). Many of these
patients were male (81/125, 64.8%). More than half of the cases
(66/125, 52.8%) wete diagnosed with BM at initial presentation
and the median BM-free interval was 20 months (range, 4 to
217 months). The location of BM was supratentorial in 79.2%
(99/125).

For breast cancer (15.6%), which had the second highest in-
cidence of BM, all 42 patients were female. The median age at
diagnosis of primary cancer was 46 years (range, 28 to 68 years),
and most of them (41/42, 97.6%) developed BM over time.
There was a median interval of 39 months between diagnosis of
BM and primary cancer (range, 1 to 215 months). Twenty-six of
the 42 patients (61.9%) had BM in the supratentorial region.

Colorectal cancer was the third most common primary cancer,
accounting for 10.0% (n = 27). The median age at diagnosis of
colorectal cancer was 58 years (range, 40 to 76 years). There was
no significant difference in the sex, with males and females ac-
counting for 48.1% (13/27) and 51.9% (14/27), respectively.
Most of them (24/27, 88.9%) had metachronous BM, with a
median interval of 41 months from primary cancer diagnosis to
BM diagnosis (range, 12 to 146 months). Fifty-one point nine
percent (14/27) were supratentorial metastases.

Other additional clinical characteristics according to the pri-
mary tumor are shown in Table 1. Overall, among patients with
BM, patients with primary lung cancer, gallbladder and extra-
hepatic bile duct cancer were older than patients with the other
types of primary cancer, and breast and skin cancer patients were
younger. Lung, kidney, and liver cancers showed male predomi-
nance, 64.8%, 88.9%, and 85.7% in males, respectively. On the
other hand, skin cancers showed female predominance, 80% in
females.

The histological types of the primary tumors with brain
metastasis

The histological types of the primary tumors are summarized
in Table 2. In the case of lung cancer, most were non—small cell
lung cancers (NSCLC, 92.0%) and small cell lung cancers were
8.0%. Among NSCLC, the most frequent histologic type was
adenocarcinoma, followed by squamous cell carcinoma and ade-
nosquamous carcinoma. In breast cancer, invasive breast carcino-
ma of no special type (90.4%) was the most common, followed

https://doi.org/10.4132/jptm.2023.06.10

Pathologic features of brain metastasis ¢ 221

by invasive lobular carcinoma (4.8%) and mucinous carcinoma
(4.8%) in equal proportions. Most of colon cancer were adeno-
carcinoma. Concerning kidney, clear cell renal cell carcinomas
(RCC) were most frequent (94.4%) and chromophobe RCC is in
one case. In liver, all cases were hepatocellular carcinoma. All of
ovary cancer were high grade serous carcinoma, and all of skin
cancer were malignant melanoma. In uterine cancer, endometri-
oid carcinoma was four cases (80.0%) and undifferentiated carci-
noma was one case (20.0%). In five cases of unknown of primary
tumor, the histologic types were adenocarcinoma in three cases,
small cell neuroendocrine carcinoma and poorly differentiated
carcinoma in one case each. The other diverse primary sites and
histologic types are described in Table 2.

Molecular pathology of lung cancer with brain metastasis

Molecular pathology studies were applied to 71 metastatic
brain lesions and 63 primary lung lesions. This study was not
totally paired with primary and metastatic lesions in all cases,
but was performed on paired lesions in some cases. EGFR mu-
tation or amplification, KRAS mutations, and ALK rearrange-
ment status were evaluated. In primary tumors, EGFR muta-
tions were observed in 50.8% of cases (Table 3). Exon19 deletion
was the most frequent genotype (17 cases), followed by exon21
p-L858R (8 cases). In metastatic brain tumors, 58.0% of cases
were EGFR-mutant types. As with primary tumors, exonl9 de-
letion and exon21 p.L858R mutations were the most frequent,
19 cases and eight cases, respectively. Multiple mutation sites
were detected in four cases of primary tumors and eight cases of
metastatic brain tumors. Exon20 p.T790M mutations were
much more detected in BM (6 cases) than lung primary (1 cases).
Detailed mutation sites of EGFR are shown in Table 3. Cortela-
tions between EGFR status and clinicopathological characteris-
tics are listed in Table 4. There was no significant correlation
between EGFR status and age, timing of BM, BM location, and
histologic type except sex. EGFR-mutant type was observed
more frequently in females (p =.002). Of the 125 cases, 33 cases
were studied for EGFR mutations in both primary lung cancer
and paired metastatic brain tissues (Table 5). Eight cases of EG-
FR-wild type and 25 cases of EGFR-mutant type were observed.
EGFR mutation sites were changed in nine cases. In six cases,
exon20 p.T790M was additionally found in the existing muta-
tion. In one of the three cases, EGFR amplification was addition-
ally confirmed in addition to the existing mutation, in one case,
exonl8 E709G disappeared from the existing mutation, and in
the other case, exon19 del and exon21 L8338 disappeared from
the existing mutations and EGFR amplification appeared.
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Table 2. Histologic diagnosis according to the sites of primary tumor

Histologic diagnosis No. (%)
Lung (n=125)

NSCLC 115(92.0)
Adenocarcinoma 78
Squamous cell carcinoma 12
Adenosguamous carcinoma 10
Poorly differentiated carcinoma 8
Mucinous adenocarcinoma 2
Large cell carcinoma 2
Combined carcinoma 2
Sarcomatoid carcinoma 1

SCLC 10 (8.0)

Breast (1=42)

Invasive breast carcinoma of no special type 38(90.4)

Invasive lobular carcinoma 2(4.8)

Mucinous carcinoma 2 (4.9

Colorectum (n=27)
Adenocarcinoma, NOS 24 (88.9)
Mucinous adenocarcinoma 2(7.4)
Signet-ring cell carcinoma 1(3.7)
Kidney (n=18)

Clear cell renal cell carcinoma 17 (94.4)

Chromophobe renal cell carcinoma 1(5.6)
Liver (n=14)

Hepatocellular carcinoma 14 (100)
Ovary (n=7)

High grade serous carcinoma 7 (100)
Uterus (n=5)

Endometrioid carcinoma 4(80.0)

Undifferentiated carcinoma 1(20.0)
Skin (n=5)

Malignant melanoma 5 (100)
Unknown (n=5)
Adenocarcinoma 3(60.0)
Small cell neuroendocrine carcinoma 1(20.0)
Poorly differentiated carcinoma 1(20.0)
Gall bladder (n=2)

Tubular adenocarcinoma 2 (100)
EBD (n=1)

Cholangiocarcinoma 1(100)
Stomach (n=2)

Adenocarcinoma 1(50.0)

Poorly cohesive carcinoma with signet ring cell component 1(50.0)
Peritoneum (n=2)

Peritoneal serous adenocarcinoma 2 (100)
Pituitary gland (n=1)

Pituitary carcinoma 1(100)
PNS (n=1)

Sinonasal adenocarcinoma, intestinal type 1(100)
Nasopharynx (n=1)

Non-keratinizing squamous cell carcinoma 1(100)
Larynx (n=1)

Neuroendocrine carcinoma 1(100)

(Continued)
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Histologic diagnosis No. (%)
Esophagus (n=1)

Sqguamous cell carcinoma 1(100)
Thymus (n=1)

Thymic squamous cell carcinoma 1(100)
Heart (n=1)

Leiomyosarcoma 1(100)
Mediastinum (n=1)

Choriocarcinoma 1(100)
Jejunum (n=1)

Adenosguamous carcinoma 1(100)
Vessel (n=1)

Aortic intimal sarcoma 1(100)
Bone (n=1)

Osteosarcoma 1(100)
Bladder (n=1)

Poorly differentiated carcinoma 1(100)
Prostate (n=1)

Prostatic acinar adenocarcinoma 1(100)
Testis (n="1)

Mixed germ cell tumor 1(100)

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; NOS, not
otherwise specified; EBD, extrahepatic bile ducts; PNS, paranasal sinus.

Four cases of primary lung tumors and three cases of metastatic
brain tumors were KRAS-mutant, and the detected mutation
sites were codon 12 (3 cases) and codon 13 (1 case) in primary
brain tumors and codon 12 in metastatic brain tumors (Table 3).

ALK rearrangement was detected in five cases of lung and six
cases of brain, respectively, and one case was examined by THC in
the brain, and all other cases were confirmed by FISH (Table 3).

Protein expression profile and molecular subtypes of breast
cancer with brain metastasis

In 42 breast cancer BM cases, 29 primary tumors and 42 met-
astatic brain tumors were studied for protein expression status.
Detailed data and resultant molecular subtypes are shown in Ta-
ble 6. In both breast and brain, the most frequent subtype was
luminal B type (37.9% and 42.9%), followed by HER 2-enriched
type (31.0% and 33.3%) and triple-negative type (20.7% and
16.7%). Among 42 cases of breast cancer BM, protein expression
in both primary and paired metastatic brain tumors was studied
in 29 cases. In primary tumors, ER, PR, and HER?2 positive cases
were 14/29 (48.3%), 11/29 (37.9%), and 16/29 (55.2%), re-
spectively, and in metastatic brain tumors, 12/29 (41.4%), 7/129
(24.1%), and 17/29 (58.6%), respectively (Fig. 1). Receptor sta-
tus discordances between primary and paired metastatic brain
tumors were observed in a total of 11 out of 29 cases. There were
two cases of ER status conversion, both of which were positive
to negative conversion. PR status conversion occurred in a total
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of eight cases, with positive to negative conversion in six cases
and negative to positive conversion in two cases. HER2 conver-
sion was negative to positive in one case (Table 7). Accordingly,

Table 3. Molecular profile of lung cancer with brain metastasis

Primary tumor  Brain metastasis

Molecular status (n=69) (n=71)
EGFR status
Wild type 31(49.2) 29 (42.0)
Mutant type 32 (50.8) 40 (58.0)
Exon18
E709_T710 del insD (SD, NGS) 1(1.6) 1(1.5
G719 (PNA) 0 1(1.9)
Exon19
Deletion (SD, PNA, NGS) 17 (27.0) 19 (27.6)
Exon20
S768l (PNA, NGS) 1(1.6) 0
Exon21
L858R (PNA, NGS) 8(12.7) 8(11.6)
T8541 (SD) 0 1(1.5)
L861Q (SD) 1(1.6) 0
Exon18+Exon21
E709G +L858R (SD) 1(1.6) 0
G719+L861Q (PNA) 1(1.6) 1(1.5)
Exon19+Exon20
Deletion+T790M (PNA) 1(1.6) 5(7.3)
Exon19+Exon21
Deletion +L858R, L833S (SD) 1(1.6) 0
Exon21 +Exon20
L858R+T790M (PNA) 0 1(1.5)
L858R +S768I (PNA, NGS) 0 1(1.5)
Exon21+amp
L858R (PNA, NGS) 0 229
Not determined 0 2
ALK rearrangement status
Positive 5(9.3) 7(13.5)
FISH 5(9.3) 6(11.6)
HC 0 1(1.9
Negative 49 (90.7) 45 (86.5)
FISH 41 (75.9) 42 (80.7)
IHC 8(14.8) 3(5.8
Not determined 9 19
KRAS status
Wild type 28 (87.5) 30(90.9)
Mutant type 4(12.5) 3(9.1)
G12C 1(3.1) 1(3.0)
G12A 1(3.1) 1(3.0)
G12D 1(3.1) 1(3.0)
G13C 1(3.1) 0
Not determined 31 38

Values are presented as number (%).

EGFR, epidermal growth factor receptor; SD, Sanger direct sequencing;
NGS, next-generation sequencing; PNA, peptide nucleic acid-mediated
real-time PCR clamping; amp, amplification; ALK, anaplastic lymphoma ki-
nase; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry;.

https://doi.org/10.4132/jptm.2023.06.10

Pathologic features of brain metastasis © 223

one case each of luminal A type and luminal B type was con-
verted to HER 2-enriched type (Fig. 2).

Molecular pathology of colorectal cancer with brain
metastasis

Among 27 cases of colorectal cancer BM, 14 cases of primary
tumors and three cases of metastatic brain tumors were studied
for the molecular status. In primary tumors and metastatic brain
tumors, 13 cases and three cases were analyzed for KRAS muta-
tion and eight cases and two cases for NRAS mutation, respec-
tively. In primary tumors, KRAS mutations were observed in
76.9% (10/13) and no NRAS mutations were detected. In met-
astatic brain tumors, KRAS mutations were observed in 66.7%
(2/3) and no NRAS mutations were detected (Table 8). In pri-
mary tumors, KRAS mutations were most frequently observed
in codon 12 of exon 2 (6 cases), and the other detected mutation
sites are described in Table 8. Multiple mutations in KRAS were
not observed. Two cases of KRAS mutations in metastatic brain

Table 4. Correlation between EGFR status and clinicopathological
characteristics in lung cancer with brain metastasis (n=99)

EGFR status
Wildtyoe Mutant type P-value
(n=52) (h=47)

Age (yr) .566
>60 28 (63.9) 28 (59.6)
<60 24 (461)  19(40.4)

Sex .002
Male 39 (75.0) 21 (44.7)

Female 13(25.0) 26 (565.3)

Timing of BM .582
Synchronous 27 (51.9 27 (57.5)
Metachronous 25 (48.1) 20 (42.6)

BM location 414
Supratentorial 40 (76.9) 41(87.2)
Infratentorial 4(7.7) 2 (4.3
Both 8(15.4) 4(8.5)

Histologic type .054
NSCLC

Adenocarcinoma 31(59.6) 42 (89.4)
Squamous cell carcinoma 6(11.5) 0
Adenosgumous carcinoma 4(7.7) 3(6.4)
Poorly differentiated carcinoma 4(7.7) 2(4.2)
Mucinous adenocarcinoma 2(3.9 0
Large cell carcinoma 1(1.9 0
Combined carcinoma 1(1.9 0
Sarcomatoid carcinoma 1(1.9 0
SCLC 239 0

Values are presented as number (%). n=99; primary tumor (n=30), metastatic
brain tumor (n=36), matched primary and metastatic brain tumor (n=33).
EGFR, epidermal growth factor receptor; BM, brain metastasis; NSCLC,
non-small cell lung cancer; SCLC, small cell lung cancer.
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Table 5. Concordance of subtypes of EGFR mutation in primary lung cancer and paired brain metastasis (1=33)

Patient Sex Age (yr) Primary lung tumor Metastatic brain tumor

P1 F 48 Wild type Wild type

P2 M 63 Wild type Wild type

P3 M 46 Wild type Wild type

P4 M 64 Wild type Wild type

P5 M 58 Wild type Wild type

P6 F 44 Wild type Wild type

pP7 M 52 Wild type Wild type

P8 F 50 Wild type Wild type

P9 F 67 Exon18 E709_T710 del insD Exon18 E709_T710 del insD
P10 M 59 Exon19 del Exon19 del

P11 M 62 Exon19 del Exon19 del

P12 M 65 Exon19 del Exon19 del

P13 M 47 Exon19 del Exon19 del

P14 F 61 Exon19 del Exon19 del

P15 F 64 Exon19 del Exon19 del

P16 F 63 Exon19 del Exon19 del

P17 F 59 Exon19 del Exon19 del

P18 F 68 Exon19 del Exon19 del

P19 F 53 Exon19 del Exon19 del

P20 M 53 Exon19 del Exon19 del

P21 F 69 Exon19 del Exon19 del

p22 F 63 Exon21 L858R Exon21 L858R

P23 M 46 Exon21 L858R Exon21 L858R

P24 M 55 Exon18 G719, Exon21 L861Q Exon18 G719, Exon21 L861Q
P25 M 59 Exon18 E709G, Exon21 L858R Exon21 L858R

P26 F 52 Exon19 del Exon19 del, Exon20 T790M
p27 M 66 Exon19 del Exon19 del, Exon20 T790M
P28 F 76 Exon19 del Exon19 del, Exon20 T790M
P29 F 66 Exon19 del Exon19 del, Exon20 T790M
P30 F 65 Exon19 del Exon19 del, Exon20 T790M
P31 M 58 Exon19 del, Exon21 L858R, Exon21 L833S Exon21 L858R, EGFR Ampb
P32 F 60 Exon21 L858R Exon21 L858R, EGFR Amp
P33 M 54 Exon21 L858R Exon21 L858R, Exon20 T790M

EGFR, epidermal growth factor receptor; Amp, amplification.

tumors were observed at codons 12 and 13 of exon 2, respective-
ly, and both mutations were consistent with mutations in the
primary tumors. Correlations between KRAS status and clinico-
pathological characteristics are listed in Table 9. There was no
significant correlation between EGFR status and age, sex, and
BM location except timing of BM. Most of the wild type were
diagnosed with BM at initial presentation (2/3), while mutant
types were mostly metachronous (9/10) (p =.041).

DISCUSSION

This study analyzed the 10-year epidemiology and molecular
pathological characteristics of BM patients. In particular, mo-
lecular pathological analysis was performed on metastatic brain
tumor tissues of lung cancer, breast cancer, and colorectal cancer

https://jpatholtm.org/

with high BM incidence. As stated in several studies, lung cancer
(43%—-51%), breast cancer (15%—-16%), and melanoma (7%—
16%) are known as the three most common primary cancers that
metastasize to the brain, followed by renal cancer (7%-9%) and
colorectal cancer (0.6%-9%) [2,14-17]. In this study, the most
common primary lesions of BM were lung (46.5%), breast
(15.6%), and colorectum (10.0%), followed by kidney (6.7%),
liver (5.2%), and ovary (2.6%), uterus (1.9%), skin (1.9%), and
unknown (1.9%) in the order, and 8.1% in other lesions. This
difference appears to be due to the incidence of primary cancer.
In the United States and Europe, the incidence of melanoma is
frequent at 3.7% to 5.2% but in South Korea it is only 0.3%,
while the incidence of liver cancer is higher at 5.2% than in the
United States and Europe (2.2%) [18-20]. The BM incidence of
colorectal cancer in this study is relatively higher than the results
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of western countries’ previous studies. The reasons for this are
that the oncologic outcome has improved with the development
of the surgical technique and adjuvant chemotherapy in colon
cancer, and the detection rate of small brain lesions has increased
due to increased number of performed brain imaging procedure,
including brain MRI, which has been covered by medical insur-
ance in South Korea.

Table 6. Protein expression profile and molecular subtype of breast
cancer with brain metastasis

Molecular status Primary tumor brain metastasis pvallie
(n=29) (n=42)

ER status .957
Positive 14 (48.3 20 (47.6)
Negative 15(561.7) 22 (52.4)

PR status 541
Positive 11(37.9) 13(31.0)
Negative 18 (62.1) 29 (69.1)

HER?2 status 702
Positive 16 (65.2) 23 (56.1)
Negative 13 (44.9) 18 (43.9)
Not determined 0 1

Ki-67 index .055
>20% 15(51.7) 31(73.8)
<20% 14 (48.3) 11(26.2)

Subtype .921
Luminal A 3(10.3) 3(7.1)
Luminal B 11 (37.9) 18 (42.9)
HER?2 9(31.0) 14 (33.3)
Triple negative 6 (20.7) 7(16.7)

Values are presented as number (%).
ER, estrogen receptor; PR, progesterone receptor; HER2, human epider-
mal growth factor receptor 2.
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Among the three BM-prone primary sites, the median age at
diagnosis of primary cancer was 62 years old for lung cancer, 46
years old for breast cancer, and 58 years old for colorectal cancer,
and, with lung cancer patients being the oldest and breast can-
cer patients being the youngest. These results showed similar
tendencies to the results of previous studies. In a study of 309
patients with BM, the median age at diagnosis of primary can-
cer was reported as 60 years for NSCLC, 61 years for small cell
lung cancer, 57 years for colon cancer, and 50 years for breast
cancer [15]. Of the 269 patients with BM, 51.7% were male.
In the case of lung cancer patients with BM, 64.8% were male
and 35.2% were female. All patients with BM from breast cancer
were female, while there was minimal sex disparity among pa-
tients with colorectal cancer BM. These results are similar to study
that analyzed patients diagnosed with BM from 1973 to 2001
[2]. According to this study, 7,167 patients (60.9%) were male
and 4,596 (39.1%) female patients with BM from lung cancer,
with a high proportion of males. The majority of patients with
BM from breast cancer were female, with only 19 males and 2,616
females. There were 414 males and 365 females with BM from
colorectal cancer patients, and no significant difference was ob-
served by sex. According to the incidence of major carcinomas by
sex in South Korea, lung cancer was more common in males, and
breast cancer was far more common in females [20]. Colorectal
cancer has a slight male predominance, and there is no significant
difference in the sex ratio. Considering this, the difference in the
proportion of BM patients by sex in our study also seems to de-
pend on the incidence of primary cancer, as in the above study.

The natural history of progression from primary cancer to BM
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Fig. 1. Expression patterns of hormone receptors and HER2 in primary tumors and brain metastases by immunohistochemistry. (A) ER ex-
pression pattern. (B) PR expression pattern. (C) HER2 expression pattern. ER, estrogen receptor; PR, progesterone receptor; HER2, human

epidermal growth factor receptor 2.
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Table 7. Receptor conversion between primary breast cancer and
paired brain metastasis (n=29)

Brain metastasis

Primary tumor Total
Positive Negative
ER status
Positive 12 (41.4) 2(6.9 14 (48.3)
Negative 0 15(61.7) 15 (51.7)
Total 12 (41.4) 17 (58.6) 29 (100)
PR status
Positive 5(17.2) 6(20.7) 11(37.9)
Negative 2(6.9 16 (65.2) 18 (62.1)
Total 7(24.1) 22 (75.9) 29 (100)
HER?2 status
Positive 16 (65.2) 16 (65.2)
Negative 1(3.4) 12 (41.4) 13 (44.8)
Total 17 (68.6) 12 (41.4) 29 (100)

Values are presented as number (%).
ER, estrogen receptor; PR, progesterone receptor; HER2, human epider-
mal growth factor receptor 2.

“ JLummaIA(P LumlnaIA(BM
Luminal B (BM)

Luminal B (P)
HER2 (P HER2 (BM)

Triple negative (P) Triple negative (BM)

Fig. 2. Subtype conversion between primary tumor and brain me-
tastases. P, primary tumor; BM, brain metastasis; HER2, HER2-
enriched subtype.

varies depending on the site of the primary tumor. According to
a study analyzing the incidence and mortality of synchronous BM
in the United States, the most common primary tumor site in
patients with synchronous BM was the lung (80.3%) [21]. Like-
wise, in our study, lung cancer was the most frequently diag-
nosed at the same time as the primary tumor at 52.8%. In a
retrospective cohort study of 2419 patients [14], median time
interval from diagnosis of primary cancer to diagnosis of BM was
as follows; lung cancer (11 months), breast cancer (44 months),
and colorectal cancer (33 months). In contrast, our results dem-
onstrate the median time interval was lung cancer (20 months),
breast cancer (39 months), and colorectal cancer (41 months).

https://jpatholtm.org/

Table 8. Molecular profile of colorectal cancer with brain metastasis

Molecular status Primary tumor (n=14)  Brain metastasis (n=14)
KRAS status
Wild type 3(23.1) 1(33.3)
Mutant type 10 (76.9) 2(66.7)
Exon2
G12C 2(15.4)
G1av 2(15.4) 1(33.3)
G12D 2(15.4)
G12_G13insG 1(7.7)
G13D 1(7.7) (33.3)
Exon3
Q61H 1(7.7)
Qe1L .
Not determined 1 11
NRAS status
Wild type 8 (100) 2 (100)
Mutant type 0 0
Not determined 6 12

Values are presented as number (%).

Table 9. Correlation between KRAS status and clinicopathological
characteristics in colorectal cancer with brain metastasis (n=13)

KRAS status
p-value
Wild type (n=3) Mutant type (n=10)

Age (yr) 913
>60 1(33.3) 3(30.0)
<60 2 (66.7) 7(70.0)

Sex 913
Male 2 (66.7) 7(70.0)

Female 1(33.3) 3(30.0)

Primary site .188
Colon 0 4(40.0)

Rectum 3(100) 6 (60.0)

Timing of BM 041
Synchronous 2 (66.7) 1(10.0)
Metachronous 1(33.3) 9(90.0)

BM location 492
Supratentorial 2 (66.7) 7(70.0)

Infratentorial 1(33.3) 1(10.0)
Both 0 2(20.0)

Values are presented as number (%).
BM, brain metastasis.

Lung cancer had the shortest free interval, showing a similar re-
sult to previous studies, but the primary cancer with the longest
free interval was colorectal cancer, not breast cancer.

Berghoff et al. [14] reported a supratentorial predominance
for the location at diagnosis of BM. Our result shows also supra-
tentorial predominance (79.2%).

As described in Table 2, we summarized the histological types
of primary tumors in 269 patients with BM. NSCLC was the
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most common type with BM at 92.0% in lung cancer. While
previous studies reported that NSCLC accounts for 66.4 to
86.3% of lung cancer cases [14,16], the results in our study
showed a slightly higher rate. Among NSCLC, adenocarcinoma
(67.8%) was the most frequent, followed by squamous cell car-
cinoma (10.4%) and adenosquamous carcinoma (8.7%). A study
of 975 patients with early-stage NSCLC found that 48% of pa-
tients with BM had adenocarcinoma and 32% had squamous
cell carcinoma [22]. According to a population-based study, in-
vasive ductal carcinoma (IDC, now changed to invasive breast
carcinoma of no special type) was the most common histological
type in 64.6% of patients with BM from breast cancer [23]. An-
other study reported that 81.1% of cases were IDC [4]. In our
study, invasive breast carcinoma of no special type was the ma-
jority at 90.4%. Yang et al. [24] reported that 84.5% of 401 pa-
tients with colorectal cancer BM were adenocarcinoma, 6.7% were
mucinous adenocarcinoma, 5.5% were other types, and 3.2%
were unknown. As a result of our study, adenocarcinoma, NOS ac-
counted for 88.9% of colorectal cancer BM, followed by mucinous
adenocarcinoma in 7.4% and signet-ring cell carcinoma in 3.7%.

Metastatic lung cancer

Molecular pathology analysis provides information on NSCLC
oncogenes that are responsive to targeted therapy, such as EFGR
mutations, ALK rearrangements, and KRAS mutations. EGFR
mutations in NSCLC patients occur in about 17.4% of Cauca-
sians and 38.8% of Asians [25], and EGFR mutations in BM
were found in 3.9%-6.2% and 44.4%—61.2% of Caucasians and
Asians, respectively [26-30]. In this study, EGFR mutations were
observed in 50.8% of primary tumors and 58.0% of BM. These
results, similar to previous studies, indicate that EGFR muta-
tions in NSCLC and BM have clear ethnic and geographical
differences.

Discordances in EGFR mutations between NSCLC and BM
have been reported at 22.5% to 32.0% [29-31]. In our study, the
EGFR mutation was altered in nine patients with BM. Exon20
p.T790M and EGFR amplification were additionally found in
the existing mutation, and in two patients, some of the muta-
tions present in primary lung cancer were disappeared. One pa-
tient had exon18 E709G and exon21 L858R in primary lung
cancer and only exon21 L858R in metastatic cancer. The other
patient had exon19 del, exon21 L858R, and exon21 L833S in
primary lung cancer and exon21 L858R and EGFR amplification
in metastatic cancer. These findings can be explained by tumor
heterogeneity associated with genetic changes such as cancer stem
cell theoty, clonal evolution, and chromosomal instability. In ad-
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dition to genetic heterogeneity, epigenetic and microenviron-
mental changes can contribute to tumor heterogeneity [32,33].

Most NSCLC patients with EGFR mutations respond to treat-
ment with first-generation EGFR tyrosine kinase inhibitors (TKIs)
[34] but develop drug resistance within 1 to 2 years, approxi-
mately 50%-60% due to acquired EGFR T790M mutation
[35,36]. For patients who have progressed after treatment with
an EGFR TKI, the molecular pathology analyses of the BM tis-
sue should be considered to determine whether to continue treat-
ment with an EGFR inhibitor or switch to another TKI, such
as the T790M mutation-specific brain penetration inhibitor
osimertinib.

EML4-ALK is a tyrosine kinase generated by gene fusion and
appears in about 3%—5% of NSCLC patients [37-39]. ALK-
positive NSCLC patients have been reported to have a higher
risk of developing BM than ALK-negative patients [40]. Ran-
gachari et al. [41] analyzed NSCLC patients and found that
23.8% of NSCLC patients with ALK rearrangements had BM
at initial diagnosis. In this study, ALK rearrangement was de-
tected in 9.3% of primary tumors and 13.5% of BM, respective-
ly. One case was examined by IHC in the brain, and all other
cases were confirmed by FISH. A highly reactive ALK inhibitor,
crizotinib is the treatment of choice for NSCLC patients with
ALK rearrangement. However, crizotinib has a problem of poor
blood-brain barrier penetration [42]. In contrast, alectinib and
brigatinib have been proven to penetrate the central nervous sys-
tem and show excellent efficacy [43,44], so it is important to an-
alyze the ALK mutation status of BM in establishing a treatment
plan for BM of NSCLC.

KRAS mutations are prevalent mutations in human cancers,
and occur in about 209%-40% of lung adenocarcinomas [45,46].
According to Kalikaki et al. [47], in paired primary tumor and
BM specimens, KRAS mutations were found in 20% and 8% of
primary tumors and BM, respectively. In this study, KRAS mu-
tations were found in 12.5% and 9.1% of primary tumors and
BM, respectively. Considering that the incidence of KRAS mu-
tations in lung adenocarcinoma is 25%-33% in Europe and the
United States, which is higher than in Asia (5%-8%) [48], the
lower incidence of ptimary tumors’ KRAS mutations in our study
seems to be due to geographical or racial differences. On the other
hand, the incidence of KRAS mutations in lung cancer was higher
in our study (12.5%) than in Asia (5%-8%), which seems to be
due to the analysis of lung cancer tissues with BM. Evaluation
of KRAS mutations in BM paired with primary lung carcinoma
using NGS revealed a higher incidence of KRAS mutations in
lung cancer with BM [49]. In both lung cancer and BM, KRAS
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mutations have been reported to be most prevalent in the G12C
subtype [48,49], and sotorasib targeting G12C was approved
by the U.S. Food and Drug Administration in 2021 for patients
with locally advanced or metastatic NSCLC. Thus, KRAS profile
analysis can serve as a basis for suggesting customized treatment
for NSCLC and NSCLC BM patients with KRAS mutations.

Molecular alterations in EGFR, ALK, and KRAS in patients
with NSCLC BM are significant information for planning treat-
ment including drug selection. In this way, as molecular pathol-
ogy develops and its influence gradually expands, pathologists
should focus on molecular study in addition to histological ex-
amination and diagnosis.

Metastatic breast cancer

Hormone receptor and HER2 status in breast cancer play an
important role in determining the direction of treatment. Sev-
eral studies have reported discordance in receptor (ER, PR, and
HER?2) status between primary tumors and paired metastatic
tumors. The conversion rates for each receptor were broad, rang-
ing from 7.3% to 29.2% for ER, 2.4% to 38.1% for PR, and
2.3% to 23.8% for HER2 [4,50-58]. In this study, the conversion
rates of receptors were 6.9% for ER, 27.6% for PR, and 3.4%
for HER2. The conversion rates of PR and HER2 were within
the range of previous studies, while the conversion rates of ER
were comparatively lower. The reason for these results is not clear.
Receptor conversion reported in another study conducted in South
Korea was different from our study (ER, 9.5%, PR, 38.1%,
HER?2, 23.8%) [4]. In addition, no clear racial or geographic
trends were found associated with a wide range of receptor con-
version rates reported in previous studies. Although the exact
reason is not known, it is thought that the receptor conversion
may vary according to the unknown characteristics of the patients
included in the study. A multicenter analysis of subtype switch-
ing reported that subtype conversion occurred due to changes
in the receptor status, and the HER2 enriched and triple-nega-
tive types increased [58]. In this study, ERs were converted from
positive to negative (2/2), PRs were predominantly converted
from positive to negative (6/8), and HER2 was converted from
negative to positive. Accordingly, one case each of luminal A type
and luminal B type was converted to HER 2-enriched type. Al-
though the exact mechanisms by which discordance in receptor
expression occurs have not been elucidated, several explanations
have been made. Turner et al. [59] introduced three explanations,
including the selection of existing clones that may have been ob-
scured by bulk tumors, changes in molecular expression of hor-
mone receptors and HER2, or both of these possibilities occur-

https://jpatholtm.org/

ring. In addition, inadequate fixation of the tumor tissue may
also contribute to receptor conversion. Yildiz-Aktas et al. [60]
reported that a delayed fixation time contributed to reduced im-
munostaining of hormone receptors and HER?2 receptors. The
ASCO/CAP guidelines recommend that cold ischemia time must
be recorded and samples should be fixed in 10% neutral buffered
formalin for 6 to 72 hours [61].

Receptor discrepancy between the primary tumor and BM
may affect treatment decisions, so receptor status testing in BM
tissue should be performed. ASCO Clinical Practice Guidelines
recommend biopsy to determine ER, PR, and HER2 status in
patients with newly diagnosed metastases, as receptor discrep-
ancies can be found in the primary tumor and metastases [62].

Metastatic colon cancer

The RAS gene family consists of the proto-oncogenes KRAS,
NRAS, and HRAS, and RAS mutations appear in various cancers.
According to a study analyzing the COSMIC (The Catalog of
Somatic Mutations in Cancer) database, the KRAS, NRAS, and
HRAS mutation rates in the large intestine were 33%, 3%, and
< 1%, respectively [63]. Roussille et al. [64] reported that KRAS
mutations were observed in 56% of primary tumor and 74% of
BM, respectively, and NRAS mutations were observed in 6%
and 11%, respectively. In primary tumors and BM, KRAS mu-
tations were observed at exon 2 codon 12 and codon 13, and the
most frequent were G12D and G12V [64]. Our results show
that KRAS mutations were observed in 76.9% of primary tumors
and 66.7% of BM, and NRAS mutations were not detected in
either. In primary tumors, KRAS mutations were most fre-
quently observed in exon 2 codon 12. In two cases of BM, KRAS
mutations were observed in exon 2 codons 12 and 13, respec-
tively. In our study, the incidence of KRAS mutations in primary
tumors was 76.9%, which was higher than the previous study
result of 56%. Differences in KRAS mutation rates in primary
cancers are probably due to regional and ethnic differences. In a
study researching KRAS mutation frequencies in Caucasian
colorectal cancer patients, KRAS mutations were found in 38.3%
[65]. A study of colorectal cancer patients in South Korea report-
ed that KRAS mutations were found in 45.9% [66]. Meanwhile,
the KRAS mutation rate of primary cancer was higher in this
study compared to 30%—-40% in previous studies [65,66], which
seems to be because the study was conducted on BM patients.
RAS mutation analysis in colorectal cancer patients reported that
RAS mutations affect the increased incidence of lung, bone and
BM [67]. As a result of our study, KRAS status in metastatic
brain tumors was analyzed in three patients and found 66.7% of
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mutations, but this is too small a number to discuss.

The incidence of NRAS mutations is low, as reported in 4%
or 3.2% of colorectal cancer patients [65,68]. In our study, NRAS
status was analyzed in eight cases of primary cancer and two cases
of BM, so the results of the study do not represent the incidence
of NRAS mutations. Therefore, additional studies with more pa-
tients should be conducted.

Molecular alterations different from the information obtained
in the primary tumor can occur in the BM, and these differences
can be detected by analysis of the molecular profile, providing
clinical advantages in the selection of candidate targeted thera-
pies. As the NGS platform is covered by medical insurance in
South Korea, it has recently become a standard procedure in
many institutions. NGS analysis of resected metastatic brain tu-
mor tissue specimens provided treatment-associated mutations,
contributing to the development of drug resistance.

A multidisciplinary approach is often required to discuss treat-
ment plans for BM, and the molecular tumor board plays an
important role in discussing the opinions of multiple medical
experts, including pathologists. Molecular tumor board helps
in the understanding of the results of molecular analysis and is
of benefit in establishing treatment plans and clinical trial en-
rollment in patients with genetic alterations available to targeted
therapy [69]. As the field of molecular medicine develops, the
role of the pathologist as an important member of multidisci-
plinary teams is increasing. In particular, molecular studies are
becoming more important in diagnosis and management due to
discordance in target molecular mutations between BM and pri-
mary tumors. Therefore, in addition to the pathological diagno-
sis, pathologists will have to provide information on the molec-
ular biomarkers.

For the first time, our study provided clinicopathological and
molecular features of patients with BM in South Korea. The
main limitation of this study is it’s the single-center, retrospec-
tive design and molecular analysis results in the unpaired sam-
ples since most patients which were performed surgery of BM
did not have analyzed molecular status for primary cancer. More-
over, we only included patients who underwent surgical resec-
tion of the BM tumor, so population selection bias occurred.
Therefore, further studies on comparative analysis targeting pri-
mary cancer paired with BM should be conducted.
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Background: Aquaporin (AQP) expression has been investigated in various malignant neoplasms, and the overexpression of AQP is re-
lated to poor prognosis in some malignancies. However, the expression of AQP protein in clear cell renal cell carcinoma (ccRCC) has
not been extensively investigated by immunohistochemistry with large sample size. Methods: We evaluated the AQP expression in 827
ccRCC with immunohistochemical staining in tissue microarray blocks and classified the cases into two categories, high and low ex-
pression. Results: High expression of aquaporin-1 (AQP1) was found in 320 cases (38.7%), but aquaporin-3 was not expressed in
ccRCC. High AQP1 expression was significantly related to younger age, low TNM stage, low World Health Organization/International
Society of Urologic Pathology nuclear grade, and absence of distant metastasis. Furthermore, high AQP1 expression was also signifi-
cantly associated with longer overall survival (OS; p<.001) and progression-specific survival (PFS; p<.001) and was an independent
predictor of OS and PFS in ccRCC. Conclusions: Our study revealed the prognostic significance of AQP1 protein expression in ccRCC.
These findings could be applied to predict the prognosis of ccRCC.
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Renal cell carcinoma (RCC) is one of the most common and
clinically important malignant neoplasms of the urinary tract.
Its prognosis is favorable when found early and completely re-
sected, but it could be potentially aggressive and fatal with ad-
vanced stage, high World Health Organization (WHO)/Interna-
tional Society of Urologic Pathology (ISUP) nuclear grade, and/or
distant metastasis. Clear cell renal cell carcinoma (ccRCC) is the
most common histologic subtype of RCC and is known to have
an unfavorable prognosis compared with other common sub-
types. Therefore, ccRCC has been the main topic in several geni-
tourinary oncologic and pathologic studies.

Aquaporins (AQPs) are cell membrane proteins that act as wa-
ter transporters, facilitating the permeation of water through the
plasma membrane [1]. Twelve members of the AQP family are
expressed in different types of normal tissue and cells. Earlier stud-
ies have shown that AQPs are associated with several character-
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istics of malignancies, such as cellular motility, migration, angio-
genesis, and metastasis, and may be potential targets for anticancer
therapies [2-4]. The overexpression of AQP has been observed
in several malignancies. For instance, Kang et al. [5] investigated
the relationship between the levels of AQP1, AQP3, and AQPS
expression by immunohistochemistry and several clinical variables
in colorectal carcinoma and concluded that lymph node metas-
tasis is positively related to a high level of AQP expression. In a
systematic review regarding the relationship of AQP1, AQP3,
and AQP5 expressions with different tumors reported by Moo-
savi and Elham [6], overexpression of AQPs contributed to the
pathogenesis of malignant neoplasms and was associated with
unfavorable clinical outcomes in malignancies, e.g., gastric, breast,
pancreatic, lung, and colorectal carcinomas.

Notably, AQPs may have an unusual relationship with tumor-
igenesis in genitourinary tumors compared to malignancies of
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other origins. This may be explained by the expression of AQPs
in the normal renal parenchyma and urothelium. Ticozzi-Valerio
et al. (7] showed that the proteomic level of AQP1 expression
was significantly lower in ccRCC cells than in adjacent normal
proximal tubular epithelial cells using electrophoresis and im-
munoblotting in small number of ccRCC specimen. Huang et
al. [8] reported that the high AQP1 mRNA expression is related
to less aggressive characteristics, such as lower grade, smaller
tumor size, lower pathological stage, absence of microvascular
invasion and symptomatic disease, as well as more favorable out-
comes, such as better cancer-specific and cancer-free survival us-
ing quantitative real time polymerase chain reaction in ccRCC.
Otto et al. [9] demonstrated that the loss of AQP3 expression
by immunohistochemistry is significantly associated with worse
prognosis-free survival in non-muscle invasive (stage pT'1) uro-
thelial carcinoma of the urinary bladder. Therefore, one could
hypothesize that AQP expression is related to the degree of ag-
gressiveness in urinary tract neoplasms. However, there has not
yet been a study that evaluated the AQP protein expression in
ccRCC by immunohistochemistry in a large number of samples.

In this study, we conducted immunohistochemical staining
of AQP1 and AQP?3 in ccRCC tissue microarrays (TMAs) from
nephrectomy specimens and evaluated the expression of AQP
and its clinical significance.

MATERIALS AND METHODS

The subjects of this study were 827 primary sporadic ccRCC
patients who underwent partial or radical nephrectomy from
2006 to 2011 at Seoul National University Hospital. The clinical
data corresponding to tissue specimens wete collected from elec-
tronic medical records of the hospital. Clinical stage and nuclear
grade of carcinomas were assigned according to the American
Joint of Committee on Cancer 8th TNM staging and World
Health Organization/International Society of Urologic Patholo-
gy (WHO/ISUP) nuclear grade, respectively. The representative
tumor portions of ccRCC specimen blocks were selected in each
case. Two representative cores with 2 mm-diameter was taken
from tumor blocks and embedded to new recipient blocks using
trephine apparatus (Superbiochips Laboratories, Seoul, Korea).

Tissue microarray (TMA) blocks were cut to make several un-
stained slides for histopathological and immunohistochemical
analyses. Hematoxylin and eosin slides were made for histopath-
ological assessment of TMAs. Immunohistochemical staining
was performed using Ventana Benchmark XT automated stain-
ing system (Ventana Medical Systems, Tucson, AZ, USA). The
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4-pm-thick slides were stained with anti-AQP1 mouse mono-
clonal IgG1 antibody (1:100, Santa Cruz Biotechnology, Santa
Cruz, CA, USA) and anti-AQP3 IgG1 antibody (1:100, Abcam,
Cambridge, UK). The intensity of AQP expression in each slide
was scored semi-quantitatively, incorporating the intensity and
percentage of RCC cells with membranous stain positivity. The
intensity was evaluated with scores of 0-3: 0 for negative stain-
ing; 1 for faint positivity; 2 for weak to moderate positivity; and
3 for strong positivity. The percentage of positive tumor cells was
scored on a 0—4-point basis: 0 for 0%; 1 for 1 to 25%; 2 for 26 to
50%; 3 for 51-75%; and 4 for more than 75%. Next, the total
AQP expression score was produced by the sum of two points
and allocated to three categories: AQP-negative for 0—2; weakly
AQP-positive for 3-5; and strongly AQP-positive for 6-7 [5].
Finally, both AQP-negative and weakly AQP-positive categories
were considered as losing AQP1 expression significantly and allo-
cated to “low” AQP1 expression group, and strongly AQP-pos-
itive category was allocated to “high” AQP1 expression group.

Clinical data and immunohistochemical AQP expression scores
of TMAs were integrated and statistically analyzed using the R
programming language (ver. 4.2.2) with the packages ‘survival’,
‘survminer’ and ‘dplyr’. The overall survival (OS) duration was
defined as the interval from the date of surgical resection to death
or the last follow-up. The progression-free survival (PES) duration
was defined as the interval from the date of surgical resection to
the event of progression, such as death; local recurrence; distant
metastasis; or disease progression after chemotherapy, immuno-
therapy, or radiotherapy. Kaplan-Meier analysis and log-rank tests
were conducted to evaluate and compare OS and PFS between
patients divided by binominal or dichotomized continuous clin-
icopathological variables, i.e., low (1, 2) and high (3, 4) TNM
stage and/or WHO/ISUP nuclear grade, as well as with weakly
and strongly AQP-positive ccRCC. Multivariate Cox regression
model was established by statistically significant variables in uni-
variate analyses, and the multivariate analysis was applied to as-
sess the potential clinical significance of AQP expression by im-
munohistochemistry. A p-value less than .05 was interpreted as
statistically significant.

RESULTS

Patient characteristics

Clinicopathological characteristics of the patients are shown in
Table 1. The group showed prominent male predominance, and
the mean age was 56.5 years. The average size of the tumor was
4.2 cm. TNM stage 1 was the most common of the four stages.
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Table 1. Summary of clinicopathological characteristics of the pa-
tients

Characteristic Value
Age (yr) 56.5+12.3
Sex (%)
Male 619 (74.9)
Female 207 (25.1)
Tumor size (cm) 42+2.7
TNM stage (%)
Stage | 637 (77.0)
Stage Il 34 (4.1)
Stage Ill 96 (11.6)
Stage IV 60 (7.3)
Nuclear grade (%)
Grade 1 33(4.0)
Grade 2 424 (51.3)
Grade 3 322 (38.9)
Grade 4 48 (5.8)

Survival (month)

Overall survival 91.8+40.3

Progression-free survival 79.5+42.4
AQP1 expression (%)

High 320 (38.7)

Low 507 (61.3)

Values are presented as mean + standard deviation or number (%).
AQP, aquaporin.

The WHO/ISUP nuclear grades 2 and 3 accounted for major pro-
portion in the group. The mean OS interval and PES interval were
91.8 and 79.5 months, respectively.

Aquaporin expression in ccRCC

AQP immunohistochemical staining was mainly present in
the membrane. After evaluation, AQP1 expression was high in
320 cases (38.7%), and low in 507 cases (61.3%) (Fig. 1). On the
other hand, the AQP3 expression level was exceptionally low in
all cases compared to AQP1 expression, preventing it from being
investigated statistically (Fig. 2).

Relationships of aquaporin expression and
clinicopathological characteristics

Next, we examined whether there were statistically significant
correlations between clinicopathological characteristics and AQP1
expression levels. First, we assigned the patient population to each
of the four characteristics. The cutoff for patient age was 55 years.
TNM stage and nuclear grade were grouped as “low” for stage/
grade 1 to 2 and “high” for stage/grade 3 to 4. The state of dis-
tant metastasis (M category) was incorporated for the analysis.
Consequently, Fisher’s exact test demonstrated that lower AQP1
expression presented statistically significant correlation with
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higher (55 or more) age of the patient, “high” TNM stage (3 or 4)
and nuclear grade (3 or 4), the presence of distant metastasis
(M1), and presence of microvascular invasion (Table 2).

Impact of aquaporin expressions on survival

Next, we investigated the impact of AQP1 expression level on
OS and PES periods. The survival curves corresponding to OS
and PFS, derived from the Kaplan-Meier method are shown in
Fig. 3. Survival rates according to AQP1 expression level demon-
strated significant difference in both curves, inferring that de-
creased expression level of AQP1 in clear cell RCC is associated
with undesirable clinical outcomes and shorter survival periods.
This finding is in accordance with prior statistical analyses show-
ing the relationship of low AQP1 expression level with worse
clinicopathological features.

We also conducted multivariate Cox proportional hazards re-
gression analysis corresponding to both OS and PES to investi-
gate the ability of AQP1 expression to be an independent risk
factor in ccRCC. First, univariate analyses were conducted for
several clinicopathological factors (Table 3). In univariate analy-
ses, TNM stage, WHO/ISUP nuclear grade, and AQP1 expres-
sion level were selected as basic components of the multivariate
Cox proportional hazards model (Tables 3, 4). As a result, lower
AQP1 expression level showed statistical significance to be an
independent predictor of worse OS and PFS in the model.

DISCUSSION

In this study, we demonstrated that lower expression of AQP1
is related to more advanced clinical stage, higher WHO/ISUP
nuclear grade, microvascular invasion, and shorter OS and PFS.
To our knowledge, this study provides the first evidence that AQP
expression level as evaluated by immunohistochemistry has a sim-
ilar relationship to ccRCC, compared with prior proteomic [7]
and transcriptomic [8] studies of AQP1.

AQPs are expressed in normal kidney parenchyma, especially
in tubules and the collecting duct system [10]. AQP1 is known
to be differentially expressed in proximal tubular epithelial cells,
whereas AQP2, AQP3, and AQP4 are mainly located in distal
tubules and collecting ducts. Considering that ccRCCs arise from
proximal tubular epithelial cells and that a higher WHO/ISUP
nuclear grade is significantly associated with a low AQP1 expres-
sion level in ccRCC, we can speculate that the loss of AQP1 in
ccRCC reflects the loss of differentiation, which is commonly
observed in carcinogenesis. As stated in previous publications
covering non-urogenital malignancies, aberrant expression of
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AQPs could occur [5,11] and may have different correlations with munohistochemistry. This point is worth investigating in addi-
RCGs. In this study, AQP3 was the candidate for such aberrant tional studies.
expression in ccRCC, not showing evidence of expression by im- Some previous studies showed that higher AQP1 expression

Fig. 1. Representative photographs of the expression levels of aquaporin 1 (AQP1) by immunohistochemistry and corresponding hematoxy-
lin and eosin—stained slides. High expression of AQP1 (A) is associated with favorable histopathology and lower pathological stage (B), and
low expression of AQP1 (C) is associated with unfavorable histological features and higher pathological stage (D).

)

Fig. 2. Representative photographs of the expression levels of aquaporin 3 (AQP3) by immunohistochemistry slides. In contrast to aquaporin
1, the staining intensity of AQP3 was too low in every clear cell renal cell carcinoma tissue (A) to evaluate and analyze statistically. Distal tu-
bular epithelial cells, which normally express the AQP3 protein, are positive for AQP3 immunostaining (B).
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is associated with aggressive clinicopathological characteristics
in some malignancies, such as pancreatic ductal adenocarcinoma
[12] and cholangiocarcinoma [13]. On the contrary, the results
of this study showed that lower AQP1 expression is associated
with aggressive clinicopathological characteristics in ccRCC. The
mechanisms for the opposite effect in different carcinomas are
not well investigated and additional studies are needed to dem-
onstrate the underlying mechanism of this difference.

Further research on the correlation between AQPs and other
common and clinically significant subtypes of RCC, e.g., papil-
lary and chromophobe RCC, is anticipated. Other subtypes of
AQP might show different relationships between aggressive clin-
icopathological parameters of RCC. Xu et al. [14] reported ele-
vated AQP9 mRNA expression in ccRCCs of advanced clinical
stages with shorter OS and PFES, suggesting that AQP9 could act
as an oncogene in ccRCC. This could be a possible topic for later

Table 2. Correlations between clinicopathological characteristics
and AQP expression

Characteristics No. (%) exl;)?gsggrfg% ) p-value

Age (yr)
>55 471 (67.0) 67.3 <.001
<55 356 (43.0) 53.4

pTNM stage
I 671 (81.1) 55.4 <.001
M1, v 156 (18.9) 86.5

Nuclear grade
1,2 457 (55.3) 50.5 <.001
3,4 370 (44.7) 74.6

Distant metastasis
Present 58 (7.0) 86.2 <.001
Absent 769 (93.0) 59.4

Microvascular invasion
Present 43(5.2) 0.9 <.001
Absent 784 (94.8) 7.9

AQP, aquaporin; pTNM, pathological tumor-node—-metastasis.
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studies about AQPs and malignancies.

Several previous studies have utilized interventional agents to
investigate the potential of AQP as a target of anticancer thera-
pies. AqBO13, a small molecule AQP1 inhibitor, demonstrated
the potential to prevent cancer cell migration and angiogenesis
in colorectal carcinoma cell lines [15]. The microRNA miR-874
showed the ability to inhibit AQP3 gene transcription and down-
regulate the level of AQP3 protein expression, impeding gastric
carcinoma cell lines to form tumors, migrate, and metastasize [16].
These results propose the possibility that loss of AQP expression

Table 3. Univariate analysis of overall and progression-free survival
(Cox proportional hazard model)

Overall survival Progression-free survival

Prognostic factor  Hazard ratio Hazard ratio
(95% Cl) p-value (95% Cl) p-value

pTNM stage

M, IV vs. 11 5.94 (4.45-7.94) <.001 12.11(8.45-17.36) <.001
Nuclear grade

3,4vs. 1,2 2.95(1.96-3.60) <.001 5.02 (3.32-7.58) <.001
AQP1 expression

Lowvs. High  2.58(1.80-3.67) <.001  3.65(2.29-5.82) <.001

Cl, confidence interval; pTNM, pathological tumor-node-metastasis; AQP,
aquaporin.

Table 4. Multivariate analysis of overall and progression-free sur-
vival (Cox proportional hazard model)

Overall survival Progression-free survival

Prognostic factor  Hazard ratio Hazard ratio
(95% Cl) p-value (95% Cl) p-value

pTNM stage

M, IV vs. 11 7.86 (5.25-11.78) <.001  4.56 (3.27-6.34) <.001
Nuclear grade

3,4vs.1,2  1.98(1.24-315) .004 1.36(0.96-1.92) .086
AQP1 expression

Lowvs. High  1.85 (1.24-3.15) 013 1.74(1.20-2.50) .003

Cl, confidence interval; pTNM, pathological tumor-node-metastasis; AQP,
aquaporin.
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Fig. 3. Overall (A) and progression-free (B) survival curves showing Kaplan-Meier survival probability by time. The difference in overall and pro-
gression-free survival rates between higher and lower aquaporin 1 (AQP1) expression was statistically significant in both respects of survival.
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in ccRCC could be an exploitable characteristic to be utilized for
targeted anticancer therapies.

The study may have some potential limitations, which might
have impacted the results and are worth discussing. For instance,
only ccRCC cases were incorporated in the study, leaving other
common or clinically important subtypes of renal cell carcinomas
uninvestigated, such as papillary RCC, chromophobe RCC, col-
lecting duct carcinoma, and medullary carcinoma. Further re-
search is required to investigate the association of AQP expres-
sion and these renal malignancies. Despite this, we demonstrated
the potential utility of aquaporin family proteins in ccRCC as
tools to predict the clinical behavior and prognosis of this clini-
cally important malignancy.

In conclusion, loss of AQP1 expression, evaluated by immu-
nohistochemistry, is related to worse clinicopathological param-
eters and shorter survival in ccRCC. It would be potentially ap-
plied to predict prognosis and develop target anticancer agents.
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CASE STUDY

Metastatic choroidal melanoma in the breast: a case report and review
of the literature

Loay Abudalu', Vinisha Malhotra', Nabila Nasir’, Sami Titi"

'Diagnostics and Pharmacy Group, Northern Care Alliance NHS Group, Oldham Care Organization, Cellular Pathology Department, Oldham, UK;
“Department of Surgery, North Manchester General Hospital Manchester, Manchester University NHS Foundation Trust, Manchester, UK

The breast is an unusual site for metastases, accounting for less than 2% of malignant breast lesions but include those from malignant
melanomas, carcinomas, sarcomas, and lymphomas from various organs. We diagnosed a very rare case of metastatic choroidal mela-
noma for a 67-year-old female who presented with a right breast lump and who had been previously diagnosed with choroidal melano-
ma-monosomy 3 in 2017. To the best of our knowledge, only five such cases have been published so far, with one in a male patient.
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The breast is an unusual site for metastases, which represent
less than 2% of malignant breast lesions but include those from
malignant melanomas, carcinomas, sarcomas, and lymphomas
from various organs [1]. Due to their scarcity, metastatic lesions
in the breast are often misdiagnosed as primary breast cancers,
which can result in inappropriate treatment.

The most common sites of uveal melanoma (UM) are the cho-
roidal melanocytes (85%—-90%), the ciliary body (5%-8%), and
the iris (3%-5%) [2]. UM affects approximately 500-600 pa-
tients every year in the United Kingdom, and age at presenta-
tion is approximately 60 years, except for iris melanomas which
usually present at a younger age [3]. Outcomes for uveal melano-
mas are poor once metastasis occurs; median survival from the
time of development of distant metastatic disease is 212 months
and 1-year survival is 10%-15% [3]. A UM spreads exclusively
hematogenously, unless it becomes large enough to infiltrate the
conjunctival lymphatics. As per the Collaborative Ocular Mela-
noma Study, the most frequent sites of metastases at time of
death are liver (93%), lung (24%), and bone (16%). More than
80% of cases had multiple sites of metastasis [4].

Here, we present a case of metastatic choroidal melanoma in
the breast.

© 2023 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/
238 by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

CASE REPORT

A 67-year-old female presented in 2017 with reduced vision
in the left eye. A transscleral biopsy was performed, and a diag-
nosis of choroidal melanoma-monosomy 3 was made. The pa-
tient was treated by Ruthenium plaque brachytherapy, which
was later complicated by retinal detachment. Almost a year later
in follow-up, the patient underwent a computerized tomogra-
phy scan of the thorax, abdomen, and pelvis and was found to
have multiple lung and liver metastatic deposits. Unfortunately,
the patient was lost to follow-up at this stage.

In 2021, the patient presented with right breast lump, and
ultrasound of the right breast revealed an irregular hyperechoic
mass measuring 21 X 18 X 19 mm at the 12 o'clock position with
features suggestive of a malignant lesion (Fig. 1). A needle core
biopsy was performed and revealed an invasive tumor with some
spindle cell differentiation and areas of nectosis, as shown in Figs.
2 and 3. No normal breast tissue was seen in the biopsy sample
received. A provisional diagnosis of invasive ductal carcinoma
with spindle cell differentiation was made, and further immuno-
histochemistry was requested to confirm the breast primary. The
tumor cells were weakly positive for hormone receptors estrogen
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Fig. 1. Ultrasound of the right breast showing an irregular hyper-
echoic mass.

Fig. 2. Core needle biopsy of the breast showed tumor with adja-
cent benign fibrofatty tissue.

receptor and progesterone receptor and negative for human epi-
dermal growth factor receptor 2.

The case was discussed at a multidisciplinary team (MDT)
meeting where more clinical information was provided. It was
here revealed that the patient had a previous history of choroidal
melanoma, and further immunohistochemistry was therefore
petformed to rule out a metastatic tumor.

As shown in Fig. 4, the tumor cells showed positive reaction
for SOX10 (patchy), Melan-A, human melanoma black 45, and
S100 (focal) and negative reaction for CK-AE1/AE3, CK5/6,
CK-MNF16, thyroid transcription factor 1, CD31, p63, CD34,
smooth muscle actin, desmin, and BCL2 immunostains. The
overall findings were in keeping with metastatic malignant mel-

https://doi.org/10.4132/jptm.2023.06.07
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anoma. BRAF codon 600 mutation testing was performed, and
no mutation was identified. Later, head magnetic resonance im-
aging showed left posterior meningeal metastasis and a small
enhancing lesion in the right occipital lobe, which were likely to
be intracranial metastasis. The patient was referred to a specialist

tumor center but refused further treatment.
DISCUSSION

Metastatic tumors of the breast are rare, but metastatic malig-
nant melanomas comprise approximately 38.5% of metastatic
tumors [5]. The histological features of the metastatic neoplasms
may be non-specific or deceiving, particularly in cases of meta-
static carcinoma and melanoma. The morphological diversity of
melanomas and their presence at unusual sites make diagnosis
even more difficult. Even with a history of non-mammary cancer,
a breast lesion is most likely to represent a primary breast cancer
[6]. Breast metastasis is generally a sign of disseminated disease,
and systematic screening is needed to identify metastatic depos-
its elsewhere.

Malignant melanomas can be divided into primary or second-
ary. Primary malignant melanoma of the breast (PMMB) is a
rare disease, accounting for 3%—5% of all melanomas and for
less than 0.5% of malignant breast tumors. So far, 187 cases of
PMMB have been reported in the literature [7].

A study by Zhou et al. [8] found that five out of nine cases of
metastatic melanoma in the breast were misdiagnosed as prima-
ty poorly differentiated invasive breast carcinoma. Of these cases,
four had a history of melanoma, one had none, and this history
was not known to the reporting histopathologist in all five cases.
In our case, a provisional diagnosis of primary breast tumor was
made due to a lack of clinical information about the patient’s his-
tory of choroidal melanoma and the rarity of metastatic tumors
in the breast.

The first case of breast metastasis from choroidal melanoma
was reported by Chopra and Chandar in 1972 [9]. To the best of
our knowledge, only five cases [9-13] have been published since,
with one presenting in a male patient [11]. Most of the cases re-
port breast metastasis as the first sign of metastatic disease, ap-
pearing between 50 and 60 months. In the present case, the pa-
tient presented with metastatic disease in the liver within 12
months and breast metastasis at 50 months, as in Table 1.

As per the literature, monosomy 3 is commonly found in most
cases of uveal melanomas that metastasize to the liver [13], as
seen in the current case. Breast metastasis from choroidal mela-

noma is extremely rare. Nevertheless, clinicians should be aware

https://jpatholtm.org/



240 e AbudaluL etal.

Fig. 3. Core needle biopsy of the breast showed infiltrating tumor with spindle cell differentiation: (A) low power and (B) high power.

Fig. 4. Tumors cells showed positive reaction for (A) SOX10 (Patchy), (B) Melan-A, (C) human melanoma black 45, and (D) S100 (focal) im-
munostains.
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Table 1. Comparison of all published cases of uveal melanoma including (age of patient, the sex, the age of the patient, the first presentation
site of metastasis and the duration time in months between the primary site and breast metastasis) between period the 1972 till 2023

Time interval between primary and

Case Year of publication Sex Age (yr)  First presentation of metastasis breast metastasis in months
1 QOurcase 2022 Female 67 Liver 50
2 Zhouetal. [8] 2022 7 cases/no details
3 Taran-Munteanu et al. [5] 2016 Female 61 Breast 50
4 Demirci et al. [10] 2001 Female 48 Breast 37
5 McCormick and Rennie [12] 2001 Female 50 Breast 60
6 Esposito etal. [11] 1994 Male 72 Breast -
7 Chopra and Chandar [9] 1972 Female 33 Liver and spine bilateral breast 96
of this form of metastasis when treating patients with suspicious References

breast lesions and a history of choroidal melanoma. This case also
emphasizes the importance of relevant clinical information being
available to the reporting pathologist and further supports the
vital role of MDT meetings and discussions in providing high
quality patient care and avoiding erroneous diagnoses.
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CASE STUDY

Intrathyroidal metastasis of tonsillar squamous cell carcinoma
masquerading as a primary thyroid tumor

Jai-Hyang Go

Department of Pathology, Dankook University College of Medicine, Cheonan, Korea

Intrathyroidal metastasis of tonsillar squamous cell carcinoma is rare. To date, only six cases have been reported in the literature. This
case was unusual and presented with thyromegaly before the diagnosis of the primary tumor. A 55-year-old male patient was suspected
to have a primary thyroid tumor with nodal metastasis. The thyroid gland was diffusely enlarged, with no discernible mass. Histological-
ly, the thyroid parenchyma revealed extensive endolymphatic tumor emboli, which were positive for p40 and p16 in a background of
chronic lymphocytic thyroiditis. Positron emission tomography—-computed tomography revealed hypermetabolic activity in the right ton-
sillar region. Tonsillar biopsy revealed human papillomavirus-positive squamous cell carcinoma. The present case is the first reported
case of intrathyroidal metastasis of tonsillar squamous cell carcinoma with an initial clinical presentation of thyroid enlargement before

the primary tumor of tonsillar cancer was diagnosed.
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Metastasis of head and neck carcinoma to the thyroid gland is
rare. Intrathyroidal metastasis of tonsillar squamous cell carcino-
ma (SCC) is even more unusual, with only six previously docu-
mented cases [1-5]. All published cases of intrathyroidal metas-
tasis of tonsillar SCC involved a history of tonsillar squamous
cell carcinoma. In these cases, metastatic tumors were identified
during the staging work-up or follow-up period. Herein, we de-
scribe the first reported case of intrathyroidal metastasis of ton-
sillar human papillomavirus (HPV)—positive SCC with an ini-
tial clinical presentation of thyroid enlargement. This case is
important because of the unusual clinical presentation of thyro-
megaly prior to primary tumor diagnosis.

CASE REPORT

A 55-year-old male patient was admitted for right neck swell-
ing for 1 month. Neck computed tomography (CT) showed dif-
fuse heterogeneous parenchymal density without focal nodular
lesions in either thyroid gland and multiple lymph node enlarge-
ments in the right neck at levels II-V, the supraclavicular area,

© 2023 The Korean Society of Pathologists/The Korean Society for Cytopathology
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and the posterior neck, which suggested a primary thyroid tumor
with nodal metastasis. Thyroid function test results were normal.
Total thyroidectomy with radical neck node dissection was pet-
formed. Grossly, the thyroid gland was diffusely enlarged and had
a white-gray solid appearance with no discernible mass (Fig. 1).
Histologically, the thyroid parenchyma revealed extensive endo-
lymphatic tumor emboli in a background of chronic lymphocytic
thyroiditis (Fig. 2A). The tumor was composed of solid nests of
atypical cells (Fig. 2B). The tumor cells were block-positive for
pl6 (Fig. 2C), positive for p40 (Fig. 2D) and p63 but negative
for thyroglobulin and thyroid transcription factors, confirming
SCC. Positron emission tomography—CT (PET-CT) revealed sym-
metrical hypermetabolic activity in and around the right tonsillar
region. Tonsillar biopsy revealed HPV-positive SCC (Fig. 3A, B),
with tumor cells showing the same immunohistochemical results
as those of the thyroid tumor (Fig. 3C, D). Postoperative follow-
up PET-CT revealed no residual mass. Because of the advanced
stage (stage IVC), nine cycles of palliative chemotherapy with
docetaxel plus cisplatin were postoperatively administered. How-
evet, PET-CT showed new metastatic lymph nodes in the right
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cervical, left supraclavicular, and right upper paratracheal areas
1 year after operation. A second round of chemotherapy with
nivolumab was administered. The patient remained alive but
with disease at the latest follow-up (15 months).

DISCUSSION

The overall rate of distant metastasis of head and neck tumors

Fig. 1. The thyroid gland is diffusely enlarged with no discernible
mass.

Intrathyroidal Metastasis of Tonsillar Squamous Cell Carcinoma © 243

is approximately 12% [6]. Head and neck SCC commonly me-
tastasizes primarily to the lung and also bone and liver [5]. Dis-
tant metastases of head and neck tumors generally present within
2 years of definitive treatment, usually in the context of poor lo-
coregional control of the primary lesion [6].

Tonsillar cancer may spread locally to the surrounding tissues
of the oropharynx, including the base of the tongue, soft palate,
and posterior wall of the throat [5,7]. Alternatively, they can ac-
cess the lymphatic system, which usually involves cervical lymph
nodes, because tonsils have a rich vascular supply, providing an
easy path for metastases to reach the regional lymph nodes [4,5,7].
However, distant metastases are extremely uncommon [7]. The
incidence of distant metastases varies extensively in the literature,
ranging from 3%-30% [6,7]. The most common sites include
the liver, lungs, bones, mediastinal sites, skin, and, rarely, bone
marrow [7]. Tumor stage determines the likelihood of metastasis,
with advanced stages associated with approximately 15%-20%
chance of metastasis in tonsillar cancer. Early-stage cancers rare-
ly have distant metastases; however, advanced-stage cancers can
metastasize beyond the cervical lymph nodes and spread through
the lymphatic or vascular channels [5].

Fig. 2. Histologic findings of thyroid gland. (A) The thyroid parenchyma reveals extensive endolymphatic tumor emboli in the background of
chronic lymphocytic thyroiditis. (B) The tumor is composed of solid nests of atypical cells. The tumor cells are positive for p16 (C) and p40 (D).
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Intrathyroidal metastases are rare, ranging from 0.6%-2.2%
[1]. The primary sites most commonly identified in autopsy se-
ries are the breast and lung. However, in clinical series, renal cell
carcinoma is the most frequent source of metastasis, often pre-
senting many years after the original diagnosis [1,3]. Patients
with metastatic thyroid cancer usually present with symptoms
similar to those of primary thyroid cancer, particularly palpable
neck masses. Dysphagia or dysphonia may develop if the meta-
static cancer is advanced [1,4]. The time interval between the
original primary cancer diagnosis and metastasis to the thyroid
gland varies from a few months to years [4]. Thyroid function
is usually normal [1,4].

Metastasis of head and neck SCC to the thyroid gland is rare.
Intrathyroidal metastasis of tonsillar SCC is even more unusual
[1]. To date, only six cases of intrathyroidal metastasis of tonsil-
lar SCC have been documented [1-5]. All published cases in-
volved a history of tonsillar SCC. Metastatic tumors were identi-
fied during the staging workup for tonsillar cancer in two patients
[3]. In two patients, a whole-body PET scan performed as part
of the screening process showed an enlarging nodule in the thy-
roid gland 18 months and 4 years after the diagnosis of tonsillar

https://jpatholtm.org/
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Fig. 3. Histologic findings of tonsil. (A, B) Tonsillar biopsy shows squamous cell carcinoma. The tumor cells are positive for p16 (C) and p40 (D).

cancer, respectively [4,5]. One patient presented with a neck mass
3 years after diagnosis of the primary tumor [1], and another pa-
tient complained of dysphonia and dysphagia 6 months after ini-
tial diagnosis [2]. HPV status was described in only one case and
was positive. Clinical characteristics are summarized in Table 1.
In this case, the patient first presented with thyromegaly, which
was clinically suggestive of a primary thyroid tumor. HPV-pos-
itive tonsillar SCC was unexpectedly identified during systemic
workup.

The oropharynx, especially the tonsils and base of the tongue,
represents the most common anatomical site of SCC of unknown
primary origin of the head and neck, with an incidence ranging
from 74%-89% [8]. HPV-positive oropharyngeal SCCs may
distantly metastasize in unexpected sites [9] and frequently me-
tastasize early in the course of disease when the primary tumor is
small [10]. It is not uncommon for a patient to present with a
neck metastasis and a small occult primary tumor that is HPV-
related and located deep in the oropharyngeal tonsillar crypts
[10]. Therefore, a thorough oropharyngeal examination is nec-
essary if metastatic SCC of the thyroid gland is suspected, al-
though this is a rare event.
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Table 1. Clinical characteristics of patients with intrathyroidal metastasis of tonsillar cancer
Case No. Tonsillar cancer Time interval Clinical symptom Thyroid gland HPV Treatment Reference
1 T2N2b 3yr Neck mass Nodules N/A Chemotherapy 1
2 N/A 6 mo Dysphonia Mass N/A Thyroidectomy 2]
3 T1N2cMO N/A Staging N/A N/A N/A [3]
4 T2N2bMO N/A Staging N/A N/A N/A [3
5 T3NO 18 mo Screening Nodule N/A N/A [4]
6 T2N2MO 4yr Screening Mass Positive N/A 9]
Present case TIN2cM1 0mo Neck mass Thyromegaly Positive Chemotherapy
HPV, human papilloma virus; N/A, not available.
Ethics Statement 2. Scanelli G, Aimoni C, Marchetti E, Geminiani M, Pastore A. Thy-

The Institutional Review Board of Dankook University Hospital (2023-01-
015) approved this case report and informed consent was waived.

Availability of Data and Material

All data generated or analyzed during this study are included in this pub-
lished article and available from the corresponding author.

Code Availability
Not applicable.

ORCID
Jai-Hyang Go https://orcid.org/0000-0002-2105-7837
Conflicts of Interest

The author declares that I have no potential conflicts of interest.

Funding Statement
No funding to declare.

References

1. Jankowska P, Teoh EM, Fisher C, Rhys Evans P, Nutting CM, Har-
rington KJ. Case report: isolated intrathyroid metastasis from un-
differentiated and squamous carcinoma of the head and neck: the
case for surgery and re-irradiation. Br ] Radiol 2008; 81: e154-61.

https://doi.org/10.4132/jptm.2023.06.16

W

=~

10.

roid’s metastasis of tonsillar squamous cell carcinoma. Recenti Prog
Med 2005; 96: 428-30.

. Millare GG, Kwon M, Edeiken-Monroe BS, Debnam JM. (18)F-

PET/CT imaging of metastasis to the thyroid gland: Imaging find-
ings and effect on patient management. J Solid Tumors 2017; 7: 7-13.
Gumaa D, Christakis I, Mihai R. Metastasis to the thyroid gland
from a tonsil squamous cell carcinoma. AME Case Rep 2018; 2: 7.
Aparici CM, Win AZ. Two cases of thyroid metastasis from head
and neck squamous cell carcinoma detected by FDG-PET/CT. |
Clin Imaging Sci 2014; 4: 62.

. LeRose CC, Ramirez CA. Atypical metastasis of pl6-positive ton-

sillar squamous cell carcinoma to the pleura: a case report. J Oral
Maxillofac Surg 2018; 76: 2577-81.

. Khan S, Anichini G, Mian A, Kareem H, Syed N, O'Neill K. Tonsil-

lar carcinoma spreading metastases to central nervous system: case
report and literature review. ] Neurol Surg Rep 2021; 82: e11-6.

Di Maio P, Iocca O, De Virgilio A, et al. Role of palatine tonsillecto-
my in the diagnostic workup of head and neck squamous cell carci-
noma of unknown primary origin: a systematic review and meta-
analysis. Head Neck 2019; 41: 1112-21.

. Sacks R, Law JY, Zhu H, et al. Unique patterns of distant metastases

in HPV-positive head and neck cancer. Oncology 2020; 98: 179-85.
Chernock RD, Lewis JS. Approach to metastatic carcinoma of un-
known primary in the head and neck: squamous cell carcinoma
and beyond. Head Neck Pathol 2015; 9: 6-15.

https://jpatholtm.org/



NEWSLETTER

What's new in hematopathology 2023: updates on

’.\/

3

PathologyOutlines.com

mature T-cell neoplasms in the 5th edition of the
> WHO classification

Mario L. Marques-Piubelli, MD', Roberto N. Miranda, MD*

'Department of Translational Molecular Pathology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA
“Department of Hematopathology, The University of Texas MD Anderson Cancer Center, Houston, TX, USA

Received: February 23, 2023

Accepted: June 15, 2023

Corresponding Author: Roberto N. Miranda, MD
Department of Hematopathology, The University of
Texas MD Anderson Cancer Center, Houston, TX, USA
E-mail: roberto.miranda@mdanderson.org

ORCID

Mario L. Marques-Piubelli
heeps://orcid.org/0000-0002-6324-2096

Roberto N. Miranda
hteps://orcid.org/0000-0002-8467-5464

This article has been published jointly, with consent,
in both Journal of Pathology and Translational
Medicine and PathologyOutlines.com.

Abstract

The overview of the upcoming Blue
Book of the Sth edition of the World
Health Organization Classification of
Hematolymphoid Tumors was published
in Leukemia in June 2022. The updates
on mature T-/NK-cell lymphomas and
leukemias are organized in nine groups
based on cell of origin, morphology,
clinical scenario, and localization, and are
highlighted in this newsletter.

MATURE T-CELL AND
NK-CELL LEUKEMIAS

¢ T-prolymphocytic leukemia (T-PLL)
e T-large granular lymphocytic leukemia
(T-LGLL)
* Adult T-cell leukemia/lymphoma
(ATLL)
* Aggressive NK-cell leukemia (ANKL)
* Sezary syndrome
This group includes entities that mostly
present in a leukemic phase. T-PLL
requires monoclonal T-cell lymphocyto-
sis (> 5 X 10°/L), T-cell monoclonality
and aberrations in TCLIA or MTCP].
T-LGLL with STAT3 mutations is
associated with cytopenias, splenomegaly
and autoimmune diseases. ATLL has
shown new immune evasion mecha-
nisms: CTLA4::CD28, IC0S::CD28,
REL truncations, variations of CD274,
and alterations in HLA-A and HLA-B.
ANKL is associated with mutations in
the JAK/STAT pathway, epigenetic
modifiers and immune checkpoints.
Although Sezary syndrome is much
closer to mycosis fungoides, it is dis-
cussed here because of its leukemic
presentation, mimicking the other leuke-
MIC ProCesses.

PRIMARY CUTANEOUS
T-CELL LYMPHOID
PROLIFERATIONS AND
LYMPHOMAS (CTCL)

* Primary cutaneous CD4+ small or
medium T-cell lymphoproliferative
disorder

e Primary cutaneous acral CD8+ lym-
phoproliferative disorder

* Mycosis fungoides

* Primary cutaneous CD30-positive
T-cell lymphoproliferative disorder:
lymphomatoid papulosis

¢ Primary cutaneous CD30-positive
T-cell lymphoproliferative disorder:
primary cutaneous anaplastic large cell
lymphoma

e Subcutaneous panniculitis-like T-cell
lymphoma

* Primary cutaneous gamma/delta T-cell
lymphoma

® Primary cutaneous CD8-positive
aggressive epidermotropic cytotoxic
T-cell lymphoma

* Primary cutaneous peripheral T-cell
lymphoma (PTCL), NOS

These are well-known disorders as noted

in previous WHO editions, 9 in total.
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The most significant change is the
removal of the umbrella term of PTCL
from which 4 different entities have been
derived, including PTCL, NOS to
emphasize that the CTCL are still diffi-
cult to classify [1]. It is expected that the
publication of the Sth edition will
abound with underlying molecular
mechanisms for each of the disorders in
this group. The diagnostic criteria for
each entity are well defined from previ-
ous editions. It is acknowledged that
mycosis fungoides has a range of clinical
and histologic subtypes, and it is of inter-
est that its folliculotropic subtype has
divergent outcomes when comparing
early with advanced stage cases. Because
of overlapping clinical, pathologic and
immunophenotypic features of these 9
entities, clinical correlation is more valid
than ever for achieving the most accurate
diagnosis.

INTESTINAL T-CELL AND
NK-CELL LYMPHOID
PROLIFERATION AND
LYMPHOMAS

¢ Indolent T-cell lymphoma of the
gastrointestinal tract
¢ Indolent NK-cell lymphoproliferative
disorder (LPD) of the gastrointestinal
tract
* Enteropathy-associated T-cell lymphoma
® Monomorphic epitheliotropic intesti-
nal T-cell lymphoma
¢ Intestinal T-cell lymphoma, NOS
There may be an increased frequency of
reported intestinal lymphoma, likely due
to its recognition as a distinct group. The
category of intestinal LPD and lympho-
mas includes 2 indolent disorders. The
indolent T-cell lymphoma (Fig. 1) has
been observed to have significant mor-
bidity over time, including dissemina-

lymphoma of the gastrointestinal tract.

tion. Alterations in the JAK/STAT
pathway and mutations of epigenetic
modifiers are more common in CD4+,
CD4+/CD8+, and CD4-/CDS8- subsets.
The indolent NK-cell LPD seems to
behave more as an enteropathy, have no
aggtessive behavior and carry JAK3
mutations. Lesions are well circum-
scribed and small, but cells show moder-
ate atypia, therefore NK-cell LPD can be
confused with extranodal NK/T-cell
lymphoma which is associated with EBV.
The other entities in the group of intesti-
nal lymphomas remain unchanged.

HEPATOSPLENIC T-CELL
LYMPHOMA (HSTCL)

This rare lymphoma is difficult to diag-
nose due to its well-known protean
presentation, histopathology (Fig. 2, 3),
phenotype and clinical aggressiveness; it
is also a diagnosis that may portend
allogenic stem cell transplant as the only
means of achieving cure. Not only
young, but also adult patients can be
affected. HSTCL usually presents at stage
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Fig. 2. Bone marrow core biopsy involved with HST-
CL shows hypercellularity displaying small and hy-
polobated megakaryocytes, morphologically consis-
tent with dysmegakaryopoiesis, raising the possibility
of underlying myelodysplastic syndrome.

;o&". &‘_OA_';’ ﬁ.’d'fpwo.
o e ‘:: ig;ﬁ ¢
, . Vs

¥

- ™ . ]
Fig. 3. CD3 immunostaining shows that the lympho-
cytes have a sinusoidal pattern characterized by
clusters of lymphocytes in a cord-like pattern in HSTCL.

IV. The diagnosis can be missed in a bone
marrow that mimics a myelodysplastic
syndrome, and the spectrum of tumor
cells may resemble blasts of acute leuke-
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mia. TCRYS is expressed in ~75% of
cases, TCRo is expressed in ~20% and
TCR is silent in 5% of cases.

ANAPLASTIC LARGE CELL
LYMPHOMAS (ALCL)

e ALK+ ALCL
o ALK- ALCL
* Primary cutaneous CD30-positive
T-cell lymphoproliferative disorder:
primary cutaneous ALCL (see also
CTCL)
* Breast implant-associated ALCL
These lymphomas have in common a
pleomorphic cytomorphology, uniform
and strong expression of CD30 and
conspicuous absence of T-cell lineage
markers. Four entities are recognized, 2
systemic and 2 site-specific forms. The
systemic entities are divided by the
presence of ALK gene rearrangement, as
ALK+ and ALK- ALCL. Patients with
ALK+ ALCL are usually young, while
ALK- ALCL (Fig. 4) patients are adults
and elders. Patients with ALK + have
better outcomes than patients with ALK-
ALCL. ALK- ALCL can have DUSP22
or TPG3 rearrangements, with the latter
conveying the worst outcomes. Of
interest, cases with DUSP22 rearrange-
ments show a uniform cytomorphology,
with doughnut-like cells and LEF1

Fig. 4. Lymph node involved by ALK- ALCL shows
diffuse replacement of normal architecture by large
and anaplastic lymphocytes with no distinct nucleoli;
some of them have a doughnut-like shape.
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Fig. 5. Cytologic preparation of an effusion around a breast implant in a case of BIA-ALCL shows large and
atypical cells with irregular nuclear contours, inconspicuous nuclei and abundant cytoplasm with small inclusions.

expression.

The site-specific forms of ALCL include
the primary cutaneous ALCL that is
grouped together with primary cutane-
ous T-cell LPD and lymphomas, and
breast implant-associated ALCL (BIA-
ALCL). BIA-ALCL (Fig. 5-7) is associ-
ated with textured implants and has an
excellent outcome if surgically excised
with negative margins. Patients with
non-resectable disease require chemo- or
immunotherapy.

NODAL T-FOLLICULAR
HELPER CELL
LYMPHOMAS (NTFHL)

* Nodal T-follicular helper cell lympho-
ma angioimmunoblastic-type (W"TFHL-
Al): formerly angioimmunoblastic
T-cell lymphoma

* Nodal T-follicular helper cell lympho-
ma follicular-type ("TFHL-F): formerly
follicular T-cell lymphoma

* Nodal T-follicular helper cell lympho-
ma, NOS (n'TFHL-NOS); formerly
PTCL with TFH phenotype that does
not meet criteria for "\TFHL-AI or

nTFHL-F
This group includes 3 nodal TCL with T-
follicular helper phenotype (> 2 markers
are required for diagnosis: PD1, ICOS,
CXCL13, CD10, BCL6, CXCRS5, SAP,
c-MAF and CD200), derived from gene
expression signature of CD4+ lympho-

Fig. 6. Breast oapéule with BIA-ALCL shows large
and neoplastic cells confined to the luminal space in
a necrotic background.

Fig. 7. CD30 immunostaining shows diffuse and
strong cytoplasmic and nuclear positivity in the BIA-
ALCL cells.
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Fig. 8. nTFHL-AI with effacement of the nodal archi-
tecture and infiltration of the capsule and subcapsu-
lar sinus.

cytes. There is morphologic overlap
between these entities, and the prototype
is nTFHL-AI (Fig. 8, 9). While the 3
entities have mutations of RHOA and
IDH?2, nTFHL-AI has also recurrent mu-
tations of TET2 and DNMT3A in
hematopoietic precursors. The diagnosis
of nTFHL is recommended for small

samples and to avoid misclassification.

OTHER PERIPHERAL
T-CELL AND NK-CELL
LYMPHOMAS

* PTCL, NOS

This entity remains as a heterogeneous
group of neoplasms and the diagnosis is
performed based on the exclusion of other
described entities. Two distinct biologi-
cal groups can be identified using T-cell
markers by immunohistochemistry:
PTCL-TBX21 (PTCL-TH1) and PTCL-
GATA3 (PTCL-TH2). The PTCL-TH1
group is usually associated with a cyto-
toxic phenotype, while the PTCL-TH2
group is a more heterogeneous group and
is associated with poorer outcomes.
Although these important biological
mechanisms have been described, the
experts concluded that there is still
insufficient data to perform systematic
classification in subtypes [1].
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Fig. 9. Positivity for the checkpoint molecule PD-1 in
scattered lymphoma cells supports a T follicular
helper phenotype in a case of NTFHL-AI.

EBV-POSITIVE NK/T-CELL
LYMPHOMAS

* EBV-positive nodal T- and NK-cell
lymphoma (EBV + NTNKL)
e Extranodal NK-T-cell lymphoma
(ENKTL)
This is a group of mature lymphomas
with NK/T phenotype that are associated
with EBV infection. The EBV+ NTNKL
is a distinct entity that was under the
PTCL, NOS umbrella in the previous
WHO classification. The disease is more
common in East Asians and presents with
extensive lymphadenopathy and some-
times extranodal involvement. Angioin-
vasion and coagulative necrosis are usually
absent and there is no clear cut-off for
EBV positivity. The ENKTL is an up-
dated denomination where the qualifier
“nasal-type” is dropped, following pri-
mary tumors found in diverse extranodal
sites. Importantly, the use of L-asparagi-
nase-based regimens has resulted in
improved outcomes in affected patients.

EBV-POSITIVE T- AND
NK-CELL LYMPHOID
PROLIFERATIONS AND
LYMPHOMAS OF
CHILDHOOD

e Chronic active EBV disease (CAEBVD)
- Severe mosquito bite allergy (SMBA)

- Hydroa vacciniforme lymphoprolifera-
tive disorder (HVLPD) classic form
- Hydroa vacciniforme lymphoprolifera-
tive disorder (HVLPD) systemic form
- Systemic CAEBVD
e Systemic EBV-positive T-cell lympho-
ma of childhood
EBV+ NK/T-cell LPD and lymphomas
of childhood comprise an uncommon
group of disorders that mostly affect chil-
dren of Asian and native American ethnic
ancestry. CAEBVD has a broad clinical
spectrum, which ranges from localized,
mostly cutaneous forms to systemic
disease with fever, hepatosplenomegaly
and lymphadenopathy. The systemic
form of HVLPD should be distinguished
from systemic CAEBVD, which has a
more aggressive behavior.
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