Journal of Pathology

Journal of Pathology a

and Translational Medicine

.Ql“ -

nd Translational Zm...:n_:m )

,.
rd

F l. - ,'-.-,
o

- .

>

-

5
-
. ‘
-
»
R
A ]
-
’
g & -
P -
«
> G
N ae
< .
.
. -
. - " Wi B
- e P 3 3 DO
9 -
{ M- Sl

Vol. 50, No. 4, pp 251-325, July 2016



Journal of Pathology and Translational Medicine

Volume 50 « Number 4 « July 2016 (bimonthly)

Published since 1967
Printed on 11 July 2016 Published on 15 July 2016

Aims & Scope

J Pathol Transl Med

PISSN: 2383-7837
€ISSN: 2383-7845

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 (http://
jpatholtm.org). Journal of Pathology and Translational Medicine is indexed by PubMed, PubMed Central, Scopus, KoreaMed, KoMCI, WRPIM and CrossRef. Circulation number per

issue is 700.

Editors-in-Chief

Hong, Soon Won, M.D. (Yonsei University, Korea)

Kim, Chong Jai, M.D. (University of Ulsan, Korea)

Associate Editors

Choi, Yoon Jung, M.D. (National Health Insurance Service, Ilsan Hospital, Korea)

Han, Jee Young, M.D. (Inha University, Korea)

Editorial Board

Ali, Syed Z. (Johns Hopkins Hospital, US.A.)

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

Bongiovanni, Massimo (Centre Hospialier Universitaire Vaudois,
Switzerland)

Cho, Kyung-Ja (University of Ulsan, Korea)

Choi, Yeong-Jin (Catholic University, Korea)

Chung, Jin-Haeng (Seoul National University, Korea)
Fadda, Guido (Catholic University of the Sacred Heart, Italy)
Gong, Gyung Yub (University of Ulsan, Korea)
Grignon, David J. (Indiana University, US.A.)

Ha, Seung Yeon (Gachon University, Korea)

Jang, Se Jin (University of Ulsan, Korea)

Jeong, Jin Sook (Dong-A University, Korea)

Kang, Gyeong Hoon (Seoul National University, Korea)
Katoh, Ryohei (University of Yamanashi, Japan)

Kerr, Keith M. (Aberdeen University Medical School, UK.)
Kim, Aeree (Korea University, Korea)

Kim, Kyoung Mee (Sungkyunkwan University, Korea)

Statistics Editors

Kim, Kyu Rae (University of Ulsan, Korea)

Kim, Se Hoon (Yonsei University, Korea)

Kim, Seok-Hyung (Sungkyunkwan University, Korea)
Kim, Woo Ho (Seoul National University, Korea)
Kim, Youn Wha (Kyung Hee University, Korea)

Ko, Young Hyeh (Sungkyunkwan University, Korea)
Koo, Ja Seung (Yonsei University, Korea)

Lee, C. Soon (University of Western Sydney, Australia)
Lee, Hye Seung (Seoul National University, Korea)
Lee, Kyung Han (Sungkyunkwan University, Korea)
Lee, Sug Hyung (Catholic University, Korea)

Lim, Beom Jin (Yonsei University, Korea)

Lkhagvadorj, Sayamaa (Mongolian National University of Medical
Sciences, Mongolia)

Moon, Woo Sung (Chonbuk University, Korea)

Ngo, Quoc Dat (Ho Chi Minh University of Medicine and Pharmacy;
Vietnam)

Park, Chan-Sik (University of Ulsan, Korea)
Park, Sanghui (Ewha Womans University, Korea)

Kim, Dong ‘Wook (National Health Insurance Service llsan Hospital, Korea)

Yoo, Hanna (Yonsei University, Korea)

Manuscript Editor

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

Park, So Yeon (Seoul National University, Korea)

Park, Young Nyun (Yonsei University, Korea)

Pervez, Shahid (Aga Khan University, Pakistan)

Ro, Jae Y. (Cornell University, The Methodist Hospital, US.A.)

Romero, Roberto (National Institute 0of Child Health and Human
Development, US.A.)

Schmitt, Fernando (IPATIMUP [Institute of Molecular Pathology and
Immunology of the University of Porto], Portugal)

Shin, Eunah (Cha University, Korea)

Sung, Chang Ohk (University of Ulsan, Korea)

Tan, Puay Hoon (National University of Singapore, Singapore)
Than, Nandor Gabor (Semmelweis University, Hungary)
Tse, Gary M. (Prince of Wales Hospital, Hongkong)

Vielh, Philippe (International Academy of Cytology Gustave Roussy
Cancer Campus Grand Paris, France)

‘Wildman, Derek (University of llinois, US.A.)
Yatabe, Yasushi (Aichi Cancer Center, Japan)
Yoon, Bo Hyun (Seoul National University, Korea)
Yoon, Sun Och (Yonsei University, Korea)

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

Publishers: Min Cheol Lee, MD, So Young Jin, MD

Editors-in-Chief: Soon Won Hong, MD, Chong Jai Kim, 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/#406 Lilla Swami Bldg, 68 Dongsan-ro,

Seocho-gu, Seoul 06784, Korea

Tel: +82-2-795-3094/+82-2-593-6943
Fax: +82-2-790-6635/+82-2-593-6944
E-mail: office@jpatholtm.org

Printed by ML communications Co., Ltd.

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: MicroRNA-21 staining using locked nucleic acid-based in situ hybridization in colorectal cancer. p272.

© Copyright 2016 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

(http://creativecommons.org/licenses/by-nc/3.0).

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

This journal was supported by the Korean Federation of Science and Technology Societies Grant funded by the Korean Government.



J Pathol Transl Med

PISSN: 2383-7837

Journal of Pathology and Translational Medicine e s e

Volume 50, Number 4, July 2016

CONTENTS

ORIGINAL ARTICLES

251 Aquaporin 1 Is an Independent Marker of Poor Prognosis in Lung Adenocarcinoma
Sumi Yun, Ping-Li Sun, Yan Jin, Hyojin Kim, Eunhyang Park, Soo Young Park, Kyuho Lee, Kyoungyul Lee, Jin-Haeng Chung

258 Transformation to Small Cell Lung Cancer of Pulmonary Adenocarcinoma: Clinicopathologic Analysis of Six Cases
Soomin Ahn, Soo Hyun Hwang, Joungho Han, Yoon-La Choi, Se-Hoon Lee, Jin Seok Ahn, Keunchil Park, Myung-Ju Ahn, Woong-Yang Park

264 Significance of Parafibromin Expression in Laryngeal Squamous Cell Carcinomas
Inju Cho, Mija Lee, Sharon Lim, Ran Hong

270 Stromal Expression of MicroRNA-21 in Advanced Colorectal Cancer Patients with Distant Metastases
Kyu Sang Lee, Soo Kyung Nam, Jiwon Koh, Duck-Woo Kim, Sung-Bum Kang, Gheeyoung Choe, Woo Ho Kim, Hye Seung Lee

278 Detection of Tumor Multifocality Is Important for Prediction of Tumor Recurrence in Papillary Thyroid Microcarcinoma:
A Retrospective Study and Meta-Analysis
Jung-Soo Pyo, Jin Hee Sohn, Guhyun Kang

287 Morphometric Analysis of Thyroid Follicular Cells with Atypia of Undetermined Significance
Youngjin Kang, Yoo Jin Lee, Jiyoon Jung, Youngseok Lee, Nam Hee Won, Yang Seok Chae

294 Clinical Significance of an HPV DNA Chip Test with Emphasis on HPV-16 and/or HPV-18 Detection in Korean
Gynecological Patients
Min-Kyung Yeo, Ahwon Lee, Soo Young Hur, Jong Sup Park

CASE REPORTS

300  Isolated Mass-Forming IgG4-Related Cholangitis as an Initial Clinical Presentation of Systemic IgG4-Related Disease
Seokhwi Kim, Hyunsik Bae, Misun Choi, Binnari Kim, Jin Seok Heo, Ho Seong Kim, Seung Hee Choi, Kee-Taek Jang

306  Intramuscular Tenosynovial Giant Cell Tumor, Diffuse-Type
Yoo Jin Lee, Youngjin Kang, Jiyoon Jung, Seajin Kim, Chul Hwan Kim

CONTENTS CONTINUED
© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology



309  IgG4-Related Sclerosing Mesenteritis
Seok Joo Lee, Cheol Keun Park, Woo Ick Yang, Sang Kyum Kim

312 Carney Complex with Multiple Cardiac Myxomas, Pigmented Nodular Adrenocortical Hyperplasia, Epithelioid Blue Nevus,
and Multiple Calcified Lesions of the Testis: A Case Report
Hyunchul Kim, Hyun-Yee Cho, Jeong Nam Lee, Kook-Yang Park

315 Tailgut Cyst in a Neonate: A Case Report
JiHyen Lee, Yun Suk Lee, So Yeon Shim, Su Jin Cho, Eun Ae Park, Soon Sup Chung, Sanghui Park

318 Gastric Mixed Adenoneuroendocrine Carcinoma with Squamous Differentiation: A Case Report
Han-Ik Bae, Chaeyoon Lee, Young-Min Jo, Ohkyung Kwon, Wansik Yu, Mee-Seon Kim, An Na Seo

322 Primary Cutaneous Adenoid Cystic Carcinoma Arising in Umbilicus
Seok Joo Lee, Woo Ick Yang, Sang Kyum Kim

RETRACTION

325  Notice of Retraction: Therapeutic Effects of Umbilical Cord Blood Derived Mesenchymal Stem Cell-Conditioned Medium
on Pulmonary Arterial Hypertension in Rats

Instructions for Authors for Journal of Pathology and Translational Medicine are available at http://jpatholtm.org/authors/authors.php

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology



Journal of Pathology and Translational Medicine 2016, 50: 251-257

http://dx.doi.org/10.4132/jptm.2016.03.30

H ORIGINAL ARTICLE H

Aquaporin 1 Is an Independent Marker of Poor Prognosis

Sumi Yun"** . Ping-Li Sun’*

Yan Jin* - Hyojin Kim'

Eunhyang Park’ - Soo Young Park'
Kyuho Lee' - Kyoungyul Lee’
Jin-Haeng Chung'

'Department of Pathology, Seoul National
University Bundang Hospital, Seongnam;
Department of Pathology, Soonchunhyang
University Hospital, Seoul, Korea; *Department
of Pathology, Second Hospital of Jilin University,
Changchun; *Department of Pathology, Fudan
University, Shanghai Cancer Center, Shanghai,
China; *Department of Pathology, Kangwon
National University Hospital,

Chuncheon, Korea

Received: February 15,2016
Revised: March 27,2016
Accepted: March 29, 2016

Corresponding Author

Jin-Haeng Chung, MD, PhD

Department of Pathology, Seoul National University
Bundang Hospital, 82 Gumi-ro 173beon-gil,
Bundang-gu, Seongnam 13620, Korea

Tel: +82-31-787-7713

Fax: +82-31-787-4012

E-mail: chungjih@snu.ac.kr

*Sumi Yun and Ping-Li Sun contributed equally to
this work.

in Lung Adenocarcinoma

Background: Aquaporin 1 (AQP1) overexpression has been shown to be associated with uncon-
trolled cell replication, invasion, migration, and tumor metastasis. We aimed to evaluate AQP1 ex-
pression in lung adenocarcinomas and to examine its association with clinicopathological features
and prognostic significance. We also investigated the association between AQP1 overexpression
and epithelial-mesenchymal transition (EMT) markers. Methods: We examined AQP1 expression in
505 cases of surgically resected lung adenocarcinomas acquired at the Seoul National University
Bundang Hospital from 2003 to 2012. Expression of AQP1 and EMT-related markers, including E-
cadherin and vimentin, were analyzed by immunohistochemistry and tissue microarray. Results:
AQP1 overexpression was associated with several aggressive pathological parameters, including
venous invasion, lymphatic invasion, and tumor recurrence. AQP1 overexpression tended to be as-
sociated with higher histological grade, advanced pathological stage, and anaplastic lymphoma
kinase (ALK) translocation; however, these differences were not statistically significant. In addition,
AQP1 overexpression positively correlated with loss of E-cadherin expression and acquired expres-
sion of vimentin. Lung adenocarcinoma patients with AQP1 overexpression showed shorter pro-
gression-free survival (PFS, 46.1 months vs. 56.2 months) compared to patients without AQP1
overexpression. Multivariate analysis confirmed that AQP1 overexpression was significantly as-
sociated with shorter PFS (hazard ratio, 1.429; 95% confidence interval, 1.033 to 1.977; p=.031).
Conclusions: AQP1 overexpression was thereby concluded to be an independent factor of poor
prognosis associated with shorter PFS in lung adenocarcinoma. These results suggested that
AQP1 overexpression might be considered as a prognostic biomarker of lung adenocarcinoma.

Key Words: Aquaporin 1; Adenocarcinoma; Tissue array analysis; Invasion; Epithelial-mesenchymal
transition

Non-small cell lung cancer (NSCLC) is one of the major causes
of cancer-related deaths, and the treatment of NSCLC remains
challenging. Adenocarcinoma comprises more than half of all
NSCLC. Recent research has yielded a better understanding of
the carcinogenesis, molecular subtypes, and prognostic factors
of NSCLC, and several novel agents targeting oncogenic path-
ways have been introduced for the clinical treatment of NSCLC.
Despite advancements in surgical treatment, selective targeted
therapy, and early cancer detection, the relative long-term sur-
vival rate of NSCLC is still lower than that of other malignan-
cies."” Therefore, a better understanding of the mechanism(s) of
NSCLC tumor progression is needed, and useful prognostic

pISSN 2383-7837
elSSN 2383-7845

biomolecular markers for accurate prediction of the clinical out-
come of NSCLC are of great clinical significance.

Aquaproin 1 (AQP1) is a member of the aquaporin family
found in cell membranes, and primarily facilitates transcellular
water transport. AQP1 is expressed in various tissues such as
kidney, choroid plexus, and gall bladder, and has a role in vari-
ous physiological and pathological processes.“® Recently, several
reports have revealed that AQP1 overexpression is associated
with uncontrolled cell replication, invasion, migration, and me-
tastasis in tumors.”” In lung cancer, various studies have shown
the preferential expression of AQP1 in adenocarcinoma, and an
association between AQP1 expression and tumor cell differenti-

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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ation, invasion, metastasis, and poor prognosis.”'> However, the
molecular role and mechanism of AQP1 in cancer cell invasion
remains unclear.

Epithelial-mesenchymal transition (EMT) is a complex pro-
cess in which epithelial cells lose cell-cell adhesions and gain
migratory properties. EMT has been implicated in many as-
pects of cancer, such as tumor cell invasion, metastasis, drug re-
sistance, and poor clinical outcome. The mechanism of EMT
results from complex signaling pathway crosstalk between tu-
mor cells and the tumor microenvironment. Several studies
have shown that alterations in EMT-related markers are observed
in lung adenocarcinoma, and these alterations enhanced tumor
progression and metastasis.'”"’ Recent results have indicated
that AQP1 overexpression is correlated to EMT in both colon
and breast cancers,™'® but the correlation has not yet been inves-
tigated in lung cancer.

In the present study, we analyzed the immunohistochemical
expression of AQP1 in a large series of lung adenocarcinoma
specimens, and evaluated the frequency and pattern of AQP1 ex-
pression along with its association with clinicopathological fac-
tors, molecular subtypes, and patient outcome. In addition, we
explored the correlation between AQP1 overexpression and al-
teration of the EMT-related markers E-cadherin and vimentin.

MATERIALS AND METHODS

Tissue samples and classification

Tumor samples were collected from 505 consecutive lung ad-
enocarcinoma patients who underwent curative surgical resec-
tion at Seoul National University Bundang Hospital between
May 2003 and December 2012. Clinicopathological informa-
tion and follow-up data were obtained by reviewing the medi-
cal and the pathological records of the enrolled patients. Smoking
history was defined as smokers who have smoked 100 cigarettes,
and never-smokers who have never smoked or smoked less than
100 cigarettes in their life time. Two pathologists (S.Y. and J.-H.
C) independently reviewed the hematoxylin and eosin stained
slides and classified the diagnosis according to the International
Association for the Study of Lung Cancer/American Thoracic
Society/European Respiratory Society IASLC/ATS/ERS) criteria
and the 2015 World Health Organization (WHO) classifica-
tion system.'”* Histological grade was based on the predomi-
nant histological subtypes as follows: grade 1, lepidic; grade 2,
acinar and papillary; and grade 3, solid and micropapillary. Tu-
mors were staged according to the American Joint Committee
on Cancer, seventh staging system. Progression-free survival (PFS)

http://jpatholtm.org/

was measured from the date of surgery until disease progression
or death. Overall survival (OS) was measured from the date of
surgery to the time of death or last follow-up visit. The Institu-
tional Review Board of the Seoul National University Bundang
Hospital approved this study.

Tissue microarray

The most representative areas were obtained for each tumor
sample and arranged for tissue microarray (TMA). Tissue cores
with a diameter of 2 mm were embedded within TMA blocks,
which were sectioned into series of 4-pm-thick slices and then
stained with hematoxylin and eosin; immunohistochemical la-
beling was then petformed.

Immunohistochemical staining and assessment
Immunohistochemistry for AQP1, E-cadherin, and vimentin
were performed according to the antibody manufacturer’s in-
structions. The following antibodies were used: AQP1 (B-11,
1:100, Santa Cruz Biotechnology, Santa Cruz, CA, USA), E-
cadherin (SPM471, 1:150, Thermo Fisher Scientific, Carlsbad,
CA, USA), and vimentin (1:100, 4A4, Zeta Corporation, Arca-
dia, CA, USA). AQP1 showed both apicolateral staining and
complete circumferential membranous staining (Fig. 1). AQP1
overexpression was defined when >25% showed membranous
staining with loss of polarization, as previously reported.”' Im-
munohistochemical stains of E-cadherin and vimentin were
scored using a semi-quantitative evaluation for each case. The
intensity of staining was scored on a four-point scale as follows:
0, no staining; 1, weak staining; 2, moderate staining; and 3,
strong staining. The score was based on the fraction of positive
cells (1%-100%). The final score was calculated by multiplying
the intensity score to the fraction score, generating a total range
of 0-300. Scores of 0—100 and 101-300 were considered as
negative and positive, respectively, as previously reported.”

Molecular characteristics

Translocation of anaplastic large cell lymphoma kinase (ALK)
was evaluated in 440 cases by fluorescence 7z situ hybridization
analysis using a probe to ALK (Vysis LSI ALK dual color, break-
apart rearrangement probe, Abbott Molecular, Des Plaines, IL,
USA); translocation was observed in 28 out of 440 cases (6.4%).
Epidermal growth factor receptor (EGFR) mutations of exon 18
to 21 and KRAS mutations of codon 12 and 13 were evaluated
in 484 and 413 cases using polymerase chain reaction and di-
rect DNA sequencing, as previously described.” EGFR and
KRAS mutations were identified in 49.0% (237/484) and 6.1%

http://dx.doi.org/10.4132/jptm.2016.03.30
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Fig. 1. Immunohistochemical expression of aquaporin 1 in lung adenocarcinomas. (A) Apicolateral pattern. (B) Circumferential membranous
staining.

(25/413) of cases, respectively.

Statistical analysis

All statistical analyses were performed using SPSS ver. 18.0
(SPSS Inc., Chicago, IL, USA). The association between immu-
nohistochemistry results and clinicopathological variables was
assessed by chi-square test, Fisher exact test, or Spearman’s rank
correlation test. Kaplan-Meier analysis with log-rank test and
multivariate cox regression analysis were petformed for survival
analysis. Statistical significance was defined as p <.05.

RESULTS

Clinicopathological characteristics

The clinicopathological characteristics of patients are sum-
marized in Table 1. The tumor specimens in this study were
from 505 lung adenocarcinoma patients, consisting of 247 male
(48.9%) and 258 female (51.1%) patients. The mean age of pa-
tients was 62.9 years (range, 21 to 83 years), with 302 non-
smokers (59.8%) and 203 smokers (40.2%). With respect to
tumor pathology, 274 samples (54.3%) were pathologic stage I,
93 (18.4%) were stage II, 109 (21.6%) were stage III, and 29
(5.7%) were stage IV. According to the new IASLC/ATS/ERS
adenocarcinoma classification and the 2015 WHO classifica-
tion, 298 (59.0%) were acinar, 83 (16.4%) were papillary, 73
(14.5%) were solid, 33 (6.5%) were lepidic, 8 (1.6%) were mi-
cropapillary, and 10 (2.0%) were invasive mucinous subtypes.
Venous invasion, lymphatic invasion, and perineural invasion
were observed in 25.7% (130/505), 50.1% (253/503), and 7.1%

http://dx.doi.org/10.4132/jptm.2016.03.30

(36/505) of samples, respectively.

AQP1 protein expression by immunohistochemistry

AQP1 expression was observed in the vascular endothelial cells
and the apicolateral surfaces of hyperplastic type II pneumocytes
around tumors. AQP1 was also detected in myoepithelial cells
of bronchial glands and red blood cells (data not shown).

Association of AQP1 overexpression with clinicopathological
features

AQP1 overexpression (Fig. 1) was detected in 20.8% of ade-
nocarcinoma cases (105/505). Table 1 shows the association of
AQP1 overexpression with clinicopathological variables. There
was a significant association of AQP1 overexpression with venous
invasion (p =.035) and lymphatic invasion (p = .039). The re-
currence rate of patients with AQP1 overexpression was signifi-
cantly higher than that of patients without AQP1 overexpression
(p=.029). AQP1 overexpression was not associated with higher
histological grade (p=.097), pleural invasion (p=.131), and oth-
er clinicopathological variables or molecular characteristics, such
as EGFR and KRAS mutation and ALK rearrangement.

Association between AQP1 overexpression and EMT-related
marker expression

In total, immunohistochemical analyses of E-cadherin and vi-
mentin were performed for 479 and 471 cases, respectively.
Loss of E-cadherin expression was obsetved in 201 of 479 cases
(42.0%), and expression of vimentin was observed in 192 of
471 cases (40.8%). We compared the association of AQP1 over-

http://jpatholtm.org/
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Table 1. Clinicopathological characteristics of AQP1 overexpres-
sion in 505 lung adenocarcinoma patients

AQP1 overexpression

Variable Total

Negative Positive p-value
Sex .938
Male 247 196 (79.4) 51 (20.6)
Female 258 204 (79.1) 54 (20.9)
Age (yr) .092
<60 181 136(75.1) 45 (24.9)
>60 324 264 (81.5) 60 (18.5)
Smoking history 347
Non-smoker 302 235(77.8) 67 (22.2)
Smoker 203  165(81.3) 38(18.7)
Tumor size (cm) 145
<3 276 212(76.8) 64 (23.2)
>3 229 188 (82.1) 41(17.9)
Histological grade .097
G1 34 30(88.2) 4(11.8)
G2 390  312(80.0) 78 (20.0)
G3 81 58 (71.6) 23 (28.4)
Acinar predominant .368
No 207  168(81.2) 39(18.8)
Yes 298 232 (77.9) 66 (22.1)
Papillary predominant 120
No 422 339(78.0) 93 (22.0)
Yes 83 71(85.5) 12 (14.5)
Lepidic predominant .087
No 472 370(784)  102(21.6)
Yes 33 30(90.9) 309.1)
Solid predominant 233
No 432 346 (80.1) 86 (19.9)
Yes 73 54 (74.0) 19 (26.0)
Others® 552
No 487 387 (79.5) 100 (20.5)
Yes 18 13(72.2) 5(27.8)
Pleural invasion 131
Absent 283 231(81.6) 52 (18.4)
Present 222 169 (76.1) 53 (23.9)
Venous invasion .035°
Absent 377 307 (81.4) 70 (18.6)
Present 130 93 (72.7) 35(27.3)
Lymphatic invasion .039°
Absent 252 209 (82.9) 43(17.1)
Present 253 193 (75.5) 62 (24.5)
Perineural invasion 290
Absent 469 369 (78.7) 100 (21.2)
Present 36 31(86.1) 5(13.9)
pTNM stage 072
-l 367 298(81.2) 69 (18.9)
[ 138 102(73.9) 36 (26.1)
Recurrence 029°
No 311 256 (82.3) 55(17.7)
Yes 194 144 (74.2) 50 (25.8
Death 130
No 415 334 (80.5) 81(19.5)
(continueq)

http://jpatholtm.org/

AQP1 overexpression

Variable Total
Negative Positive p-value
Yes 90 66 (73.3) 24 (26.7)
EGFR mutation (n=484) .583
Wild type 247 193(78.1) 54 (21.9)
Mutant type 237 190 (80.2) 47 (19.8)
KRAS mutation (n=413) 326
Wild type 388  311(80.2) 77 (19.8)
Mutant type 25 18 (72.0) 7(28.0)
ALK translocation .089
(h=440)
Wild type 412 334 (81.1) 79(18.9)
Mutant type 28 19 (67.9) 9(32.1)

Values are presented as number (%).

AQP1, aquaporin 1; EGFR, epidermal growth factor receptor; ALK, ana-
plastic lymphoma kinase.

3nvasive mucinous and micropapillary subtype; °Statistically significant value.

expression to expression of E-cadherin or vimentin (Table 2)
and found that AQP1 overexpression was correlated with loss of
E-cadherin expression (p=.011) and expression of vimentin (p
<.001).

Survival analysis according to AQP1 overexpression

At the time of analysis, the median PFS was 31.0 months (range,
1 to 84 months) and the median OS was 39 months (range, 1 to
84 months). During this time, 194 patients (38.4%) suffered tu-
mor recurrence and 90 patients (17.8%) died from cancer. Sut-
vival analysis using Kaplan-Meier and Cox proportional hazards
analyses were performed to evaluate the prognostic impact of
AQP1 overexpression. As shown in Fig. 2, Kaplan-Meier revealed
that PES of patients with AQP1 overexpression was significantly
shorter than that of the patients without AQP1 overexpression
group (p =.018). However, AQP1 overexpression had no prog-
nostic impact on OS (p =.234). Univariate analysis indicated
that larger tumor size (p <.001), higher histological grade (p =
.032), pleural invasion (p <.001), venous invasion (p <.001), lym-
phatic invasion (p <.001), perineural invasion (p = .043), pTNM
stage (p <.001), and AQP1 overexpression (46.1 months vs. 56.2
months, p =.020) were associated with shorter PES (Fig. 2A).
Multivariate cox regression analysis demonstrated AQP1 over-
expression to be an independent factor indicating poor progno-
sis with regard to PFS in patients with lung adenocarcinoma
(hazard ratio [HR], 1.429; 95% confidence interval [CI], 1.033
to 1.977; p=.031). Larger tumor size (HR, 1.797; 95% CI, 1.336
t0 2.418; p<.001), pleural invasion (HR, 1.372; 95% CI, 1.007
to 1.871; p =.045), lymphatic invasion (HR, 1.547; 95% CI,
1.113 to 2.151; p=.009), and pTNM stage (HR, 2.179; 95%
CI, 1.586 t0 2.995; p < .001) were also independent prognostic

http://dx.doi.org/10.4132/jptm.2016.03.30
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Table 2. Correlation between AQP1 overexpression and EMT-related proteins

AQP1 overexpression

Variabl Total
ariable otd Negative Positive p-value
E-Cadherin expression (n=479) 0112
Decreased 201 147 (73.1) 54 (26.9)
Preserved 278 230 (82.7) 48 (17.3)
Vimentin expression (n=471) <.001?
Negative 279 238 (85.3) 41 (14.7)
Positive 192 133 (69.3) 59 (30.7)
Values are presented as number (%).
AQP1, aquaporin 1; EMT, epithelial-mesenchymal transition.
*Statistically significant value.
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Fig. 2. Kaplan-Meier survival estimate graphs of progression-free survival (A) and overall survival (B) according to the overexpression of

aquaporin 1 in lung adenocarcinoma patients.

factors associated with shorter PES in lung adenocarcinoma. For
OS, larger tumor size (p <.001), higher histological grade (p =
.021), pleural invasion (p <.001), venous invasion (p <.001),
lymphatic invasion (p <.001), perineural invasion (p =.001), vi-
mentin expression (p =.045), and pTNM stage (p <.001) reached
statistical significance by univariate analysis. AQP1 overexpres-
sion was not associated with OS (63.2 months vs. 70.1 months,
p=.237). In multivariate analysis, larger tumor size (HR, 1.775;
95% CI, 1.137 to 2.771; p=.012), venous invasion (HR, 2.129;
95% CI, 1.352 t0 3.354; p=.001), and pTNM stage (HR, 4.789;
95% CI, 3.026 t0 7.578; p < .001) were statistically significant.

DISCUSSION

In the present study, we assessed the expression of AQP1 in

http://dx.doi.org/10.4132/jptm.2016.03.30

505 lung adenocarcinomas and evaluated the relationship be-
tween AQP1 overexpression and various clinicopathological fac-
tors and molecular characteristics, as well as the expression of
EMT-related markers. Our study showed that AQP1 overex-
pression significantly correlated with several aggressive patho-
logical factors and can be used as an independent prognostic
factor for PFS in lung adenocarcinoma.

AQP1 is a plasma membrane channel involved in transepithe-
lial water transport.”” Recently, the functional roles of AQP1
protein expression have been studied in various cancers. Previ-
ous studies have demonstrated that AQP1 is upregulated in
several cancer tissues 772 vitro and in vivo, and AQP1 overexpres-
sion is associated with poor prognosis.'*'*"** Hoque e a/.® re-
ported that upregulated AQP1 in lung cancer may play a role
in cancer cell proliferation by resisting apoptosis. Machida et a/."
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showed that AQP1 overexpression with a loss of polarization is
associated with invasive growth and poor prognosis in lung ad-
enocarcinomas. Consistent with previous observations, our study
showed that AQP1 overexpression tended to be more frequent-
ly observed in the high grade histological subtypes of adenocar-
cinomas although it was not statistically significant.

We also analyzed the association of AQP1 overexpression with
EMT-related markers (E-cadherin and vimentin). The loss of E-
cadherin and increased expression of vimentin, both hallmarks
of a mesenchymal phenotype, were frequently observed in tumors
with AQP1 overexpression. We hypothesized that AQP1 may
participate in tumor progression through EMT (loss of E-cad-
herin and vimentin expression) in lung adenocarcinoma. EMT
is implicated in tumor progression, invasion, metastasis, and poor
prognosis in lung cancer.”"*” Recently, several reports have
suggested that AQP1 overexpression is associated with cancer
cell invasion. AQP1 has been suggested to function as a linker
molecule to promote EMT, or to stabilize the cytoskeletal com-
plex.%?" Similar results were reported in various cancers in-
cluding colorectal cancer, breast cancer, and brain tumors,'*""**
which is in line with our results. The exact biological and func-
tional mechanism of AQP1 to promote EMT needed to be clar-
ifiied by further studies. Of note, some studies demonstrated
that tumor tissue showed intratumoral heterogeneity of AQP1
expression in brain tumor.”** Thus, it is necessary to clarify the
intratumoral heterogenous distribution of AQP1 overexpres-
sion in cancer and its clinical significance.

In conclusion, we demonstrated that overexpression of AQP1
was significantly associated with venous invasion, lymphatic in-
vasion, higher pathological stage, and cancer recurrence in lung
adenocarcinomas. AQP1 was also deemed an independent mark-
er of poor prognosis with regard to PES. In particular, increased
expression of AQP1 protein was associated with the expression
of vimentin and loss of E-cadherin expression, suggesting that
AQP1 overexpression may be involved in tumor cell invasion
through facilitating EMT.
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Background: Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKls) are con-
sidered the first line treatment for a subset of EGFR-mutated non-small cell lung cancer (NSCLC)
patients. Although transformation to small cell lung cancer (SCLC) is one of the known mecha-
nisms of resistance to EGFR TKls, it is not certain whether transformation to SCLC is exclusively
found as a mechanism of TKI resistance in EGFR-mutant tumors. Methods: We identified six pa-
tients with primary lung adenocarcinoma that showed transformation to SCLC on second biopsy
(n=401) during a 6-year period. Clinicopathologic information was analyzed and EGFR mutation
results were compared between initial and second biopsy samples. Results: Six patients showed
transformation from adenocarcinoma to SCLC, of which four were pure SCLCs and two were
combined adenocarcinoma and SCLCs. Clinically, four cases were EGFR-mutant tumors from
non-smoking females who underwent TKI treatment, and the EGFR mutation was retained in the
transformed SCLC tumors. The remaining two adenocarcinomas were EGFR wild-type, and one
of these patients received EGFR TKI treatment. Gonclusions: NSCLC can acquire a neuroendo-
crine phenotype with or without EGFR TKI treatment.

Key Words: Lung neoplasms; Receptor, epidermal growth factor; Tyrosine kinase inhibitor; Small
cell lung carcinoma; Adenocarcinoma

Currently, lung cancer is classified into two broad histological
subgroups: non-small-cell lung cancer (NSCLC) and small cell
lung cancer (SCLC). The distinction between these two catego-
ries is important because the treatment options differ substan-
tially. There are different chemotherapeutic regimens for SCLC
and NSCLC, and the initial response to chemotherapy is much
greater for patients with SCLC than for those with NSCLC."”
Currently, epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitors (TKIs) are considered the first-line treatment
for a subset of EGFR-mutated NSCLC patients.’ In many cases,
however, acquired resistance emerges within a year." Although
the secondary T790M mutation has been well-described and
reported in up to 60% of resistant samples,’ there have been
several studies proposing histological transformation from
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NSCLC to SCLC as another mechanism of EGFR TKI resis-
tance.””"* The possible explanation of this phenomenon can be
the transformation of NSCLC, mostly adenocarcinoma (ADC),
to high-grade neuroendocrine phenotype.” The other possibility
can be the presence of combined histology of NSCLC and SCLC
in initial samples and acquisition of different histological areas
in second biopsy samples.” The reports showed that every trans-
formed SCLC tumor sample retained its original EGFR-activat-
ing mutation,”"" supporting the idea that these were not inde-
pendent second-primary cancers.” In addition, many patients
with transformed SCLC tumors were female non-smokers,*"!
which is different from the typical SCLC patient demographic.
The recent reports of transformation from NSCLC to SCLC
evoke questions regarding the origin of SCLC and clinical ques-
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tions. The rate of transformation to SCLC in TKI resistant tumors

5610 Furchermore, it is not certain

varied according to the study.
whether transformation to SCLC is exclusively found as a mech-
anism of TKI resistance in EGFR-mutant tumors. Practical ques-
tions include whether repeat biopsy is indicated after EGFR
TKI resistance develops following treatment initiation, especially
since a good response after switching to a SCLC chemotherapy
regimen in transformed SCLC tumors has been reported."”
Here, we report six cases of SCLC transformed from pulmo-

nary ADC in a single institute during a 6-year period.

MATERIALS AND METHODS

Cases

During a 6-year petiod (2010-2015), there were a total of
2,310 diagnoses of pulmonary ADC in our institute. Of 2,310
patients, 401 patients underwent a second biopsy or resection
for recurrent or metastatic tumors. Out of 401 patients, a total
of six patients (1.5%) with primary lung ADC showed trans-
formed SCLC morphology in second biopsy. Two experienced
pathologists reviewed the histological slides (S.A and J.H). All
patients were treated in the Department of Oncology, Samsung
Medical Center (Seoul, Korea). Clinical and follow-up data were
obtained through a retrospective analysis of the medical records,
including age, sex, smoking history, treatment, clinical course
and follow-ups. All patients were followed until March 2016
with median follow-up period of 39.2 months. The study was
approved by the Institutional Review Board at Samsung Med;i-
cal Center (2014-14-08610).

EGFR mutation test
DNA was extracted from sections of formalin-fixed, paraffin-
embedded (FFPE) tissue that was also used for histologic diag-
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nosis. Manual microdissection was performed if tumor cell per-
centages were less than 70% in available samples. Genomic
DNA was extracted using Qiagen DNA FFPE Tissue Kit (Qia-
gen, Hilden, Germany) according to the manufacturer’s instruc-
tions. In cases of lung ADC, routine testing for the EGFR mu-
tation was petformed in the pathology laboratory using peptide
nucleic acid—mediated clamping polymerase chain reaction
(PCR) mutation detection kit as previously described,” and re-
sults were retrieved from electronic medical records. For one
SCLC sample, the EGFR mutation was detected using targeted
sequencing via [llumina HiSeq 2500 (Illumina Inc., San Diego,
CA, USA), which was performed for clinical trial enrollment.
For the rest of SCLC samples, the EGFR mutation was newly
evaluated using Cobas test, a real-time PCR test as previously de-
scribed."” EGFR mutation results were available for all samples
except for one that had no residual tumor.

Immunohistochemistry

In the current study, we used representative FFPE tissue sec-
tions for immunohistochemical staining (IHC). IHC for CD56
and thyroid transcription factor 1 (TTF-1) was performed for
SCLC or combined tumors. Staining was performed on 3-pm-
thick sections from each case using a biotin-avidin-peroxidase
method on a BOND-MAX autostainer (Leica, Wetzlar, Ger-
many) after retrieval with T/E buffer (CD56) or citrate buffer
(TTF-1). We used primary antibodies to CD56 (1:200, Novocas-
tra, Newcastle upon Tyne, UK) and TTF-1 (1:100, Dako, Glos-
trup, Denmark).

RESULTS

Sample information and histologic features
Six patients showed transformation from ADC to SCLC.

Table 1. Sample information and pathologic features of six patients showing transformation from non-small-cell lung cancer to small cell lung

cancer
” Interval Sample

Case Irie] Sample S?‘“.T?p'e . Subtype between Transformed tumor SAMpIc acquisition IHO I

No. tumor type acquisition site biopsy (o) type site CD56

1 ADC Biopsy Lung Acinar 37 SCLC Biopsy  Celiac LN —/+

2 ADC Biopsy Lung, brain Acinar and papillary 21 Combined SCLC and Biopsy  Lung —/+2
ADC

3 ADC Biopsy LN 4 Acinar 8 SCLC Biopsy LN7 +/+

4 ADC Biopsy Lung Acinar 5 Combined SCLC and Biopsy  Lung (same site) +/NA
ADC

5 ADC Resection Lung Acinar 31 SCLC Biopsy  Pleura +/+

6 ADC Resection Lung Acinar and solid 50 SCLC Biopsy  Neck LN +/+

IHC, immunohistochemistry; TTF-1,thyroid transcription factor; ADC, adenocarcinoma; SCLC, small cell lung cancer; LN, lymph node; NA, not-applicable.

¥CD56 was positive in only SCLC components.
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Fig. 1. Three cases showing transformation from non-small-cell lung cancer to small-cell lung cancer. (A) Initial biopsy of case 3 shows adeno-
carcinoma. Second biopsy after Iressa treatment, mediastinal lymph node specimen shows small cell carcinoma (B) and tumor cells are
strongly positive for CD56 (C). (D) In case 4, second biopsy after gefetinib treatment reveals combined small-cell and adenocarcinoma histol-
ogy. (E) Adenocarcinoma is identified in the brain tissue of case 2 at the time of initial diagnosis. (F) Second biopsy after afatinib treatment from
this patient has combined small-cell and adenocarcinoma histology. (G) CD56 is expressed in the small cell component of the tumor sample.
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EGFR mutation in transformed SCLC samples.
DISCUSSION

Transformation of NSCLC to SCLC was recently proposed as
a mechanism of resistance to TKI therapy.* Identification of
histologic transformation may be an important factor in deter-
mining a patient’s treatment plan due to the differences be-
tween NSCLC and SCLC. While most reports of transformation
of ADC to SCLC were identified in EGFR mutant patients re-
lated to TKI treatment, it is not certain whether transformation
is exclusively related to EGFR mutation or EGFR TKI treat-
ment."’ Here, we report six cases of ADC which showed histo-
logic transformation to SCLC over a 6-year period at a single
institute. Similar to previous reports, four cases in our series
were ADC with EGFR activating mutations that underwent
TKI treatment and were subsequently found to have SCLC
transformation on second biopsy. However, we also identified
two additional cases of SCLC transformation that had no EGFR
mutation, and one of these cases underwent initial TKI treat-
ment.

EGFR TKIs are now being used worldwide for first-line
treatment in a subset of lung cancers bearing EGFR-activating
mutations, and they have demonstrated dramatic therapeutic
efficacy.” However, acquired resistance through multiple mech-
anisms has become a major problem.® One of mechanism of re-
sistance to EGFR inhibitors is the histological transformation
of ADC to SCLC.® Although the presence of combined ADC
and SCLC histology at initial diagnosis is a possibility, genomic
sequencing of EGFR mutations shows that both the original
tumor and transformed SCLC at the time of resistance share the
original EGFR-activating mutation, thus supporting the con-

clusion that these were not independent tumors.”""

However,
the small biopsy size represents only a portion of tumors, and
SCLC components may become dominant at the time of disease
progression. Of the six patients with initially diagnosed with
ADC in our report, two were diagnosed using surgically resect-
ed samples rather than needle biopsies. For these two cases, the
possibility of combined histology at the initial biopsy can be
excluded. In case 6, it was difficult to distinguish between SCLC
transformation and second primary SCLC considering the early
stage of initial ADC.

In our series, two of six cases were EGFR—wild-type ADC.
This suggests that transformation to SCLC is not unique to tu-
mors bearing EGFR mutations, nor does it exclusively result
from TKI treatment. Transformation to SCLC is also reported

http://jpatholtm.org/

as a mechanism of acquired resistance to crizotinib in ALK rear-
ranged lung tumors.' In addition, transformation to large cell
neuroendocrine carcinoma was identified as an acquired resis-
tance mechanism to EGFR TKIs and crizotinib.'""* Recent stud-
ies suggest that alveolar type IT cells can give rise to both ADC
and SCLC,"” so EGFR-mutant lung cancers derived from alveo-
lar type II cells may have the potential to transform into SCLC
during the disease progression.” In sum, it seems that acquisi-
tion of neuroendocrine phenotype, which includes SCLC trans-
formation, can occur in the progression of disease in both EG-
FR-mutant and EGFR—wild-type NSCLCs.

Second biopsies are not routinely performed for lung cancer
patients when patients showed resistance to TKI treatment.
Therefore, the incidence of transformation to SCLC in NSCLCs
cannot be accurately calculated. An acquired TKI resistance aris-
ing from the histological transformation to SCLC has been re-
ported to be as high as 3%.’ In our institute, the incidence of
transformation to SCLC identified in the second biopsy of total
ADCs was 1.5%. Recently in our institute, there were two cases
of SCLC transformation in EGFR mutant ADC during treat-
ment with AZD9291, an oral irreversible EGFR TKI with se-
lectivity for activating EGFR mutations and the T790M resis-
tance mutation.”” These cases were not included in this report.
In clinical practice, identification of small cell component is
important as the treatment option can be switched to etoposide
and cisplatin against SCLC."

In conclusion, we report six cases of lung cancer demonstrat-
ing transformation from ADC to SCLC. Four cases were EGFR-
mutant tumors from female non-smokers who underwent TKI
treatment, and the EGFR mutation was retained in the trans-
formed SCLC tumors. The other two ADCs were EGFR—wild-
type, and one of these patients received EGFR TKI treatment.
The neuroendocrine phenotype can thus be acquired during
ADC disease progression independent of EGFR TKI treatment.
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Background: Parafibromin is a product of the tumor suppressor gene that has been studied as a
potential indicator of tumor aggressiveness in the parathyroid, breast, colorectum, and stomach.
However, the clinical significance and potential function of parafibromin expression in head and
neck squamous cell carcinomas remain largely unknown. The aim of this study was to evaluate
the expression of parafibromin in laryngeal squamous cell carcinoma (LSCC) and to verify its po-
tential as a biomarker of tumor behavior. Methods: Parafibromin expression was evaluated in 30
cases of LSCC using immunohistochemistry. The correlations between parafibromin expression
and clinicopathologic parameters were investigated. Results: Parafibromin expression was posi-
tive in 15 cases (50%) and negative in 15 cases (50%). Tumor size and T stage showed a statisti-
cally significant inverse relationship with parafibromin expression (p=.028 and p<.001, respec-
tively). Parafibromin expression was not associated with age, sex, lymph node metastasis, tumor
differentiation, or tumor location. There was no statistically significant relationship between parafi-
bromin expression and progression-free survival in the patients (p>.05). Gonclusions: Our results
indicate that the downregulation or loss of parafibromin expression can be employed as a novel
marker of tumor progression or aggressiveness in LSCC.

Fax; +82-62-234-4584
E-mail: nanih@chosun.ac.kr

Laryngeal cancer is one of the most common malignancies in
the head and neck area and the 11th most common cancer world-
wide, with a high mortality rate and poor prognosis. About
85%-90% of all malignant tumors in the larynx are squamous
cell carcinoma."” Primary malignancies of the head and neck
region other than squamous cell carcinoma are typically salivary
gland tumors and neuroendocrine tumors, with rare cases of
cartilaginous and soft tissue sarcomas." The incidence of laryn-
geal squamous cell carcinoma (LSCC) has gradually increased in
recent years. Invasion and metastasis are the main factors affect-
ing a patient’s overall survival and quality of life.> Major prog-
ress has been achieved in the treatment of laryngeal cancer. Or-
gan-spating protocols that combine radiation, chemotherapy, and
surgery are the standard therapy for advanced laryngeal cancer.'
Although the treatment of laryngeal cancer has been evolving,
there are currently no markers for assessing prognosis or tumor
behavior in LSCC. Therefore, it is worthwhile to investigate bio-
markers for understanding tumor behavior and for guidance to
optimal treatment.

Parafibromin is a protein encoded by the tumor suppressor
gene hyperthyroidism 2 (HRPT2). Its mutation leads to hyper-
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parathyroidism-jaw-tumor syndrome, an autosomal dominant
disease characterized by parathyroid adenoma or carcinoma, fi-
bro-osseous tumors of the maxilla and mandible, renal anoma-
lies, and uterine tumors.*® The HRPT?2 gene is located on hu-
man chromosome 1g31.2, which is composed of 17 exons and
spans 18.5 kb in the genome. The gene encodes a 2.7-kb tran-
script that is translated into a 60-kD, 531-amino acid parafibro-
min protein.”® Along with its role as an oncosuppressor, parafi-
bromin binds to RNA polymerase II as part of polymerase-
associated factor 1 (Pafl), causing repression of B-catenin-mediated
transcription and transcriptional repression of c-myc.”” Zhang
et al."’ documented that the overexpression of parafibromin re-
sults in anti-proliferative properties through the inhibition of col-
ony formation and cellular proliferation and induces cell cycle
arrest in the G1 phase.

Various non-morphological techniques including reverse tran-
scriptase polymerase chain reaction and northern and western
blotting have suggested that parafibromin is ubiquitously ex-
pressed."

Immunohistochemically, a high expression of parafibromin has
been found in hepatocytes, renal cortex tubules, cells at the base
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of the gastric glands, and the pars intermedia of the hypophy-
sis.'" Hyperparathyroidism-jaw-tumors-syndrome and sporadic
parathyroid carcinoma show loss of nuclear immunoreactivity of
parafibromin.'” Selvarajan er a/."* showed inverse correlations
between parafibromin expression and tumor size, pathologic st-
age, and lymphovascular invasion of breast carcinomas. Subse-
quent investigations have suggested that down-regulated parafi-
bromin expression is involved in tumor pathogenesis, growth,
invasion, and metastasis and might be a novel biomarker indicat-
ing a poor prognosis in gastric and colorectal carcinomas.'*"
Zhang et al.’ demonstrated that the down-regulated expression
of parafibromin protein might have a negative impact on apop-
tosis and suppressing cell cycle progression, proliferation, migra-
tion, invasion, and the epithelial mesenchymal transition (EMT),
suggesting its important role in the pathogenesis, differentiation,
and metastasis of head and neck squamous cell carcinoma (HN-
SCC). Parafibromin has recently been shown to be expressed in
squamous cell carcinoma of the head and neck.” However, re-
search on the relationships between parafibromin and clinico-
pathologic parameters in LSCC has been limited. The purpose
of our study was to investigate the expression of parafibromin
in LSCC and to identify its clinicopathologic significance.

MATERIALS AND METHODS

Patient and tissue samples

This study was composed of 30 cases of LSCC patients who
underwent surgery with/without neck dissection at the Depart-
ment of Otorhinolaryngology at Chosun University Hospital
(Gwangju, South Korea) from January 2003 to December 2008.
Twenty cases of total laryngectomy, seven cases of partial laryn-
gectomy, and three cases of cordectomy were included. For com-
parative analysis, 10 cases with normal mucosal tissue of the lar-
ynx wete also included.

Histopathological evaluation

For each case, the clinical records and tissue slides were retro-
spectively re-evaluated by two pathologists (I.C. and R.H.). The
examined tissues were prepared in 10% neutral formalin fixa-
tion, paraffin-embedded, and sectioned in 4-5 pm thickness.
Hematoxylin and eosin-stained sections were examined using a
light microscope (Olympus BX51, Olympus Corporation, To-
kyo, Japan). We re-evaluated the histological diagnosis, tumor
size, T stage, and lymph node metastasis. Tumor staging was
evaluated according to the 2005 World Health Organization
Classification of Head and Neck Tumors. For immunohisto-
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chemical (THC) analysis, a representative area of the tumor was
selected, and slides were prepared.

IHC evaluation

IHC study was performed according to the manufacturer’s in-
struction. For THC analysis of parafibromin, formalin-fixed and
paraffin-embedded blocks were sectioned at 4 pm thickness and
mounted on precoated glass slides, which were then deparaf-
finized in xylene. Endogenous peroxidase was blocked with a
blocking reagent (sodium chloride-citrate, Ventana Medical Sys-
tems, Tucson, AZ, USA). The IHC analysis of parafibromin (1:50,
sc-330638, rabbit polyclonal, Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA) was carried out using the NexES auto-
immunostainer (Ventana Medical Systems), and immunolocaliza-
tion was performed using the mouse ImmunoCruz Staining Sys-
tem (sc2050, Santa Cruz Biotechnology Inc.). The slides with
the primary antibody were incubated for 32 minutes (1:50,
parafibromin). For the secondary detection method, the Ultra-
viewUniversal DAB detection kit (cat. No. 760500, Ventana
Medical Systems) was used. Slides were then counterstained
with hematoxylin (cat. No. 7602021, Ventana Medical Systems).
Scoring was performed by two pathologists, and nuclear stain-

Table 1. Clinical and histopathologic features of the patients

Clinical and histological feature No. of patients (%)

Age, mean (yr) 66.5
Gender

Male 28 (93.3)

Female 2(6.7)
Tumor location

Localized® 14 (47)

Transglottic 16 (63)
Tumor differentiation

Well differentiated 12 (40.0)

Moderately differentiated 16 (63.3)

Poorly differentiated 2(6.7)
Tumor size (cm)

<1 5(16.7)

1to<2 9 (30)

2t0<3 9(30)

3to<4 3(10)

>4 4(13.3)
T stage

1 9 (30)

2 4(13.3)

3 9 (30)

4 8(26.7)
Lymph node metastasis

Absent 17 (66.7)

Present 13 (43.9)

@Tumors localized to supraglottis, glottis or subglottis.
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ing was interpreted as positive for parafibromin. The expression
positivity was graded and counted. The staining intensity score
was graded as 1, weak; 2, intermediate; and 3, strong. The per-
centage of tumor cells with positive expression and the staining
intensity grade were multiplied to obtain a final score. Of 30 cases,
11 were scored as 0, 15 were scored as > 100 (range, 115 to 260),
and four were scored between 0 and 100. Statistical analyses were
petformed based on a two-tier system of the parafibromin-posi-
tive group and -negative group (positive, > 100; negative, <100).

Statistical analysis

Statistical evaluation was carried out using the SPSS ver. 21
(IBM Co., Armonk, NY, USA). The chi-square test and Fisher
exact test were used to demonstrate the correlations between
parafibromin expression and clinicopathologic characteristics. Sur-
vival analysis was petformed using Kaplan-Meier survival graphs
and the log-rank test. A p-value < .05 was considered to be sta-
tistically significant.

RESULTS

Clinical and pathological parameters

The clinicopathologic characteristics of the patients are sum-
marized in Table 1. The mean age was 66.5 years (range, 47 to
81 years), and the male to female ratio was 13.2:1, showing a
male predominance. Tumors localized in the supraglottic, glottic,
or subglottic regions composed 47% (n=14) of the group, and
transglottic tumors were found in 53% of patients (n=16). The
tumors had a size <2 cm in 14 cases (46.7%) and a size 22 cm in
16 cases (53.3%). The tumor stage was T1 in nine cases (30.0%)
and T2, 3, or 4 in 21 cases (70.0%). Lymph node metastasis was
present in 43.3% of the cases (n=13).

The relationships between parafibromin expression and
clinicopathologic parameters

Among the 30 cases, parafibromin expression was positive in
15 cases (50%) and negative in 15 cases (50%) (Fig. 1A-D, Ta-
ble 2). Among cases with positive parafibromin nuclear staining,

Table 2. The relationships between parafibromin expression and clinicopathologic parameters

Parafibromin expression

Clinicopathologic parameter

Negative (n=15, 50%)

p-value
Positive (=15, 50%)

Tumor location
Localized® 4
Transglottic 11
Tumor differentiation
Well differentiated 7
Moderately differentiated 7
Poorly differentiated
Tumor size (cm)
0-0.9
1.0-1.9
2.0-29
3.0-3.9
>4.0
Tumor size (cm)°
<2
>2 11
T stage
T
T2
T3
T4
T stage®
T
T2, 3,and 4 15
Lymph node metastasis
Absent 8
Present 7

A~ NN o O

oo ~ O

10 .066
5
.583

—

.04p

o = ~ OO

10 .028°

.015°

W W O ©

©

<.001°

S 713
6

aTumors localized to supraglottis, glottis, or subglottis; PIndicates p < 0.05; °Subdivided tumor size; “Subdivided T stage.
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a subset of cases showed parafibromin immunoreactivity at the
periphery of the tumor cell nest (Fig. 1C). There was a statisti-
cally significant inverse relationship between parafibromin ex-
pression and T stage (p =.015). Interestingly, when we subdi-
vided T stage into a T1 group and a T2, 3, or 4 group, the loss
of parafibromin expression was associated with the latter (p <
.001) (Table 2). Tumor size and parafibromin expression were also
inversely correlated (p =.028) (Table 2). Parafibromin expression
was not associated with other clinicopathologic factors such as
age, sex, lymph node metastasis, tumor differentiation, or tumor
location (Table 2). The follow-up periods of LSCC patients
ranged from 2 to 136 months (median, 23 months). During the
follow-up period, there was no disease-specific death among the
patients. Eight patients experienced distant metastasis or recur-
rence of the cancer, and progression-free survival (PFS) ranged
from 2 to 136 months (median, 21.5 months). The survival
curve using the Kaplan-Meier method indicated no statistically
significant relationship between parafibromin expression and

Parafibromin in Laryngeal SCCs 267

PES in the patients (p>.05) (Fig. 2).
DISCUSSION

Parafibromin is a protein product of the tumor suppressor gene
that has been studied as a potential indicator of tumor aggressive-
ness in many organs, notably the parathyroid, breast, colorectum,
and stomach."”'* However, the clinical significance and potential
function of parafibromin expression in HNSCC have remained
largely unknown. One study by Zhang ez 2/’ investigated the
role of parafibromin expression in tumorigenesis and the progres-
sion of HNSCC, along with its value as a prognostic marker.
The overall 5-year survival rate of HNSCC is about 40%—50%,
despite advancements in therapy.” The prognosis of laryngeal
cancer varies considerably according to the anatomical site of ori-
gin. For example, glottic cancer has a better prognosis than su-
praglottic and subglottic cancer.”” Until now, prevention and
early diagnosis with function-preserving treatment have been

Fig. 1. Parafibromin expression in squamous cell carcinoma of the larynx. (A) Parafibromin expressed in the basal layer of normal laryngeal
mucosa. (B) Parafibromin-positive staining is expressed in the nuclei of tumor cells. (C) Occasionally, parafibromin positivity is observed in the
periphery of the tumor nest. (D) Representative image of parafibromin-negative staining.
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Fig. 2. Kaplan-Meier curves of progression-free survival in laryngeal
squamous cell carcinoma patients according to parafibromin ex-
pression status. There is no statistically significant relationship be-
tween parafibromin expression and the progression-free survival of
the patients (p>.05).

considered to be the most effective approach.” The aim of this
study was to evaluate the expression of parafibromin in LSCC
and verify its potential as a biomarker of tumor behavior. We
evaluated the relationships between parafibromin staining and
clinicopathologic parameters. Our results demonstrated that
parafibromin expression has an inverse correlation with T stage
and tumor size, indicating that downregulation or loss of parafi-
bromin expression is involved in tumor progression or aggres-
siveness. Our results are in line with other studies on parafibro-
min expression in different organs. Zheng ¢t 2/."* observed that
tumor size, depth of invasion, lymph node metastasis, clinico-
pathologic staging, and poor prognosis were inversely correlat-
ed with parafibromin in colorectal carcinomas. Zheng et al."”
also reported parafibromin expression to be associated with tu-
mor size, depth of invasion, lymph node metastasis, lymphatic
invasion, International Union against Cancer staging, and Lau-
ren’s classification in gastric carcinomas. Selvarajan ¢t @/."* ob-
served that parafibromin expression was inversely correlated with
tumor size in 163 cases of breast carcinomas.

Recent research on HNSCC conducted by Zhang et a/.
showed that parafibromin expression was negatively correlated
with lymph node metastasis and TNM staging but positively
correlated with human papillomavirus positivity. However, oth-
er clinicopathological characteristic such as tumor status were
not associated with parafibromin expression. Our results in LSCC
revealed that parafibromin expression was inversely correlated
with T stage (T1 or T2, 3, and 4) (p <.05). Stage T1 involves tu-

http://jpatholtm.org/

mor limited to one subsite of origin with normal vocal cord mo-
bility. A T stage of 2, 3, or 4 involves tumor invading adjacent
subsites of origin with impaired vocal cord mobility.

In addition to tumor size and volume, which are encompassed
by the T stage, advanced stage disease with vocal cord fixation
might be a significant parameter of tumor aggressiveness. These
results also explain the role of parafibromin expression in inva-
sion, migration, and EMT. I vitro experiments have document-
ed that parafibromin overexpression suppressed the migration
and invasion of transfected cells by upregulating E-cadherin ex-
pression and downregulating the expression of matrix metallo-
proteinase (MMP)-2, MMP-9, and Slug.” Thus, the loss or down-
regulation of parafibromin might promote invasion and migration
by upregulating Snail, Slug, Zeb1, and Zep2 during EMT. How-
ever, unlike in other studies, we did not find significant relation-
ship between parafibromin expression and lymph node metasta-
sis or PES. Considering our small sample size, this might not
represent characteristics of LSCC but rather reflect the limited
number of cases. This is a preliminary evaluation that requires
support from additional studies based on larger groups with ex-
tended follow-up periods and clinicopathologic parameters.

Here, we analyzed parafibromin expression and clinicopatho-
logic features in laryngeal cancer, revealing positive links becween
loss of parafibromin and tumor size and T stage. Our results sug-
gest that parafibromin expression can be employed as a novel
marker of tumor aggressiveness in LSCC. Based on this data,
we suggest that parafibromin can be used to guide the individ-
ualized treatment of laryngeal cancer.
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Background: The aim of this study was to determine the regional heterogeneity and clinicopatho-
logical significance of microRNA-21 (miR-21) in advanced colorectal cancer (CRC) patients with
distant metastasis. Methods: miR-21 expression was investigated by using locked nucleic acid-
fluorescence in situ hybridization in the center and periphery of the primary cancer and in distant
metastasis from 170 patients with advanced CRC. In addition, o-smooth muscle actin and des-
min were evaluated to identify cancer-associated fibroblasts (CAFs) by using immunohistochem-
istry. Results: The miR-21 signal was observed in the cancer stroma. The expression of miR-21 (a
score of 1-4) in the center and periphery of the primary cancer and in distant metastasis was ob-
served in specimens from 133 (78.2%), 105 (61.8%), and 91 (53.5%) patients, respectively. miR-21
expression was heterogeneous in advanced CRC. Discordance between miR-21 expression in
the center of the primary cancer and either the periphery of the primary cancer or distant metas-
tasis was 31.7% or 44.7%, respectively. miR-21 stromal expression in the periphery of the primary
cancer was significantly associated with a better prognosis (p =.004). miR-21 expression was
significantly associated with CAFs in the center of the primary cancer (p=.001) and distant me-
tastases (p =.041). Conclusions: miR-21 expression is observed in cancer stroma related to the
CAF quantity and frequently presents regional heterogeneity in CRC. Our findings indicate that
the role of miR-21 in predicting prognosis may be controversial but provide a new perspective of
miR-21 level measurement in cancer specimens.

Key Words: Colorectal neoplasms; MicroRNA-21; Neoplasm metastasis; Genetic heterogeneity

MicroRNAs (miRNAs) are small (18-25 nucleotides), endog-
enous, non-coding RNAs that act as post-transcriptional mod-
ulators of all cellular processes, including proliferation, differen-
tiation, and apoptosis.' Alterations in miRNA expression are
associated with the deregulation of oncogenes and tumor sup-
pressor genes.” The discovery that miRINA expression is deregu-
lated in cancer suggests the potential of miRNA as biomarkers
for cancer.” Therefore, targeting miRNAs is regarded as a poten-
tial therapeutic strategy and may be a promising diagnostic tool.

MiRNA-21 (miR-21) is consistently upregulated in various
cancers, including the colon, stomach, lung, and breast cancer.”’
Previous studies proved that miR-21 expression correlates with
carcinogenesis.”'' Some studies indicated that miR-21 expression
is closely associated with poor prognosis in various cancers.*'*"
In colorectal cancer (CRC), miR-21 functions as an onco-miRNA
due to its key roles in proliferation, invasion, and metastasis.'*"*
Although the mechanisms underlying the regulation of miR-21
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in CRC remain to be defined, miR-21 can promote tumorigen-
esis in CRC. Some studies reported that plasma miR-21 is a po-
tential noninvasive biomarker for early detection and prognosis
of CRC."”"" Additionally, miR-21 expression is greatly increased
in chemotherapy-resistant CRC cells."™" Recent reports suggest
that increased expression of miR-21 predicts poor prognosis in
patients with CRC.”** However, these results were restricted
to patients with stage Il CRC.”*** Thus, the prognostic value of
miR-21 alterations in patients with advanced CRC presenting
metastases is controversial.

We previously evaluated cancer-associated fibroblasts (CAFs)
in advanced CRC with synchronous or metachronous distant me-
tastases.”” CAFs facilitate the communication between tumor
cells and the tumor microenvironment. In addition, they regulate
tumor invasion and metastasis.”*’ Interestingly, most studies re-
ported that miR-21 was predominantly observed in CAFs, not
in cancer cells.”"**** These findings point to a dynamic malignant
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role of CAFs through miR-21 expression in CRC. Nevertheless,
the correlation between miR-21 and CAF status is yet to be dem-
onstrated in CRC.

Recently, systemic chemotherapy and targeted therapy have
been used in patients with advanced CRC, increasing patient sur-
vival.” Despite advances in medicine, some patients with CRC
respond poorly.” Although the reasons for drug resistance are not
fully understood, they may be related to the presence of tumor
heterogeneity.** Previous reports indicated that regional het-
erogeneity of miRNA expression is observed in various cancer
types.”? Therefore, variation of miR-21 expression between
the primary tumor and metastatic sites needs to be elucidated in
patients with advanced CRC.

The aim of this study was to evaluate the clinical significance
of miR-21 and analyze its heterogeneity in patients with ad-
vanced CRC presenting metastases. Additionally, we analyzed the
correlation between CAFs and miR-21 status.

MATERIALS AND METHODS

Patients and samples

To evaluate the clinicopathological significance and heteroge-
neity of miR-21 status, 170 patients with advanced CRC pre-
senting synchronous or metachronous metastases who had under-
gone surgical resection at Seoul National University Bundang
Hospital between May 2003 and December 2009 were enrolled.
The clinicopathological characteristics were obtained from the
patients’ medical records and pathology reports. Follow-up in-
formation, including patient’s outcome and the interval between
the date of surgical resection and death was collected. Data from
patients lost to follow-up or those who had died from causes
other than CRC were censored.

Ethical statement

All samples were obtained from surgically resected tumors
examined pathologically at the Department of Pathology, Seoul
National University Bundang Hospital. All samples and medi-
cal record data were anonymized before use in this study and the
participants did not provide written informed consent. The use
of medical record data and tissue samples for this study was ap-
proved by the Institutional Review Board of Seoul National Uni-
versity Bundang Hospital (reference No. B-1109/136-302).

Tissue array method
Surgically resected primary CRC specimens were formalin-

fixed and paraffin-embedded (FFPE). For each case, representa-
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tive areas of the donor blocks were obtained and rearranged into
new recipient blocks (Superbiochips Laboratories, Seoul, Korea).
A single core was 2 mm in diameter and those containing > 20%
tumor cells were considered valid cores.

miRNA in situ hybridization

Tissue microarray slides were processed by using locked nu-
cleic acid (LNA)-fluorescence 7 situ hybridization (FISH) oli-
gonucleotide probes for miR-21 and U6, both labeled with flu-
orescein at the 5'-end, according to the protocol described in the
preparation protocol. After deparaffinization, the slides were in-
cubated with proteinase-K and endogenous peroxidase was
blocked with 3% H,O.. Next, the slides were incubated with
hybridization mix containing 1 nM LNA U6 snRNA probe
(Exigon, Vedbaek, Denmark) and 20 nM doubled-DIG LNA
miR-21 probe (Exiqon) in ThermoBrite (Abbott Laboratories,
Abbott Park, IL, USA) for 1 hour at 50°C. Next, the slides were
incubated in blocking solution and antifluorescein—horseradish
peroxidase antibody (1:125, PerkinElmer, Shelton, CT, USA)
for 1 hour. The signals were then amplified using Tyramide
Signal Amplification (TSA-plus FITC, 1:50, PerkinElmer) for
10 minutes at room temperature. After incubation, the slides
were mounted directly with SlowFade Gold antifade reagent
with DAPI (Invitrogen, Carlsbad, CA, USA). All steps begin-
ning with hybridization were performed in the dark.

The experimental data were interpreted according to the in-
structions in the RNAscope FFPE Assay Kit (Advanced Cell
Diagnostics, Hayward, CA, USA): no staining observed at 40 X
magnification (score of 0); difficult to see at 40 X magnification
(score of 1); difficult to see at 20 X magnification, but detectable
staining at 40 X magnification (score of 2); difficult to see at 10X
magnification, but detectable staining at 20 X magnification (score
of 3); and detectable staining at 10 X magnification (score of 4).
A score of 1-4 indicates miR-21 overexpression (Fig. 1).

Immunohistochemistry

Array slides were labeled by immunohistochemistry using
antibodies for smooth muscle actin (SMA; 1:1,000, Neomarkers,
Fremont, CA, USA) and desmin (1:300, Dako, Glostrup, Den-
mark) after a microwave antigen retrieval procedure, except for
SMA. The staining procedures were carried out using the ultra-
View Universal DAB Kit (Ventana Medical Systems, Tucson,
AZ, USA) and an automated stainer (BenchMark XT, Ventana
Medical Systems), according to the manufacturer’s instructions.
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Fig. 1. MicroRNA-21 (miR-21) staining using locked nucleic acid-based in situ hybridization in colorectal cancer. (A) miR-21 expression is

observed in cancer stromal tissue. (B) No miR-21 expression is observed

in normal colonic mucosa.

Table 1. Heterogeneity of miR-21 expression with respect to tumor location in advanced CRC

Center

miR-21 expression Total
Negative Positive
Periphery Negative 24 (14.1) 41 (24.1) 170 (100)
Positive 13(7.6) 92 (54.1)
Distant metastasis Negative 20(11.8) 59 (34.7) 170 (100)
Positive 17 (10.0) 74 (43.5)

Values are presented as number (%). p-values are calculated by using chi-square test or Fisher exact test.

miR-21, microRNA-21; CRC, colorectal cancer.

Calculation of CAFs using digital pathology

CRC cells were considered as internal negative controls. Intes-
tinal muscular layer or medium- to large-sized vessels were con-
sidered as internal positive controls for desmin and SMA. Sam-
ples showing inappropriate staining in internal negative or positive
controls were considered non-informative and were excluded
from the analysis. Slides were scanned using an Aperio ScanS-
copeH CS instrument (Aperio Technologies Inc., Vista, CA, USA)
at 20 X magnification. Because desmin-positive muscularis mu-
cosa and propria are positive for SMA staining, the area of CAFs
(mm?) was calculated by subtracting the areas of desmin stain-
ing from that of SMA staining (SMA-desmin).

Microsatellite instability

Microsatellite instability (MSI) was assessed in 160 CRC cases
with available tissue. MSI results were generated by comparing
the allelic profiles of five microsatellite markers (BAT-26, BAT-
25, D58346, D175250, and D2S123) in the tumors and corre-
sponding normal samples. Polymerase chain reaction products
from the FFPE tissues were analyzed using an automated DNA
sequencer (ABI 3731 Genetic Analyzer, Applied Biosystems, Fos-
ter City, CA, USA) according to the protocol.

http://jpatholtm.org/

Statistical analyses

The association between the clinicopathological features and
miR-21 status was analyzed by using the chi-square or Fisher
exact test, as appropriate. The correlation between miR-21 ex-
pression and CAFs was examined by using the Mann-Whitney
test. The patients’ survival was analyzed by using the Kaplan-
Meier method and the log-rank test was used to determine if
there were any significant differences between the survival curves.
A p-value <.05 was considered statistically significant. All sta-
tistical analyses were performed using the SPSS statistics ver. 21
software (IBM Corp., Armonk, NY, USA).

RESULTS

miR-21 stromal expression and regional heterogeneity in
advanced CRC patients

The miR-21 signal was predominantly observed in the stro-
mal compartment of the cancer and the normal mucosa was neg-
ative for miR-21 (Fig. 1). The snRNA U6 signal was observed
in the nucleus of all cell types. To evaluate the regional hetero-
geneity of miR-21 expression, we examined tissues from three
sites, including the center and periphery of primary cancer as
well as distant metastases for each patient with advanced CRC.
In the center of primary tumors, a miR-21 FISH score of 0 was

http://dx.doi.org/10.4132/jptm.2016.03.19



observed in 37 (21.8%), a score of 1 in 16 (9.4%), a score of 2 in
56 (32.9%), a score of 3 in 46 (27.1%), and a score of 4 in 15
(8.8%) patients with CRC. In the periphery of primary tumors,
a miR-21 FISH score of 0 was observed in 65 (38.2%), a score
of 1 in 14 (8.2%), a score of 2 in 46 (27.1%), a score of 3 in 44
(25.9%), and a score of 4 in one (0.6%) patient with CRC. Ad-
ditionally, in distant metastatic tumors, a miR-21 FISH score
of 0 was observed in 79 (46.5%), a score of 1 in 13 (7.6%), a
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score of 2 in 43 (25.3%), a score of 3 in 32 (18.8%), and a score
of 4 in three (1.8%) patients with CRC. miR-21 stromal expres-
sion (a score of 1-4) in the center and periphery of primary tu-
mor as well as in distant metastasis was observed in 133 (78.2%),
105 (61.8%), and 91 (53.5%) patients with CRC, respectively.
The heterogeneity of miR-21 status according to tumor loca-
tion is shown in Table 1. Of the 170 cases, discordance between
miR-21 expression in the center and periphery was noted in 54

Table 2. The association between clinicopathological parameters and expression of miR-21 in 170 advanced CRC patients with metastasis

Center Periphery Metastasis
Variable Total miR-21 p-value miR-21 p-value miR-21 p-value
Negative  Positive Negative  Positive Negative  Positive
Age (yr)
Mean 60.0 60.7 59.7 .668 60.4 59.6 .661 59.8 60.1 .875
Sex
Male 90 21(12.4) 69 (40.6) .599 31(18.2) 59 (34.7) .281 36(21.2) 54 (31.8) .073
Female 80 16 (9.4) 64 (37.6) 34 (20.0) 46 (27.1) 43(25.3) 37 (21.9)
pT stage
0-2 103 23(18.5) 80 (47.1) .825 36 (21.2) 67 (39.4) 275 45(26.5) 58 (34.1) .367
3-4 67 14 (8.2) 53(31.2) 29 (17.1) 38(22.4) 34 (20.0) 33(19.4)
Differentiation
LG 148 33(19.4) 115(67.6) .662 50(29.4) 98 (57.6) .002 70(41.2) 78 (49.5) 575
HG 22 4(2.4) 18(10.6) 15(8.8) 7(4.1) 9(5.3 13 (7.6)
Location of primary tumor 299 .260 925
Right colon 4 8 (4.7 33(19.4) 20(11.8) 21 (12.4) 20(11.8) 21 (12.4)
Left colon 69 12 (7.1) 57 (33.5) 23(13.5) 46 (27.1) 31(18.2) 38(22.4)
Rectum 60 17 (10.0)  43(25.3) 22 (12.9) 38(22.4) 28 (16.5) 32 (18.9)
LN metastasis
Absent 31 7(4.1) 24 (14.1) .903 6(3.5) 25(14.7 .017 15(8.8) 16 (9.4) .813
Present 139 30(17.6) 109 (64.1) 59 (34.7) 80 (47.1) 64 (37.6) 75 (44.1)
Lymphatic invasion
Absent 59) 9.3 46 (27.1) .238 15(8.8) 40(23.5) .042 28 (16.5) 27 (15.9 422
Present 115 28 (16.5) 87 (61.2 50(29.4) 65(38.2) 51(30.0) 64 (37.6)
Perineural invasion
Absent 83 19(11.2)  64(37.6) 728 29(17.1) 54 (31.9) .388 41 (24.1) 42 (24.7) 455
Present 87 18 (10.6 69 (40.6) 36 (21.2) 51(30.0) 38 (22.4) 49(28.8
Venous invasion
Absent 118 24 (14.1) 94 (65.3) 497 42 (24.7) 76 (44.7 .286 58 (34.1) 60 (35.3) 291
Present 52 13 (7.6) 39 (22.9) 23(13.5) 29(17.1 21(12.4) 31(18.2
Tumor border
Expanding 12 4(2.4) 8(4.7) 314 4(2.4) 8(4.7) 717 6(3.5) 6(3.5) 799
Infiltrative 158 33(19.4) 125(73.5) 61(35.9) 97 (57.1) 73(42.9) 85(50.0)
Distant metastasis
Synchronous 110 23(13.5) 87 (51.2) 714 45(26.5) 65(38.2) .331 52 (30.6) 58 (34.1) 776
Metachronous 60 14(8.2) 46 (21.7) 20(11.8) 40 (23.5) 27 (156.9) 33(19.4)
pTNM stage at initial diagnosis
[l 20 5(2.9) 15(8.8) 709 4(2.4) 16 (9.4) 074 9.3 11(6.5) .888
{1\ 150 32(18.8) 118(69.4) 61(35.9) 89 (52.4) 70(41.2) 80 (47.1)
MSI status
MSS/MSI-L 157 35(21.9) 122 (76.3) .650 59(36.9) 98 (61.3) .304 74 (46.3) 83 (51.9) .069
MSI-H 3 1(0.6) 2(1.3) 2 (1.3 1(0.6) 3(1.9 0

Values are presented as number (%). p-values are calculated by using chi-square test or Fisher exact test.
miR-21, microRNA-21; CRC, colorectal cancer; T, tumor; LG, low grade; HG, high grade; LN, lymph node; MSI, microsatellite instability; MSS, microsatellite
stable; MSI-L, microsatellite instability-low; MSI-H, microsatellite instability-high.
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cases (31.7%). Discordance between the center and distant me-
tastasis was detected in 76 cases (44.7%). Thus, regional hetero-
geneity of miR-21 stromal expression was very common in pa-
tients with advanced CRC.

Clinical implications of miR-21 stromal expression in
advanced CRC patients

Table 2 shows the relationships between miR-21 status and
the clinicopathological parameters of patients with advanced
CRC. In the periphery of primary tumor, miR-21 exptession was
correlated with less aggressive features, including histologic low
grade differentiation (p =.002). In addition, lymphatic invasion
and lymph node metastasis was frequently observed in patients
with CRC negative for miR-21 (p=.042 and p=.017, respective-
ly). There was no statistically significant correlation between the
clinicopathological factors and miR-21 expression in the center
of the primary tumors and distant metastatic tumors (p >.05).
The expression of miR-21 in distant metastasis was different ac-
cording to metastatic site (Table 3). miR-21 stromal expression
was more frequently observed in lung metastasis and peritoneal
seeding (p =.046).

Table 3. Expression of miR-21 in distant metastasis according to
metastatic site in 170 advanced CRC patients

miR-21 in metastasis

Site of metastasis Total p-value
Negative Positive

Liver 76 42 (24.7) 34 (20.0) .046

Lung 37 13(7.6) 24 (14.1)

Seeding 37 13(7.6) 24 (14.1)

Distant nodes 2 0 2(1.2)

Ovary 18 11 (6.5) 7(4.)

Total 170 79 91

Values are presented as number (%).
miR-21, microRNA-21; CRC, colorectal cancer.

Prognostic significance of miR-21 stromal expression in
advanced CRC patients

All 170 patients with advanced CRC were successfully followed
up for inclusion in the survival analysis (Fig. 2). The mean fol-
low-up time was 42 months (range, 1 to 105 months) and 73
patients (42.9%) died from cancer during the follow-up period.
Kaplan-Meier analysis showed that miR-21 stromal expression
in the periphery of primary tumors was significantly associated
with a better prognosis (p =.004). There was no significant cor-
relation between the patients’ prognosis and miR-21 expression
in the center of primary tumors and distant metastases (p =.925
and p =863, respectively).

Correlation between miR-21 stromal expression and CAF
value

The regional heterogeneous values for CAF in CRC are shown
in our previous study.” The area occupied by CAFs was the low-
est in distant metastases (median, 0.91; interquartile range [IQR],
0.68 to 1.18) than any other sites (median, 1.12; IQR, 0.88 to
1.41 in the center of primary tumors and median, 1.22; IQR,
0.96 to 1.54 in the periphery of primary tumors). Mann-Whit-
ney test showed that miR-21 expression was significantly asso-
ciated with CAFs in the center of primary tumors (p =.001)
and distant metastases (p =.041). In the periphery of primary tu-
mors, miR-21 overexpression was not correlated with CAFs (p =
.102) (Fig. 3).

DISCUSSION

Many predictive and prognostic molecular markers have been
suggested for CRC. However, they are not reliably accepted due
to a lack of reproducibility and validation. Previous studies pro-
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Fig. 2. Kaplan-Meier curves illustrating the overall survival of patients with advanced colorectal cancer in relation to microRNA-21 expression.
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posed that high expression of miR-21 might predict poor sur-
vival in patients with CRC.*** However, elevated miR-21 level
and poor prognosis correlated only in a subgroup of patients
with stage Il CRC.”** Interestingly, our results contradict those
of previous miR-21 expression studies. In our study, miR-21 ex-
pression in the periphery of primary tumors was significantly
associated with a better prognosis in patients with advanced
stage CRC (p=.004) (Fig. 2). Otherwise, there was no significant
correlation between the prognosis and miR-21 expression in
the center of primary tumors and in distant metastases (p =.925
and p = .863, respectively) (Fig. 2). This discrepancy may be ex-
plained by the fact that our cohort was largely comprised of pa-
tients with stage IV CRC (98 cases, 57.6%). They received var-
ious personalized treatments and these might reflect the statistical
difference.

Bullock ef @/ recently demonstrated that stromal miR-21 ex-
pression induced a pro-metastatic mechanism of CRC via acti-
vation of matrix metalloproteinase-2. These data highlight the
importance of miR-21 deregulation in CRC metastasis. Because
all patients in our study presented with advanced CRC with me-
tastasis, miR-21 may be expressed at higher levels than that
observed in previous reports. In our study, miR-21 expression in
the center and periphery of primary tumors and in distant me-
tastasis was observed in 78.2%, 61.8%, and 53.5% of the pa-
tients, respectively, whereas it was observed in 27.4% of the pa-
tients in another study.”” Our data suggest that the lack of miR-
21 expression in patients presenting with CRC with metastasis
is associated with a rather poor prognosis and more frequent
lymphatic invasion and lymph node metastasis (Table 2, Fig. 1),
presumably because, in these patients, the metastatic mecha-
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nism is controlled by other regulatory pathways. Further studies
are necessary to prove that other mechanisms induce CRC me-
tastasis, independently of miR-21. The evaluation of the prog-
nostic value of miR-21 expression in patients with advanced CRC
presenting distant metastasis might be of little importance.
Previous studies in various cancers indicated that miR-21 lo-
calizes mainly in the cancer stroma and more particularly in the
stromal fibroblast-like cells.”**** This localization may be due
to molecules secreted by cancer cells, which influence the mi-
croenvironment.”*” Meanwhile, the mechanisms of regulation
of miR-21 in CAFs remain unknown. Only few studies exam-
ined the correlation between the value of CAFs and miR-21 ex-
pression.”” Our study revealed that miR-21 expression was as-
sociated with CAF value in the center of primary tumors and
distant metastases (p=.001 and p =.041, respectively) (Fig. 3).
As expected, the value of CAF was greater in stroma of CRC
specimens presenting miR-21 expression. Therefore, we should
be careful when evaluating stromal miR-21 expression. In most
previous studies, miR-21 expression was evaluated quantita-

212436 This method may mislead us when

tively by image analysis.
distinguishing miR-21 high expression from a simple increase
in the number of CAFs. Thus, accurate observation should be
performed to distinguish miR-21 expression from CAF increase.

To clarify miR-21 expression in CRC, being aware of the het-
erogeneity in miR-21 expression level is crucial because region-
al heterogeneity can lead to sampling bias. In recent studies, in-
tra-tumor heterogeneity of various miRNAs was detected in
colorectal, pancreatic, and breast cancer.”**>*" Our study indicates
miR-21 regional heterogeneity, which constitutes approximate-
ly 40% of the total cohort (Table 1). Thus, a reliable assessment

http://jpatholtm.org/
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of CRC miR-21 expression may include sampling of the primary
tumor in several locations and metastasis.

In conclusion, we demonstrated that miR-21 is expressed in
advanced CRC and that this upregulation is mainly confined to
the cancer stroma. Our FISH data indicated that miR-21 expres-
sion is related to CAF value in the center of primary tumors and
distant metastasis. We determined that miR-21 expression fre-
quently presents regional heterogeneity in CRC. Such data could
lead to the new perspective of miR-21 level measurement. The
evaluation of miR-21 expression for the prediction of survival
in patient with advanced CRC is a matter of debate.
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Background: The clinicopathological characteristics and conclusive treatment modality for multifo-
cal papillary thyroid microcarcinoma (mPTMC) have not been fully established. Methods: A retro-
spective study, systematic review, and meta-analysis were conducted to elucidate the clinico-
pathological significance of mPTMC. We investigated the multiplicity of 383 classical papillary
thyroid microcarcinomas (PTMCs) and the clinicopathological significance of incidental mPTMCs.
Correlation between tumor recurrence and multifocality in PTMCs was evaluated through a sys-
tematic review and meta-analysis. Results: Tumor multifocality was identified in 103 of 383 PTMCs
(26.9%). On linear regression analysis, primary tumor diameter was significantly correlated with tu-
mor number (R?=0.014, p=.021) and supplemental tumor diameter (R*=0.117, p=.023). Of 103
mPTMGs, 61 (59.2%) were non-incidental, with tumor detected on preoperative ultrasonography,
and 42 (40.8%) were diagnosed (incidental mPTMCs) on pathological examination. Lymph node
metastasis and higher tumor stage were significantly correlated with tumor multifocality. However,
there was no difference in nodal metastasis or tumor stage between incidental and non-incidental
mPTMCs. On meta-analysis, tumor multifocality was significantly correlated with tumor recur-
rence in PTMCs (odds ratio, 2.002; 95% confidence interval, 1.475 to 2.719, p <.001). Conclu-
sions: Our results show that tumor multifocality in PTMC, regardless of manner of detection, is
significantly correlated with aggressive tumor behavior.

Key Words: Papillary thyroid microcarcinoma; Multifocal; Incidental; Retrospective studies; Meta-
analysis

Papillary thyroid microcarcinoma (PTMC) measuring 1 cm
or less in diameter is the most common variant of papillary thy-
roid carcinoma (PTC). The incidence of PTMC has recently been
increasing in many countries. This increase is partially attributed
to the broader availability of ultrasonography (US) and comput-
ed tomography diagnostic modalities and to more frequent health
screening with increased awareness of this tumor type.' If the
primary contributor to increasing PTMC incidence is improved
detection, then the proportion of late-stage and large tumors
should be declining. However, the incidence of larger tumors is
also increasing.” This pattern of increasing incidence cannot be
completely explained by increased detection or more frequent
health screening. Furthermore, over-diagnosis and over-treat-
ment of PTMCs are important issues that warrant more de-
tailed evaluation. Although PTMCs have similar molecular char-
acteristics to PTCs larger than 1 cm (overt PTCs),’ PTMCs generally
have a better outcome profile than overt PTCs.”” However, some
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PTMCs demonstrate loco-regional and lymph node recurrence,’
and diagnostic delays can result in higher rates of distant metas-
tasis.®

Old age, lymph node metastasis, extrathyroidal extension, and
multifocality or bilaterality are considered high risk factors of
PTC.”® Although the American Joint Committee on Cancer
(AJCC) tumor node metastasis (TNM) classification system rec-
ommends describing tumor multifocality, TNM stage is not in-
fluenced by multifocality.” Furthermore, definite evaluation and
treatment modalities have not been established for multifocality
in PTMC. Based on American Thyroid Association (ATA) man-
agement guidelines,” patients with overt PTC with high risk fac-
tors are recommended to undergo total thyroidectomy with
lymph node dissection.”' However, no definitive treatment
guidelines for PTMC with high-risk factors have been recom-
mended. Hemithyroidectomy or subtotal thyroidectomy is gen-
erally considered adequate treatment for unifocal PTMC (uPT-
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MO), while the extent of surgical resection for multifocal PTMC
(mPTMC) remains controversial."! If incidental mPTMC is con-
sidered, the true rate of mPTMC could be higher than previously
reported. The clinicopathological significance of multifocality
in PTMC is not well established, and distinct treatment guide-
lines should be considered.

In the present study, we retrospectively investigated the clin-
icopathological significance and multifocality of PTMC with re-
gard to primary tumor size. To evaluate the clinicopathological
significance of incidentally detected mPTMC, the rate of inci-
dental mPTMC and its characteristics were investigated and
compared with those of non-incidental mPTMC. Recurrence of
mPTMC was also evaluated through meta-analysis.

MATERIALS AND METHODS

Patients

We investigated 383 consecutive classical PTMC patients from
the Department of Pathology, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine (Seoul, Korea)
from January 1, 2010 to December 31, 2011. The correlations
between multifocality and clinicopathological characteristics
including age, sex, tumor size, extrathyroidal extension, lymph
node metastasis, pTNM stage, and US findings were evaluated
by reviewing medical charts, pathology records, and glass slides
and based on the seventh edition AJCC TNM classification sys-
tem.” Patients had undergone either total thyroidectomy (n =
237) or lobectomy (including hemithyroidectomy) (n = 146) with
lymph node dissection. The decisions to perform lymph node
dissection and the extent of dissection were made by the surgeon
based on ATA management guidelines’ and various risk-evalu-
ation systems.””'>"> The mean age of patients was 45.4 + 10.4
years, the mean tumor size of the largest dominant tumor was
0.65 £ 0.20 cm, and the sex ratio (male:female) was 1:3.85. By
AJCC stage grouping, there were 295 cases in stage I, O cases in
stage II, 86 cases in stage III, and two cases in stage IV. The study
protocol was approved by the Institutional Review Board (IRB)
of Kangbuk Samsung Hospital IRB No. KBC12202), who
confirmed informed consents.

Definition and evaluation of tumor multifocality

Sections were cut to a thickness of 0.2 ¢cm for postoperative
pathological examination. All tumors detected during inspec-
tion were histologically examined. For evaluation of extrathy-
roidal extension, peritumoral parenchyma with thyroidal cap-
sule was included. In addition, one section with normal-appearing
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parenchyma was included from each lobe. mPTMCs were de-
fined as tumors with an intertumoral distance greater than 0.5
cm in the ipsilateral lobe or contralateral lobe of the primarytu-
mor."* The number of tumors ranged from two to six (mean,
2.36+0.70), and we designated PTMCs other than the largest
tumor as supplemental tumors. Cases were subdivided into
three groups based on preoperative US findings. The first group
included suspicious mPTMCs, the second group included uPT-
MCs accompanied by benign or indeterminate nodules, and the
third group included suspicious uPTMCs. Within the second
and third groups, incidental mPTMCs were defined as those
discovered on pathological examination, which were not detect-
ed on preoperative US. US evaluation was performed by radiolo-
gists at our institution, and results were reported according to
standard criteria.

Literature search and selection criteria

Relevant articles were obtained by searching PubMed and
MEDLINE databases up to January 15, 2015. Searches were per-
formed using the keywords “papillary thyroid carcinoma” and
“multifocal.” The title and abstract of all searched articles were
screened for exclusion. Review articles were also screened to find
additional eligible studies. Search results were then scanned ac-
cording to the following inclusion and exclusion criteria: (1) PTC
investigated in human tissue, (2) available information regard-
ing tumor recurrence in uPTMC and mPTMC, (3) case reports
or non-original articles were excluded, and (4) non-English lan-
guage publications were excluded.

Data extraction

Data from all eligible studies were extracted by two authors.
The following data were extracted from each of the eligible stud-
ies: the first author’s name, year of publication, number of pa-
tients analyzed, and number of patients with tumor recurrence.

Statistical analysis

Statistical analyses were conducted using SPSS ver. 18.0 soft-
ware (SPSS Inc., Chicago, IL, USA). The significance of tumor
multifocality and correlations with clinicopathological parame-
ters were determined by either chi-squre test or the Fisher exact
test (two-sided). The relationship between tumor multifocality
and tumor size was analyzed using a two-tailed Student’s t test.
Linear regression analysis was conducted to investigate correla-
tions between primary tumor size and tumor multifocality, num-
ber of tumor, and supplemental tumor size. In addition, multi-
variate logistic regression analysis was performed to identify the
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most influential variables associated with tumor multifocality. To
perform the meta-analysis, Comprehensive Meta-Analysis ver.
2 software (Biostat, Engelwood, NJ, USA) was used. Odds ratio
(OR) with a 95% confidence interval (CI) was calculated by
fixed-effect and random-effect models and used to evaluate the
correlation between tumor multifocality and recurrence. Het-
erogeneity between studies was evaluated with the Q test, I?, and
p-values. Publication bias was assessed via Begg’s funnel plot
and Egger’s test. All statistical analysis was reviewed by a statis-
tician. The results were two-sided and were considered statisti-
cally significant when p <.05.

RESULTS

Clinicopathological features of mMPTMCs

We initially investigated the correlations between tumor
multifocality and clinicopathological parameters in 383 resect-
ed classical PTMCs. Tumor multifocality was noted in 103 of
383 PTMCs (26.9%), and nodal metastasis occurred at signifi-
cantly higher rates in mPTMCs than in uPTMCs (p =.003).
Patients who underwent total thyroidectomy showed a higher
incidence of tumor multifocality than patients who underwent
lobectomy (p <.001). For the 83 mPTMCs in which total thy-
roidectomy was undertaken, tumor bilaterality was 62.7% (52
of 83). mPTMC showed a significant correlation with higher

TNM stage than uPTMC (p <.001). There were no significant
differences with respect to age, sex, tumor size, or extrathyroidal
extension (Table 1). On multivariate analysis, tumor multifocal-
ity was significantly correlated with lymph node metastasis (p =
.002) but not age (>45 years), sex, or extrathyroidal extension.

On preoperative US, tumor multiplicity was found in 180
cases including 54 suspicious mPTMC cases. Among suspicious
mPTMGCs, 41 cases were confirmed as mPTMCs (non-inciden-
tal mPTMCs) on pathological examination. For the remaining
126 suspicious uPTMCs accompanied by benign or indetermi-
nate nodules, 20 cases were confirmed to be mPTMC (non-in-
cidental mPTMC). Nineteen cases (three suspicious mPTMC
cases and 16 non-suspicious mPTMC cases) involved inciden-
tally found PTMCs (incidental mPTMCs) that were not identi-
fied preoperatively. In 203 cases regarded as uPTMCs on preop-
erative US, 23 supplemental PTMCs were incidentally
discovered on pathological examination (incidental mPTMCs).
In total, 103 mPTMCs (61 non-incidental and 42 incidental) of
383 PTMCs were identified (Fig. 1).

Distribution of mMPTMC based on primary tumor size

The distribution of mPTMCs based on primary tumor size
was investigated and is shown in Fig. 2A. The rate of mPTMC
occurrence was 0%-34.4% and was shown to increase with in-
creasing primary tumor size on linear regression analysis (R” =

Table 1. Correlation between tumor multifocality and clinicopathological features in PTMCs

Clinicopathological feature (n=383) Multifocal PTMC (n=103, 26.9%) Unifocal PTMC (n=280, 73.1%) p-value
Age (yn)
<45 43 (41.7) 144 (51.4) .093
>45 60 (58.3) 136 (48.6)
Gender
Male 18 (17.5) 61 (21.8) .355
Female 85 (82.5) 219 (78.2)
Tumor size (cm) 0.67+0.19 0.64+0.20 .389
Total thyroidectomy 83 (80.6) 154 (65.0) <.001
Lobectomy 20 (19.4) 126 (45.0)
Extrathyroidal extension
Present 54 (52.4) 125 (44.6) 176
Absent 49 (47.6) 155 (55.4)
Lymph node metastasis
Present 52 (50.5) 95 (33.9) .003
Absent 51 (49.5) 185 (66.1)
Tumor stage
I 52 (50.5) 203 (72.5) <.001
I 0 0
I 51 (49.5) 75 (26.8)
\% 0 2(0.7)

Values are presented as number (%) or mean + standard deviation.
PTMC, papillary thyroid microcarcinoma.
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Postoperative
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| Multiplicity (+)
(n=180)
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Fig. 1. Diagnostic flow in 383 patients based on preoperative ultrasonography. mPTMC, multifocal papillary thyroid microcarcinoma; uPT-

MC, unifocal papillary thyroid microcarcinoma.

0.519 and p =.019). PTMCs were divided with a cutoff of 0.3
cm, and the mPTMC rate was 5.9% in PTMCs smaller than 0.3
cm and 27.9% in PTMCs larger than 0.3 cm. In addition, the
number of tumors and supplemental tumor size were signifi-
cantly increased according to primary tumor size (R*=0.014, p =
021 and R*=0.117, p=.023, respectively) (Fig. 2B, C).

Lymph node metastasis in incidental and non-incidental
mPTMC

Forty-two cases (40.8%) were incidentally diagnosed as mPT-
MC via postoperative pathological examination. To understand
the significance of incidentally discovered supplemental tumors
in mPTMC, we compatred clinicopathological characteristics be-
tween incidental and non-incidental mPTMCs. The mean sizes
of supplemental tumors were 0.23 +0.12 ¢m in incidental mPT-
MCs and 0.41 =0.17 cm in non-incidental mPTMCs. As expect-
ed, supplemental tumor size was significantly smaller in inci-
dental mPTMC:s than in non-incidental mPTMCs (p <.001),
even though the largest tumor size did not differ (p =.870). The

http://dx.doi.org/10.4132/jptm.2016.03.29

rate of extrathyroidal extension was higher in incidental mPT-
MCs than in non-incidental mPTMCs (p =.016), but there was
no difference in lymph node metastasis (p =.199) (Table 2).

Systematic review and meta-analysis

We performed a systematic review and meta-analysis to con-
firm the difference of tumor recurrence between uPTMC and
mPTMC. One hundred fifty-six studies were identified through
a database search and were screened (Fig. 3); 148 of these stud-
ies were excluded due to no or insufficient information (123),
studies on other disease (10), case reports or non-original articles
(13), and non-English-language articles (2). Eight eligible stud-
ies and 5,665 patients were included in the current meta-analy-
sis."”** Tumor multifocality was found in 1,844 of 5,665 overall
PTMG:s (32.6%). In the eligible studies, the rates of tumor mul-
tifocality were 24.0%-42.5%. Our meta-analysis showed sig-
nificant correlation between tumor recurrence and mPTMCs in
fixed-effect (OR, 2.002; 95% CI, 1.475 t0 2.719; p<.001) and
random-effect (OR, 2.118; 95% CI, 1.323 to 3.390; p =.002)

http://jpatholtm.org/
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Fig. 2. Correlation between primary tumor size and multifocality in papillary thyroid microcarcinoma (PTMC). (A) Distribution of tumor multifo-
cality based on primary tumor size in PTMC. (B) Correlation between primary tumor size and number of tumors using linear regression. (C)
Correlation between primary and supplemental tumor size by linear regression.

models (Fig. 4). On sensitivity analysis, OR ranges were 1.736—
2.277 and 1.907-2.417 in fixed-effect and random-effect models,
respectively, and estimated ORs were not affected by eligible
studies. No significant heterogeneity was identified (I’ = 47.4%,
p=.065). There was no definite asymmetry in Begg’s funnel plot
(data not shown). Egger’s test showed no evidence of publication

bias (p = .432).
DISCUSSION
Multifocal PTCs are associated with loco-regional recurrence
and lymph node metastasis;"* however, the clinicopathological

significance and appropriate treatment modalities for mPTMC

http://jpatholtm.org/

remain unclear. In addition, little is known about the clinico-
pathological characteristics of incidental mPTMCs. To the best
of our knowledge, this is the first report showing the clinico-
pathological significance of incidental mPTMCs and the correla-
tion between tumor recurrence and mPTMCs using meta-analysis.

The incidence of PTMCs has rapidly increased in recent years.”*
It is debated whether PTMC is a normal finding, equivalent to
disease, or a precursor of overt PTC.” Ito ¢ al." reported that
the rate of PTMC enlargement without unfavorable features
was 6.4% at 5 years and 15.9% at 10 years. In previous reports,
distant metastasis and mortality occurred more rarely in PTMC
than in overt PTC.?**” However, there are many reports show-
ing that PTMCs show similar rates of extrathyroidal extension

http://dx.doi.org/10.4132/jptm.2016.03.29
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Table 2. Analysis of clinicopathological features between incidental and non-incidental mPTMCs

Clinicopathological feature (n=103) - mPTMCs — p-value
Incidental (n=42, 40.8%) Non-incidental (=61, 59.2%)
Age (yn)
<45 18 (42.9) 25 (41.0) 850
>45 24 (57.1) 36 (59.0)
Gender
Male 5(11.9) 13 (21.3) 217
Female 37 (88.1) 48 (78.7)
Main tumor size (cm) 0.66+0.19 0.67+0.19 .801
Supplemental tumor size (cm) 0.23+0.12 0.41£0.17 <.001
Total thyroidectomy 29 (69.0) 54 (88.5) 014
Lobectomy 13(31.0) 7(11.5)
Extrathyroidal extension
Present 28 (66.7) 26 (42.6) 016
Absent 14 (33.3) 35 (57.4)
Lymph node metastasis
Present 18 (42.9) 34 (65.7) 199
Absent 24 (57.1) 27 (44.3)
Tumor stage
| 21 (50.0) 30 (49.2) >.999
I 0 0
1l 21 (50.0) 31 (50.8)
v 0 0

Values are presented as number (%) or mean +standard deviation.
mPTMC, multifocal papillary thyroid microcarcinoma.

Studies identified through
database searching (n=156)

!

Primary selection through browsing the
retrieved titles and abstracts

Y
Full-text articles assessed for
eligibility (n=10)

Studies excluded (n=146)
No or insufficient information (n=121)
Study for other disease (n=10)
Case report or non-original article (n=13)
Articles of non-English (n=2)

\ 4
Studies included in the meta-analysis
(n=8)

Fig. 3. Flow chart of study search and selection.

and nodal metastasis (40.3% to 64.19%).2**® In addition, a
recent meta-analysis showed that total thyroidectomy was sig-
nificantly correlated with lower recurrence and mortality rates
in PTMC.” Patients who underwent total thyroidectomy showed
a higher incidence of tumor multifocality than patients who
underwent lobectomy (p <.001). In 83 mPTMCs that underwent
total thyroidectomy, tumor bilaterality was 62.7% (52 of 83).
Still, the unfavorable factors that can result in aggressive behav-
ior and impact prognosis in PTMCs remain unclear.

Tumor multifocality is not considered a high-risk factor in

http://dx.doi.org/10.4132/jptm.2016.03.29

Studies excluded (n=2)

No or insufficient information (n=2)

systems including AGES (Age, Grade, Extent, Size), AMES
(Age, Distant metastasis, Extent, Size), MACIS (Distant metas-
tasis, Age, Completeness of resection, Local invasion, Size), and
GAMES (Grade, Age, Distant metastasis, Extent, Size).*'*" Our
data showed that tumor multifocality was significantly associ-
ated with nodal metastasis in 26.9% of total PTMCs, as in previ-
ous studies.”""" However, in the PTMCs of some previous stud-
ies, the correlation between tumor multifocality and recurrence
wascontroversial.”** Further cumulative prospective studies or
meta-analysis should be performed to determine the clinico-
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Model Study name Statistics for each study Odds ratio and 95% ClI
Odds ratio Lower limit Upper limit p-value
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Neuhold 20112 0.733 0.076 7.084 .788 L
Ross 2009?' 1.368 0.706 2.651 .353 —1
Zheng 2013% 0.960 0.434 2122 .920 T——

Fixed 2.002 1.475 2.719 .000 1

Randon 2.118 1.323 3.390 .002

01 02 05 1 2 5 10
Favours A Favours B

Fig. 4. Forest plot diagram of tumor recurrence difference between multifocal and unifocal papillary thyroid microcarcinomas.'®?? Cl, confi-

dence interval.

pathological significance of mPTMC. Our meta-analysis showed
that tumor recurrence was significantly higher in mPTMC than
in uPTMC (Fig. 4). Regrettably, our data could not be included
in the meta-analysis due to limitations including no recurrence
cases during follow-up and short follow-up period (3 years). In
addition, the current meta-analysis did not allow subgroup
analysis based on positive or negative resection margins due to
insufficient information provided in the eligible studies. Kuo e
al”* reported that mPTMC was associated with worse survival
than uPTMC but reported no difference in survival between
multifocal overt PTC (> 1 cm) and mPTMC. Our results and
earlier studies suggest that tumor multifocality in PTMCs, re-
gardless of tumor size, is a useful predictive factor of aggressive
tumor behavior, such as lymph node metastasis and tumor recur-
rence. It might be appropriate to manage patients with mPT-
MC differently than patients with uPTMC having no unfavor-
able factors.

Incidental PTMC is defined as PTMC incidentally discovered
and confirmed by gross and/or microscopic examination from
surgical specimens resected for the evaluation of other disease
entities.”** However, no clear definition for incidental mPTMC
has been previously provided. In this study, we defined inciden-
tal mPTMC as supplemental tumors not detected on preopera-
tive US that were discovered on pathological examination. Al-
though these supplemental tumors are important for diagnosis
of multifocality, the characteristics of supplemental tumors have
not been previously described. In the present study, incidental
mPTMCs accounted for 40.8% of the total mPTMC according
to our criteria. Interestingly, incidental mPTMC was not found
in PTMCs 0.3 cm or smaller. However, the lower limit of tumor
size detectable on US is unclear, and more controlled and care-
ful histological examination for entirely submitted cases is need-

http://jpatholtm.org/

ed to identify tumor multifocality. The mean size of incidental-
ly discovered supplemental tumors was 0.27 + 0.15 c¢m, which
was significantly smaller than non-incidental tumors (p <.001).
The supplemental tumor size of mPTMC decreased with de-
creasing primary tumor size (Fig. 2). The smaller size explains
the lack of detection during preoperative US. However, there
was no difference in nodal metastasis rate between incidental
and non-incidental mPTMC. This finding suggests that tumor
multifocality itself, rather than the manner of detection, is re-
lated to lymph node metastasis. In addition, the detection rate
of incidental mPTMC might influence the rate of mPTMC. If
these supplemental tumors are missed in pathological examina-
tion, cases are diagnosed as uPTMC and not mPTMC. There-
fore, detailed examination for multiple tumors using preoperative
US study and adequate postoperative pathological examination
is essential in the diagnosis of PTMC.

We previously reported that evaluation of tumor multifocali-
ty based on total surface area is useful to distinguish aggressive
mPTMC from less aggressive mPTMC and uPTMC."* On that
basis, we concluded that careful detection of multifocal tumors is
important despite discrepant reporting on multifocality. The dis-
crepancies largely seem to result from different manners of patho-
logical examination and the number of sections analyzed. Al-
though radiological tools have improved, tumors smaller than
0.3 c¢m are not easily detected via radiological examination. In
the present study, only four of 383 PTMCs were smaller than
0.3 cm. Among them, two cases were 0.2 cm on histological ex-
amination, after appearing larger than 0.3 cm on preoperative
US. Suspicious nodules on preoperative US in the remaining two
cases were confirmed as benign nodules on histological exami-
nation. Another two incidentally detected nodules (0.2 cm and
0.1 cm) were diagnosed as PTMC. Therefore, there were no sus-

http://dx.doi.org/10.4132/jptm.2016.03.29



picious nodules smaller than 0.3 ¢cm reported preoperatively. In
addition, it is difficult to confirm PTMC in preoperative fine-
needle aspiration for tumors smaller than 0.5 cm,* which require
thin sections in postoperative gross examination for non-detect-
ed small nodules. Because it is difficult to cut 0.2-cm-thick slices
of specimens prior to fixation, thin sectioning after proper fixa-
tion is required for assessment of tumor multifocality.

In conclusion, this study demonstrates that tumor multifocali-
ty in PTMC is significantly correlated with lymph node metas-
tasis. Our meta-analysis revealed a positive correlation between
tumor multifocality and tumor recurtence in PTMC. Therefore,
careful attention should be paid to detection of mPTMC, which
behaves differently from uPTMC, on preoperative and postop-

erative examination.
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of Undetermined Significance

Background: Atypia of undetermined significance (AUS) is a category that encompasses a het-
erogeneous group of thyroid aspiration cytology. It has been reclassified into two subgroups
based on the cytomorphologic features: AUS with cytologic atypia and AUS with architectural
atypia. The nuclear characteristics of AUS with cytologic atypia need to be clarified by comparing
to those observed in Hashimoto thyroiditis and benign follicular lesions. Methods: We selected 84
cases of AUS with histologic follow-up, 24 cases of Hashimoto thyroiditis, and 26 cases of be-
nign follicular lesions. We also subcategorized the AUS group according to the follow-up biopsy
results into a papillary carcinoma group and a nodular hyperplasia group. The differences in mor-
phometric parameters, including the nuclear areas and perimeters, were compared between these
groups. Results: The AUS group had significantly smaller nuclear areas than the Hashimoto thy-
roiditis group, but the nuclear perimeters were not statistically different. The AUS group also had
significantly smaller nuclear areas than the benign follicular lesion group; however, the AUS group
had significantly longer nuclear perimeters. The nuclear areas in the papillary carcinoma group
were significantly smaller than those in the nodular hyperplasia group; however, the nuclear pe-
rimeters were not statistically different. Conclusions: We found the AUS group to be a heteroge-
neous entity, including histologic follow-up diagnoses of papillary carcinoma and nodular hyper-
plasia. The AUS group showed significantly greater nuclear irregularities than the other two groups.
Utilizing these features, nuclear morphometry could lead to improvements in the accuracy of the
subjective diagnoses made with thyroid aspiration cytology.

Key Words: Atypia of undetermined significance; Morphometric analysis; Thyroid

Thyroid fine-needle aspiration (FNA) is widely used as an ef-
fective first-line screening test to differentiate thyroid lesions'”
and the Bethesda System for Reporting Thyroid Cytopathology
is used as a standard to interpret FNA specimens. “Atypia of un-
determined significance (AUS),” known as Bethesda category III,
is a category that encompasses a heterogeneous group of lesions
containing follicular cells exhibiting architectural features and/
or nuclear atypia that exceed expected benign changes, but are
not of sufficient magnitude to justify classification into any other
categories.’

The AUS category has some limitations. Firs, it is more fre-
quently diagnosed than previously recommended (threshold of
7%).® Second, it shows a considerable intra- and inter-observer
variability.”"*"" In addition, the risk of malignancy in the AUS

14
21 some researchers

category is not as low as previously thought;
have considered the category as “waste garbage.”’
However, Shi ¢ «/.> considered AUS to be an indispensable

category in that it increases the sensitivity and decreases the

pISSN 2383-7837
elSSN 2383-7845

false-positive and false-negative rates of thyroid FNA cytology.
It is even helpful when the criteria are only partially fulfilled, es-
pecially for cases displaying subtle cytomorphological changes
or scanty suspicious cells, cases obscured by blood or inflamma-
tion, or specimens compromised by air-drying artifacts.

AUS is a heterogeneous entity and includes nuclear and/or
architectural changes that do not completely meet the qualitative
or quantitative criteria to be suspicious for malignancy or follic-
ular neoplasms.” Based on the heterogeneity and subjective na-
ture of this category, it has been suggested that this entity should
be subcategorized into AUS with nuclear atypia and AUS with
architectural atypia."”" Furthermore, AUS needs to be differenti-
ated from benign lesions (category II), including Hashimoto thy-
roiditis and benign follicular lesions, as these differential diagno-
ses have meaningful clinical significance for patient follow-up.

Computerized nuclear morphometry is an objective, reproduc-
ible, and inexpensive tool to evaluate histological features.”* It
has been suggested that nuclear morphometric parameters, such

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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as nuclear perimeters and nuclear areas, may help differentiation
between various thyroid lesions.”** Previous studies have re-
vealed significant differences in nuclear areas and perimeters be-
tween benign and malignant lesions using thyroid aspiration
cytology.*
in thyroid aspiration cytology is limited in clinical research as

*" However, the utilization of morphometric analysis

well as routine diagnoses.”

The aim of this study was to determine whether there is a sig-
nificant difference in the nuclear morphometry findings between
borderline and benign lesions found using thyroid aspiration cy-
tology, in specimens diagnosed as AUS, Hashimoto thyroiditis,
and benign follicular lesions.

MATERIALS AND METHODS

We selected 84 cases with thyroid liquid-based preparation
cytologic slides originally diagnosed as “AUS with nuclear atyp-
ia” with histologic follow-up. For comparison, we also selected
24 cases of Hashimoto thyroiditis and 26 cases of benign follic-
ular lesions (both Bethesda category II). All selected cases were
from Korea University Anam Hospital, Seoul, Korea, from 2011
to 2013. All slides were submitted to digital image analysis us-
ing ImagePro 6 software (Media Cybernetics, Bethesda, MD,
USA), and we measured the morphometric parameters, includ-
ing the nuclear areas and perimeters (Fig. 1). Well-preserved,
non-overlapping cells were usually selected, and tight three-di-
mensional clusters or papillae were excluded. The average num-
ber of measured cells per case was 19 (range, 11 to 32). The dif-
ferences in morphometric parameters were separately compared
between the three groups. Using SPSS ver. 14.0 software (SPSS
Inc., Chicago, IL, USA), the mean nuclear perimeters and areas

Fig. 1. Digital image analysis using ImagePro 6 software. The se-
lected cells are marked in red.

http://jpatholtm.org/

were compared via a Student’s t test. This study was approved by
the Institutional Review Board of Korea University Anam Hos-
pital (AN15271-003).

RESULTS

The AUS group included 66 women and 18 men (mean age,
52 years), the Hashimoto thyroiditis group included 20 women
and four men (mean age, 56 years), and the benign follicular le-
sion group included 24 women and two men (mean age, 55
years). There was no significant difference in the male:female
ratio or in the mean age between groups (Table 1). The histo-
logic diagnoses in the AUS group included conventional papil-
lary thyroid carcinoma (n = 54), follicular variant of papillary thy-
roid carcinoma (n = 10), nodular hyperplasia (n = 18), and follicular
neoplasm (n = 2) (Table 2, Fig. 2).

The mean nuclear area and perimeter were 19.360 + 4.881
pm” (mean + standard deviation) and 20.070 + 3.121 pm,
27.766 +5.177 pm? and 21.112 + 2.693 pm, and 22.264 =
4.514 pm” and 18.206 + 2.036 pm in the AUS group, Hashimo-
to thyroiditis group, and benign follicular lesion group, respec-
tively (Table 3).

The nuclear areas in the AUS group were significantly smaller
than those in the Hashimoto thyroiditis group (p <.001). The
perimeters of the AUS group were not, however, significantly
different from those of the Hashimoto thyroiditis group (p =
.140). The nuclear areas in the AUS group were also significantly
smaller than those in the benign follicular lesion group (p =
.007), and the perimeters in the AUS group were also significantly
longer than those in the benign follicular lesion group (p =
.001) (Table 4).

As the AUS group showed heterogeneous follow-up biopsy

Table 1. Mean age and sex of the selected cases

Variable AUS Hashimoto thyroiditis Benign
Mean age (yr) 52 56 55
Sex
Female 66 20 24
Male 18 4 2

AUS, atypia of undetermined significance.

Table 2. Follow-up pathologic diagnosis of cytologic slides

Pathologic diagnosis No.
PTC 54
PTC, follicular variant 10
Nodular hyperplasia 18
Follicular neoplasm 2

PTC, papillary thyroid carcinoma.

http://dx.doi.org/10.4132/jptm.2016.04.04
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Fig. 2. (A, C, E) Cytologic slides for atypia of undetermined significance. Panels B, D, and F are the corresponding histologic findings of pan-
els A, C, and E, respectively. Finally, images are the cytologic slides for Hashimoto thyroiditis (G) and benign follicular nodule (H), respectively.
They have no corresponding histologic slides, as a surgical resection was not performed. (B) Papillary carcinoma. (D) Papillary carcinoma
(follicular variant). (F) Nodular hyperplasia.
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results, we subcategorized the results into a papillary carcinoma
group (AUS finally diagnosed as papillary thyroid carcinoma)
and a nodular hyperplasia group (AUS finally diagnosed as nod-
ular hyperplasia). The papillary carcinoma group was composed

Table 3. Mean nuclear areas and perimeters of the three groups

’ Hashimoto .
Variable AUS thyroiditis Benign
Area (Um?) 19.360+£4.881  27.766+5177  22.264+4.514
Perimeter (um) 20.070£3.121  21.112+2.693 18.206+2.036

Values are presented as mean +standard deviation.
AUS, atypia of undetermined significance.

Table 4. Comparison of nuclear areas and perimeters between
groups

Group Two-tailed p-value  Mean differences
AUS vs. Hashimoto thyroiditis
Area (Um?) <.001 -8.406
Perimeter (um) 140 -1.042
AUS vs. benign follicular lesions
Area (Um?) .007 -2.904
Perimeter (um) .001 1.864

Hashimoto thyroiditis vs. benign
follicular lesions

Area (Um?) <.001 5.502
Perimeter (um) <.001 2.906

AUS, atypia of undetermined significance.

Table 5. Mean nuclear areas and perimeters in the AUS subgroups

. AUS finally diagnosed AUS finally diagnosed
Variable i
as PTC as nodular hyperplasia
Area (Um?) 18.711+4.283 21.562+6.506

19.806+3.113

Values are presented as mean +standard deviation.
AUS, atypia of undetermined significance; PTC, papillary thyroid carcinoma.

Perimeter (um) 21.147+3.235

of cases that were diagnosed as conventional papillary carcinoma
and follicular variant papillary carcinoma. Follicular neoplasm
was excluded from the comparison as there were only two cases.

The mean nuclear area and perimeter in the papillary carcino-
ma group was 18.711 +4.283 pm” (mean + standard deviation)
and 19.805 = 3.113 pm, respectively, and that in the nodular
hyperplasia group was 21.562 + 6.506 pm” and 21.147 = 3.235
pm, respectively (Table 5).

The nuclear areas in the papillary carcinoma group were sig-
nificantly smaller than those in the nodular hyperplasia group (p
=.030), but the perimeters were not statistically different (p =
.094). The nuclear areas in the papillary carcinoma group were
also significantly smaller than those in the Hashimoto thyroid-
itis group (p <.001), but the perimeters were not statistically
different (p = .073). Similarly, the nuclear areas in the nodular
hyperplasia group were significantly smaller than those in the
Hashimoto thyroiditis group (p =.001), but the perimeters were
not statistically different (p =.970). The perimeters in the nod-
ular hyperplasia group were significantly longer than those in
the benign follicular lesion group (p =.001), but the nuclear ar-
eas were not statistically different (p =.674). Finally, the nuclear
areas and perimeters in the papillary carcinoma group were sig-
nificantly smaller and longer, respectively, than those in the be-
nign follicular lesion group (Table 6).

DISCUSSION

FNA cytology has been widely used in the assessment of thy-
roid lesions. The Bethesda System for Reporting Thyroid Cyto-
pathology has standardized the reporting of FNA cytology

Table 6. Comparison of nuclear areas and perimeters between subgroups

Subgroup

Two-tailed p-value Mean difference

AUS finally diagnosed as PTC vs. AUS finally diagnosed as nodular hyperplasia

Area (Um?)
Perimeter (um)
AUS finally diagnosed as nodular hyperplasia vs. benign follicular lesions
Area (Um?)
Perimeter (um)
AUS finally diagnosed as nodular hyperplasia vs. Hashimoto thyroiditis
Area (Um?)
Perimeter (um)
AUS finally diagnosed as PTC vs. Hashimoto thyroiditis
Area (Um?)
Perimeter (um)
AUS finally diagnosed as PTC vs. Benign follicular lesions
Area (Um?)
Perimeter (um)

.030 -2.851
094 -1.342
674 -0.702
.001 2.941
.001 -6.204
.970 0.034
<.001 -9.065
073 -1.308
.001 -3.562
018 1.599

AUS, atypia of undetermined significance; PTC, papillary thyroid carcinoma.

http://jpatholtm.org/
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findings for thyroid specimens. The diagnostic categories include
non-diagnostic or unsatisfactory (category I), benign (category
II), AUS (category III), follicular neoplasm or suspicious for a fol-
licular neoplasm (category IV), suspicious for malignancy (cate-
gory V), and malignant (category VI). The benign category (cate-
gory II) has several subcategories, including benign follicular
nodules and Hashimoto thyroiditis. The ctiteria for AUS, howev-
er, include lesions that do not fulfill the criteria for follicular neo-
plasms and papillary carcinomas, predominant Hurthle cells,
and sample artifacts. The AUS category thus needs to be distin-
guished from both benign follicular nodules and Hashimoto
thyroiditis.

The AUS lesion is a heterogeneous entity, and different insti-
tutions categorize it into multiple subgroups. These subgroups
include AUS with cytologic atypia and AUS with architectural
atypia. Among these subgroups, AUS with cytologic atypia is
thought to be associated with an increased risk of malignancy.
Mathur er 2. subcategorized 463 cases of thyroid aspiration
cytology, re-reviewed as AUS, and the subgroup with nuclear
atypia was found to have a greater risk of malignancy than any
other subgroup (68%), which was even greater than the overall
risk of malignancy (39%). In our study, 64 out of 84 cases of AUS
(76%) were found to be papillary carcinoma. Thus, the atypical
nuclear features found in AUS should be evaluated thoroughly
and differentiated from benign lesions, as it is critical for patient
follow-up procedures.

Nevertheless, AUS is an essential, clinically significant catego-
ry. Shi ez #/.” have shown that eliminating the AUS category re-
sulted in a consistent and considerable decrease of sensitivity in
detecting thyroid lesions. The sensitivity of detecting papillary
carcinoma was reduced from 100% to 27% when the AUS cat-
egory was eliminated. Studies have also shown that eliminating
the AUS category increases the false-negative and false-positive
rates.” Without the AUS category, up to 53% of neoplastic thy-
roid lesions and 37% of papillary carcinomas would be under-
estimated as benign, and might not be clinically re-evaluated for
months or years. Lastly, up to 38% of pathologically diagnosed
benign lesions would be overestimated as a follicular neoplasm
or suspicious for follicular neoplasm. These findings reveal that
it is important to maintain the AUS category.

In these circumstances, additional objective morphological
analysis is helpful in differentiating between AUS and benign
lesions. Computerized nuclear morphometry is one of the solu-
tions, which has the advantage of being both reproducible and
inexpensive.”>” Using nuclear morphometry, a number of pa-
rameters, such as nuclear size and shape, can be easily quantified.

http://dx.doi.org/10.4132/jptm.2016.04.04
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The evaluation of these parameters has been documented to po-
tentialize the diagnosis and the management of various neo-
plasms, including urinary bladder carcinoma,” skin lymphoma,”
breast carcinoma,’ and soft tissue sarcoma.”” It has been suggest-
ed that nuclear morphometric parameters, such as nuclear areas
and perimeters, may facilitate the differentiation between thyroid
lesions.”** To date, however, the use of morphometric analysis
in thyroid pathology has been limited.

Quantitative studies in pathology have enabled improvements
in the accuracy of subjective diagnoses made in routine practice.”
Objective information gained through the quantification of nu-
clear morphological features may be useful in classifying differ-
ent lesions. In thyroid follicular neoplasms, the most helpful pa-
rameters in the differential diagnosis are the nuclear parameters,
including the mean nuclear area, the mean nuclear perimeter,
the ratio of the largest to the smallest diameters of the nuclei,
the coefficient of variation of the nuclear area, and the circular
rate.”® Shih et al.** retrospectively studied cytologic features
using computerized morphometry and clinical data in 118 cases.
Multivariate logistic analysis showed that the parameters sig-
nificantly related to recurrence were the nucleus-to-cell ratios,
variations of the nuclear area, tumor sizes, and patient age. Aiad
et al.” retrospectively studied 48 cases of different thyroid le-
sions to compare their parameters, including nuclear size, shape,
perimeter, and area. Most parameters related to the sizes and
the shapes of the nuclei were significantly higher in follicular
variant papillary carcinoma than in follicular neoplasm. Also,
nuclear areas and sizes were found to be the most reliable param-
eters to differentiate between follicular variant papillary carci-
noma and follicular adenoma. Finally, Wright et a/.”" evaluated
119 cases of FNA cytology of thyroid nodules and found signif-
icant differences in the nuclear areas and perimeters between
the cases of multinodular goiters and follicular and papillary neo-
plasms, as well as between follicular adenomas and follicular and
papillary carcinomas. These findings suggest that nuclear mor-
phometry is useful in differentiating malignant from benign le-
sions.

We compared morphometric parameters, including the nucle-
ar areas and perimeters, among groups categorized with AUS,
Hashimoto thyroiditis, or benign follicular lesions. The AUS
lesions showed significantly smaller nuclear areas with longer
perimeters, suggesting that marked nuclear irregularity is sta-
tistically present. Most of the lesions were diagnosed as papil-
lary carcinoma on the final histologic evaluation. However, the
Bethesda System for Reporting Thyroid Cytopathology diag-
nostic criteria for papillary carcinoma includes enlarged nuclei.
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Previous studies using conventional smear slides revealed nucle-
ar enlargement in papillary carcinoma. Murata ef 2% analyzed
39 cases of Pap-stained aspiration cytology smear specimens in-
cluding nine cases of papillary carcinoma and revealed that papil-
lary carcinomas had larger and more irregularly shaped nuclei
than those of the benign groups. All selected cases in this study
were liquid-based preparation cytologic slides, which may be a
major cause of the smaller nuclei. Due to the inherent technical
differences including alcohol fixation and the elimination of air-
drying artifact cells, the nuclei may appear smaller in the liquid-
based preparation specimens compared to the conventional smear
specimens.

The nuclear irregularity of AUS lesions may also be a useful
screening index in the routine diagnosis. In this study, the mean
ratio of nuclear perimeter to nuclear area was 1.0367 in the AUS
group, which was greater than the other two groups (0.76035
and 0.81773 in the Hashimoto thyroiditis group and the be-
nign follicular group, respectively). A proper cut-off value would
make the diagnosis of AUS much more objective, and thus fur-
ther studies are needed to determine this proper cut-off value.

The AUS group is a heterogeneous entity, including histo-
logic follow-up diagnoses of papillary carcinoma and nodular
hyperplasia, but it is an essential category in spite of its limita-
tions. We found that the AUS with cytologic atypia group was
associated with an increased risk of malignancy, particularly due
to its smaller nuclear areas and longer perimeters, indicating
nuclear irregularity. Utilizing these features, nuclear morphom-
etry would lead to improvements in the accuracy of the subjec-
tive diagnoses made using thyroid aspiration cytology. By deter-
mining a proper cut-off value, the diagnosis of AUS would be

even more objective.
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Background: Human papillomavirus (HPV) is a major risk factor for cervical cancer. Methods: We
evaluated the clinical significance of the HPV DNA chip genotyping assay (MyHPV chip, Mygene
Co.) compared with the Hybrid Capture 2 (HC2) chemiluminescent nucleic acid hybridization kit
(Digene Corp.) in 867 patients. Results: The concordance rate between the MyHPV chip and HC2
was 79.4% (kappa coefficient, k=0.55). The sensitivity and specificity of both HPV tests were
very similar (approximately 85% and 50%, respectively). The addition of HPV result (either MyH-
PV chip or HC2) to cytology improved the sensitivity (95%, each) but reduced the specificity (ap-
proximately 30%, each) compared with the HPV test or cytology alone. Based on the MyHPV
chip results, the odds ratio (OR) for > high-grade squamous intraepithelial lesions (HSILs) was 9.9
in the HPV-16/18 (+) group and 3.7 in the non-16/18 high-risk (HR)-HPV (+) group. Based on the
HC2 results, the OR for >HSILs was 5.9 in the HR-HPV (+) group. When considering only patients
with cytological diagnoses of “negative for intraepithelial lesion or malignancy” and “atypical
squamous cell or atypical glandular cell,” based on the MyHPV chip results, the ORs for >HSILs
were 6.8 and 11.7, respectively, in the HPV-16/18 (+) group. Conclusions: The sensitivity and
specificity of the MyHPV chip test are similar to the HC2. Detecting HPV-16/18 with an HPV DNA
chip test, which is commonly used in many Asian countries, is useful in assessing the risk of
high-grade cervical lesions.

Key Words: Human papillomavirus; DNA chip; Hybrid capture 2; Cervical intraepithelial neoplasia;
Cervical carcinoma

Human papillomavirus (HPV) is a DNA tumor virus that is
an essential causative factor for cervical cancer. Persistent infec-
tion, particularly with high-risk (HR) HPV (HR-HPV) geno-
types, plays a major role in the progression of precancerous cet-
vical lesions to invasive cancer.' The incidence rate of high-grade
cervical lesions is reported to be higher in patients infected with
HPV-16 and/or HPV-18 (HPV-16/18) than in patients with
other HR-HPYV strains,”> and HPV-16 and HPV-18 cause 71%
of HPV infections in cervical cancer patients.®’

Although cytology in cervical cancer screening has been suc-
cessful, it has several limitations, including low sensitivity and
reproducibility. Addition of HPV DNA test to the cytology test,
so-called co-test, is the preferred screening method for preven-
tion and early detection of cervical cancer according to the 2012
American Cancer Society screening guidelines.” For the first
time, these recommendations have adopted HPV 16/18 geno-
typing in the management of women with positive HPV tests
and negative cytology. Specifically, these women should under-
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go subsequent HPV-16/18 genotyping or repeat co-testing in
12 months.”

The Hybrid Capture 2 (HC2) chemiluminescent nucleic acid
hybridization kit (Digene Corp., Gaithersburg, MA, USA) is a
frequently used method to detect HR-HPV and is approved by
the United States Food and Drug Administration (U.S. FDA).
The kit detects 13 HR-HPV types and reports results as either
HR-HPV (+) or HR-HPV ().

The HPV DNA chip test (MyHPV chip, Mygene Co., Seoul,
Korea) identifies 15 HR and nine low-risk HPV types and is a
commercial HPV DNA genotyping tool used in Korea and oth-
er Asian countries. Furthermore, the MyHPV chip kit is ap-
proved by the Korean Food and Drug Administration (K-FDA).
However, no previous study has assessed the association be-
tween HPV-16/18 detected using the MyHPV chip and the
risk of developing high-grade cervical lesions.

In this study, we compared the clinical performance of the
MyHPV chip and HC2 tests using a histological cut-off for high-
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grade squamous intraepithelial lesions (HSILs).

MATERIALS AND METHODS

Study subjects

This study was approved by the Institutional Review Board of
The Catholic University of Korea, Seoul St. Mary’s Hospital, and
complied with the tenets of the Declaration of Helsinki. We ret-
rospectively reviewed the pathology archive database records of
867 consecutive gynecological patients treated at Seoul St. Mary’s
Hospital, from January 2006 to December 2009, for whom cer-
vical cytology and HPV test results from both the HC2 and
MyHPV chip were available and confirmed by histological ex-
amination. The majority of patients were referred to our insti-
tution due to abnormal results in routine cervical examinations,
and thus the patients underwent cervical cytology, HPV test
(HC2 to confirm HPV infection and MyHPV chip to determine
infected HPV genotype), and colposcopic examinations followed
by tissue biopsy if necessary. The cervical cytology, HC2 test, and
MyHPV chip tests were simultaneously performed on the same
sample in most cases. Otherwise, we selected cytology that was
performed within 2 weeks prior to HPV testing. We classified
cervical cytology according to the 2001 Bethesda System for
Reporting Cervical Cytology.” The diagnoses of all included pa-
tients were pathologically confirmed by biopsy, conization and/
or hysterectomy within 3 months of cervical cytology and HPV
testing. The patients were divided based on age as follows: <29
years, 178 patients (20.5%); 3039 years, 281 patients (32.4%);
40-49 years, 243 patients (28.0%); 50-59 years, 109 patients
(12.6%); and > 60 years, 56 patients (6.5%); the mean age was
40 years.

HPV genotyping using the MyHPV chip test

The MyHPV chip test contains probes for 15 HR (HPV-16,
-18, -31, -33, -35, -39, -45, -51, -52, -53, -56, -58, -59, -60,
and -68) and 9 low-risk HPV types (HPV 6, 11, 34, 40, 42, 43,
44, 54, and 70). The MyHPV chip test was performed accord-
ing to the manufacturer’s instructions under the supervision of
Dr. A. Lee (pathologist with a specialty in gynecopathology and
molecular pathology). The cervical DNA was isolated from
specimens and amplified using polymerase chain reaction (PCR)
with consensus GP5'/GP6" primers. Beta-globin was amplified
as an internal control. The PCR product (5 L) was subjected to
2.5% agarose gel electrophoresis. Twenty-four type-specific 30-
mer oligonucleotide probes containing an amine group at the 5'
terminus were immobilized onto a slide glass chip. The PCR
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products were labelled with Cy5-dUTP, denatured, mixed with
hybridization solution, and incubated on the DNA chip. The
hybridized HPV DNA was visualized using a DNA chip scan-
ner (ScanArray LITE, GSI Lumonics Inc., Bedford, MA, USA).

Clearly visualized double-positive spots for a specific HPV
type were considered “specific HPV-positive.” Samples negative
on the chip scanner but positive for the 150-bp HPV-specific
band using gel electrophoresis were interpreted as “negative for
15 HR-HPV and nine low-risk HPV types but positive for oth-
er HPV types.” A lack of visualized spots and samples negative
for the 150-bp HPV-specific band using gel electrophoresis were
considered “HPV-negative.”

HC2 DNA hybridization assay

The HC2 test was petformed according to the manufacturer’s
instructions as previously described."® In brief, the specimens for
the HC2 test were denatured and hybridized with RNA probes
to detect 13 HR-HPV types (HPV-16, -18, -31, -33, -35, -39,
45, -51, =52, -56, -38, -59, and -68) in a microplate format.
These hybrids react with multiple antibody conjugates and are
quantified based on an amplified chemiluminescent signal. Rela-
tive light units/positive control values >1.00 were considered
“positive,” whereas values < 1.00 were considered “negative.”

Statistical analysis

The concordance rates of the MyHPV chip and HC2 were
evaluated using the kappa coefficient (k) with 95% confidence
intervals (CIs). The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of the MyH-
PV chip and HC2 for >HSILs were determined using standard
statistical tests. The age-adjusted odds ratios (ORs) for >HSILs
with 95% CI were evaluated for different categories of MyHPV
chip and HC2 results with a binary logistic regression using
the SPSS ver. 22.0 software (IBM Co., Armonk, NY, USA). To
analyze the MyHPV chip results, patients with single or multi-
ple samples positive for 15 HR genotypes wete categorized as
HR-HPV (+). Patients with HPV-16 (+) and/or HPV-18 (+)
were categorized as HPV-16/18 (+), irrespective of the presence
of any other HPV genotypes. Patients with HPV-16 () and
HPV-18 (-), 13 other HR-HPV (+) with or without low-risk
HPV (+) or “HPV-other types” (+) were categorized as non-
16/18 HR-HPV (+). Patients with low-risk HPV (+), “HPV-
other types” (+) or HPV (-) were categorized as HR-HPV (-).
In cases of multiple infections, patients were classified based on
the HPV genotypes associated with a higher risk of invasive can-
cer. For example, a patient with HPV-16 (+) and HPV-31 (+)
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was allocated to the HPV-16/18 (+) group.

RESULTS

HPV, cytology, and histology test results

Among 867 patients, 575 (66.3%) were HR-HPV (+) ac-
cording to the MyHPV chip test, 540 (62.3%) were HR-HPV
(+) according to the HC2 test, and 545 (62.9%) were classified
as atypical squamous cells of undetermined significance (ASCUS)
or worse (2 ASCUS) cytology. The following cytological diagno-
ses were made for 867 patients: 322 patients were negative for
intraepithelial lesion or malignancy (NILM), 138 patients ex-
hibited ASCUS, six patients exhibited atypical glandular cells
(AGCQ), 30 patients exhibited atypical squamous cells for which
HSILs (ASC-H) cannot be excluded, 183 patients exhibited
low-grade squamous intraepithelial lesions (LSILs), 123 patients
exhibited HSILs, including carcinoma #z sitz, and 65 patients

exhibited invasive cancer, including squamous cell carcinoma
and adenocarcinoma (Table 1). The overall prevalence rates of
histology confirmed HSIL or worse (> HSIL) according to the
cytological diagnosis of NILM, ASCUS, LSIL, ASC-H, HSIL,
and invasive cancer were 12.4%, 25.4%, 24.0%, 60.0%, 83.7%,
and 98.4%, respectively. The overall prevalence rates of > HSIL
according to the MyHPV chip test for HPV-16/18 (+), non-
16/18 HR-HPV (+), and HR-HPV (-) were 58.1%, 36.0%,
and 13.0%, respectively. The overall prevalence rates of > HSIL
according to the HC2 test for HR-HPV (+) and HR-HPV (-)
were 48.3% and 13.5%, respectively (Tables 1, 2).

Clinical performance of the cytology, the MyHPV chip and
the HC2

The concordance rate between the MyHPV chip test and the
HC?2 test was 79.4% (688/867), with a K-value of 0.551 (Table 3).
Among 272 cases with HPV-16/18 (+) based on the MyHPV

Table 1. Histology results according to cytology, HPV DNA chip results,* and HC2 results

Histology Cervicitis (n=241) LSIL (h=321) HSIL (h=210) Cancer (n=95) Total (h=867)
Cytology
NILM 161 (66.8) 121 (37.7) 29 (13.9) 11 (11.6) 322
ASCUS 28 (11.6) 75 (23.4) 31(14.9) 4(4.2) 138
ASC-H 3(1.2) 9(2.8) 4(6.7) 4(4.2) 30
AGC 5(2.1) 0(0) 1(0.5) 0(0) 6
LSIL 39 (16.2) 100 (31.2) 42 (20) 2 (2.1) 183
HSIL 4(1.7) 16 (5.0) 86 (41.0) 17 (17.9) 123
Cancer 1(0.4) 0(0) 7 (3.3 57 (60.0) 65
HPV DNA chip
HR-HPV (=) 133 (55.2) 121 (37.7) 27 (12.9) 11 (11.6) 292
Non-16/18 HR-HPV (+) 67 (27.8) 127 (39.6) 84 (40.0) 25 (26.3) 303
HPV-16/18 (+) 41 (17.0) 73 (22.7) 99 (47.1) 59 (62.1) 272
HPV HC2
HR-HPV (5 155 (64.3) 128 (39.9) 28 (13.3) 16 (16.8) 327
HR-HPV (+) 86 (35.7) 193 (60.1) 182 (86.7) 79 (83.2) 540

HPV, human papillomavirus; HC2, Hybrid Capture 2; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; NILM,
negative for intraepithelial lesion or malignancy; ASCUS, atypical squamous cells of undetermined significance; ASC-H, atypical squamous cells cannot ex-

clude HSIL; AGC, atypical glandular cells; HR, high-risk.

*HPV-HR (-) includes HPV () or low-risk HPV (+) or “HPV-other types” (+); non-16/18 HR-HPV (+) includes HPV-16 () and HPV-18 (), 13 other HR-HPV (+) with
or without low-risk HPV (+) or “HPV-other types” (+); HPV-16/18 (+) includes HPV-16 (+) and/or HPV-18 (+), with or without any other HPV genotypes present.

Table 2. Age-adjusted odds ratio for >HSIL histology in each HPV group

Total > HSIL Odds ratio 95% Cl p-value

HPV DNA chip?

HR-HPV () 292 38(13.0)

Non-16/18 HR-HPV (+) 303 109 (36.0) 3.739 2.448-5.709 .000

HPV-16/18 (+) 272 158 (58.1) 9.874 6.418-15.190 .000
HPV HC2

HR-HPV (5 327 44 (13.5)

HR-HPV (+) 540 261 (48.3) 5914 4.102-8.527 .000

>HSIL, high-grade squamous intraepithelial lesion or worse; HPV, human papillomavirus; Cl, confidence interval; HR, high-risk.
*HPV-HR (-) includes HPV (<) or low-risk HPV (+) or “HPV-other types” (+); non-16/18 HR-HPV (+) includes HPV-16 () and HPV-18 (-), 13 other HR-HPV (+) with
or without low-risk HPV (+) or “HPV-other types” (+); HPV-16/18 (+) includes HPV-16 (+) and/or HPV-18 (+), with or without any other HPV genotypes present.
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chip test, 229 cases (84.2%) were also HR-HPV (+) based on
HC2 test. The sensitivity, specificity, PPV, and NPV of the cy-
tology, HC2 and MyHPV chip for > HSIL histology were eval-
uated and found similar among the tests (Table 4). The clinical
petformance of cytology and HC2 as well as cytology and the
MyHPV chip were then evaluated (Table 4). The addition of ei-
ther HPV test (HC2 or HPV DNA) to cytology for detecting >
HSIL histology improved the sensitivity and NPV, but reduced
the specificity and PPV compared with the HPV test or cytology

alone.

Table 3. Comparison between HPV DNA chip results® and HC2
results

HPV DNA chip
HC2 ) Non-16/18 Total
Negative HR-HPV (+) HPV-16/18 (+)
Negative 220 (75.3) 64 (21.1) 43 (15.8) 327
Positive 72 (24.7) 239 (78.9) 229 (84.2) 540
Total 292 303 272 867

HPV, human papillomavirus; HC2, Hybrid Capture 2; HR, high-risk.
®HR-HPV (-) includes HPV (=) or low-risk HPV (+) or “HPV-other types”(+);
non-16/18 HR-HPV (+) includes HPV-16 (-) and HPV-18 (-), 13 other HR-
HPV (+) with or without low-risk HPV (+) or “HPV-other types” (+); HPV-
16/18 (+) includes HPV-16 (+) and/or HPV-18 (+), with or without any other
HPV genotypes present.
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ORs for >HSILs according to the MyHPV chip and HC2
results

We calculated the ORs for >HSILs based on the MyHPV chip
and HC2 results. The MyHPV chip results were categorized as
HPV-16/18 (+), non-16/18 HR-HPV (+), and HR-HPV (-)
groups. The age-adjusted ORs for >HSIL were 9.9 (95% CI, 6.4
to 15.2) in the HPV-16/18 (+) group and 3.7 (95% CI, 2.4 t0 5.7)
in the non-16/18 HR-HPV (+) group. Based on HC2 results,
the age-adjusted OR for >HSIL was 5.9 (95% CI, 4.1 t0 8.5) in
the HR-HPV (+) group (Table 2). A further subgroup analysis
was performed among patients with cytological diagnoses of
“NILM” and “atypical squamous cells (ASC) or AGC” (Table 5).
Regarding the cytology of “NILM” patients, based on MyHPV
chip results, the age-adjusted OR for >HSIL in the HPV-16/18
(+) group was 6.8 (95% CI, 2.1 to 21.6), but the OR for >HSIL
in the non-16/18 HR-HPV (+) group did not significantly differ
from the OR in the HR-HPV () group. Based on the HC2 re-
sults, the age-adjusted OR for > HSIL was 5.9 (95% CI, 2.9 to
12.2) in the HR-HPV (+) group (Table 5). Regarding the cy-
tology of “ASC or AGC” patients, based on the MyHPV chip re-
sults, the age-adjusted OR for >HSIL was 11.7 (95% CI, 4.1 to
33.5) in the HPV-16/18 (+) group, but the OR for >HSIL in the

Table 4. Clinical performance of cytology, HPV DNA chip test, and HC2 test

Cytology HPV DNA chip HC2 Cytology + HC2 Cytology + HPV DNA chip
Sensitivity 0.869 0.875 0.856 0.954 0.951
Specificity 0.502 0.452 0.504 0.379 0.304
PPV 0.486 0.464 0.483 0.455 0.426
NPV 0.876 0.87 0.865 0.938 0.919

HPV, human papillomavirus; HC2, Hybrid Capture 2; PPV, positive predictive value; NPV, negative predictive value.

Table 5. Age-adjusted odds ratio for >HSIL histology in each HPV group exhibiting “NILM” and “ASC or AGC” cytology

Cytology HPV test Total >HSIL Odds ratio 95% Cl p-value
NILM HPV DNA chip
HR-HPV (-) 186 b
Non-16/18 HR-HPV (+) 69 (10.1) 2.119 0.642-6.995 217
HPV-16/18 (+) 67 18 (26.9) 6.756 2.114-21.588 .000
HPV HC2
HR-HPV (-) 227 14 (6.2)
HR-HPV (+) 95 26 (27.4) 5.894 2.852-12.180 .000
ASC or AGC HPV DNA chip?
HR-HPV (-) 52 6(11.5)
Non-16/18 HR-HPV (+) 59 13 (22.0) 2.454 0.819-7.353 190
HPV-16/18 (+) 63 35 (55.6) 11.715 4.101-33.463 .000
HPV HC2
HR-HPV () 50 8(16.0)
HR-HPV (+) 124 46 (37.1) 2.988 1.269-7.039 012

>HSIL, high-grade squamous intraepithelial lesion or worse; HPV, human papillomavirus; NILM, negative for intraepithelial lesion or malignancy; ASC, atypical
squamous cells; AGC, atypical glandular cells; Cl, confidence interval; HR, high-risk; HC2, Hybrid Capture 2.

*HR-HPV (-) includes HPV (-) or low-risk HPV (+) or “HPV-other types” (+); non-16/18 HR-HPV (+) includes HPV-16 (-) and HPV-18 (=), 13 other HR-HPV (+) with
or without low-risk HPV (+) or “HPV-other types” (+); HPV-16/18 (+) includes HPV-16 (+) and/or HPV-18 (+), with or without any other HPV genotypes present.
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non-16/18 HR-HPV (+) group did not significantly differ from
the OR in the HR-HPV (-) group. Based on the HC2 resuls,
the age-adjusted OR for >HSIL was 3.0 (95% CI, 1.3 to 7.0) in
the HR-HPV (+) group (Table 5).

DISCUSSION

HPV-16 and HPV-18 are the main carcinogenic HPV geno-
types associated with cervical cancer and are responsible for
55%—60% and 10%—15% of invasive cancers, respectively.
Non-16/18 HR-HPV genotypes are associated with 25%-35%
of invasive cancers."”"" Because the importance of HPV-16 and
HPV-18 in cervical pathology has been sufficiently demonstrat-
ed, the updated U.S screening guidelines for the early detection
of cervical cancer and its precursors recommend co-testing (cy-
tology in combination with HR-HPV testing) over cytology
alone and integrated HPV-16/18 genotyping for the manage-
ment of patients whose HPV test was positive and cytology neg-
ative.” Recently, interim guidelines stating that primary HR-
HPV testing for cervical cancer screening can be considered an
alternative to current U.S cervical cancer screening methods
have been published.?

In many Asian countries, including Korea, the HPV DNA
chip test and PCR-based HPV detection kits as well as the HC2
test are commonly used in clinical settings because the sensitiv-
ity and specificity of the HPV DNA chip test and PCR-based
HPV detection kits are comparable to the HC2 test for the detec-
tion of HSIL or worse disease.” The concordance rate between
the HPV DNA chip and the HC2 test was previously reported
to be 88% (k= 0.61)."" In our study, the concordance rate was
79.4% (688/867), with a k-value of 0.55. The HPV DNA chip
exhibits concordance rates ranging from 61.5% and 91.1% com-
pared with DNA sequencing.”'® The wide range of concor-
dance rates for the HPV DNA chip compared with other assays
may result from different viral detection thresholds and cross-
reactivity. The sensitivity of the HC2 method is approximately
5,000 copies of the HPV genome.'” The PCR-amplification
HPV DNA chip method is subject to a minimum signal detec-
tion level, which is the scanner signal:background noise ratio
limit at low viral loads, approximately 100 to 1,000 copies."®
Additionally, a simple primer set targeting the HPV MY09 re-
gion and sequence similarities between the 24 probes of the
HPV DNA chip may lead to cross-reactivity that contributes
to discordance.'®"? In this study, the clinical performance of the
MyHPV chip was comparable to HC2 for detecting HSILs or
worse. The sensitivity and specificity of both HPV tests and cy-

http://jpatholtm.org/

tology were very similar (approximately 85% and 50%, respec-
tively). Adding the HPV test (MyHPV chip or HC2) to cytology
exhibited excellent sensitivity (95%, each) but low specificity
(approximately 30%, each). Furthermore, we demonstrated that
patients who were HPV-16/18 (+) according to the MyHPV
chip were at a higher risk of lesions graded HSIL or worse than
patients who were non-16/18 HR-HPV (+) (OR 9.9 vs. 3.7).
Among cytology “NILM” and “ASC or AGC” subgroups, the
ORs were 5.9 and 3.0, respectively, for patients HR-HPV (+)
based on HC2 test, compared with HR-HPV (-) patients. Con-
versely, patients who tested HR-16/18 positive using the
MyHPV chip showed much higher ORs (6.8 and 11.7, respec-
tively). According to these results, clinicians need to refer pa-
tients who are HPV-16/18 (+) according to HPV genotyping
for immediate colposcopy instead of follow up, even when the
cytology test is negative or ambiguous.

We found that patients who were non-16/18 HR-HPV (+)
according to the MyHPV chip showed higher risk for > HSILs
than patients with HR-HPV (=) (OR, 3.7). However, in the
subgroup study of cytology “NILM” and “ASC or AGC,” the
OR for >HSILs in the non-16/18 HR-HPV (+) group did not
significantly differ from the HR-HPV (=) group, probably due
to the small subgroup population.

The limitations of our study include its retrospective design
and that it was conducted at a single institution. Additionally,
our patients were primarily referred from local clinics and previ-
ously diagnosed as “abnormal” based on local cervical cytology.
The overall prevalence rates of >HSIL in NILM (12.4%) and
ASCUS (25.4%) patients were higher than those reported in a
previous study.’ We hypothesize the cytology may have been un-
der sampled because clinicians tend to forego subsequent exten-
sive sampling if previously diagnosed.

In conclusion, the sensitivity and specificity of the HPV DNA
chip test are similar to the HC2 test, and detecting HPV 16/18
with a HPV DNA chip is useful for predicting high-grade cer-
vical lesions. Therefore, the HPV DNA chip genotyping meth-
od, which is commonly used in many Asian countries as an
HPV DNA test, may be useful in assessing the risk of high-grade
cervical lesions.
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IgG4-related disease (IgG4-RD) may involve multiple organs. Although it usually presents as dif-
fuse organ involvement, localized mass-forming lesions have been occasionally encountered in
pancreas. However, the same pattern has been seldom reported in biliary tract. A 61-year-old
male showed a hilar bile duct mass with multiple enlarged lymph nodes in imaging studies and
he underwent trisectionectomy under impression of cholangiocarcinoma. Gross examination re-
vealed a mass-like lesion around hilar bile duct. Histopathologically, dense lymphoplasmacytic
infiltration and storiform fibrosis were identified without evidence of malignancy. Immunohisto-
chemical stain demonstrated rich IgG4-positive plasma cell infiltration. Follow-up imaging studies
disclosed multiple enlarged lymph nodes with involvement of pancreas and perisplenic soft tis-
sue. The lesions have been significantly reduced after steroid treatment, which suggests multi-or-
gan involvement of systemic IgG4-RD. Here, we report an unusual localized mass-forming 1gG4-
related cholangitis as an initial presentation of IgG4-RD, which was biliary manifestation of
systemic IgG4-related autoimmune disease.
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IgG4-related disease (IgG4-RD) may involve multiple or-
gans including pancreas, head and neck region, kidney, lung,
retroperitoneum, and lymph node." Histologically, it is charac-
terized by lymphoplasmacytic infiltration, storiform fibrosis and/
or obliterative phlebitis with IgG4 immunohistochemical reac-
tivity in plasma cells.” In addition to histologic findings, serum
1gG4 level is often elevated in patients with IgG4-RD.>* It is
not difficult to diagnose IgG4-RD if an involved organ shows
diffuse enlargement with an elevated serum IgG4 level. How-
ever, it may not be easy to suspect IgG4-RD if the lesion pres-
ents as a localized mass-forming lesion rather than diffuse organ
involvement. Although localized mass-forming IgG4-related
autoimmune pancreatitis has been reported occasionally,”™ such
manifestation in biliary tract has seldom been described in the
literature. In addition, most reported biliary cases had simultane-
ous segmental involvement of bile duct wall as well as mass-
forming lesions.*"” Here, we report a case of localized mass-form-
ing IgG4-related cholangitis, which mimicked hilar cholangio-
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carcinoma and later progressed to multi-organ involving IgG4-
related systemic autoimmune disease, with review of relevant
literatures.

CASE REPORT

A 61-year-old male, who had a past medical history of diabe-
tes, coronary artery bypass surgery and idiopathic pulmonary
disease, was admitted for the control of his blood sugar level. He
complained of general weakness, easy fatigability, and weight loss
of 3 kg for 10 days. Laboratory test results were within normal
range except for elevated aspartate aminotransferase (100 U/L),
alanine transaminase (114 U/L), and alkaline phosphatase (397
U/L). Although serum tumor markers were within normal lim-
its (a-fetoprotein, 2 ng/mL; carcinoembryonic antigen, 1.56 ng/
mL; carbohydrate antigen 19-9, 13.71 U/mL), additional tests
for malignancy was conducted due to his weight loss. The mag-
netic resonance cholangiopancreatography disclosed a mass le-
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sion at hilar bile duct. Magnetic resonance imaging (MRI) re-
vealed a 2.1-cm-sized relatively well-demarcated mass at bifur-
cation of the left hepatic duct. The mass showed high signal in-
tensity in diffusion restriction image and low intensity in
apparent diffusion coefficient (ADC) map image, suggestive of
type IV hilar cholangiocarcinoma with periductal invasion into
underlying hepatic parenchyma (Fig. 1A, B). Since the patient
had type 3 variation of intrahepatic bile duct-prior branching of
right posterior Glisson pedicle which made the mass to be lo-
cated apart from the right posterior duct, the lesion was consid-
ered to be resectable. Preoperative evaluation of positron emis-
sion tomography (PET) showed multiple enlarged lymph nodes
in left axillary, common hepatic, portocaval, and aortocaval ar-
eas. Ultrasonography-guided biopsy of the axillary lymph node
was performed; however, malignant cell was not identified,
suggesting a reactive change rather than metastasis. Clinicians
decided to perform surgery with an impression of hilar cholan-
giocarcinoma. A firm mass was detected at upper hilar level dur-

Mass-Forming lgG4-Related Cholangitis © 301

ing the operation. Invasion to the left portal vein was suspected
and the mass was also close to the right portal vein. Left trisec-
tionectomy was performed for curative resection.

The resected specimen revealed a white firm mass-like lesion,
measuring 2.5 X 2.0X 1.3 ¢m, at bifurcation of the left intrahe-
patic bile duct (Fig. 1C). Histologic examination showed an ex-
tensive infiltration of lymphocytes and plasma cells (Fig. 2A).
Storiform fibrosis was noted with a few foci of obliterative phle-
bitis (Fig. 2B). Immunohistochemical staining for IgG and IgG4
showed numerous IgG- and IgG4-immunoreactive plasma cells
(Fig. 2C, D). The IgG4+ plasma cells were identified up to 53
cells per high-power field. IgG4+/IgG plasma cell ratio was
0.42. According to the consensus statement on the pathology of
IgG4-RD, the lesion was diagnosed as “histologically highly
suggestive of [gG4-RD.”

Following the pathologic diagnosis of IgG4-RD, laboratory
tests for serum IgG level was performed and it was within up-
per normal range in postoperative day 12 (1,522 mg/dL; refer-

Fig. 1. Magnetic resonance imaging reveals an enhancing mass lesion which has high signal intensity on diffusion restriction phase (A) and
low intensity on apparent diffusion coefficient map phase (B), suspicious for malignancy. (C) The cut section of hilar bile duct shows a rela-
tively well-demarcated mass-forming lesion with a hepatic parenchymal invasion.
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ence range, 700 to 1,600 mg/dL). All subclasses of IgG were ele-
vated: IgG1, 1,070 mg/dL (reference range, 341 to 894 mg/dL);
1gG2, 694 mg/dL (reference range, 171 to 632 mg/dL); IgG3,
134 mg/dL (reference range, 11.5 to 105.3 mg/dL); and 1gG4,
257 mg/dL (reference range, 2.4 to 121.0 mg/dL). Thorough
investigation for involvement of other organs by IgG4-RD was
done, but it failed to identify any additional abnormality. The
patient did not receive corticosteroid treatment because no re-
sidual lesion was left after the resection and also because he was
diabetic.

After a year, follow-up PET scan revealed an increased fluoro-
deoxyglucose (FDG) uptake in the biliary trees of right liver,
pancreas, and perisplenic soft tissue as well as hypermetabolic
lymphadenopathy involving supraclavicular, mediastinal, pul-
monary hilar, subcarinal and left abdominal paraaortic lymph
nodes, suggestive of progression to extrabiliary multi-organ
IgG4-related autoimmune disease (Fig. 3A). Serum IgG level
had also increased to 3,677 mg/dL, more than twice as high as
the initial value. Fluorescent antinuclear antibody test showed 4+
result. The patient started to take prednisone once a day. Howev-
er, computed tomography (CT) images after prednisone treat-
ment for 6 months revealed subpleural consolidations and en-

largement of mediastinal lymph nodes. As prednisone treatment
was continued, the extent of subpleural consolidations dimin-
ished on the follow-up CT images. A year persistent treatment
markedly decreased FDG uptake in bilateral supraclavicular, left
axilla, mediastinal, subcarinal, pulmonary hilar, and retroperi-
toneal left paraaortic lymph nodes on PET scan, reflecting the pa-
tient’s multi-organ IgG4-RD response to the steroid (Fig. 3B).

This study was approved by the Institutional Review Board
of the Samsung Medical Center (IRB No. 2015-10-203).

DISCUSSION

[gG4-RD was originally recognized in pancreas as autoim-
mune pancreatitis.” Concomitant extrapancreatic manifestation
is not uncommon in bile duct, lymph node, salivary glands, gas-
tric mucosa, and kidney."*'” Solitary organ involvement without
pancreatitis has also been reported."** I[gG4-RD tends to pres-
ent as diffuse lesion in the involved organs, especially in pancre-
as and biliary tract.” Localized mass-forming autoimmune pan-
creatitis had frequently been misdiagnosed as malignancy and
had resulted in unnecessary surgical resections.”’ In contrast,

mass-forming IgG4-related cholangitis is far less common and

D A
3262, o .g% ’,f 4%0

Fig. 2. Histologic examination reveals dense infiltration of lymphocytes and plasma cells (A) and storiform fibrosis (B). Both IgG-immunoposi-
tive (C) and IgG4-immunopositive (D) plasma cells are identified by immunohistochemical staining.
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Fig. 3. (A) Fluorodeoxyglucose (FDG) positron emission tomography-computed tomography, maximum intensity projection image show hy-
permetabolic lesions involving bilateral supraclavicular, left axillar, mediastinal, pulmonary hilar and retroperitoneal lymph nodes, right liver bili-
ary tract, pancreas, and perisplenic area. (B) After steroid treatment, markedly decreased FDG uptake is noted although uptakes in some
lymph nodes are still seen.

Table 1. Clinicopathological findings of previously reported cases of mass-forming IgG4-related cholangitis

lgG4 Sequence

Age Specimen Other Serum

Reference Sex o) type Site Symptom  Radiologic finding ((/;|(-)|L|i>r|]:t) maﬂigﬁ%on manifestations  1gG4/gG Follow-up
Present case M 61 Resecton  Hilum Fatigue, Localized mass 45 Initial Pancreas, 257 Response
weight loss pleura, LN, /1,522 on steroids
perisplenic
soft tissue
Deshpande M 68  Biopsy Liverand  Jaundice Vague mass with 37 Initial Salivary gland, 4,160  Response
etal® IBD alternate narrowing retroperitoneum /3,580  on steroids
and dilatation of IBD
F 42 Resection  Hilum  Hepatic hilar NA 140 Secondary Pancreas NA No steroid
mass use
Hamano F 50  Biopsy CBD Abdominal Mass with long NA Initial No 122 Response
etal."® pain, jaundice  CBD narrowing /1,711 on steroids
Zenetal® M 59 Resection IBD NA Mass with iregular ~ +++° Initial No NA NA
stricture
M 79 Resection IBD NA Mass with iregular ~ +++° Initial No NA NA
stricture
M 56 Resection IBD NA Mass with iregular ~ +++° Initial LN NA NA
stricture
M 64 Resection IBD NA Mass with iregular ~ +++° Initial LN NA NA
stricture
M 67 Resection LeftHD NA Mass with iregular ~ +++° Initial No NA NA
stricture

HPF, high power field; M, male; LN, lymph node; IBD, intrahepatic bile duct; F, female; NA, not available; CBD, common bile duct; HD, hepatic duct.
#The number of IgG4-immunopositive plasma cells is not counted; semiquantitative score is used instead.
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most reported cases were identified as long segment smooth
narrowing of the bile ducts."* Table 1 summarizes clinical, radio-
logical and pathologic characteristics of localized mass-forming
IgG4-related cholangitis cases that have been reported to date.
Besides our case, all except one presented as hilar or intrahepatic
mass accompanied by biliary stricture.*' Since these lesions had
often been misdiagnosed as cholangiocarcinoma, many patients
had undergone unnecessary resection of liver. [gG4-RD could be
diagnosed only after histopathologic examination of the resected
specimen, which showed numerous IgG4+ plasma cell infil-
trates.” !¢

The case presented here clearly showed a mass lesion in both
imaging studies and resected specimen without accompanying
biliary stricture. Radiologists also had no doubt that the lesion
was malignancy since it was not only a well-defined isolated
mass but also it had characteristic features of malignant lesion
in many imaging modalities; arterial phase of CT revealed en-
hancement and the lesion showed high signal intensity on dif-
fusion restriction phase and low intensity on ADC map phase
of MRI. Furthermore, the patient lost 3 kg of his weight for 10
days, a suspicious sign of malignancy. Multiple enlarged lymph
nodes in our case were also regarded as metastasis from cholan-
giocarcinoma until the aspiration biopsy proved otherwise. De-
spite the negative result of aspiration biopsy of the lymph node,
hilar cholangiocarcinoma was still suspected, considering the
result as false-negative. However, a possibility of nodal manifes-
tation of IgG4-RD should have been considered in this case be-
cause systemic nodal metastasis is an unusual finding for chol-
angiocarcinoma.’

Clinical diagnostic criteria to aid detection of IgG4-related
sclerosing cholangitis were suggested by a Japanese group.'®
The criteria included four items: (1) characteristic biliary imag-
ing findings, (2) elevation of serum IgG4, (3) coexistence of
other IgG4-related disease, and (4) histopathological features.
To make definite diagnosis, thorough investigation of clinical,
radiologic, laboratory and histopathologic examination is essen-
tial; however, all of these examinations are not always performed.
Although there are some radiologic characteristics which help
distinguish IgG4-related cholangitis from primary sclerosing
cholangitis, it is still difficult to exclude hilar cholangiocarcinoma
by image alone. Likewise, serum IgG4 level alone is not helpful
since its sensitivity and specificity are not high."” Some of IgG4-
related cholangitis cases showed only minimally elevated serum
IgG4 level." Histologic confirmation is necessary for definite di-
agnosis in this regard. Biopsy seems to be superior to brush cy-
tology because some cases revealed false-positive atypical cells in

http://jpatholtm.org/

brush cytology but resection specimen consisted of [gG4+ plas-
ma cells and fibrosis only.”” Both quantity and quality of the bi-
opsy are crucial for representing the entire lesion and immuno-
histochemical staining for IgG and IgG4 is required for an ac-
curate diagnosis.

In summary, we report an unusual case of localized mass-form-
ing IgG4-related cholangitis that mimicked hilar cholangiocar-
cinoma in the initial diagnostic approach. Since isolated mass-
forming IgG4-RD without biliary stricture is extremely rare,
exclusion of malignancy can be difficult without histopatholog-
ic confirmation. Also, the IgG4-related cholangitis in this pa-
tient later progressed to the most extensive form of systemic dis-
ease reported to date. Although IgG4-related cholangitis is rare,
it should be considered in differential diagnosis of a solitary
mass in the biliary tree that mimics cholangiocarcinoma, espe-
cially when it is accompanied by any evidence of systemic mani-
festation, including multiple lymphadenopathy and suspicious
extrapancreatic organ involvement.
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Intramuscular Tenosynovial Giant Cell Tumor, Diffuse-Type

Yoo Jin Lee - Youngjin Kang - Jiyoon Jung - Seojin Kim - Chul Hwan Kim

Department of Pathology, Korea University Anam Hospital, Seoul, Korea

Tenosynovial giant cell tumors (TSGCT), a group of tumors
that originate in tendon sheaths, joints, bursae, or adjacent soft
tissue, were first described in 1941 by Jaffe ez #/." Diffuse-type
TSGCT are known to be located in the periarticular soft tissue,
while pure intramuscular tumors are rare. This case describes a
diffuse-type TSGCT located in the hamstring muscle, which
was determined to be a pure intramuscular type.

CASE REPORT

A healthy 52-year-old Korean woman presented with a
1-month history of right thigh pain and numbness with a pal-
pable mass in the thigh. A T2-weighted magnetic resonance
image showed a 7 cm X 5 cm-sized heterogeneous mass with
distinct demarcation in the right hamstring muscle (Fig. 1A)
that was suggestive of soft tissue sarcoma or nodular fasciitis.
The patient was relatively healthy and had no history of previous
surgery.

The patient underwent an operation to enucleate the entire
mass, and a well-encapsulated yellowish round mass was dissect-
ed and removed. Grossly, the resected specimen was a 7 cmX 5
cmX 2 cm-sized mass and weighed 45 g. The cut surface showed
a variegated brown- to yellow-colored appearance with dark
reddish punctuated areas and focal myxoid portions (Fig. 1B).
Upon microscopic examination, the tumor revealed a villonod-
ular pattern with polygonal mononuclear cells, foamy macro-
phages and multinucleated giant cells (Fig. 2A, B). Differential
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diagnosis included tenosynovial giant cell tumor, giant cell tu-
mor of soft tissue, fibromas of the tendon sheath, epithelioid sar-
coma, synovial sarcoma, and granulomatous lesions such as ten-
dinous xanthoma. The immunohistochemical stains for CD6S,
$-100, desmin, epithelial membrane antigen (EMA), and CD34
were petformed. The tumor cells showed granular cytoplasmic
positivity for CD68 (Fig. 2C) and S-100 but were negative for
desmin, EMA, and CD34. TSGCT was suggested based on his-
topathologic and immunohistochemical findings. A cytogenetic
study was performed to confirm the diagnosis.

A nested polymerase chain reaction was performed, using the
first and second round primer sets from a previous report (Fig.
2D).” When using the primer set COL6A3-2529F/CSF1-1752R
in the first round and COL6A3-2588F/CSF1-1698R (exon 8)
in the second round (lane 2), a 1.4-kbp fragment was amplified.
Therefore, the cytogenetic result of this case indicated the fu-
sion of colony stimulating factor-1 (CSF1) and collagen type VI
alpha-3 (COL6A3), and the tumor was diagnosed as an intra-
muscular TSGCT diffuse type. This report was approved by the
Institutional Review Board of Korea University Anam Hospital

(AN15199-001).
DISCUSSION

TSGCT can be subtyped into diffuse and localized types, and
intra-articular and extra-articular types, according to the growth
pattern and location. This classification suggests different clini-
cal behaviors.” Diffuse-type TSGCT presents as an extra-articu-
lar type in about 5% to 15% of cases." It is a slow-growing lesion
with a favorable prognosis, usually treated with complete exci-
sion. The tumor can be locally aggressive, even if benign in na-
ture, and 33% to 50% can recur, although metastasis to other
organs is rare after multiple recurrences.”’

It is usually identified in periarticular tissue and can present
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as extra-articular extension of a primary intra-articular process. reported a few times. A previous study” showed only eight cases
It can also reside completely outside of the joint, bursa or ten- of diffuse-type TSGCT that had a clear origin in tendinous or
don sheath. Pure intramuscular type of the tumor has only been synovial tissue. Six cases were located in a predominantly sub-

Fig. 1. (A) T2-weighted magnetic resonance image showing a well-marginated mass in the muscle of the right thigh (arrow). (B) The cut sur-
face of the resected specimen shows a variegated brown to yellow colored mass with multifocal dark reddish punctuate areas and focal

myxoid portions.

Fig. 2. (A) Hematoxylin-eosin stained slide of a diffuse-type tenosynovial giant cell tumor shows sheets of small histiocytes with a villonodular
pattern and hemosiderin pigments. (B) Variable proportions of polygonal mononuclear cells and multinucleated giant cell are seen. (C) The
tumor cells are positive for CD68 immunohistochemical staining. (D) Nested polymerase chain reaction to detect the COL6A3-CSF1 fusion
transcript (lane 1 and lane 2) and CSF1 wild-type transcripts (lane 3). COLBAS, collagen type VI alpha-3; CSF1, colony stimulating factor-1;
NC, negative control; L, ladder.
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cutaneous area, and five cases were entirely intramuscular. The
intramuscular type tumor can affect any muscle, but most were
located in the lower extremities, including thigh, buttock, and
lower leg,’ which was similar to our case, while one case from
another report® originated in an upper extremity, specifically
the deltoid muscle.

This tumor was once regarded as a non-neoplastic condition,
but their potential for recurrence and metastasis suggested the
possibilities of neoplastic nature.”” Furthermore, the cytogenet-
ic studies identified clonal abnormalities, which suggested that
this tumor was indeed a neoplasm.” An additional study” found
a high expression of CSF1, localized to the 1p13q breakpoint,
which is a hematopoietic growth factor that involves the prolif-
eration and differentiation of macrophages and monocytes.
CSF1 is often fused with COL6A3 on 2q35, which is thought
to have a major oncogenic role in TSGCT. Due to the overex-
pression of CSF1, macrophages proliferate and become the main
component of TSGCT. However, about 39% do not have CSF1
translocation, so the other alternative mechanism may affect
CSF1 upregulation.

This case was an intramuscular soft tissue tumor without any
connections to joints, tendons, or bursa and presented as a pure
intramuscular type. The histologic features showed a villonodu-
lar pattern composed of histiocytes, foamy macrophages, multi-
nucleated giant cells, and hemosiderin deposits. On cytogenetic
study, this neoplasm was found to have clonal abnormalities,
which are evidence for diffuse-type TSGCT. One report® sug-
gested that the recurrence rate of intramuscular-type is lower
than that of other types, as complete excision is easier for intra-
muscular masses than intra-articular lesions. However, the bio-

logic behavior of intramuscular type tumors remains unclear

http://jpatholtm.org/

due to the small number of cases, which necessitates further
studies to determine the prognostic significance of intramuscu-
lar lesions.
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|gG4-Related Sclerosing Mesenteritis
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Sclerosing mesenteritis (SM) is a rare disease first described
by Sulla' in 1924 under the name “retractile mesenteritis.” SM
shows fibrosis with fat necrosis and chronic inflammation on
microscopic examination.” In particular, if the histologic and
immunologic features are associated with IgG4-related disease
(IgG4-RD), the condition is defined as IgG4-related sclerosing
mesenteritis (IgG4-RSM).” Here, we report a case of a 70-year-
old woman, who presented with a palpable intra-abdominal mass
and vague abdominal pain, and was finally diagnosed with IgG4-
RSM based on histology and immunohistochemistry. This case
report was approved by the Institutional Review Board (IRB) of
Yonsei University Medical Center (IRB No. 4-2015-0650).

CASE REPORT

A 70-year-old woman presented with a palpable intra-abdom-
inal mass and pain for about 3 months. She had a history of hy-
pertension and a total hysterectomy 10 years earlier. Radiologi-
cally, a 7.9 cm lobulated mass was found in her right lower
abdomen with multiple calcifications (Fig. 1A), suggesting a
mesenteric-origin tumor. Positron emission tomography—com-
puted tomography revealed a mesenteric mass with calcification
in the rihgt lower quadrant of abdomen which had intense fluo-
rodeoxyglucose (FDG) uptake. A few satellite nodules were also
present in the mesentery; however, no other abnormal FDG up-
take was identified. The patient underwent segmental resection
of the small bowel. Grossly, the mucosal surface was intact and a
multilobulated mass with whitish fibrosis was noted in the mes-
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entery (Fig. 1B). Light microscopy revealed fat necrosis and a
sclerosing fibrotic lesion including lymphocytic aggregation
with germinal center formation and spindle cell proliferation
(Fig. 2A). The spindle cells had abundant cytoplasm, a vesicular
nucleus, and prominent nucleoli (Fig. 2B). In the periphery, acute
inflammatory cells and eosinophils were seen. Chronic inflam-
matory cell infiltration into the venular wall with obliteration of
the lumen juxtaposed to an artery was also seen (Fig. 2C).

As a result, three histologic findings of storiform pattern of fi-
brosis, lymphoplasmacytic infiltration, and obliterative phlebi-
tis were distinct features of the presented case. Based on these
findings, the differential diagnoses included inflammatory malig-
nant fibrous histiocytoma, inflammatory myofibroblastic tu-
mor, and SM. We performed immunohistochemical staining us-
ing anaplastic lymphoma kinase (ALK, D5F3), smooth muscle
actin (SMA), Ki-67, IgG, and IgG4 antibodies. The overall Ki-
67 labeling index was low and was increased only in lymphoid
follicles (Fig. 3A). ALK staining was negative and SMA staining
revealed vascular obliteration (data not shown). Most of the plas-
ma cells expressed IgG (Fig. 3B) and IgG4 (Fig. 3C), and the
IgG4-positive cells/IgG-positive cells ratio was higher than 90%.
Therefore, we concluded the lesion as IgG4-RSM. Immediately
after the surgery, blood samples were taken to measure the pa-
tient’s levels of IgG and IgG4. IgG4 level has greatly increased
(2,130.0 mg/L; reference range, 39.2 to 864.0 mg/L), while IgG
stayed within the normal range (1,318 mg/dL; reference range,
700 to 1,600 mg/dL). The patient was discharged without com-
plication, received a clinical work-up for [gG4-RSM in an outpa-
tient department, and started on steroid therapy.

DISCUSSION

SM is a rare benign condition that presents with fibrosis, in-
flammation, and fat necrosis and occurs idiopathically in the
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small bowel mesentery.” Clinically, patients with SM mostly
complain of chronic severe pain and chronic non-specific prob-
lems such as nausea, vomiting, diarrhea, cramping, weight loss,
and fever.* Histologically, SM shows fibrosis with fat necrosis,
chronic inflammation especially around the vessels, and variable
focal calcification. In particular, if the immunologic and histolog-
ic characteristics are consistent with the IgG4-RD, it is classified

as IgG4-RSM.” The histologic features of [gG4-RSM include
more than two of the followings: lymphoplasmacytic infiltration,
storiform fibrosis, and obliterative phlebitis. The immunologic
criterion is [gG4-positive/IgG-positive cells >40%, but this ratio
is considered secondary in importance to the histological ap-
pearance.

Kerdsirichairat ez «/.* conducted a systematic literature review

HENNEEEEERaEEae

Fig. 1. (A) A 7.9 cm lobulated mass with multiple variable calcifications is seen in the right lower abdomen on abdominal computed tomog-
raphy. (B) An ill-defined whitish fibrotic lesion is noted in the mesentery.

Fig. 2. (A, B) The microscopic findings show fat necrosis and a sclerosing fibrotic lesion (storiform fibrosis) with lymphocytic aggregation
within the germinal center formation and spindle cell proliferation. (C) Obliterative phlebitis just next to an artery is also seen.

tio is higher than 90%.
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of SM with IgG4 testing, and 11 out of 18 cases in total met the
criteria for [gG4-RSM. The age of patients with IgG4-RSM
ranges from 48 to 82. IgG4-RSM has a male predominance simi-
lar to SM. IgG4-RSM is known as a rare mesenteric disease of
unknown etiology, although prior abdominal surgery can result
in SM. Emory et al.” reviewed 84 cases of SM and a history of
trauma or surgery was present in four of 84 patients. Two of four
patients had hysterectomies 20 and 12 years earlier. Our patient
has a history of total abdominal hysterectomy, which might be
the cause of the [gG4-RSM.

There is no generalized consensus regarding the treatment of
SM, including medical therapy, surgical therapy, and surgery
with additional medical therapy. In one study, the response rates
were shown to be good for all therapies (65%, 82%, and 71%,
respectively),” but the limited number of cases made it difficult
to determine a treatment of choice. Even, when patients with
SM are not treated, they show a high rate of spontaneous reso-
lution.” Therefore, therapy is needed when a patient displays
symptoms.

In our case, the patient’s differential diagnoses included in-
flammatory malignant fibrous histiocytoma and inflammatory
myofibroblastic tumor, based on microscopic features. Inflam-
matory malignant fibrous histiocytoma shows neoplastic histio-
cyte-like cells mixed with neutrophils and other inflammatory
cells. Tt has a high Ki-67 index, but in our patient’s case, the
overall Ki-67 index was low and was only increased in lymphoid
follicles. Inflammatory myofibroblastic tumor shows spindle
cell proliferation with myofibroblastic differentiation, a colla-
gen stroma, and chronic inflammatory cell infilerations. How-
ever, it rarely shows obliterative phlebitis.® It is immunoreactive
for ALK in about half the cases and stains for SMA.™® Also, the
ratio of [gG4-positive/IgG-positive cells is markedly lower than
that of IgG4-RD.” In our case, SMA staining was non-specific
and only confirmed the obliterative phlebitis. The high ratio of
IgG4-positive/TgG-positive cells also supported [gG4-RSM.

In summary, we present a case of [gG4-RSM, which is com-
patible with previously described cases. The condition is benign
and has a self-limiting course, but the pathologic diagnosis is
important to exclude malignant conditions, which can be mis-

http://dx.doi.org/10.4132/jptm.2015.12.03

lgG4-Related Sclerosing Mesenteritis ¢ 311

diagnosed on radiologic analysis. The rarity of the disease limits
its clear characterization, and more cases and studies are needed.
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Carney Complex with Multiple Cardiac Myxomas, Pigmented Nodular
Adrenocortical Hyperplasia, Epithelioid Blue Nevus, and
Multiple Calcified Lesions of the Testis: A Case Report
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Departments of Pathology, 'Surgery, and *Thoracic and Cardiovascular Surgery, Gachon University Gil Medical Center, Incheon, Korea

In 1985, Carney et al.' reported a syndrome composed of
myxoid tumors, endocrine overactivity, and pigmented skin le-
sions. Myxoid tumors typically manifested as cardiac myxoma,
cutaneous myxoma, and myxoid mammary fibroadenoma. En-
docrine overactivity, such as acromegaly and Cushing’s syn-
drome, presented with associated endocrine tumors, including
pituitary adenoma, thyroid tumors, primary pigmented nodu-
lar adrenocortical disease (PPNAD), and testicular tumors.” Pig-
mented skin lesions include lentiginosis, conventional melano-
cytic nevus, and epithelioid blue nevus.’

Recently, a new concept of pigmented skin lesion called pig-
mented epithelioid melanocytoma, which has identical histo-
logical features to the epithelioid blue nevus, but lacks the asso-
ciated Carney complex, was proposed.* We present a case of
Carney complex with a brief introduction to the epithelioid blue
nevi and pigmented epithelioid melanocytomas.

CASE REPORT

The publication of case information and materials was ap-
proved by the Institutional Review Board of The Gachon Uni-
versity Gil Medical Center (GAIRB2015-197).

A 31-year-old male patient visited our hospital with symp-
toms of recurrent rib fractures in the absence of physical trauma,
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increased body hair, and central obesity. His evaluation showed
Cushing’s syndrome with bilateral adrenal cortical thickening,
three calcified lesions on the left testis, and a pigmented skin
lesion on the buttock. The patient and his sister had resection
for familial cardiac myxomas 5 years ago, but did not have any
other symptoms at that point; they were the subject of a previ-
ous case report.” The patient was diagnosed with Carney com-
plex, and bilateral adrenalectomy and resection of the pigment-
ed skin lesion were performed. A needle biopsy was done for the
testicular tumor to preserve patient fertility.

The cardiac myxomas resected 5 years ago were located in
both the right atrium and the ventricle, with sizes of 6.0% 3.5
cm and 0.9x0.5 cm, respectively. The resected specimens were
composed of hyperemic gelatinous soft tissue (Fig. 1A). Histo-
logically, they showed fusiform to stellate cells with a moderate
amount of eosinophilic cytoplasm embedded within the myx-
oid stroma (Fig. 1B). The patient was found to have a mutation
in the protein kinase A type I-a regulatory subunit (PRKARIA)
gene when he had the resection of his cardiac myxoma.’

The bilateral adrenalectomy specimen showed multiple dark
to light brown nodules measuring up to 1.2x 1.2 ¢m through-
out the cortex (Fig. 1C). Histologically, the nodules were com-
posed of cells resembling those of normal zona reticularis and
contained dark brown pigments (Fig. 1D). The histological fea-
tures were consistent with those of PPNAD.

The resected skin showed dumbbell-shaped intradermal me-
lanocytic proliferation with heavy pigmentation resembling
blue nevus (Fig. 1E), but with epithelioid melanocytes (Fig.
LF). The cells were positive for S-100 protein (Fig. 1G) and hu-
man melanoma black 45 (Fig. 1H), based on immunohisto-
chemical staining. The lesion was consistent with epithelioid
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blue nevus.

The testicular needle biopsy from a 1.0-cm-sized lesion showed
solid tubules composed of large polygonal cells with abundant
eosinophilic cytoplasm and calcified bodies in collagenous stro-
ma with lymphocytic infiltration (Fig. 1I). The histological
findings raised the possibility of a large cell calcifying Sertoli
cell tumor. However, due to the low possibility of malignancy
and the patient’s young age, no further invasive procedures were
performed.

The patient’s clinical and pathological manifestations were in

A Case of Carney Complex ¢ 313

accordance with those of Carney complex. The patient was dis-
charged after the surgical resection, and follow up in outpatient
clinic with medication for adrenal insufficiency is ongoing.

DISCUSSION

Carney complex is an autosomal dominant clinical syndrome,
and many patients show germline mutations in the PRKARIA
gene.” In addition to the PRKARIA mutation, some of the pa-
tients also show mutations in the PDEIIA gene. Among the

Fig. 1. Cardiac myxoma. (A) The gross photo of resected myxoma shows diffusely hyperemic and focally myxoid appearance. (B) Histologi-
cally, the tumor is composed of fusiform to stellate cells and surrounding blueish myxoid stroma. Primary pigmented nodular adrenocortical
disease. (C) The gross photo of cut surface of resected adrenal glands show round to oval dark brown nodules throughout the cortex. (D)
Histologically, the nodules are consisted of large polygonal cells with eosinophilic cytoplasm and granular brown pigments. Epithelioid blue
nevus. (E) On low power view, the melanocytic lesion is in dumbbell-shaped and shows prominent dark pigmentation. (F) The tumor cells
have relatively abundant eosinophilic cytoplasm and epithelioid appearance. The tumor cells are positive for S-100 protein (G) and human
melanoma black 45 (H) immunostains. (I) The testicular biopsy showed large polygonal cells surrounded by hyalinized collagenous stroma and

lymphocytic infiltration.
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symptoms of Carney complex, cardiac myxoma is by far the most
fatal, with a sudden death rate of over 10% in affected members
with a familial Carney complex.” This high mortality requires
regular screening in patients with Carney complex.” As in the
current case, there can be multiple myxomas and they can be lo-
cated in any heart chamber in patients with Carney complex,
unlike myxomas in patients without Carney complex.”

PPNAD is unique in its clinical and histological features. It
usually presents as bilateral adrenal hyperplasia.” Histologically,
the affected adrenal glands show cortical nodules with dark pig-
mentation. PPNAD sometimes can be found in patients with-
out Carney complex.”

The most recently established diagnostic entity related to the
symptoms of the Carney complex is epithelioid blue nevus.
Histologically, epithelioid blue nevus is similar to the original
blue nevus due to heavy accumulation of melanin pigment is
seen within the lesion, but it differs from the original blue nevus
in that the melanocytes show epithelioid features. These lesions
were first described in a report of 40 Carney complex patients
and were named as such because of the histological features.’
Later reports described melanocytic tumors showing identical
histological features, potential for lymph node metastasis, and
good prognosis after resection in patients without Carney com-
plex.*” The authors proposed the term “borderline pigmented
epithelioid melanocytoma” as a provisional entity for the lesions,
regardless of the presence or absence of Carney complex.*

This is a report on the rare Carney complex, which was diag-
nosed 5 years after its initial manifestation as familial cardiac
myxoma. Isolated symptoms of Carney complex can be found
outside of the syndrome, but their presentation is unique and
such symptoms warrant clinical evaluation to enable early diag-
nosis and proper management.
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Il BRIEF CASE REPORT W

Tailgut Cyst in a Neonate: A Case Report

Ji Hyen Lee - Yun Suk Lee - So Yeon Shim - Su Jin Cho - Eun Ae Park - Soon Sup Chung' - Sanghui Park’

Departments of Pediatrics, 'Surgery, and 2Pathology, Ewha Womans University School of Medicine, Seoul, Korea

A tailgut cyst is a congenital anomaly located in the retrorec-
tal space. This cyst is usually detected in adult patients, and is
rarely diagnosed in the neonatal period."” These retrorectal cys-
tic masses are believed to originate from the embryonic hind-
gut."” Following a literature review, we report a case of tailgut
cyst in a neonate that was removed entirely through surgical

excision.
CASE REPORT

A 3.3-kg baby girl was born at 37 weeks gestation by Cesar-
ean section. During prenatal ultrasonography, a large mass was
found in the pre-sacrococcygeal space. Local examination showed
a 4 x5-cm-sized swelling in the gluteal region, and laboratory
tests were within normal limits. An X-ray of the lumbosacral
spine indicated a soft mass in the coccygeal area without calcifi-
cation (Fig. 1A). Ultrasonography showed a multiloculated cys-
tic lesion with some echogenic portions at the pelvis that were
located lateral and posterior to the rectosigmoid colon and ante-
rior to the sacrococcygeal area (Fig. 1B). Magnetic resonance
imaging (MRI) was performed and showed a large, well-demar-
cated mass with a small septated cyst within. There were calci-
fications within the upper portion of the cystic mass (Fig. 1C).
When the infant was five days old, given concern for a possible
sacrococcygeal cystic teratoma, a complete excision up to the coc-
cyx was done through a posterior approach. The histopathology
report showed a well-circumscribed, gray, soft mass (4.7 x4.5 x
3.5 cm) with an attached ellipse of skin (2.3 % 1.9 c¢m), and the
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cut section revealed a multilocular cyst. Microscopically, the cyst
walls were lined by various epithelia: mucinous, low cuboidal,
and pseudostratified columnar cells (Fig. 2). Additionally, dot-
ted bundles of smooth muscle fibers and fibrous tissues were
present between the cystic walls. No specific tissue fragments of
significance such as skin adnexal elements, neural elements, or
heterologous mesenchymal tissue (e.g., cartilage or bone) were
found. The patient was discharged after 12 days and followed
up as an outpatient with no postoperative complications.

This study was approved by the Institutional Review Board
(IRB) of Ewha Womans University Mokdong Hospital (IRB
No. 2015-08-002).

DISCUSSION

Tailgut cysts are uncommon congenital masses in the neonate,
and they are commonly located in the retrorectal space; embry-
onically, they are believed to arise from vestigial remnants of
the embryonic hindgut. Normally, at 35 days of gestation, the
embryo has a true tail during early human development that
reaches a maximum of 8 mm in length." Theprimitive hindgut
extends into this embryonic true tail, which is located at the site
of the formation of the anus. During the eighth week of embry-
onic development, the tailgut usually atrophies, but occasionally
can fail to regress completely. Some investigators have suggest-
ed that these remnants give rise to tailgut cysts.'

Tailgut cysts are more common in middle-aged women, and
neonatal cases are considerably rare. The cyst usually occurs be-
tween the ages of 4 to 73 years, with an average presentation at
35 years, and the female-to-male ratio is 3:1.” Typical symptoms
of tailgut cysts are closely associated with their region. Most
adult patients complain of lower back pain or rectal pain while
sitting or after falling on their buttocks, and other symptoms in-
clude urinary retention, dysuria, changes in stool caliber, and rec-
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tal bleeding.
Developmental cysts can be classified according to their mor-
phology and pathological features into sacrococcygeal teratomas,

epidermoid cysts, dermoid cysts, enteric duplication cysts, gland

cysts, anterior meningocele, and tailgut cysts."” Sacrococcygeal

teratomas are the most common mass in newborns and consists
of mixed elements of three germ cell layers, such as skin adnexa
and neural elements. Epidermoid cysts are lined by a stratified
squamous epithelium with lack smooth muscle fibers in the
walls. In our study, skin appendages such as hair follicles and

Fig. 1. Lumbosacral spinal X-ray shows a soft mass in the coccygeal area without calcification. (A) The cystic mass in the sacococcygeal
area with intrapelvic and extrapelvic components (type Il) is shown by abdominal sonography. (B) Sagittal magnetic resonance image shows
a large cystic mass (6.2 x 4.2 x5.6 cm) with a few small septae. This cystic mass is shown with low signal intensity in a T1W1 image and
high signal intensity in a T2W1 image. (C, D) There are calcifications within the upper portion of the cystic mass with dark signal intensity.

Fig. 2. On scanning view, different types of epithelia lining the cyst walls are identified (D). The cyst walls are lined by mucinous epithelium (A),
low cuboidal epithelium (B), and pseudostratified columnar epithelium (C).
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sweat glands were found, similar to dermoid cysts. Enteric du-
plication cysts are lined with intestinal epithelia with typical villi
and crypts, and contain well-defined layers of smooth muscle
and the myenteric plexus. Gland cysts can be differentiated
through their lower region, usually closer to the anal sphincter
rather than the retrorectal space. Anterior meningoceles are re-
lated to a sacral defect.’

The diameter of tailgut cysts varies from 1 to 22 ¢cm, and they
contain debris such as keratinous and mucinous material. Ac-
cording to Hjermstad and Helwig,’ tailgut cysts are usually mul-
tiloculated and lined by squamous transitional and glandular
epithelia. Squamous epithelium, present in 75% of cysts, is the
most common type, and 50% of the cysts were covered with
ciliated columnar epithelia. Some cysts also have a metaplastic
process secondary to inflammation.” Malignant transformation
is a rare complication of tailgut cysts. Only a few cases of adeno-
carcinomas, carcinoid tumors, neuroendocrine carcinomas, en-
dometrioid carcinomas, adenosquamous carcinomas, squamous
cell carcinomas and sarcomas have been reported.

To evaluate retrorectal masses, rectal examination, barium ene-
ma, transrectal sonography, computed tomography (CT), and
MRI could be considered. Barium enemas and transrectal so-
nography are useful for initial viewing of the cystic nature of the
masses. In particular, transrectal sonography demonstrates the
unity of the layers of the rectum, whether cystic lesions are uni-
locular or multilocular, and also any internal echoes from mu-
coid materials or inflammatory debris. CT images of the tailgut
cysts show well-defined, thin-walled, uni- or multilocular masses
in the retrorectal region.® Calcification is not a characteristic of
these cysts, and if present, should prompt consideration of ma-
lignancy. MRI is the best modality for imaging tailgut cysts
because of its good soft tissue contrast and multiplanar imaging
capability, which are useful for determining surgical techniques.

Entire surgical excision of tailgut cysts is strongly recommend-
ed because of the possibility of recurrence, infection, and local
dissemination of malignant cells.” Various surgical approaches
have been elaborated for removing tailgut cysts, including pos-
terior, abdominal, and combined posterior and abdominal.* The
best excisional approach is dependent on the size and location
of the mass, possibility of infection, and adherence to the sacral

http://dx.doi.org/10.4132/jptm.2015.11.27
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or pelvic walls. Usually, the posterior approach is recommended
for small benign tailgut cysts below the level of the S3 vertebrae.
If the lowest level of the tailgut cyst is at the $4 vertebra, the
mass should be approached through a transabdominal incision.

In conclusion, this rare case highlights that a tailgut cyst
should be considered in the differential diagnosis of a sacrococ-
cygeal mass in a neonate. Preoperative MR is essential for plan-
ning the most appropriate surgical approach, and complete sut-
gical excision is the treatment of choice for all tailgut cysts, as it
provides definitive diagnosis, relieves symptoms, and prevents
complications such as infection, fistula formation, and malignant
degeneration.
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The occurrence of gastric mixed adenoneuroendocrine carci-
noma (MANEC) s relatively rare, although a few cells of gastric
adenocarcinoma frequently show neuroendocrine differentiation.'

We herein present one of only a few reported cases of gastric
MANEC with trilineage histologic differentiation, composed of
adenocarcinoma, large cell neuroendocrine carcinoma (NEC),
and squamous cell carcinoma (SqCC).

CASE REPORT

A 60-year-old woman presented with generalized weakness,
anorexia, weight loss, and fasting epigastric pain over a 5-month
petiod. The patient had suffered from allergic urticaria for sev-
eral years, but this had been treated and subsequently controlled
with standard medication. She denied any previous alcohol or
herbal medication intake and had no significant family history.
Esophagogastroduodenoscopy revealed an 8.5 X 7.0-cm-sized
ulcerofungating mass in the anterior wall of the lower body. Bi-
opsy of the mass was diagnosed as moderately differentiated ad-
enocarcinoma. Preliminary laboratory test results were within

normal limits, whereas a tumor marker level test revealed elevat-
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ed carbohydrate antigen 19-9 (98.8 U/mL). Computed tomog-
raphy demonstrated a large hypodense ulcerofungating mass in
the gastric anterior wall along with multiple perigastric lymph-
adenopathies (Fig. 1A). The patient underwent D2 subtotal gas-
trectomy and early postoperative intraperitoneal chemotherapy.
Gross examination of the resected stomach showed a smooth
serosal surface and a large ulcerofungating mass measuring 8.5
X 7.0 cm, consistent with Borrmann type 2, in the lower anteri-
or wall (Fig. 1B). On sectioning, the tumor had a heterogeneous
appearance with a mixture of white and yellow lesions with in-
filtrative boundaries, invading to the serosal layer (Fig. 1C). Mi-
croscopically, the tumor comprised 55% large cell NEC, 35%
moderately differentiated adenocarcinoma, and 10% well dif-
ferentiated SqCC. The adenocarcinoma component was in the
upper portion of the tumor, whereas the NEC component pre-
sented in the deep portion, with a small proportion in the upper
portion, up to the mucosal layer (Fig. 1D). In particular, the col-
lision between the adenocarcinoma and NEC components was
found in the ulcerated tumor area (Fig. 2A). Additionally, tran-
sition from NEC to SqCC was found in some areas (Fig. 2C). As
expected, immunohistochemical staining for synaptophysin and
chromogranin A were positive in the NEC component but neg-
ative in the adenocarcinoma and SqCC components (Fig. 2B,
D). The SqCC component but not the NEC or adenocarcinoma
component revealed strong nuclear expression for p63 (Fig. 2E).
The tumor mitotic count was 95 mitoses per 10 high-power
fields, and the Ki-67 labeling index was 96%. The tumor pen-
etrated the serosa, and 14 of the 48 regional lymph nodes
showed metastasis, which, interestingly, was composed of only
the adenocarcinoma component (Fig. 2F), but distant metasta-
sis was not detected. Interestingly, for c-erbB2, the NEC com-
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Fig. 1. (A) A computed tomography scan demonstrating a large ulcerofungating hypodense mass in the anterior gastric wall (arrow) and en-
largement of multiple perigastric lymph nodes (arrowhead). Macroscopic findings (B) and cross-section of gastric cancer (C). (D) Mapping of
the gastric mixed adenoneuroendocrine carcinoma with trilineage histologic differentiation composed of adenocarcinoma (pink color), large
cell neuroendocrine carcinoma, and squamous cell carcinoma (green color).

ponent revealed negativity, whereas the adenocarcinoma compo-
nent showed complete membranous staining of strong intensity
in primary gastric cancer and in its corresponding metastatic
regional lymph nodes (Fig. 3). During seven cycles of adjuvant
chemotherapy, the patient experienced sudden abdominal pain
due to mechanical obstruction by an adhesion at the operation
site. Since then, she has stopped receiving chemotherapy and is
currently receiving supportive care. The patient has been moni-
tored for 18 months post-surgery and remains alive without ev-
idence of disease recurrence.

The study was performed in accordance with the guidelines
of the Institutional Review Board of Kyungpook National Uni-
versity Medical Center and was exempt from written informed
consent. The information of this case was retrospectively obtained
from medical records in the database of Kyungpook National
University Medical Center.

http://dx.doi.org/10.4132/jptm.2015.10.17

DISCUSSION

Gastric MANECs are mixed exocrine and endocrine carcino-
mas, with one component exceeding at least 30% of the tumor
lesion."* The exocrine component is characterized by adenocar-
cinoma with various differentiated grades, and the neuroendo-
crine component is usually represented by NEC.! To our know!-
edge, there have been only four reported cases of gastric MANEC
containing a SqCC component.” Pericleous ez /.’ reported a case
of MANEC with a SqCC component where only the NEC com-
ponent metastasized to the liver. In addition, Shibuya ez a/." re-
ported a small cell undifferentiated carcinoma with adenocarci-
noma and SqCC components, and hepatic nodules showed an
atypical carcinoid component. In contrast, in the current case,
only the adenocarcinoma component metastasized to the region-
al lymph nodes, with no distant metastasis detected.

http://jpatholtm.org/
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The pathogenesis of gastric NEC is unclear. Based on the pres- that have the potential to differentiate into other cell types pro-
ence of NEC with other glandular or squamous cell components, ducing mucin or keratin.*” Owing to the heterogeneous compo-
the proposed origin of gastric MANEC is pluripotent stem cells sition of MANEC, treatment approaches should focus on the

Fig. 2. Representative microscopic findings of mixed adenoneuroendocrine carcinoma with trilineage histologic differentiation. (A) Moderately
differentiated adenocarcinoma admixed with large cell neuroendocrine carcinoma (NEC). (B) The NEC component demonstrates positive
staining for chromogranin A, whereas the adenocarcinoma component shows negativity. (C) Squamous cell carcinoma (SqCC) component
admixed with the NEC component, and (D) the NEC component presented positivity for chromogranin A, but not the SqCC component. (E)
The cells with squamous cell differentiation are identified by expression of p63. (F) Metastasis of only the adenocarcinoma component to the
gastric regional lymph nodes.

http://jpatholtm.org/ http://dx.doi.org/10.4132/jptm.2015.10.17
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Fig. 3. Photomicrographs of immunohistochemistry (IHC) for c-erbB2 in mixed adenoneuroendocrine carcinoma with trilineage histologic dif-
ferentiation. IHC for c-erbB2 shows strong positivity in the adenocarcinoma component (A), and in the metastatic regional lymph nodes (B),
whereas IHC for c-erbB2 is negative in neuroendocrine carcinoma (C) and squamous cell carcinoma component (D).

most aggressive tumor components. However, the prognosis
and behavior of gastric MANEC with trilineage histologic dif-
ferentiation are unknown because of its rarity. Therefore, collab-
orative multicenter studies including such patients are required
to determine optimal treatment regimens, prevent relapse, and
improve prognosis.

Herein, we report a gastric MANEC with trilineage histologic
differentiation including large cell NEC, adenocarcinoma, and
SqCC, of which only the adenocarcinoma component metasta-
sized to the regional lymph nodes, without distant metastasis.
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Primary cutaneous adenoid cystic carcinoma (PCACC) is a
rare adnexal tumor, first described by Boggio in 1975." Fewer
than 70 cases have been reported in the English literature. It has
an indolent course and a high tendency to recur but manifests
low potential for distant metastases.

Herein, we report a case of 66-year-old male who presented
with a slow-growing erythematous lesion in the umbilicus. Upon
histopathological examination, the tumor exhibited features of
PCACC. The patient was treated with Mohs micrographic sur-
gery. To our knowledge, this is the first reported case of a PCACC
in the umbilicus. We discuss the clinicopathological character-
istics of PCACC and include review of the literature.

CASE REPORT

A 66-year-old man with a medical history of congestive heart
failure presented with a single, ill-defined, bean-sized erythem-
atous lesion with tenderness in the umbilicus (Fig. 1A). Because
the lesion had been nearly asymptomatic, except for mild ten-
derness, the patient had not sought a medical treatment. He
eventually became concerned about the abnormal appearance of
it and visited an outpatient clinic. An incisional biopsy was done
and the patient was referred to our institution. Mohs micro-
graphic surgery was performed. The cut surface of the specimen
revealed a firm infiltrative mass involving dermis and subcutis
(Fig. 1B). Hematoxylin and eosin stained slides were reviewed
by three pathologists (SK.K., S.J.L., and W.LY.). Microscopic
examination revealed infiltrative nests and cords of basaloid tu-
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mor cells with cribriform or tubular architecture in the dermis
and subcutaneous tissue without connection to the epidermis
(Fig. 2A). Abundant mucin was present and perineural invasion
by the tumor cells was often observed (Fig. 2B, C). Based upon
these histologic findings, primary or metastatic adenoid cystic
carcinoma (ACC), adenoid cystic variant of basal cell carcinoma,
and microcystic adnexal carcinoma entered in the differential
diagnoses. Immunohistochemistry with antibodies against type
III receptor tyrosine kinase KIT (CD117, catalog #A4502,
Dako, Carpinteria, CA, USA) and epithelial membrane antigen
(EMA; catalog #M0613, Dako) was performed with an auto-
mated immunohistochemical staining instrument (VentanaDis-
covery XT, Ventana Medical System Inc., Oro Valley, AZ, USA).
The tumor cells showed strong expressions of EMA (Fig. 3A)
and KIT (Fig. 3B). The histological findings and immunohisto-
chemical results indicated that the tumor was ACC. There was
no other palpable mass on physical examination and there was
no evidence of metastasis in the imaging study. Therefore, the
tumor was diagnosed as a PCACC. The patient was discharged
without complication. At postoperative follow-up after 6 months,
he was healthy without evidence of local recurrence.

This retrospective study was approved by the Institutional Re-
view Board of Yonsei University Medical Center (approval No.

4-2015-0695).
DISCUSSION

ACC is a rare type of cancer that usually occurs in the head
and neck, particularly in the salivary glands. However, it may
develop in any site where secretory glands are present. It has been
reported in the breast, lacrimal gland, lung, brain, uterine cer-
vix, trachea, paranasal sinus, and skin.' The etiology of PCACC
is not entirely clear. However, the World Health Organization
(WHO) recently concurred with the prevailing view that the
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tumor originates from the apocrine glands. In the WHO Classi-
fucation of Skin Tumors, ACC is classified as an adnexal neoplasm.’

Clinically, the tumor is a firm, pootly circumscribed, slowly
growing nodule that is flesh-colored or red, and may or may not
be accompanied by pain and tenderness.” Tumors that occur on
the head and neck represent 46% of PCACCs and many of these
are on the scalp. Of the remaining tumors that have been re-
ported, 15% occur on the trunk, 17% on the upper limbs or in
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the area of the pectoral girdle, and 13% on the lower limbs or in
the area of the pelvic girdle. To our knowledge, this is the first
reported case of a PCACC in the umbilicus.

For the diagnosis of PCACC, it is essential to rule out the pos-
sibility that the tumor has metastasized from elsewhere, partic-
ularly from the salivary glands. ACC of the salivary glands is
aggressive and highly metastatic, with a high rate of local recur-
rence, while PCACC rarely metastasizes: metastases of PCACC

Fig. 1. Macroscopic findings of tumor arising in umbilicus. (A) An ill-defined bean-sized erythematous lesion on the umbilicus. (B) In sections
of the specimen from the Mohs micrographic surgery, cut surfaces had an infiltrative firm mass.

Fig. 2. Microscopic findings of primary cutaneous adenoid cystic carcinoma. (A) Images of basaloid cells that have infiltrated the dermis and
the subcutaneous layer, but not the epidermis. Note the tumor cells” arrangement in nests and their cribriform pattern. (B) Images showing
the cribriform and tubular growth patterns of the tumor, which also have a solid portion. (C) Perineural invasion by the tumor.
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Fig. 3. Immunohistochemical staining results of primary cutaneous adenoid cystic carcinoma. Immunohistochemical staining images show-
ing strong expression of epithelial membrane antigen (A) and KIT (B) in tumor cells.

http://dx.doi.org/10.4132/jptm.2015.11.24
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to lymph nodes and the lungs have been reported in five and six
cases, respectively.’ In our case, there was no evidence of metas-
tasis on chest computerized tomography scan.

Histologically, PCACC consists of basaloid cells arranged in
a solid, tubular, or cribriform pattern. The tumor usually involves
mid-to-reticular dermis, lying in a hyalinized fibrous stroma. It
is usually not associated with the overlying epidermis and rarely
invades underlying tissues. Cystic spaces are filled with mucin.
The histologic findings of our case were compatible with these
characteristics of PCACC.

It has been suggested that KIT (CD117) is a useful ancillary
marker for ACC, distinguishing ACCs from other carcinomas
with high sensitivity and specificity.”® In our case, EMA and KIT
were strongly immunoreactive in the tumor, thus rendering the
diagnosis of ACC. In contrast, basal cell carcinoma does not ex-
press EMA,> and it shows palisading of the nuclei, stromal re-
traction, and continuity with the epidermis. These histological
and immunohistochemical features were not detectable in our
case, and thus we were able to rule out the possibility of basal cell
carcinoma with features of adenoid cystic growth pattern.

The standard treatment of PCACC is a wide surgical excision
with at least a 2 cm safety margin around the tumor, due to its
frequent recurrence.'’ In recent years, several cases of PCACC
have been treated with Mohs micrographic surgery.” The authors
consider Mohs surgery to be superior to the traditional wide-
excision method. However, considering the limited number of
cases and follow-up period, we cannot make definitive conclu-
sions at this point.

In summary, we described a rare adnexal tumor, a PCACC aris-
ing in the umbilicus. The PCACC is typical of its type, with fea-
tures similar to other reported PCACCs. PCACCs are rare in
general, regardless of their location, and this is the first reported
case arising in the umbilicus. Medical caution with regards to
the treatment options is required, as the recurrence rate of this
tumor is not certain, and a long-term follow-up is warranted due
to the possibly prolonged period before recurrence.
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J Pathol Transl Med 2015; 49(6): 472-480. http://dx.doi.org/10.4132/jptm.2015.09.11
Editors, Journal of Pathology and Translational Medicine

Several issues related to the authorship, research materials, and protocols have been raised with the above article published in the
Journal of Pathology and Translational Medicine (2015; 49: 472-80)." The first author of the article has duely admitted that he is
mainly responsible for the misconduct. Thus, the editors and publication board of the JPTM have decided to retract the article.

REFERENCE

1. Lee JC, Cha CI, Kim DS, Choe SY. Therapeutic effects of umbilical cord blood derived mesenchymal stem cell-conditioned medium on pulmo-
nary arterial hypertension in rats. ] Pathol Transl Med 2015; 49: 472-80.

pISSN 2383-7837 © 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology

ISSN 2383-7845 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
€ - by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 325



	표지.pdf
	판권
	목차 50-4
	50-4-1(온)
	50-4-2(온)
	50-4-3(온)
	50-4-4(온)
	50-4-5(온)
	50-4-6(온)
	50-4-7(온)
	50-4-8(온)
	50-4-9(온)
	50-4-10(온)
	50-4-11(온)
	50-4-12(온)
	50-4-13(온)
	50-4-14(온)
	50-4-15(온)

