JPTM

Journal of Pathology
and Translational Medicine




Journal of Pathology and Translational Medicine

Volume 52 « Number 6 « November 2018 (bimonthly)
Published since 1967

J Pathol Transl Med

pISSN: 2383-7837
€lSSN: 2383-7845

Printed on 11 November 2018 Published on 15 November 2018

Aims & Scope

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

articles, case studies, brief case reports, and letters to the editor.

Subscription Information

To subscribe to this journal, please contact the Korean Society of Pathologists/the Korean Society for Cytopathology. Full text PDF files are also available at the official website (http://
jpatholtm.org). Journal of Pathology and Translational Medicine is indexed by Emerging Sources Citation Index (ESCI), PubMed, PubMed Central, Scopus, KoreaMed, KoMCI,
WPRIM, Directory of Open Access Journals (DOAJ), and CrossRef. Circulation number per issue is 700.

Editors—in-Chief

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

Kim, Chong Jai, MD (University of Ulsan, Korea)

Associate Editors

Jung, Chan Kwon, MD (The Catholic University of Korea, Korea)

Park, So Yeon, MD (Seoul National University, Korea)
Shin, Eunah, MD (CHA University, Korea)
Kim, Haeryoung, MD (Seoul National 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)

Bae, Young Kyung (Yeungnam University, Korea)

Bongiovanni, Massimo (Centre Hospialier Universitaire Vaudois,
Switzerland)

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

Choi, Yeong-Jin (The Catholic University of Korea, Korea)

Choi, Yoo Duk (Chonnam National University, Korea)

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

Gong, Gyungyub (University of Ulssan, Korea)

Fadda, Guido (Catholic University of the Sacred Heart, Italy)

Grignon, David J. (Indiana University, US.A.)

Ha, Seung Yeon (Gachon University, Korea)

Han, Jee Young (Inha 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.)

Statistics Editors

Kim, Aeree (Korea University, Korea)

Kim, Jang-Hee (Ajou University, Korea)

Kim, Jung Ho (Seoul National University, Korea)

Kim, Kyoung Mee (Sungkyunkwan University, Korea)

Kim, Kyu Rae (University of Ulsan, Korea)

Kim, Se Hoon (Yonsei 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 (Scoul National University, Korea)

Lee, Kyung Han (Sungkyunkwan University, Korea)

Lee, Sug Hyung (The Catholic University of Korea, 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, Young Nyun (Yonsei University, Korea)

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

Lee, Hye Sun (Yonsci University, Korea)

Manuscript Editor

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

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

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

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

Shahid, Pervez (Aga Khan University, Pakistan)

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 lllinois, 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: Jae Bok Park, MD, Hye Kyoung Yoon, 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

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

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

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

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: Immunohistochemical staining of BRCA1-associated protein 1 in clear cell RCC (1st row), chromophobe RCC (2nd row), papillaryRCC type 1 (3rd row,

left), papillary RCC type 2 (3rd row, right), and clear cell papillary RCC (4th row) (Fig. 1). p380.

© Copyright 2018 by the Korean Society of Pathologists/the Korean Society for Cytopathology

@ Journal of Pathology and Translational Medicine is an Open Access journal under the terms of the Creative Commons Attribution Non-Commercial License
(https://creativecommons.org/licenses/by-nc/4.0).

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

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 52, Number 6, November 2018

CONTENTS

LETTER TO THE EDITOR

355  Alveolar Squamous Cell Metaplasia: Preneoplastic Lesion?

Adriana Handra-Luca

ORIGINAL ARTICLES

357 The Expression of Adipophilin Is Frequently Found in Solid Subtype Adenocarcinoma and Is Associated
with Adverse Outcomes in Lung Adenocarcinoma
Sun Ah Shin, Hee Young Na, Ji Young Choe, Doohyun Chung, Mira Park, Sohee Oh, Ji Eun Kim

363 Immunohistochemistry of Janus Kinase 1 (JAK1) Expression in Vitiligo

Asmaa Gaber Abdou, Alaa Maraee, Hossam Yassien, Mona Sarhan

369 High Cytoplasmic CXCR4 Expression Predicts Prolonged Survival in Triple-Negative Breast Cancer Patients Treated
with Adjuvant Chemotherapy
Bobae Shim, Min-Sun Jin, Ji Hye Moon, In Ae Park, Han Suk Ryu

378  Loss of Nuclear BAP1 Expression Is Associated with High WHO/ISUP Grade in Clear Cell Renal Cell Carcinoma
Young Chan Wi, Ahrim Moon, Min Jung Jung, Yeseul Kim, Seong Sik Bang, Kiseok Jang, Seung Sam Paik, Su-Jin Shin

386 Multiplicity of Advanced T Category-Tumors Is a Risk Factor for Survival in Patients with Colorectal Carcinoma

Hye Eun Park, Seungyeon Yoo, Jeong Mo Bae, Seorin Jeong, Nam-Yun Cho, Gyeong Hoon Kang

396  The Prognostic Impact of Synchronous Ipsilateral Multiple Breast Cancer: Survival Outcomes according
to the Eighth American Joint Committee on Cancer Staging and Molecular Subtype
Jinah Chu, Hyunsik Bae, Youjeong Seo, Soo Youn Cho, Seok-Hyung Kim, Eun Yoon Cho

404 'The Usefulness of Immunocytochemistry of CD56 in Determining
Malignancy from Indeterminate Thyroid Fine-Needle Aspiration Cytology
Hyunseo Cha, Ju Yeon Pyo, Soon Won Hong

) ) ) CONTENTS CONTINUED
© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology



CASE REPORTS

411 Squamous Metaplasia in Pleomorphic Adenoma: A Diagnostic and Prognostic Enigma

Swati Sharma, Monica Mehendiratta, Nivedita Chaudhary, Vineet Gupta, Maulshree Kohli, Anjana Arora

416 An Intrarenal Adrenocortical Carcinoma Arising in an Adrenal Rest

JiHee Lee, Young Deuk Choi, Nam Hoon Cho

420 Collagenous Spherulosis Associated with Lobular Carcinoma I Situ of the Breast: Two Case Reports
Ga-Eon Kim, Nah Ihm Kim, Ji Shin Lee, Min Ho Park

425 Follicular T-Cell Lymphoma with Concomitant Lennert Lymphoma
Seungkyu Choi, Jai-Hyang Go

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

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology



Journal of Pathology and Translational Medicine 2018; 52: 355-356
https://doi.org/10.4132/jptm.2018.09.07

M LETTER TO THE EDITOR H

Alveolar Squamous Cell Metaplasia: Preneoplastic Lesion?

Adriana Handra-Luca"

'Service d'Anatomie Pathologique, APHP GHU Avicenne, Bobigny; 2Universite Paris Nord Sorbonne Cite, Bobigny, France

To the Editor,

We have read with great interest the report of Song ¢ al.' on
lung squamous cell carcinomas (SCC) developing in the context
of usual interstitial pneumonia. Squamous dysplastic foci were
detected at the tumor periphery. However, such lesions are rarely
mentioned in the medical literature, possibly because most tumors
are already at an advanced stage when resected.

We would like to draw attention on microscopic lesions of the
same morphological spectrum, those of squamous cell metaplasia
(SCM) of the alveolar lining that we have recently identified in
a zone of mild alveolar fibrosis on a lung resection specimen for a
2.3-cm large adenocarcinoma. The lesions consisted of several foci
of nonkeratinizing SCM developing/in continuity with the unilay-
ered alveolar lining (Fig. 1). When multicellular and pluristrati-
fied, the SCM lesions protruded in the underlying fibrous tissue
of the alveolar wall. The zone of mild interstitial fibrosis with
approximatively 10 SCM foci measured 2.5-3 mm and was de-
tected in normal lung parencyma, at distance from the tumor.
There were no well-defined honeycomb-type lesions in the resected
lung. In the SCM foci, p63 was positive in basal and suprabasal
cells and negative in superficial cells. There were no major cel-
lular atypia, dyskeratosis, or keratin foci. Rare alveolar cells also
showed nuclear p63 expression as well as several rounded buds
(cystic or not), some reminiscent of thyroid solid cell nests. Thy-
roid transcription factor 1 and cytokeratin 5/6 (CK5/6) were
positive throughout the whole thickness of SCM foci (Fig. 1).
Pneumocyte bi-/multinucleation was also seen as well as lympho-
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cytic foci, one of them at contact to a SCM focus.

Here, we report SCM of the alveolar unilayered epithelium.
Multicellular, stratified SCM foci were detected on the hema-
toxilin and eosin stained slide while only paucicellular foci were
detected on the immunohistochemistry slides for p63 or CK5/6.
The precise origin of these lesions is difficult to identify, p63"CK5*
cells being reported in alveolar regeneration of chronic pulmonary
fibrosis, diffuse alveolar damage, acute/usual interstitial pneu-
monia or influenza infection.”® In the present case, the presence
of lymphocytic foci may suggest a viral origin. However, given
the fact that SCCs may also develop in the peripheral lung tissue,
a putative preneoplastic potential can be proposed for alveolar
SCM.

In conclusion, SCM may develop from the unilayered alveolar
lining. The presence of several SCM foci may constitute a pre-
neoplastic background for peripheral squamous cell carcinomas

or squamous-type component in adenocarcinomas.

ORCID
Adriana Handra-Luca: https://orcid.org/0000-0003-3816-058X

Conflicts of Interest
No potential conflict of interest relevant to this article was
reported.

Acknowledgments

The author thanks the administrative and technical teams
APHP/Hépitaux Universitaires Paris Seine-Saint-Denis, the NCA/
APHP Avicenne, the CMDP/APHP and BIUM teams.

REFERENCES

1. Song DH, Choi IH, Ha SY, et al. Usual interstitial pneumonia with

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 355



356 e Handra-LucaA

¥

v, &.r
Ay
J-*ﬁ}&“’

Fig. 1. (A) The lung parenchyma shows a zone of multiple (approximatively 10) p63-positive squamous cell metaplasia (SCM) foci (black ar-
rows for SCM foci, white arrow for lymphocytic focus). (B) On the hematoxylin and eosin stained slide, the lesions consist in a multilayered
epithelium composed of basal cuboidal cells, suprabasal cells and superficial spindle-appearing cells (black arrows). (C) The basal and
suprabasal cells are immunoreactive for p63 while superficial cells are negative (black arrows for p63* cells). (D) Thyroid transcription factor 1
is expressed by the cells throughout the entire thickness of the lesion, in both p63* and p63- cells (black arrows for SCM foci, gray arrow for
atypical pneumocyte nuclei). (E, F) A cystic cellular bud (reminiscent of thyroid solid cell nests) is detected in an alveolar septum (black arrows
for the SCM bud, gray arrows for binucleated pneumocytes). (G) One of the SCM foci develop at close contact to the lymphocytic infiltrate
(p63 immunohistochemistry, black arrow for the SCM focus, white arrow for the lymphcytic infiltrate). To note would be the presence of a bi-
nucleation with immunoreactivity to p63 in the SCM focus. (H) Cytokeratin 5/6 is expressed in spindle-appearing cells lining the alveoli and in
the SCM foci (black arrows for cytokeratin 5/6* cells).
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Background: The up-regulation of the lipogenic pathway has been reported in many types of ma-
lignant tumors. However, its pathogenic role or clinical significance is not fully understood. The
objective of this study was to examine the expression levels of adipophilin and related hypoxic
signaling proteins and to determine their prognostic impacts and associations with the pathologic
characteristics of lung adenocarcinoma. Methods: Expression levels of adipophilin, heat shock
protein 27 (HSP27), carbonic anhydrase IX, and hypoxia-inducible factor 1o were examined by
immunohistochemical staining using tissue microarray blocks. Correlations between protein ex-
pression levels and various clinicopathologic features were analyzed. Results: A total of 230 cases
of primary adenocarcinoma of the lung were enrolled in this study. Adipophilin expression was
more frequent in males and with the solid histologic type. It was correlated with HSP27 expression.
Patients with adipophilin-positive adenocarcinoma showed a shorter progression-free survival (PFS)
(median PFS, 17.2 months vs 18.4 months) in a univariable survival analysis, whereas HSP27
positivity correlated with favorable overall survival (OS) and PFS. In a multivariable analysis, adipo-
philin and HSP27 were independent prognostic markers of both OS and PFS. Conclusions: Acti-
vated lipid metabolism and the hypoxic signaling pathway might play a major role in the progres-
sion of lung adenocarcinoma, especially in the solid histologic type.

Key Words: Adipophilin; Lung adenocarcinoma; Hypoxia; Prognosis

Metabolic shifts, as well as mutations, are a distinguishing fea-
ture of cancer biology." Cancer cells can modify their metabolic
pathways to obtain more energy required for proliferation or dis-
semination, initially affect glucose metabolism but largely in lipid-
cholesterol. Therefore, a high lipid content in cancer cells is an
indicator of an aggressive potential.” The up-regulation of the
lipid metabolism associated pathway has been reported in many
malignancies, including breast cancer, retinoblastoma, lung cancer,
and colon cancer.”

Although lipid droplets (LDs) are almost ubiquitously present
in eukaryotic cells, lipid storage is markedly increased in diseases
associated with tissue damage or ischemia, as seen in atherosclerosis
or organ infarct.” Visualization of LDs best be facilitated by the
immunohistochemical expression of adipophilin, a vehicle of small
LDs in non-adipogenic cells.” The role of adipophilin in cancer
was recently investigated, and it was found to be not only a diag-

pISSN 2383-7837
elSSN 2383-7845

nostic marker, but also an independent poor prognostic marker
for certain cancers, including clear cell renal cell carcinoma and
brain glioma.”"” However, studies about the prognostic value of
adipophilin in lung cancer were limited, and the association be-
tween the adipophilin and hypoxic ischemic pathways remains
unclear. The objective of this study was to investigate the clinico-
pathologic correlation between adipophilin and hypoxic signaling
molecules in primary adenocarcinoma of the lung.

MATERIALS AND METHODS

Patients and tumor samples

Cases were selected from the archives of biopsied or resected
lung adenocarcinoma samples from the Seoul National University
Boramae Hostpital, between June 2005 and December 2012,
and from the Seoul National University Hospital between Feb-

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 357



358 e ShinSA, etal.

ruary 1996 and April 2009. Patients with primary lung adeno-
carcioma without a prior history of other malignancies or preop-
erative treatment were included in this study. A histological
subtype of primary lung adenocarcinoma was reviewed and clas-
sified according to the 2015 World Health Organization classi-
fication. Tissue microarray blocks (TMAs) were constructed
from the most representative tumor areas and consisted of two
cores of tumor samples with diameters of 0.2 cm. Most samples
were from resected lung specimens; however, seven were from
biopsy samples, which were larger than 1 cm in diameter. Clinical
information was retrieved from electric medical records. Clinical
staging was estimated according to the American Joint Com-
mittee on Cancer, eighth grading system.'" Overall survival
(OS) was measured from the date of biopsy or surgery until the
time of death or the last follow-up. Progression-free survival (PES)
was measured from the date of biopsy or surgery until disease pro-
gression (i.e., recurrence or metastasis) or death. This stcudy was
approved by the Institutional Review Board of Seoul National
University Boramae Hospital (20180706/10-2018-69/081) and

patient consent was waived.

Immunohistochemical staining

Protein expression levels of the adipophilin and hypoxic sig-
naling markers were assessed by immunohistochemistry (IHC)
from TMA blocks using an automated immunostainer (Bench-
mark Ventana, Tucson, AZ, USA) following the manufacturer’s
recommended procedure. The primary antibodies used in this
study were as follows: adipophilin (1:2; Progen Biotechnik,
Heidelberg, Germany), heat shock protein 27 (HSP27, 1:1,000;
Novusbio, Littleton, CO, USA), carbonic anhydrase IX (CAIX,
1:1,000; Novusbio), and hypoxia-inducible factor 1o (HIF1a,
1:200, Abcam, Cambridge, UK). Expression of adipophilin was
classified as positive if at least 5% of tumor cells showed cyto-
plasmic staining as described in a previous study.'” Other protein
markers were evaluated by the H-score: intensity multiplied by
percentage of positive cells. Cases were regarded as positive when
the H-score was greater than 10. All cases were independently
reviewed by two pathologists (S.A.S and J.E.K), and agreement
was reached for discordant cases.

Statistical analysis

All statistical analyses were performed using SPSS ver. 21.0
(IBM Co., Armonk, NY, USA). Correlations between the IHC
results and clinicopathologic parameters were assessed with the
chi-square test or Fisher exact test for nominal variables, and the
Spearman’s rank test for numeric variables. A univariable survival

http://jpatholtm.org/

analysis was performed using Kaplan-Meier analysis with the log-
rank test. The Cox multiple regression model was generated to
confirm independent prognostic markers in the multivariable
survival analysis. Statistical significance was considered when the

Table 1. Summary of the clinicopathologic characteristics of patients

Parameter No. (%) (n=230)
Sex

Male 108 (47.0)

Female 122 (63.0)
Age (yr)

<60 92 (40.0)

>60 138 (60.0)
Smoking status

Never 136 (59.1)

Former/current 88 (38.3)
TNM category (8th)

I 61 (26.5)

I 97 (42.2)

[+l 158 (68.7)

1l 25(10.9)

\% 15 (6.5)

+1v 40 (17.4)
Tumor size (cm)

<3 103 (44.9)

>3 92 (40.0)
LN metastasis

Negative 125 (54.3)

Positive 76 (33.0)
Distant metastasis

Negative 186 (80.9)

Positive 28 (12.2)
EGFR

Wild type 77 (33.5)

Mutated 83 (36.1)

Not tested 70 (30.4)
KRAS

Wild type 119 (51.7)

Mutated 12 (56.2)

Not tested 99 (43.0)
ALK

Wild type 225 (97.8)

Translocation 5(2.2)
Histologic subtype

Lepidic 9.9

Acinar 147 (63.9)

Papillary 22 (9.6)

Solid 28 (12.2)

Micropapillary 73.0)

Others 17 (7.4)
Progression

No 82 (35.7)

Yes 148 (64.3)
Death

No 122 (63.0)

Yes 108 (47.0)

LN, lymph node; EGFR, epidermal growth factor receptor; ALK, anaplastic
lymphoma kinase.

https://doi.org/10.4132/jptm.2018.09.13



two-tailed p-value was less than .05.
RESULTS

Patients and samples

The clinicopathologic characteristics for all of the cases are
summarized in Table 1. A total of 230 cases (107 males and
123 females) with a median age of 63.4 years (range, 22.8 t0 89.1
years) were enrolled in this study. The histologic type was lepidic
in nine patients (4%), acinar in 147 (64%), papillary in 22 (10%),
solid in 28 (12%), and micropapillary in seven cases (3%). The
epidermal growth factor receptor (EGFR) mutation was found
in 83 of the 160 tested samples (52%). The KRAS mutation was
present in 12 of the 131 tested samples (9%), and the anaplastic
lymphoma kinase (ALK) translocation was identified in five of
the 230 samples. At the time of initial diagnosis, 61 patients
were stage I, 97 patients were stage II, 25 patients were stage III,
and 15 patients were stage IV, all according to the eighth edition
of TNM classification.

Adipophilin in Lung Adenocarcinoma ¢ 359

Immunohistochemical results

Adipophilin expression in the cytoplasm had a spotty granular
pattern, as described in the manufacturer’s guidelines. Normal
lung parenchymal cells were adipophilin-negative, except for alve-
olar macrophages, which served as the positive control.”* Overall,
30 of the 230 cases (13%) were adipophilin-positive. Most cases
(19 of 30, 63%) showed pan-cytopalsmic patterns, while 11 (37%)
showed subnuclear basal staining patterns (Fig. 1). Positive expres-
sion of HSP27 was found in 146 cases (63%), while CAIX
showed positive staining in the cytoplasm in 129 cases (56%).
However, HIF10 was only positive in two cases (1%) (Fig. 2).

Association of protein expression with clinicopathologic
features

Adipophilin positivity was significantly higher in males and in
the solid histologic subtype (Fig. 3), and correlated with HSP27
expression (all p <.05). Expression of HSP27 was associated with

smaller tumor sizes, low TNM stages, frequent EGFR muta-
tion, and negative or low HIFla (all p<.01).

(B)

Fig. 1. Immunohistochemical staining pattern of Adipophilin in adenocarcinoma. (A) Subnuclear basal staining pattern in acinar type adeno-

carcinoma. (B) Pancytoplasmic pattern in solid type adenocarcinoma.

Fig. 2. Expression of hypoxic signaling proteins in lung adenocarcinoma. Strong cytoplasmic positivity of heat shock protein 27 (A) and car-
bonic anhydrase IX (B) is found. Nuclear expression of hypoxia-inducible factor 1a.is only focally present (C).

https://doi.org/10.4132/jptm.2018.09.13
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Fig. 3. Adipophilin expression according to predominant subtype
of adenocarcinoma.

Clinical significance of expression of adipophilin or HSP27

The median follow-up of patients was 49.55 months (range,
1.2 to 162.7 months). Recurrence or progression was found in
148 patients, and 108 patients were deceased during the follow-
up period. In the univariable survival analysis, patients with adi-
pophilin positive tumors showed significantly shorter PES (median,
17.2 months vs 18.4 months; p =.041) compared to those with
adipophilin negative tumors, although there was no significant
difference in OS. However, the expression of HSP27 was associated
with better OS and PFS (p=.032 and p=.002, respectively) (Fig.
4). Other poor prognostic markers included younger patients,
vascular invasion, larger tumor sizes, solid histology, and advanced
TNM stages. The multivariable Cox regression analysis was per-
formed after integrating parameters were found to have prognostic
significances in the univariable analysis. As a result, adipophilin
expression was an independent marker of disease progression
only, whereas HSP27 expression indicated better survival in both
OS and PFS (Table 2).

DISCUSSION

The goal of this study was to investigate the association of lipid
metabolism with hypoxic signaling and to determine clinicopath-
ologic significances of these molecules in primary lung adenocar-
cinoma. Our results showed that adipophilin was more frequently
expressed in male patients with solid variant adenocarcinoma. Its
expression was associated with HSP27. Moreover, the expression
of adipophilin or HSP27 was an independent prognostic factor,
although they behaved in a reciprocal manner.

Very few studies have focused on lipid metabolism or adi-
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pophilin in lung cancer, and its pathologic role and clinical sig-
nificance remain unclear. One previous study reported that the
adipophilin expression level was significantly higher in lung ad-
enocarcinoma than in squamous cell carcinoma. However, that
study failed to find any clinicopathologic significance, primarily
due to insufficient numbers of cohorts." In contrast, the positive
rate of adipophilin expression in squamous cell carcinoma in our
study was higher than that in adenocarcinoma (25% vs 13%,
unpublished data). Another recent study by Fujimoto et a/."”
found that adipophilin positivity was associated with apocrine-
like features and worse outcomes in lung adenocarcinoma. Our
results partially coincided with that study with regard to prog-
nostication. However, we could not find apocrine-like histologic
patterns represented by the eosinophilic granular cytoplasm. The
only relative predominance of a solid histologic pattern in adi-
pophilin positive tumors was found in our study. Among various
malignancies, one of the best-known examples of adipophilin
positive tumors are renal cell carcinomas and ductal carcinomas
of the breast, characterized by frequent solid architectures and
plump cytoplasms.”** Taken together, these results suggested that
the lipidogenic pathway is activated in adenocarcinoma with solid
phenotypes in various organs.

The accumulation of LDs is a common finding in the tissues
after ischemic injury, as seen in atherosclerosis or organ infarct.”
Ischemia followed by activation of hypoxic signaling is a typical
finding of malignant tumors, and is strongly associated with aggres-
sive behavior.”'"” Recent studies demonstrated that the fractional
contribution of glutamine to fatty acid synthesis increased during
hypoxia.” We hypothesized that the coordination of metabolic
deregulation and hypoxic signaling contributed to the biologic
aggressiveness of lung adenocarcinomas. The strong correlation
between adipophilin expression and HSP27 in our study sup-
ported this hypothesis. To further verify our hypothesis, we exam-
ined several well-known biomarkers in hypoxic signaling, includ-
ing HIF1a, a master regulator of hypoxia and related proteins.
Although the expression of HSP27 and CAIX was frequently
found regardless of histologic type, the expression of HIF1a.
was particularly low. One possible cause of such low positivity of
HIF1o might be the extremely short half-life of that protein. The
ubiquitin-proteasome pathway is responsible for the stability of
HIF1a, which is rapidly degraded in normoxia, resulting in un-
detectable levels in immunohistochemistries.'® Previous studies
found inconsistent results of HIF10! expression in various cancers,
and many studies suggested that HIF1a stability was regulated
in a cell-type specific manner.'® Although we cannot completely
explain the low HIFla incidence in our subjects, many of the
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Fig. 4. Results of univariable survival analysis represented by Kaplan-Meier plots according to protein expression. Expression of adipophilin
is significantly associated with worse progression-free survival (PFS) (A) but is not related to overall survival (OS) (B). Heat shock protein 27
shows poor prognostic impacts in both PFS (C) and OS (D).

Table 2. Results of multivariate Cox regression analysis

Overall survival Progression free survival

Variable

HR 95% Cl p-value HR 95% Cl p-value
Age (>60 yr) 0.542 0.250-1.173 120 0.561 0.260-1.208 140
Tumor size (>3 cm) 1.168 0.511-2.668 713 1.627 0.686-3.858 .269
TNM (I, IV vs 1, 1) 8.355 3.486-20.029 <.001** 8.318 3.322-20.832 <.001**
EGFR mutation 0.637 0.270-1.501 .302 1.209 0.531-2.751 651
Vascular invasion 1.132 0.456-2.808 .789 1.024 0.415-2.524 .959
Adipophilin (>5%) 4.467 1.783-11.190 .001** 4.476 1.792-11.183 .001**
HSP27 (>0 by H score) 0.280 0.123-0.641 .003** 0.391 0.170-0.897 .027*

HR, hazard ratio; Cl, confidence interval; EGFR, epidermal growth factor receptor; HSP27, heat shock protein 27.
Statistically significant *p <.05, *p<.01, **p<.001.
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factors listed above might have contributed to its low immunore-
activity.

An interesting observation of this study was the reciprocal
action of adipophilin and HSP27 in terms of prognostication.
As expected, adipophilin was an independent negative prognostic
factor of lung adenocarcinoma. However, its prediction was in-
versed in HSP27, even with the strong correlation between two
proteins. It is believed that HSP27 has either a protective or a
counter-protective role in various malignancies.'” Typically, HSP27
responds to hypoxic conditions to lower reactive oxygen species
in a protective way. This protection also provides a shelter for both
normal and cancer cells. In this study, the frequent expression of
HSP27 or CAIX indicated activation of hypoxic signaling and
possible link of metabolic deregulation. However, further research,
including functional studies, are needed to better understand the
precise interaction between these proteins.

In conclusion, adipophilin positivity was common in solid histo-
logic types of lung adenocarcinoma, and was associated with adverse
outcomes. The deregulation of lipid metabolism with hypoxic
signaling might play a role in the pathogenesis of lung adeno-

carcinoma.
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Background: Vitiligo is a chronic autoimmune disease in which the destruction of melanocytes
causes white spots on the affected skin. Janus kinase (JAK) is a family of intracellular, non-recep-
tor tyrosine kinases that transduce cytokine-mediated signals via the JAK-signal transducer and
activator of transcription pathway. The aim of the present study is to explore the possible role of
JAK1 in the pathogenesis of vitiligo using immunohistochemical methods. Methods: The current
study was conducted in a sample of 39 patients who presented with vitiligo and 22 healthy indi-
viduals who were age and sex matched as a control group. We used immunohistochemistry to
evaluate JAK1 status (intensity and distribution) and assess the percentage of residual melano-
cytes using human melanoma black 45 (HMB45). Results: Intense and diffuse JAK1 expression
was significantly more likely to indicate vitiliginous skin compared to normal skin (p<.001). Strong
and diffuse JAK1 expression was associated with short disease duration, female sex, and lower
percentage of melanocytes (detected by HMB45) (p<.05). Conclusions: JAK1 may be involved in
the pathogenesis of vitiligo, as indicated by intense and diffuse expression compared to control
and association with lower percentage of melanocytes detected by HMB45 immunostaining.

Tel: +20-048-2281714
Fax: +20-048-2233521
E-mail: Asmaa_elsaidy@yahoo.com

Vitiligo is a chronic autoimmune disease that results from
destruction of melanocytes, causing white spots on the affected
skin. Vitiligo affects approximately 1% of people worldwide and
can affect both adults and children, causing diminished quality of
life and marked psychological distress."

Janus kinase (JAK) is a family of intracellular, non-receptor
tyrosine kinases that transduce cytokine-mediated signals via the
JAK-signal transducer and activator of transcription (STAT) path-
way. Approximately 2,000 kinases are known, and more than 90
protein tyrosine kinases (PTKs) have been found in the human
genome.”

The JAK family differs markedly from other classes of PTKs
due to the presence of an additional kinase domain. To denote this
unique structural feature, these kinases were renamed “Janus
kinases” in reference to the ancient two-faced Roman god of gates
and doorways. The members of this tyrosine kinase family include
JAK1, JAK2, JAK3, and tyrosine kinase 2.’

Studies have shown that various cytokines including interferon
¥ (IFN-y),* tumor necrosis factor @, and chemokine (C-C motif)
ligand 22 are differentially expressed in the lesional skin and se-
rum of vitiligo patients compared to controls, indicating roles in
vitiligo. ITEN-y bound receptor complex recruits JAK1 and JAK2
kinases, leading to phosphorylation and nuclear translocation of
STAT, which in turn transcriptionally activates downstream IFN-

pISSN 2383-7837
elSSN 2383-7845

Key Words: Vitiligo; Janus kinase 1; HMB45; Immunohistochemistry

y-inducible genes. The use of JAK1/3 inhibitors such as tofacitinib
may effectively lead to blockade of ITFN-y signaling and down-
stream CXCL10 expression, thus giving rise to repigmentation in
vitiligo.”

The current study aimed to explore the role of JAK1 in the
pathogenesis of vitiligo using immunohistochemical methods.

MATERIALS AND METHODS

This prospective case-control study was carried out in a sample
of 61 cases, comprising 39 patients who presented with vitiligo
and 22 individuals without vitiligo who were age- and sex-
matched as a control group. Cases were selected from the Derma-
tology Outpatient Clinic, Menoufia University Hospital, from
February 2017 to July 2017.

Biopsies were performed in 22 apparently healthy age-, sex-,
and site-matched normal subjects who were selected as a control
group from the Department of Plastic Surgery, Faculty of Medicine,
Menoufia University, between February 2017 and July 2017.

A written consent form was approved by the Committee of
Human Rights in Research at Menoufia University (443/2018)
and obtained from every participant before study initiation.

Exclusion criteria were as follows: (1) patients who received local
or systemic treatment before the start of the study; (2) patients

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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who had other autoimmune diseases; and (3) patients less than
18 years of age.

All patients were subjected to the following: complete history
including age, sex, onset of disease (younger than 20 years or at
and older than 20 years), and disease course assessed by vitiligo
disease activity (VIDA) score.” Duration of lesion(s) expressed
in years, sites, and extension of the lesions and family history of
similar conditions were also assessed.

Examination

Detailed dermatological examinations were performed to
classify types (segmental and nonsegmental) and distribution
(acral, acrofacial, focal, vulgaris, segmental, and generalized) of
vitiligo.

Skin biopsy

The patients did not receive any treatment (local or systemic)
for at least one month before biopsy. A 3-mm punch biopsy was
performed in involved skin of each patient under local anesthesia
and in control subjects. Biopsy samples were fixed in neutral for-
malin 10% and submitted for routine tissue processing in paraffin
embedded blocks to the Pathology Department, Faculty of Med-
icine, Menoufia University. Several 4-pm-thick paraffin embedded
sections were cut from each block. One section from each block
was stained with hematoxylin and eosin to evaluate pathological
changes, while the remaining sections were cut on positive charged

slides for immunostaining detection of JAK1 and human mela-
noma black 45 (HMB45).

Histopathological evaluation

Hematoxylin and eosin—stained slides were examined micro-
scopically to evaluate and verify epidermal and dermal patho-
logical changes: (1) evaluation of dermal perivascular inflamma-
tory infiltrate density, divided into mild, moderate and severe;
(2) signs of pigmentation in the form of residual melanin in epi-
dermis or dermal melanophages and defined as present or absent.

Immunohistochemical staining

The method used for immunostaining was a streptavidin-biotin—
amplified system. The primary antibodies were rabbit polyclonal
antibody against JAK (diluted to 1/100 in antibody diluent; cat.
No. Gtx55099, -P1, or —P; 1.0 mL at 100 pg/mL; Genetex, Irvine,
CA, USA) and mouse monoclonal antibody directed against
HMB45 (ready to use, clone HMB-45, Dako, Copenhagen,
Denmark). Slides were subjected to deparaffinization and rehy-
dration. Antigen retrieval was performed by boiling in citrate buf-

http://jpatholtm.org/

fer saline (pH 6), followed by cooling at room temperature. En-
dogenous perioxidase was blocked by incubation with H,0,,
3%. The primary antibodies were incubated overnight at room
temperature, and then the secondary antibody (ready-to-use, Ultra-
vision detection system anti-polyvalent HRP/DAB, Neomarker,
Labvision Corp., Fremont, CA, USA) was applied with DAB as
a chromogenic substrate and Mayer’s hematoxylin as a counter
stain. Human breast cancer was used as a positive control for JAK.
Replacement of the primary antibody in the staining procedure
with a blocking buffer was included as a negative control.

Table 1. Clinicopathological data of vitiligo patients

Characteristic No. (%)
Age (yr)

Mean+SD 34.95+15.05

Median (range) 27.00 (18-64)
Disease duration (yr)

Mean+SD 5.13+3.62

Median (range) 4.00 (2-15)
Sex

Male 16 (41)

Female 23 (59)
Onset (yr)

<20 10 (25.6)

>20 29 (74.4)
Family history

Negative 26 (66.7)

Positive 13 (33.9)
Type

Acral 10 (25.6)

Acrofacial 6(15.4)

Focal 3(7.7)

Generalized 3(7.7)

Segmental 4(10.3

Wulgaris 13 (33.3)
Distribution

NSV 13 (33.3)

SV 26 (66.7)
Melanin

Absent 22 (56.4)

Present 17 (43.6)
Dermal inflammation

Mild 26 (66.7)

Moderate 13 (33.9)
HMB45 status

Negative 16 (41.0)

Positive 23 (59.0)
HMB-45 (%)

Mean+SD 18.17+27.99

Median (range) 1.00 (0-90)

SD, standard deviation; NSV, non-segmental vitiligo; SV, segmental vitiligo;
HMB45, human melanoma black 45.
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Interpretation of JAK1immunohistochemical staining

Positive expression was identified when cytoplasmic expression
was seen in any cells. The intensity of expression was evaluated
subjectively according to depth of immunostaining as mild (+),
moderate (++), and strong (+++). The distribution of staining
was diffuse when staining was seen in all epidermal layers and focal
otherwise.

Interpretation of HMB45 immunohistochemical staining

Membranous expression in any number of cells was considered
positive for HMB45. The percentage of positive cells (melano-
cytes) in relation to the number of basal keratinocytes was eval-
uated and expressed as mean, median, and range.

Statistical analysis

Data were collected, tabulated, and statistically analyzed using
a personal computer with SPSS ver. 23 (IBM Corp., Armonk,
NY, USA). The chi-square and Fisher exact tests were used for
comparisons between qualitative variables. The Mann-Whitney
U test and Kruskal-Wallis tests were used for comparisons be-
tween quantitative variables. p <.05 was considered significant.

JAKT inViligo e 365

RESULTS

The clinical data for vitiligo patients are presented in Table 1.

Immunohistochemical results of JAK1expression in vitiligo
patients and controls

JAK1 was expressed in all involved vitiliginous skin (100%),
with mild intensity in 18 cases (46.2%) (Fig. 1A), moderate in-
tensity in nine cases (23.1%) (Fig. 1B), and strong intensity in 12
cases (30.8%) (Fig. 1C). There was focal distribution of JAK1
in 21 cases (53.8%) (Fig. 1A) and diffuse expression (Fig. 1A, C)
in 18 cases (46.3%). JAK1 expression was mild and exhibited
focal distribution in all control samples (Fig. 1D). Only one case
of vitiliginous skin showed nuclear and cytoplasmic expression of
JAK 1 (Fig. 1B). There was a significant difference in JAK1 expres-
sion between vitiliginous and normal skin (p <.001) since intense

and diffuse expression was significantly more frequent in vitilig-
inous skin (Table 2).

Fig. 1. Vitiliginous skin shows mild and focal cytoplasmic staining (A), moderate and diffuse cytoplasmic staining (B), and strong diffuse cyto-
plasmic and nuclear staining (C). Normal skin shows mild and focal cytoplasmic staining (D).

https://doi.org/10.4132/jptm.2018.09.18
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Relationships between intensity of JAK1 expression in
vitiliginous lesions and clinicopathological variables

JAKTI intensity of expression was associated with disease dura-
tion (p=.030), sex (p =.003), presence of melanin pigment (p =
.007), and percentage of HMB45 (p =.002). Strong JAK1 ex-

Table 2. JAK1 immunohistochemical expression in the skin of viti-
ligo patients and controls

JAK Case (n=39) Control (n=22) Chi-square test p-value
Distribution 14.40 <.001
Focal 21 (63.9) 22 (100)
Diffuse 18 (46.2) 0
Intensity 18.06 <.001
Mild 18 (46.2) 22 (100)
Moderate 9(23.1) 0
Strong 12(30.8) 0

JAK; Janus kinase.

pression was associated with short disease duration, female sex,
presence of lesional melanin pigment, and lower percentage of
HMB45 compared to moderate and mild cases (Table 3). When
mild and moderate cases were lumped together versus strong cases
by intensity of JAK1, the same correlations were found except for
the association with sex (data not shown).

Relationships between distribution of JAK1 expression in
vitiliginous lesions and clinicopathological variables

JAK1 distribution (diffuse vs focal) was associated with disease
duration (p =.030), sex (p=.020), and percentage of HMB45 (p=
.001). Since diffuse expression was associated with short disease
duration, female sex, and lower percentage of HMB45 compared

to cases with long disease duration, male sex and high percentage
HMB45 showed focal expression (Table 4).

Table 3. The relationships between intensity of JAK1expression and clinicopathological parameters in vitiligo patients

Clinicopathological parameter Mild (n=18) Moderate (n=9) Strong (n=12) Statistical test p-value

Age (yr)
Mean+SD 37.00+17.60 38.33+12.76 29.33+11.57 3.48° 170
Median (range) 35.00 (18-64) 33.00 (27-55) 22.00 (21-45)

Disease duration (yr)
Mean +SD 5.67+4.35 6.00+3.00 3.67+2.46 6.53° .030*
Median (range) 4.00 (3-15) 4.00 (4-10)

Sex 11.44° .003*
Male 12 (66.7) 0 4(33.3)
Female 6(33.3) 9(100) 8(66.7)

Onset (yr) 4.08° 130
<20 6(33.3) 0 4(33.3)
>20 12 (66.7) 9 (100) 8(66.7)

Family history 0.000° >.999
Negative 12 (66.7) 6 (66.7) 8(66.7)
Positive 6(33.3) 3(33.3) 4(33.3

Distribution 0.000° >.999
NSV 6(33.3) 3(33.3) 4(33.3
SV 12 (66.7) 6 (66.7) 8(66.7)

Melanin 9.85° .007*
Absent 9 (50.0) 9 (100) 4(33.3)
Present 9(50.0) 0 8(66.7)

Dermal inflammation 0.000° >.999
Mild 12 (66.7) 6 (66.7) 8(66.7)
Moderate 6(33.3) 3(33.3) 4(33.3)

HMB45 status 1.11° 570
Negative 9 (50) 3(33.3) 4(33.3)
Positive 9 (50) 6 (66.7) 8(66.7)

HMB45 (%) 12.20¢ .002*
Mean+SD 34.38+34.59 6.66+6.61 2.5+4.52
Median (range) 30.00 (0-90) 10.00 (0-15) 4.52 (0-10)

JAK, Janus kinase 1; SD, standard deviation; NSV, non-segmental vitiligo; SV, segmental vitiligo; HVIB45, human melanoma black 45.

*Significant.

aKruskal-Wallis test; °Fisher exact test.
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Table 4. The distribution of JAK1 expression and clinicopathological variables in vitiligo patients

Clinicopathological parameter Focal (n=21) Diffuse (n=18) Statistical test p-value

Age (y1)
Mean+SD 36.43+16.29 33.22+13.71 0.172 .860
Median (range) 33.00 (18-64) 27.00 (21-55)

Disease duration (yr) 2.16° .030*
Mean +SD 6.29+4.30 3.78+1.98
Median (range) 4.00 (3-15) 4.00 (2-7)

Sex 4.88° .020*
Male 12 (67.1) 4(22.2)
Female 9 (42.9) 14(77.8)

Onset (yr) 0.21° 650
<20 6 (28.6) 4(22.2)
>20 15 (71.4) 14 (77.8

Family history
Negative 12 (67.1 14(77.8) 1.85° 170
Positive 9(42.9) 4(22.2)

Distribution
NSV 6 (28.6) 7(38.9) 0.46° 490
SV 15 (71.4) 11 (61.1)

Melanin 0.01° 920
Absent 12 (57.1) 10 (55.6)
Present 9429 8 (44.4)

Dermal inflammation
Mild 15 (71.4) 11(61.1) 0.46° 490
Moderate 6 (28.6) 7(38.9)

HMB45 status 0.06° .800
Negative 9 (42.9) 7(38.9
Positive 12 (57.1) 11 (61.1)

HMB45 (%) 3422 .001*
Mean+SD 30.90+£33.18 3.33£4.85
Median (range) 15.00 (0-90) 0(0-10)

JAK1, Janus kinase 1; SD, standard deviation; NSV, non-segmental vitiligo; SV, segmental vitiigo; HMB45, human melanoma black 45.

*Significant.
®Mann-Whitney test; °Chi-square test; “Fisher exact test.

DISCUSSION

The current study demonstrated intense and diffuse JAK1
expression in lesional skin of vitiligo patients compared to controls,
where the latter showed mild and focal JAK 1 expression. Our
findings agree with those of Nada ef «/.," who found that the
level of JAK1 was significantly higher in vitiligo patients than
controls. Furthermore, they found that the level of JAKI in the
skin of vitiligo patients after exposure to ultraviolet rays was sig-
nificantly decreased in comparison to the level before treatment."
These findings suggest that JAK1 plays a role in the pathogenesis
of vitiligo, and that JAK1 inhibitors may be useful for treatment

' JAK inhibitors are reported to delay the onset and

of vitiligo.
reduce the severity of atopic dermatitis-like lesions, resulting in
reductions of Th1 and Th2 responses."'

JAK1 level (intensity and distribution) was associated with
sex in vitiligo patients in the present study, as it showed signifi-

cantly more intense and diffuse expression in females compared to

https://doi.org/10.4132/jptm.2018.09.18

males. No prior studies support or contradict this finding. How-
ever, JAKSs play important roles in adipose tissue development,'”
and females usually have more fatty tissue compared to males,
which could explain the high level of JAK in females.

In the current study, we demonstrated that vitiligo cases of short
duration were associated with diffuse and intense JAK1 expres-
sion compared to cases with prolonged duration. Ineterleukin 17
(IL-17) in patients with vitiligo was previously correlated posi-
tively with early age of vitiligo onset and may contribute to im-
mune response in early onset disease through activation by a dif-
ferent pathway."” IL-17 activates nuclear factor-kB (NF-kB) and
mitogen-activated protein kinase pathways. The adaptor protein
NF-«B activator 1 plays an essential role in IL-17-dependent
signaling, as well as in activation of JAK1-associated phospho-
ionositide 3-kinase." On the other hand, positive correlation be-
tween JAK1 and long disease duration has been reported in psori-
asis, according to Nada ez /. (2018)," a relationship that highlights
the major role of JAK1 in the pathogenesis of psoriasis.

http://jpatholtm.org/



368 e AbdouAG, et al.

According to the present study, lower percentages of HMB45
were associated with strong and diffuse JAK1 expression in vitiligo
lesions. This suggests a role of JAK1 in promoting melanocyte
destruction and disappearance. The activation of JAK1 was pri-
marily responsible for transmission of promigration signals that
antagonized proliferation and melanogenesis.” The association
of intense JAK1 expression with the presence of melanin may in-
dicate a role in melanocyte destruction, since melanin was usually
present in the dermis due to pigment incontinence descending
from the epidermis.

Contradicting our findings, a previous study found that in-
creasing STAT activation was accompanied by up-regulation of
JAK, where STATs display significant level of activity in melano-
cytes and play roles in the survival and growth of melanoma cells.'®
However, Nada ¢ a/. (2018)"° were unable to detect correlations
between JAK1 level and clinical and pathological parameters in
vitiligo.

Although moderate and strong JAK1 indicated moderate in-
flammation (Table 3), and diffuse JAK1 expression was more
likely in cases of moderate inflammation than focal JAK1 (Table
4), these differences were not significant. This may be due to the
limited number of cases in the sample and the absence of cases
with intense inflammation

In summary, JAK1 may be involved in the pathogenesis of
vitiligo, indicated by its intense and diffuse expression in the skin
of vitiligo patients compared to controls and its association with
lower percentages of melanocytes detected by HMB45 immu-
nostaining. The association between vitiligo cases of short dura-
tion with intense and diffuse JAK1 expression may reflect its
immunomodulatory role. Further studies including several
clinical types of vitiligo with different VIDA scores are recom-
mended to verify and elucidate the possible role of JAK1 in the
etiopathogenesis of vitiligo.
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Triple-negative breast cancer (TNBC) refers to the breast cancer
subtype which does not express estrogen receptor (ER), proges-
terone receptor (PR), and lacks overexpression of human epider-
mal growth factor receptor 2 (HER2). It comprises 10%—20%
of all breast cancer cases and is associated with aggtessive behavior
and poor prognosis.' TNBC is generally considered an individual
subtype of breast cancer, but it is also a highly heterogeneous dis-
ease which consists of various subgroups of tumors with different
molecular, histologic, and clinical characteristics.” Advances in en-
docrine therapy and HER2-targeted therapy have greatly improved
the survival of the patients with hormone receptor—positive and
HER2-positive tumors, but TNBC patients still suffer from ab-
sence of specific treatment target. Systemic chemotherapy continues
to be the mainstay of TNBC treatment, and there is an urgent need
for novel biomarkers which can be used to predict prognosis,
identify patients who will benefit from therapy, and provide

potential treatment target.”
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with Adjuvant Chemotherapy

Background: Chemokine receptor CXC chemokine receptor type 4 (CXCR4) and its ligand CXC
motif chemokine 12 (CXCL12; stromal cell-derived factor-1) are implicated in tumor growth, me-
tastasis, and tumor cell-microenvironment interaction. A number of studies have reported that in-
creased CXCR4 expression is associated with worse prognosis in triple-negative breast cancer
(TNBC), but its prognostic significance has not been studied in TNBC patients treated with adju-
vant chemotherapy. Methods: Two hundred eighty-three TNBC patients who received adjuvant
chemotherapy were retrospectively analyzed. Tissue microarray was constructed from formalin-
fixed, paraffin-embedded tumor tissue and immunohistochemistry for CXCR4 and CXCL12 was
performed. Expression of each marker was compared with clinicopathologic characteristics and
outcome. Results: High cytoplasmic CXCR4 expression was associated with younger age (p=
.008), higher histologic grade (p=.007) and lower pathologic stage (p=.045), while high CXCL12
expression was related to larger tumor size (p=.045), positive lymph node metastasis (p=.005), and
higher pathologic stage (p=.017). The patients with high cytoplasmic CXCR4 experienced lower
distant recurrence (p=.006) and better recurrence-free survival (RFS) (log-rank p=.020) after adju-
vant chemotherapy. Cytoplasmic CXCR4 expression remained an independent factor of distant
recurrence (p=.019) and RFS (p=.038) after multivariate analysis. Conclusions: High cytoplasmic
CXCR4 expression was associated with lower distant recurrence and better RFS in TNBC patients
treated with adjuvant chemotherapy. This is the first study to correlate high CXCR4 expression to
better TNBC prognosis, and the underlying mechanism needs to be elucidated in further studies.

Key Words: CXCR4; CXCL12; Triple negative breast neoplasms; Prognostic marker

CXC chemokine receptor type 4 (CXCR4) is a member of G
protein-coupled receptors which is bound by its only ligand CXC
motif chemokine 12 (CXCL12), also known as stromal cell-derived
factor-1.” It is physiologically involved in embryonic develop-
ment, leukocyte trafficking and homing of hematopoietic cells to
bone marrow." In tumor biology, the CXCR4/CXCLI2 axis is
known to promote proliferation of tumor cells, direct metastasis by
attracting CXCR4-positive tumor cells to CXCL12-rich organs,
and mediate the interaction between the tumor cell and their
microenvironment.”” CXCR4 is expressed in different cancer
types, and its overexpression and association with distant metas-
tasis and unfavorable prognosis have been reported in breast can-

3,9-11
cer.

In addition, targeting of CXCR4 significantly reduced
both primary and metastatic breast cancer in the mouse model,
suggesting that CXCR4/CXCL12 axis may be a promising ther-
apeutic target in breast cancer treatment.'>"

A number of studies have reported the negative prognostic sig-
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nificance of CXCR4 expression in TNBC, but adjuvant treatment
information is not clearly documented in most of these reports,
leaving the possibility of confounding.'*'® Moreover, although
systemic chemotherapy is an essential element of TNBC treat-
ment, the prognostic significance of CXCR4 has not been studied
in TNBC patients treated with adjuvant chemotherapy. There-
fore, we aimed to evaluate the expression of CXCR4 in TNBC
tumor tissue, compare it with clinicopathologic parameters,
and investigate its relationship with the outcome of the patients
who received adjuvant chemotherapy. Since the expression of
CXCLI12 has not been well-addressed in TNBC, we planned to
evaluate its expression as well.

MATERIALS AND METHODS

Patients and tissue samples

The study group consisted of primary unilateral TNBC patients
who underwent surgical resection in Seoul National University
Hospital between December 2000 and December 2006 and
received adjuvant chemotherapy. The cases with available for-
malin-fixed, paraffin-embedded (FFPE) tissue for tissue micro-
array (TMA) were retrospectively collected. The patients who
had distant metastasis at initial diagnosis, received neoadjuvant
chemotherapy, underwent surgical resection for bilateral breast
cancet, or had a history of ipsilateral or contralateral breast cancer
were excluded from the study. Immunohistochemistry (IHC) for
ER, PR, and HER2 was routinely performed on resection speci-
men at the time of diagnosis, and the IHC slides were reviewed.
According to the American Society of Clinical Oncology/College
of American Pathologists (ASCO/CAP) guidelines, ER and PR
negativity was defined as nuclear staining in < 1% of tumor cells
in THC, and HER2 was considered negative if a tumor was scored
0 or 1+ in HER2 IHC or 2+ with a negative HER2 fluores-
cence #n sitn hybridization result.”* Among the 313 primary
TNBC patients identified, 283 patients (90.4%) received adju-
vant chemotherapy. The patients were treated with standard
chemotherapy and the regimens were classified into three catego-
ries: anthracycline-based regimen, taxane-anthracycline-based
regimen and CMF (cyclophosphamide, methotrexate, and 5-flu-
orouracil). Use of taxane-anthracycline-based regimen was limited
to node-positive tumors due to insurance constraints. More detailed
information on chemotherapy regimen is shown in Table 1.

Clinicopathologic characteristics, treatment details, and fol-
low-up data were retrieved from medical records and the origi-
nal pathology report. Histologic grade was scored according to
the Nottingham grading system and the pathologic stage was

http://jpatholtm.org/

Table 1. Chemotherapy regimen in patients treated with adjuvant
chemotherapy

Adjuvant chemotherapy regimen No. of patients

Anthracycline-based 164
FAC 132
AC 10
FEC 21
EC 1

Taxane-anthracycline-based 51
AC — paclitaxel and/or docetaxel 50
FEC — paclitaxel 1

CMF 65

Change of regimen i@

Unknown 2

Total 283

FAC, 5-fluorouracil (5-FU), doxorubicin, and cyclophosphamide; AC, doxo-
rubicin and cyclophosphamide; FEC, 5-FU, epirubicin, and cyclophospha-
mide; EC, epirubicin and cyclophosphamide; CMF, cyclophosphamide,
methotrexate, and 5-FU.

2AC to CMF.

determined based on the American Joint Committee on Cancer
staging system, seventh edition."” Follow-up and survival data
were collected until the end of 2014. The date of recurrence,
death, and last follow-up were obtained from medical records,
and recurrence-free survival (RES) and overall survival (OS) were
assessed according to STEEP criteria.”’ Recurrence was diagnosed
either pathologically or radiologically and was classified as locore-
gional or distant. This study was approved by the Institutional
Review Board of Seoul National University Hospital with a waiver
of informed consent (IRB No. 1512-076-728).

TMA construction and IHC

Hematoxylin and eosin—stained slides of each tumor were re-
viewed and the representative area was marked. Cylindrical tissue
core with a diameter of 2 mm was extracted from the corre-
sponding area of the FFPE tumor block and transferred into recip-
ient paraffin block (SuperBioChips Laboratories, Seoul, Korea).
Each TMA block included a maximum of 59 cores. TMA blocks
were sectioned at the 3-pm thickness and IHC for CXCR4 and
CXCL12 was performed with automated staining system (Bench-
Mark XT, Ventana Medical Systems, Tucson, AZ, USA) following
the manufacturer’s protocols. TMA sections were first deparaf-
finized, and antigen retrieval was done using cell conditioning
solution (CCl1, Ventana Medical Systems). Then sections were
incubated with primary rabbit polyclonal anti-CXCR4 (1:50,
ab2074, Abcam, Cambridge, UK) and mouse monoclonal anti-
CXCL12 (1:10, MAB350, R&D Systems, Minneapolis, MN,
USA) antibodies. The positive antigen-antibody reaction was
visualized using diaminobenzidine detection kit (OptiView DAB,

https://doi.org/10.4132/jptm.2018.09.19



Ventana Medical Systems), and counterstaining was petformed
with hematoxylin and bluing reagent.

The IHC slides were examined blindly without knowledge of
clinicopathologic information, and the expression of CXCR4
and CXCL12 was assessed by IHC using a semiquantitative
scoring system. The staining intensity was scored as 0 (negative),
1 (weak), 2 (moderate), and 3 (strong), and percentage of positive-
ly stained cells were scored as 0 (0%), 1 (1%-25%), 2 (26%—
50%), 3 (51%—75%), and 4 (> 75%). The final score was calcu-
lated by multiplying the intensity and percentage scores, ranging
from 0 to 12. The patients were divided into high or low expres-
sion groups using the median score of each marker as a cutoff point.

Statistical analysis

Differences in clinicopathologic variables and outcomes be-
tween high and low expression groups were compared using the
chi-square test, or Fischer exact test when applicable. Survival
curves were generated using the Kaplan-Meier method and com-

Staining intensity 1
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pared using the log-rank test. Cox proportional hazards model
and logistic regression analysis were used to evaluate the prog-
nostic significance of each variable in the univariate and multi-
variate analysis. Variables with a p-value of <.20 in univariate
analysis were included in multivariate analysis, and forward con-
ditional method was used to select the significant variables. All
statistical analyses were performed using SPSS Statistics software
ver. 22.0 (IBM Corp., Armonk, NY, USA), and a p-value of <.05
was considered statistically significant.

RESULTS

Expression of CXCR4 and CXCL12 in TNBC tissues

IHC for CXCR4 and CXCL12 was performed on TMA section,
and due to core loss and noninformative cores with no invasive
carcinoma, expression of CXCR4 and CXCL12 were evaluable
in 259 (91.5%) and 238 (84.1%) cases, respectively. Immunos-
taining for CXCR4 was observed in tumor cells, stromal cells,

Fig. 1. Immunohistochemistry for CXC chemokine receptor type 4 (CXCR4) and CXC motif chemokine 12 (CXCL12). Representative immuno-
histochemistry images of cytoplasmic CXCR4 (A-C), nuclear CXCR4 (D-F), and CXCL12 (G-) in order of staining intensity. CXCR4 and CXCL12
expression are mainly observed in tumor cells. CXCR4 shows cytoplasmic and nuclear staining, and CXCL12 shows cytoplasmic staining.
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and inflammatory cells, but staining was most prominent in the
cytoplasm and nucleus of tumor cells (Fig. 1A-F). Staining for
CXCL12 was mainly observed in tumor cell cytoplasm (Fig. 1G—
I). Expression of each marker was scored in tumor cells, and cy-
toplasmic and nuclear expression were separately assessed for
CXCRA4. Based on the median IHC score, high cytoplasmic
CXCR4, high nuclear CXCR4, and high CXCLI2 expression were
defined as IHC score of >7, >6 and > 2, and the tumors were
classified into high cytoplasmic CXCR4, high nuclear CXCR4,
and high CXCL12 groups in 194 (74.9%), 115 (44.4%), and 115
(48.3%) cases, respectively.

Clinicopathologic characteristics and expression of CXCR4
and CXCL12

Correlations between clinicopathologic characteristics and ex-
pression of each marker are shown in Tables 2 and 3. All patients
were female and the median age at surgery was 48 years (range,
21 to 71 years). High cytoplasmic CXCR4 expression was signif-

icantly associated with younger age (p = .008), higher histologic
grade (p =.007), and lower pathologic stage (p =.045), but it was
not related to tumor size or lymph node metastasis. On the other
hand, high CXCL12 expression showed a significant correlation
with larger tumor size (p =.045), positive lymph node metastasis
(p=.005), and higher pathologic stage (p=.017). Nuclear CXCR4
expression was not associated with any of the clinicopathologic
parameters studied. There was a significant difference in adju-
vant chemotherapy regimen between high and low cytoplasmic
CXCR4 groups (p = .009), but otherwise, no significant differ-
ence in adjuvant chemotherapy regimen or radiation therapy was
observed between groups in other markers.

Clinical outcome and pattern of recurrence after adjuvant
chemotherapy

The median follow-up time was 100 months (range, 1 to 141
months). During the follow-up period, the tumor recurred in 53
patients (18.7%), and 17 patients (6.0%) died. Locoregional and

Table 2. Clinicopathologic characteristics in relation to CXCR4 expression

Total CXCR4 (cytoplasmic) CXCR4 (nuclear)

Variable
(n=259) Low (n=65)  High (n=194) p-value Low (n=144) High (n=115) p-value

Age (y1) .008 524
<50 152 29 (19.1) 123 (80.9) 82 (53.9) 70 (46.1)
>50 107 36 (33.6) 71(66.4) 62 (57.9) 45 (42.1)

Histologic grade .007 310
I 47 19 (40.4) 28 (59.6) 23 (48.9) 24 (51.1)

IIl 212 46 (21.7) 166 (78.3) 121 (57.1) 91 (42.9)

Size (cm) 1312 957
<5 243 58 (23.9) 185 (76.1) 135 (55.6) 108 (44.4)
>5 16 7(43.8) 9 (56.3) 9 (56.3) 7(43.8)

Lymph node metastasis 473 476
Negative 165 39 (23.6) 126 (76.4) 89 (53.9) 76 (46.1)

Positive 94 26 (27.7) 68 (72.3) 55 (58.5) 39 (41.5)

Stage .045 .087
Il 216 49 (22.7) 167 (77.3) 115 (53.2) 101 (46.8)

I 43 16 (37.2) 27 (62.8) 29 (67.4) 14 (32.6)

Histologic type .992 144
IDC 239 60 (25.1) 179 (74.9) 136 (56.9) 103 (43.1)

Other® 20 5(25.0) 15 (75.0) 8 (40.0) 12 (60.0)

Adjuvant chemotherapy regimen® .009 .538
Anthracycline-based 149 27 (18.1) 122 (81.9) 79 (53.0) 70 (47.0)
Taxane-anthracycline-based 49 14 (28.6) 35 (71.4) 30(61.2) 19 (38.8)

CMF 58 22 (37.9) 36 (62.1) 34 (58.6) 24 (41.4)

Radiation therapy® .506 975
No 84 23 (27.4) 61 (72.6) 47 (56.0) 37 (44.0)

Yes 174 41(23.6) 133 (76.4) 97 (55.7) 77 (44.3)

Values are presented as number (%).

CXCR4, CXC chemokine receptor type 4; IDC, Invasive ductal carcinoma; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil.
aFisher exact test; ®Invasive lobular carcinoma (2), mixed invasive ductal and lobular carcinoma (3), invasive papillary carcinoma (2), metaplastic carcinoma (8),
medullary carcinoma (1), apocrine carcinoma (3), signet ring cell carcinoma (1); °3 missing values, unknown (2), change of regimen (1); “1 missing value, un-

known (1).
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Table 3. Clinicopathologic characteristics in relation to CXCL12 ex-
pression

CXCL12
Variable (nT_OgS) Low High
T =129 (=115 VAW

Age (y) 721
<50 140 71(60.7) 69 (49.3
>50 98 52 (53.1) 46 (46.9)

Histologic grade 165
(] 43 18 (41.9) 25 (58.1)

IIl 195  105(53.8) 90 (46.2)

Size (cm) .045
<b 223  119(63.4) 104 (46.6)
>5 15 4(26.7) 11(73.3)

Lymph node metastasis .005
Negative 158 92 (68.2) 66 (41.8)
Positive 80 31(38.8) 49(61.93)

Stage 017
[l 202  111(65.0) 91 (45.0)

M1l 36 12 (33.3) 24 (66.7)

Histologic type .931
IDC 219 113(51.6) 106 (48.4)
Other® 19 10(52.6) 9(47.4)

Adjuvant chemotherapy regimen® A17
Anthracycline-based 144 82 (56.9) 62 (43.1)
Taxane-anthracycline-based 38 15(39.5) 23(60.5)

CMF 53  25(47.2) 28(52.8)

Radiation therapy® 408
No 79 38(48.1) 41(51.9)

Yes 158 85(53.8) 73(46.2)

Values are presented as number (%).

CXCL12, CXC motif chemokine 12; IDC, Invasive ductal carcinoma; CMF,
cyclophosphamide, methotrexate, and 5-fluorouracil.

4nvasive lobular carcinoma (2), mixed invasive ductal and lobular carcino-
ma (2), invasive papillary carcinoma (2), metaplastic carcinoma (6), apocrine
carcinoma (4), medullary carcinoma (1), signet ring cell carcinoma (1), clear
cell carcinoma (1); °3 missing values, unknown (2), change of regimen (1);
°1 missing value, unknown (1).
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distant recurrence occurred in 18 (6.4%) and 37 (13.1%) patients,
respectively. Distant recurrence was less frequent in the high cyto-
plasmic CXCR4 group (p = .006), whereas nuclear CXCR4 and
CXCL12 showed no significant association with any pattern of
recurrence (Fig. 2A, B). Univariate logistic regression analysis
revealed that high cytoplasmic CXCR4 expression was associated
with lower distant recurrence (p =.007). After multivariate analy-
sis, high cytoplasmic CXCR4 expression remained an indepen-
dent variable for lower distant recurrence (p =.019) along with
smaller tumor size (p =.042) and negative lymph node metastasis
(p=.001) (Table 4).

RFS and OS after adjuvant chemotherapy

Kaplan-Meier curves for RES and OS was plotted according
to the expression of each marker. A significant difference in RFS
was observed between high and low cytoplasmic CXCR4
groups (log-rank p =.020), but the difference was not significant
in OS (log-rank p=.076) (Fig. 3A, B). The 5-year RES in high and
low cytoplasmic CXCR4 groups were 86.0% and 75.1%, respec-
tively. The 5-year OS in high and low cytoplasmic CXCR4 groups
were 96.0% and 90.7%, respectively. No significant difference in
survival was observed between groups in nuclear CXCR4 (log-
rank p =.637 for RES, p =.121 for OS) and CXCL12 (log-rank
p=.521 for RES, p=.538 for OS). In univariate Cox regression
analysis, high cytoplasmic CXCR4 expression was associated with
better RES (p = .022). Multivariate analysis revealed that cyto-
plasmic CXCR4 expression (p =.038) and lymph node metastasis
(p <.001) were independent factors of RFS (Table 5).

30 p=.006 ] Low [ High

o5 | 16/65
20
24/144

15 17123
21/194 13/115

17/115

10

Distant recurrence (%)

T
CXCR4 (cytoplasmic)  CXCR4 (nuclear) CXCL12 e

Fig. 2. The pattern of recurrence after adjuvant chemotherapy according to CXC chemokine receptor type 4 (CXCR4) and CXC motif chemo-
kine 12 (CXCL12) expression. CXCR4 and CXCL12 expression do not show a significant association with locoregional recurrence (A), while
high cytoplasmic CXCR4 expression is significantly associated with lower distant recurrence (B). Figures above each bar refer to the number

of recurrences/the number of patients in each group.
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DISCUSSION tissues by cancer cells, stromal cells, endothelial cells, and immune

cells.>”' Binding of CXCL12 to CXCR4 activates multiple signaling

Expression of CXCRA4 is reported in various types of tumors, pathways promoting tumor growth and metastasis, and CXCR4/
and its ligand CXCL12 is expressed widely in tumor and normal CXCL12 axis has a role in tumor cell-microenvironment interac-

Table 4. Logistic regression analysis for distant recurrence after adjuvant chemotherapy

Univariate analysis Multivariate analysis
OR 95% Cl p-value OR 95% Cl p-value
Age >50 yr 1.431 0.715-2.862 311 - - -
Histologic grade Il 0.790 0.338-1.844 .585 - - -
Tumor size >5 cm 4.985 1.796-13.837 .002 3.231 1.046-9.985 042
Lymph node metastasis 4.462 2.153-9.246 <.001 3.491 1.630-7.478 .001
Radiation therapy 1.029 0.492-2.152 .940 - - -
High CXCR4 (cytoplasmic) 0.372 0.180-0.766 .007 0.400 0.186-0.860 019
High CXCR4 (nuclear) 0.637 0.309-1.315 223 - - -
High CXCL12 1.082 0.5623-2.236 .832 - - -

OR, odds ratio; Cl, confidence interval; CXCR4, CXC chemokine receptor type 4; CXCL12, CXC motif chemokine 12.
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Fig. 3. Recurrence-free and overall survival after adjuvant chemotherapy according to cytoplasmic CXC chemokine receptor type 4 (CXCR4)
expression. Recurrence-free survival is significantly better in the high cytoplasmic CXCR4 group (A), but the difference in overall survival is not
significant between high and low cytoplasmic CXCR4 groups (B).

Table 5. Cox regression analysis for recurrence-free survival after adjuvant chemotherapy

Univariate analysis Multivariate analysis
HR 95% Cl p-value HR 95% Cl p-value
Age >50 yr 0.959 0.554-1.660 .881 - - -
Histologic grade lll 0.909 0.468-1.766 779 - - -
Tumor size >5 cm 3.116 1.467-6.617 .003 - - -
Lymph node metastasis 3.298 1.908-5.702 <.001 3.005 1.724-5.237 <.001
Radiation therapy 0.912 0.516-1.612 751 - - -
High CXCR4 (cytoplasmic) 0.521 0.298-0.912 022 0.552 0.316-0.967 .038
High CXCR4 (nuclear) 0.875 0.503-1.524 637 - - -
High CXCL12 1.199 0.688-2.089 522 - - -

HR, hazard ratio; Cl, confidence interval; CXCR4, CXC chemokine receptor type 4; CXCL12, CXC motif chemokine 12.
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tion.”" In the present study, we evaluated the expression of CXCR4
and CXCL12 on TMA constructed from TNBC tissue using the
immunohistochemical method. Immunoreactivity for CXCR4
was observed primarily in the cytoplasm and nucleus of tumor
cells, and CXCL12 was stained mostly in tumor cell cytoplasm.
While CXCR4 is a membrane-bound G protein—coupled receptor,
it is rapidly internalized by binding of its ligand CXCL12, and
cytoplasmic and nuclear expression of CXCR4 was previously
demonstrated in breast cancer by THC.”** Our study also revealed
that high cytoplasmic CXCR4 expression was associated with
higher histologic grade, and this finding was consistent with pre-
vious studies regarding breast cancer and TNBC.”'*** With
respect to CXCL12 expression, Kobayashi ef a/.”® previously
demonstrated that cytoplasmic-dominant CXCL12 immunore-
activity is associated with higher CXCL12 mRNA level in resected
breast cancer.

Currently, there are a number of studies which evaluated the
expression of CXCL12 in breast cancer. High CXCL12 expres-
sion correlated with better survival in most of these studies, but
discrepant report exists.”* Ours is the first study to evaluate the
expression of CXCL12 in TNBC subtype and showed that high
CXCLI12 expression was associated with known negative prognostic
markers such as large tumor size, positive lymph node metastasis
and higher stage in TNBC, although no significant difference in
survival was observed between high and low CXCL12 groups. Loss
of CXCL12 has been reported to have a role in distant metastasis
of tumor cells, but overexpression of CXCL12 correlates with
increased invasiveness, higher tumor grade and stage in several
human cancers.” The discordant result between the present and
previous studies seems to suggest the different role of CXCL12 in
TNBC subtype, and the different proportion of breast cancer sub-
types in study population might have resulted in the discrepant
results between previous studies.

In the evaluation of outcome and survival, the present study
showed better survival compared with previous reports which
studied the expression of CXCR4 in TNBC."*'® TNBC is known
to be more sensitive to chemotherapy than other breast cancer
subtypes, and since the study group was restricted to the patients
who received adjuvant chemotherapy, it is likely that the effect of
chemotherapy has contributed to the better survival observed in
our study.” The patient group with lower pathologic stage might
have affected the survival as well. Our study also revealed that
increased cytoplasmic expression of CXCR4 was associated with
a better prognosis in TNBC patients treated with adjuvant che-
motherapy in terms of lower distant recurrence and better RES.
However, previous studies have reported high CXCR4 expres-
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sion as a poor prognostic marker of TNBC, and antitumor effect
of CXCRA inhibitors has been studied on breast cancer and shown
efficacies in preclinical studies."”'® On the other hand, Lefort et
al?" recently reported that CXCR4 inhibitors may not benefit
TNBC patients and could even be detrimental in the study using
patient-derived xenograft (PDX) model. In previous studies
which evaluated the expression of CXCR4 in TNBC, Chu ¢ /"
used western blot analysis on 151 frozen tissue, and Yu et a/."”
and Chen ¢t /." performed IHC on 148 and 75 FFPE samples,
respectively. The difference in patient demographics, tissue pres-
ervation method, protein detection method, and scoring system
may have caused the discordant results. However, this is the largest
series of TNBC cases studied for the expression of CXCR4 and
CXCL12 to date, with 259 and 238 cases studied for CXCR4
and CXCL12, respectively. Therefore, despite the limitation of
retrospective study, we assumed that our data might have impli-
cations regarding the prognosis of TNBC.

The expression level of CXCR4 and CXCLI2 has been corre-
lated with different hormone receptor and HER2 status in breast
cancer. For example, high CXCL12 expression was associated
with ER positivity in resected breast cancer, and CXCL12 expres-
sion was induced by estradiol treatment in ER-positive breast
cancer cell lines. " Salvucci er a/.>> demonstrated that cytoplasmic
CXCR4 expression was correlated with ER negativity, PR neg-
ativity, and HER2 expression, and Hassan ez #/.** and Chen ez
al.'® reported that CXCR4 expression level correlates with triple-
negative status in breast cancer. Additionally, in the PDX model
which recapitulated the stromal components of human breast
cancet, CXCR4 inhibition did not reduce tumor growth and even
increased the distant metastasis of TNBC.” Taken together, the
difference in expression level and response to CXCR4 inhibition
suggests that CXCR4/CXCL12 axis may exert a different effect
on metastasis and prognosis of TNBC compared with other breast
cancer subtypes. Other components of tumor microenvironment
may have a role in this phenomenon, but the exact mechanism
needs to be investigated in future studies.

The study population in our study was restricted to the TNBC
patients treated with adjuvant chemotherapy, and the result re-
vealed that high cytoplasmic CXCR4 expression is associated with
lower distant recurrence and better RES. Since adjuvant chemo-
therapy is indicated or recommended in most TNBC cases under
current practice guideline, our result is clinically relevant and
CXCR4 expression might be useful in predicting outcome in
TNBC patients after adjuvant chemotherapy.”” More impor-
tantly, we demonstrate for the first time that high CXCR4 expres-
sion may be associated with better prognosis in TNBC patients,
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and suggest the possibility of the different mechanism underlying
the metastasis and prognosis of TNBC.

This study has limitations. As previously noted, this was a
retrospective study with known disadvantages. In addition, the
patient population was heterogeneous in terms of chemotherapy
regimen, and there was a significant difference in chemotherapy
regimen between high and low cytoplasmic CXCR4 expression
groups. Use of taxane-anthracycline-based regimen was limited to
node-positive cases, and since the patients received different che-
motherapy based on nodal status, we could not compare the out-
comes according to the chemotherapy regimen. Therefore, our
results should be validated in prospective controlled cohort studies,
and it would be beneficial to re-evaluate the prognostic signifi-
cance of CXCR4 in patients treated with the same chemotherapy
regimen.

In conclusion, the present study indicates that high cytoplasmic
expression of CXCR4 may have a prognostic value in TNBC
patients and predict lower distant recurrence and better RFS after
adjuvant chemotherapy. To our knowledge, this is the first study
to correlate high CXCR4 expression with better prognosis in
TNBC, and the underlying mechanism needs to be explored in
further studies.
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Background: BRCA1-associated protein 1 (BAP1) mutations are frequently reported in clear cell
renal cell carcinoma (ccRCC); however, very few studies have evaluated the role of these muta-
tions in other renal cell carcinoma (RCC) subtypes. Therefore, we analyzed BAP1 protein expres-
sion using immunohistochemistry in several RCC subtypes and assessed its relationship with
clinicopathological characteristics of patients. Methods: BAP1 expression was immunohisto-
chemically evaluated in tissue microarray blocks constructed from 371 samples of RCC collected
from two medical institutions. BAP1 expression was evaluated based on the extent of nuclear
staining in tumor cells, and no expression or expression in <10% of tumor cells was defined as
negative. Results: Loss of BAP1 expression was observed in ccRCC (56/300, 18.7%), chromo-
phobe RCC (6/26, 23.1%), and clear cell papillary RCC (1/4, 25%), while we failed to detect BAP1
expression loss in papillary RCC, acquired cystic disease-associated RCC, or collecting duct car-
cinoma. In ccRCC, loss of BAP1 expression was significantly associated with high World Health
Organization (WHO)/International Society of Urological Pathology (ISUP) grade (p=.002); however,
no significant correlation was observed between loss of BAP1 expression and survival in ccRCC.
Loss of BAP1 expression showed no association with prognostic factors in chromophobe RCC.
Conclusions: Loss of BAP1 nuclear expression was observed in both ccRCC and chromophobe
RCC. In addition, BAP1 expression loss was associated with poor prognostic factors such as
high WHO/ISUP grade in ccRCC.

Key Words: Carcinoma, renal cell; Clear cell; BAP1; Immunostaining

Renal cell carcinoma (RCC) accounts for 2%—3% of all malig-
nant diseases in adults.! Clear cell renal cell carcinoma (ccRCC) is
the most common renal tumor subtype and is closely associated
with von Hippel Lindau (VHL) tumor suppressor gene muta-
tions that lead to the stabilization of hypoxia-inducible factors in
both sporadic and familial forms. Recently, three tumor sup-
pressor gene mutations, namely, PBRM1, SETD?2, and BAP]I,
located close to VHL on chromosome 3p were reported.”

Studies have reported BAPI mutation in about 10%—15% of
ccRCC cases.”® BRCA1-associated protein 1 (BAP1) is a nuclear-
localized deubiquitinating enzyme that was initially discovered
as a BRCA1-associated protein and known to interact with mul-
tiple proteins. BAP1 was shown to exhibit a tumor suppressor
role in several cancers through its deubiquitinase activity, thereby
regulating target gene transcription, cell cycle control, DNA
damage repair, and cellular differentiation.” Inactivation muta-
tions of the BAP1 gene, including insertion, deletion, frameshift,

nonsense, and missense mutations, have also been reported.®
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The germline mutation in the BAPI gene is inherited in an
autosomal dominant pattern.” Affected individuals inherit a non-
functional BAPI allele, as observed with other tumor suppres-
sors, and the remaining functional allele is inactivated later in
life. There is a high risk for developing tumors, including atypical
Spitz tumors, uveal melanoma, cutaneous melanoma, epithelioid
malignant mesothelioma, and ccRCC." BAP1 germline muta-
tions are associated with poor prognosis in uveal melanoma, cuta-
neous melanoma, and ccRCC."" Sporadic BAP1 mutations have
also been identified in several tumors, including uveal melanoma,''
malignant mesothelioma,'” and ccRCC. The loss of BAPI ex-
pression in mesothelial cells in effusion cytology specimens is an
indicator of possible mesothelioma."” Nearly half of the investi-
gated uveal melanoma tumors harbor an inactivating BAPI
mutation, which was strongly associated with the loss of BAP1
nuclear staining and other aggressive prognostic features."* Fur-
thermore, several studies have revealed the association between
inactivating BAPI mutation and high grade ccRCC,” sarcomatoid
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transformation, and poor prognosis in patients with ccRCC,"
especially in those with low-grade RCC." The loss of BAP1 ex-
pression in immunohistochemical staining has been reported as
a highly reliable method for the detection of BAPI mutation.®
Although BAPI mutations are frequently observed in ccRCC,
limited data are available on the expression of BAP1 in other
RCC types.

Therefore, we evaluated the loss of BAP1 nuclear expression
in several subtypes of RCC, including ccRCC, papillary RCC,
and chromophobe RCC, and analyzed its relationship with clini-
copathological characteristics of patients.

MATERIALS AND METHODS

Patient selection

A total of 371 samples were retrospectively obtained from
Hanyang University Hospital (247 cases, 2005-2017) and
Soonchunhyang University Bucheon Hospital (124 cases, 2001
2013). Formalin-fixed, paraffin-embedded tissue samples obtained
from surgically resected primary tumors at the time of initial
diagnosis were collected. The pathologist in each institution re-
viewed the slides and selected a representative block for each
case, and 3.0 mm of core tissue microarray (TMA) blocks were
constructed, with two representative cores for each case. The
patient and tumor characteristics, including age, type of surgery,
histological type, histological grade, and follow-up data, were
acquired. The histological subtypes were classified according to
the 2016 World Health Organization (WHO) Tumor Classifi-
cation. We graded ccRCC and papillary RCC according to the
2013 WHO/International Society of Urological Pathology (ISUP)
grading system.'”"® Chromophobe RCC was graded according
to the published parameters."” All cases were reviewed by two
pathologists for tumor type and WHO/ISUP grade. This study
was approved by the Institutional Review Board of the Hanyang
University Hospital (HYUH 2018-05-005), and the requirement
for informed consent was waived.

Immunohistochemistry for BAP1 expression

Sections from the TMA blocks were immunostained using
the Bond-max Automated immunohistochemistry IHC)/7z situ
hybridization stainer (Leica Biosystems, Nussloch, Germany)
according to the manufacturer’s protocol. Sections (4-pm thick-
ness) were immunostained with a primary antibody against BAP1
(1:100, sc-28383, mouse monoclonal, Santa Cruz Biotechnology,
Santa Cruz, CA, USA). BAP1 expression level was evaluated
according to the extent of nuclear staining in the tumor cells. The
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staining was scored as negative (no expression or expression in
< 10% of tumor cells) or positive (expression in >10% of tumor
cells).

Statistical analysis

All of the statistical analyses were performed using SPSS ver.
24.0 (IBM Corp., Armonk, NY, USA). The relationships be-
tween the groups were compared using the chi-square test, Fisher
exact test, or Student’s ¢ test. Cancer-specific survival (CSS) was
defined as the time interval between the date of surgical resection

Table 1. Histological and clinical characteristics

Characteristic Value (n=371)
Tumor type

Clear cell RCC 300 (80.9)

Chromophobe RCC 26 (7.0)

Papillary RCC, type 1 13(3.5)

Papillary RCC, type 2 23 (6.2)

Others 9(2.4)
Age (yr) 60.0 (13-90)
Sex

Male 246 (66.3)

Female 125 (33.7)
Tumor size 3.77 (0.7-15)
WHO/ISUP grade (clear and papillary RCC)

1 33(9.8)

2 160 (47.6)

3 113 (33.6)

4 30(8.9)
Chromophobe grade (chromophobe RCC)

1 19(73.1)

2 7(26.9)
Vascular invasion?

Absent 323 (87.1)

Present 48 (12.9)
Tumor necrosis

Absent 219 (84.2)

Present 41(15.8)
Sarcomatoid feature

Absent 350 (94.3)

Present 21 (6.7)
Lymph node metastasis

Absent 362 (97.6)

Present 9(2.4)
pT category

1 258 (69.5)

2 36 (9.7)

3 74 (19.9)

4 3(0.9)

Values are presented as number (%) or median (range).

RCC, renal cell carcinoma; WHO, World Health Organization; ISUP, Inter-
national Society of Urological Pathology.

a/ascular invasion includes microscopic tumor invasion into small or large
vessels and gross renal vein tumor thrombus.
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Fig. 1. Immunohistochemical staining of BRCA1-associated protein 1 in clear cell renal cell carcinoma (A, negative; B, positive), chromo-
phobe renal cell carcinoma (RCC) (C, negative; D, positive), papillary RCC type 1 (E, positive), papillary RCC type 2 (F, positive), and clear cell
papillary RCC (G, negative; H, positive).
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and the date of death due to RCC. Recurrence-free survival (RES)
was defined as the time interval between surgical resection and
the date of any recurrence. The Kaplan-Meier method with the
log-rank test and the Cox proportional hazard regression model
were used for survival analyses. Two-sided p-values of <.05 were
considered to indicate statistically significant differences.

RESULTS

Patient characteristics

The clinicopathological characteristics of the patients are sum-
marized in Table 1. Among 371 RCC cases, the most common
subtype was ccRCC (300 cases, 80.9%). The other subtypes
included in this study comprised 36 cases of papillary RCC (13
type 1 and 23 type 2 papillary RCC, 9.7%), 26 cases of chro-
mophobe RCC (7.0%), four cases of clear cell papillary RCC,
four cases of acquired cystic disease-associated RCC, and one case
of collecting duct carcinoma. The age of the patients ranged

BAP1 Loss in Renal Cell Carcinoma o 381

from 13 to 90 years, with a median of 60 years. The median
follow-up period for the patients in this study was 66 months
(range, 0.1 to 167.6 months). Of the 371 patients, 11 (3.0%) had
metastatic disease at the time of initial diagnosis (i.e., nephrec-
tomy), 30 (8.1%) had experienced metastasis or relapse during
the follow-up period, and 34 (9.2%) had died due to RCC by

Table 2. Correlation between BAP1 expression and tumor type (n=
371)

Negative Positive

(n=63) (n=308)
Clear cell RCC 56 (18.7) 244 (81.3)
Chromophobe RCC 6 (23.1) 20 (76.9)
Papillary RCC type 1 0 13(100)
Papillary RCC type 2 0 23 (100)
Clear cell papillary RCC 1(25) 3(75)
Acquired cystic disease-associated RCC 0 4 (100)
Collecting duct carcinoma 0 1(100)

Values are presented as number (%).
BAP1, BRCA1-associated protein 1; RCC, renal cell carcinoma.

Table 3. Correlations between BAP1 expression and clinicopathological features

Clear cell RCC (n=300)

Chromophobe RCC (n=26)

Negative (n=56) Positive (n=244) p-value Negative (n=6) Positive (n=20) p-value
Sex 046 664
Male 32 (15.6) 173 (84.4) 3(27.3 8(72.7)
Female 24 (25.3) 71(74.7) 3(20.0) 12 (80.0)
WHO/ISUP grade .002
1 0 25 (100)
2 20 (14.1) 122 (85.9)
3 27 (25.7) 78 (74.3)
4 9(32.1) 19 (67.9)
Chromophobe grade 146
1 6(31.6) 13 (68.4)
2 7(100)
Vascular invasion .664 231
Absent 49 (19.1) 203 (80.9) 5(20.0) 20 (80.0)
Present 7(16.3) 36 (83.7) 1 (100) 0
Tumor necrosis 437
Absent 28 (16.8) 139 (83.2) 6 (23.1) 20 (76.9)
Present 8(22.2) 28 (77.7)
Sarcomatoid feature .346
Absent 51(18.1) 231(81.9) 6 (23.1) 20(76.9)
Present 5(27.8) 13(72.2)
pT category? .037 .606
pTi 35 (16.9) 172 (83.1) 3(18.8) 13 (81.3)
pT2 10 (37.0) 17 (63.0) 2 (40.0) 3(60.0)
pT3/4 11 (16.7) 55 (83.3) 1(20.0) 4(80.0)
pN category® .899 >.999
pNO 55 (18.7) 239 (81.3) 6 (24.0) 19 (76.0)
pN1 1(16.7) 5(83.3) 0 1(100)

Values are presented as number (%).

BAP1, BRCA1-associated protein 1; RCC, renal cell carcinoma; WHO, World Health Organization; ISUP, International Society of Urological Pathology.

2AJCC eighth edition.
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the time of analysis.

BAP1 expression and tumor type evaluation

A total of 371 successfully stained cases with adequate clinical
follow-up were classified as either BAP1 negative (n=63, 17.0%)
or BAP1 positive (n =308, 83.0%). Representative images of
BAPI staining are shown in Fig. 1. Loss of BAP1 expression
was frequently observed in ccRCC (18.7%) and chromophobe
RCC (23.1%), while we failed to observe BAP1 expression loss in
other renal tumor subtypes, including papillary RCC, acquired
cystic disease-associated RCC, and collecting duct carcinoma. In
clear cell papillary RCC, one case showed loss of BAP1 expres-
sion (Table 2).

BAP1 expression and clinicopathological features of patients
with ccRCC and chromophobe RCC

In ccRCC, loss of BAP1 expression was significantly associat-
ed with female sex (p = .046) and high WHO/ISUP grade (p =
.002). Furthermore, BAP1 expression loss was more frequent in
pT2 than in pT1 category (Table 3). Other clinicopathological
parameters such as vascular invasion, tumor necrosis, sarcomatoid
feature, and lymph node status showed no significant association
with BAP1 expression (Table 3).

In chromophobe RCC, no significant cortelation was observed

between BAP1 expression and clinicopathological parameters

(Table 3).

BAP1 expression and survival in ccRCC

Of 300 patients with ccRCC, 10 (3.3%) had metastatic disease
at the time of initial diagnosis (i.e., nephrectomy), 23 (7.7%) had
experienced metastasis or relapse during the follow-up period,
and 26 (8.7%) had died due to RCC by the time of analysis.

Kaplan-Meier analysis and Cox regression analysis were applied
to evaluate the prognostic value of BAP1 loss. Univariate analysis
revealed that high WHO/ISUP grade, vascular invasion, tumor
necrosis, sarcomatoid feature, high pT category, and lymph node
metastasis predicted a poor outcome in ccRCC (Table 4). How-
evet, BAP1 expression showed no association with CSS and RES
(Fig. 2A, B). Even in cases with low pT (pT1/2) ccRCC, loss of
BAP1 expression showed no statistically significant correlation
with CSS and RES (Fig. 2C, D).

DISCUSSION

In this study, we demonstrated the loss of BAP1 nuclear ex-
pression in chromophobe RCC and clear cell papillary RCC as
well as ccRCC. Furthermore, the loss of BAP1 nuclear expression
was associated with adverse clinicopathological features such as

Table 4. Univariate Cox regression analyses for cancer-specific survival and recurrence-free survival in patients with clear cell RCC

Cancer-specific survival

Recurrence-free survival

Variable
HR 95% Cl p-value HR 95% Cl p-value

BAP1

Positive vs negative 1.076 0.405-2.859 .884 1.125 0.462-2.740 795
Sex

Female vs male 2.140 0.807-5.676 118 1.879 0.814-4.334 139
WHO/ISUP grade

1-2 1 1

3 3.401 1.138-10.165 .028 2.484 0.997-6.185 051

4 20.883 7.323-59.550 <.001 16.202 6.749-38.890 <.001
Vascular invasion

Absent vs present 9.386 4.306-20.460 <.001 8.219 4.130-16.355 <.001
Tumor necrosis

Absent vs present 18.216 5.713-568.079 <.001 16.980 5.953-48.428 <.001
Sarcomatoid feature

Absent vs present 13.933 6.283-30.896 <.001 10.823 5.103-22.957 <.001
pT category

pTi 1 1

pT2 6.298 1.409-28.145 016 8.249 2.387-28.509 .001

pT3 and pT4 18.200 6.185-53.557 <.001 18.733 7.103-49.404 <.001
Lymph node metastasis

Absent vs present 32.885 10.417-103.815 <.001 18.940 6.203-57.828 <.001

RCC, renal cell carcinoma; HR, hazard ratio; Cl, confidence interval; BAP1, BRCA1-associated protein 1; WHO, World Health Organization; ISUP, International

Society of Urological Pathology.
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Fig. 2. Kaplan-Meier analysis of cancer-specific survival (CSS) and recurrence-free survival (RFS) in clear cell renal cell carcinoma (A, CSS; B,
RFS) and pT1/2 ccRCC (C, CSS; D, RFS). BAP1, BRCA1-associated protein 1.

high WHO/ISUP grade in ccRCC but showed no relationship
with CSS or RES in patients with ccRCC.

The Cancer Genome Atlas (TCGA) research network recently
reported the molecular characterization of RCC and included
488 ccRCC, 160 papillary type 1 RCC, 70 papillary type 2
RCC, and 81 chromophobe RCC. BAPI mutation, a chromatin
remodeling gene mutation, was reported in ccRCC (11.0%) and
papillary RCC (5.6%) but not in chromophobe RCC.** BAP1
mutation was also shown to be correlated with decreased survival

https://doi.org/10.4132/jptm.2018.09.21

in ccRCC.%

The ratio of BAP1 loss in the present study (18.7%) was
similar to that reported in previous studies.”* We also found
that the loss of BAP1 expression was significantly common in
female sex (p =.046). BAPI mutation was more frequent in fe-
male patients as per TCGA data.”*” We observed that BAP1
nuclear expression loss was associated with high WHO/ISUP
grade in ccRCC and showed no correlation with CSS and RES. In
several studies, loss of BAP1 expression served as an independent

http://jpatholtm.org/
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marker of prognosis in patients with ccRCC and low-grade
ccRCC.*** On the other hand, in other studies, no significant
association was reported between BAP1 loss and CSS or RES,
although BAP1 loss significantly correlated with poor clinico-
pathological parameters.'*' Differences in the prognostic associa-
tions may be related to differences in cohorts among studies. Our
cohort had relatively low-grade RCC and a short follow-up period;
therefore, overall cancer-specific death rate was lower than that
recorded in the previous TGCA report (8% vs 33%).”

Among non-ccRCC, papillary RCC, chromophobe RCC, clear
cell papillary RCC, acquired cystic disease-associated RCC, and
collecting duct carcinoma were evaluated for BAP1 expression.
We observed the loss of BAP1 expression in 23.1% of chromo-
phobe RCC (6/26) cases and in one clear cell papillary RCC case.
No significant association was detected between BAP1 expression
and adverse clinicopathological parameters in chromophobe RCC.
Unfortunately, the number of patients with chromophobe RCC
and clear cell papillary RCC was too small to evaluate proper clini-
cal relevance. In addition, during the follow-up period, one pa-
tient died due to chromophobe RCC; therefore, survival analysis
could not be performed. An additional analysis is needed to fur-
ther elucidate the role of BAP1 and the relationship between
loss of BAP1 expression in IHC and BAPI mutation in chromo-
phobe RCC and clear cell papillary RCC.

In conclusion, we revealed that BAP1 expression is associated
with high WHO/ISUP grade in patients with ccRCC and that
BAPI expression loss is also observed in chromophobe RCC and
clear cell papillary RCC. Further studies are needed to assess larger
cohorts and associated pathological features.
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Background: Previous studies on synchronous colorectal carcinoma (SCRC) have reported in-
consistent results about its clinicopathologic and molecular features and prognostic significance.
Methods: Forty-six patients with multiple advanced tumors (T2 or higher category) who did not
receive neoadjuvant chemotherapy and/or radiotherapy and who are not associated with familial
adenomatous polyposis were selected and 99 tumors from them were subjected to clinicopatho-
logic and molecular analysis. Ninety-two cases of solitary colorectal carcinoma (CRC) were selected
as a control considering the distributions of types of surgeries performed on patients with SCRC
and T categories of individual tumors from SCRC. Results: SCRC with multiple advanced tumors
was significantly associated with more frequent nodal metastasis (p=.003) and distant metastasis
(p=.001) than solitary CRC. KRAS mutation, microsatellite instability, and CpG island methylator
phenotype statuses were not different between SCRC and solitary CRC groups. In univariate sur-
vival analysis, overall and recurrence-free survival were significantly lower in patients with SCRC
than in patients with solitary CRC, even after adjusting for the extensiveness of surgical procedure,
adjuvant chemotherapy, or staging. Multivariate Cox regression analysis revealed that tumor multi-
plicity was an independent prognostic factor for overall survival (hazard ratio, 4.618; 95% confi-
dence interval, 2.126 to 10.030; p<.001), but not for recurrence-free survival (p=.151). Conclu-
sions: Findings suggested that multiplicity of advanced T category-tumors might be associated
with an increased risk of nodal metastasis and a risk factor for poor survival, which raises a concern
about the guideline of American Joint Committee on Cancer’s tumor-node-metastasis staging
that T staging of an index tumor determines T staging of SCRC.

Key Words: Synchronous colorectal carcinoma; Multiple colorectal carcinoma; Clinical outcome; T
category

Colorectal carcinoma (CRC) is the third most common cancer
in men and the second most common in women. CRC has been
reported to occur more commonly in the western countries, but
over the past few decades, the incidence of CRC has increased
in many Asian countries including South Korea, with about
610,000 Asian patients newly diagnosed in 2012." Synchronous
CRC (SCRC) refers to more than one CRC detected in a single
patient at the time of diagnosis. Unlike what is expected, little
is known about the clinicopathologic features of SCRC. With a
handful of previous studies addressing the issue, the only con-
sensus seems to be the male predominance; most of the previ-
ous studies reported that SCRC was observed more frequently
in men.” The reported incidence of SCRCs varies from 1.1%
t0 8.1%,”"" with the narrower range of 3.1% to 3.9% in three
large-scale studies performed on a population larger than 10,000
patients.”'*"> While some studies concluded that the average
age at diagnosis was higher in patients with SCRC than in pa-
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tients with solitary CRC,"*'® others failed to demonstrate a sig-
nificant difference between them.™'*""” Some studies reported
that SCRC preferentially affects the distal colon,”*** but others,
including large-scale studies, concluded that the proximal colon
was more frequently involved by SCRC.”"*

Research has mainly focused on single factors such as micro-
satellite instability (MSI) for the underlying molecular mecha-
nisms of SCRC. Some studies have reported that MSI-high
(MSI-H) phenotype was more common in SCRC than in soli-
tary CRC and the incidence of MSI-H phenotype was upto 30%
in SCRC.?? In particular, Nosho et 2/.* found that not only
MSI-H phenotype but also BRAF mutation and CpG island
methylator phenotype (CIMP)-high (CIMP-H) phenotype were
more common in SCRC than in solitary CRC, suggesting that
SCRC may arise through the serrated neoplasia pathway. A similar
finding has been reported by Gonzalo et 2/.*” who found that
CIMP-H was more frequent in SCRC than in solitary CRC and
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suggested a close association between tumor multiplicity and
CIMP-H phenotype. However, one study reported that MSI occurs
only in 10% of SCRCs.” Besides MSI, long interspersed nuclear
element-1 (LINE-1) hypomethylation in colonic epithelial cells
has been suggested to be a possible risk factor for the occurrence
of metachronous or SCRC based on finding that LINE-1 meth-
ylation of non-neoplastic colonic epithelial cells was lower in SCRC
than in solitary CRC.” Some studies found that KRAS and TP53
may show discordant mutation statuses between individual tumors
of SCRCs, ™! but correlations between SCRC and various clinico-
pathological or molecular parameters still remain unclear.

It seems plausible that a patient with multiple tumors at the
time of diagnosis would show poorer prognosis than one with a
solitary tumor. Strikingly, this has not been proved with the suf-
ficient level of confidence in CRC, which is the reason that the
current TNM staging of CRC does not reflect tumor multiplicity
unlike other cancers such as intrahepatic cholangiocarcinoma.”
In fact, the prognostic effect of tumor multiplicity at the time of
diagnosis has been inconsistent among studies; with only a few

3% many failed to

studies reporting significantly worse prognosis,
demonstrate significant differences in survival between patients
with solitary CRC and SCRC and some researchers even concluded
that SCRC was associated with favorable prognosis.'”** Therefore,
the current TNM staging guideline for SCRC advises that the
lesion with the most advanced pathologic staging is designated
to be an index lesion and it is assumed that the survival of the
patients with SCRC follows the stage of the index lesions.”** In
this scheme, patients with SCRC with the index lesion of pT3
category would show similar survival to those with solitary pT?3
CRC.

The purpose of the current study is to address all the incon-
sistency and to draw clearer conclusion on the prognostic effect
of the tumor multiplicity at the time of diagnosis. To do so, we
identified a group of patients with SCRCs with advanced T cat-
egories, examined their clinicopathologic and molecular features
and compared their survival to those with the comparable group
of patients with solitary CRC.

MATERIALS AND METHODS

Tissue collection

Two thousand eight hundred thirty-four CRC patients who
underwent surgery at Seoul National University Hospital, Seoul,
Korea, from January 2007 to December 2010 were reviewed.
Among them, 2,701 were solitary CRC patients and 133 were
diagnosed as SCRC. From the 133 patients, we excluded patients
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with familial adenomatous polyposis (FAP) (n = 3) and those
who received neoadjuvant chemo- and/or radiotherapy (n = 8).
In order to focus on patients with advanced stages, we further
excluded patients with intramucosal carcinoma (n=37) and T1-
category lesions (n = 39). As a result, 46 cases with multiple ad-
vanced tumors (T2 or higher category) were selected for this study
(Fig. 1). Of the 46 patients, 16 underwent extensive surgery
including total colectomy and subtotal colectomy, and 30 had a
relatively simple procedure (8 cases of anterior resection, 14 cases
of ultra-low or low anterior resection, 4 cases of right or left hemi-
colectomy, and 4 cases of extended right hemicolectomy). Consid-
ering the distributions of pT categories of individual tumors
and types of surgeries performed on patients with SCRC, we se-
lected 92 cases of solitary CRC with similar distributions of pT
categories (Table 1) and types of surgeries (35 cases of anterior
resection, 31 cases of low anterior resection, 12 cases of right or
left hemicolectomy, and 14 cases of extended right hemicolectomy).
However, we could not retrieve patients with solitary CRC who
received extensive surgery. This study was approved by the Insti-
tutional Review Board (IRB No. 1101-007-345). IRB exempted
the informed consent due to the retrospective nature of the study.

Clinicopathologic data

Clinical and histopathologic data from the 46 patients with
SCRC (99 tumors) and 92 patients with solitary CRC (92 tu-
mors) were collected through the electronic medical record and
a microscopic examination. The parameters of the clinicopatho-
logic data included patient age, sex, overall survival (OS), recur-
rence-free survival (RES), tumor location, tumor multiplicity,
American Joint Committee on Cancer (AJCC)/Union for Inter-
national Cancer Control (UICC) tumor-node-metastasis (TNM)
category, tumor differentiation, lymphovascular invasion, and

perineural invasion.

KRAS mutation and MSI analysis

Through histological examination, representative tumor pot-
tions were marked and then subjected to manual microdissection.
The dissected tissues were collected into microtubes containing
lysis buffer and proteinase K and were incubated at 55°C for
upto 2 days. DNA from paraffin-embedded tissues was extracted,
and polymerase chain reaction was performed. Mutations in KRAS
codons 12 and 13 were analyzed in each case using direct se-
quencing. The MSI status of each tumor was determined through
the evaluation of five microsatellite markers (BAT25, BAT26,
D2S123, D58346, and D175250) as standardized by the National
Cancer Institute. MSI-H status was defined as when tumor DNA
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CRC patients
(n=2,834)

Solitary CRC patients

Synchronous CRC patients

(n=2,701) (n=133)
\ |
Non-FAP patients FAP patients
(n=130) (n=3)
\ |
Neoadjuvant therapy (+) Neoadjuvant therapy (-)
(n=8) (n=122)
\ \
[ | [ \
Including Tis or T1 Only T2 or higher stage Including Tis or T1 Only T2 or higher stage
(n=7) (n=1) (n=76) (n=46)

Fig. 1. Schematic diagram for selection of patients with synchronous colorectal cancer (CRC). FAP, familial adenomatous polyposis.

had altered alleles compared to normal DNA in two or more
markers. MSI-low status was defined as when tumor DNA had
altered allele compared to normal DNA in one marker. Microsat-
ellite-stable was defined as when no altered allele was present in
tumor DNA. We performed immunohistochemistry (IHC) for
DNA mismatch repair proteins (MLH1 and MSH?2) to assess
MSI status for tumors that were not evaluated for MSI status
using polymerase chain reaction-coupled capillary electrophore-
sis (50 individual tumors from SCRCs and 3 solitary CRCs). IHC
was performed using antibodies against MLH1 (Ventana Medical
Systems, Tucson, AZ, USA), MSH2 (Invitrogen, Camarillo, CA,
USA) and automated immunostainers (Ventana BenchMark
XT for MLH1; Bond-III, Leica Biosystems, Novocastra, New-
castle-upon-Tyne, UK for MSH2).

Analysis of CIMP

The CIMP status of individual tumors was analyzed using a
real-time methylation-specific quantitative polymerase chain
reaction method (MethyLight) and eight CIMP-specific markers
(CACNAIG,CDKN2A, CRABP1,IGF2, MLH1, NEUROG1,
RUNX3, and SOCS1). We classified CRCs into CIMP-0 (no meth-
ylated marker), CIMP-low (1-4 methylated markers), and
CIMP-H (5 or more methylated markers).

Statistical analysis

In this study, statistical analysis was performed using SPSS
ver. 23 (IBM Corp., Armonk, N, USA). Comparison between
categorical variables was conducted with the chi-square test or
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Fisher exact test. Survival analysis using OS and RFS data was
performed using the Kaplan-Meier method with the log-rank
test. Hazard ratios (HRs) were calculated using the Cox propor-
tional hazard model. All variables that were associated with OS
with a p <.10 were entered into the model. These variables were
reduced by backward elimination. All p-values were two-sided
and p-values of < .05 were considered to be statistically significant.

RESULTS

Clinicopathologic features

The detailed clinicopathologic features are summarized in
Table 1 and Fig. 2. SCRC with multiple advanced tumors was
associated with more frequent nodal metastasis (p =.003) and
advanced TNM category (p =.003). SCRC exhibited a tendency
toward male predominance with marginal significance (p =.050).
Metachronous metastasis was significantly more frequent in SCRCs
with multiple advanced tumors than in solitary CRCs (p=.001).
However, there were no significant differences in terms of lym-
phatic and vascular invasion between two groups. In addition,
KRAS mutation and MSI status did not show any significant
difference between the two groups. In CIMP analysis for SCRC,
CIMP-H phenotype was observed in four of 46 patients (8.7%),
which was quite lower compared with results of previous studies
(35% in Nosho ¢ al.’s study® and 66.6% in Gonzalo et al.’s
study”’). However, the frequency of CIMP-H in terms of indi-
vidual tumors was 5.1% (5 of 99 tumors) which was not different
from the frequency of CIMP-H in solitary CRCs (6.5%) of the

https://doi.org/10.4132/jptm.2018.10.02



Table 1. Clinicopathologic and molecular characteristics of CRCs
according to tumor multiplicity

Soltary CRCs Synchronous
Variable (92 patients, CRQS p-value
92 tumors) (46 patients,
99 tumors)

Age (yr) 63.5 (33-82) 66.0 (43-88) .087

Sex .050
Male 59 (64.1) 37 (80.4)

Female 33(35.9) 9(19.6)

Location 247
Proximal 18 (19.6) 29 (29.3)

Distal 48 (52.2) 42 (42.4)
Rectum 26 (28.3) 28 (28.3)

Gross type 114
Polypoid 11 (12.0) 22 (22.2)
Ulcerofungating 61 (66.3) 53 (63.5)
Ulceroinfiltrative 20 (21.7) 24 (24.2)

T category 548
T2 12 (13.0) 18 (18.2)

T3 73(79.3) 72 (72.7)
T4 7(7.6) 9(9.1)

N category .003
NO 49 (53.3) 12 (26.1)

N1, N2 43 (46.7) 34 (73.9)

M category .001
MO 73(79.3) 23 (50.0)

Synchronous M1 7(7.6) 12 (26.1)
Metachronous M1 12 (13.0) 11 (23.9)

Stage .003
I 9(9.9) 122
[ 40 (43.5) 11 (23.9)

Il 36 (39.1) 22 (47.8)
% 7(7.6) 12 (26.1)

Surgery <.001
Simple 92 30 (65.2)

Extensive 0 16 (34.8)

Chemotherapy 1.000
Treated 80 (87.0) 40(87.0)

Non-treated 12 (13.0) 6(13.0

Differentiation 1222
Well 9(9.8 9(9.1)

Moderately 78 (84.8) 87 (87.9)
Poorly 5(5.4) 3(3.0)

Lymphatic invasion .068
Absent 73 (79.3) 67 (67.7)

Present 19(20.7) 32(32.3)

Venous invasion .086
Absent 86 (93.5) 85 (85.9)

Present 6 (6.5) 14 (14.1)

Perineural invasion .986
Absent 80 (87.0) 86 (86.9)

Present 12 (13.0) 13(13.1)

MSI 0.740°
MSS/MSI-low 87 (94.6) 95 (96.0)

(Continued)
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Solitary CRCs Synchronous
: ; CRCs
Variable (92 patients, . p-value
92 tumors) (46 patients,
99 tumors)
MSI-high 5(5.4) 4(4.0)
KRAS mutation .908
Wild type 55 (59.8) 60 (60.6)
Mutant 37 (40.2) 39 (39.4)
CIMP 761
CIMP-0, low 86 (93.5) 94 (94.9)
CIMP-high 6 (6.5) 5(5.1)

CRG, colorectal carcinoma; MSI, microsatellite instability; MSS, microsatel-
lite-stable; CIMP, CpG island methylator phenotype.
aFisher exact test.

present study and those of previous Korean CRC studies.”*”
Nodal and distant metastasis showed significant differences be-
tween SCRC and solitary CRC when we restricted comparative
analyses to CRC cases with non-extensive surgery or cases with
RO surgery (Table 2).

Prognostic implication of tumor multiplicity in CRCs

In order to examine the prognostic effect of tumor multiplicity
per se, we sought to focus on subgroups where compounding
variables were adjusted. Firstly, we performed Kaplan-Meier
survival analysis on patients who had no metastasis at the time
of diagnosis and hence underwent curative surgery (85 patients
with solitary CRC and 34 patients with SCRC). As a result,
SCRC patients with multiple advanced tumors showed worse
OS and RFS than the respective ones of patients with solitary
CRC (Fig. 3A, B). Since it cannot be excluded a possibility that
the extensiveness of surgery itself might affect the survival of
patients with SCRC, survival analysis was conducted in 85 soli-
tary CRC and 22 SCRC patients with exclusion of patients who
underwent the extensive surgical procedures such as total colec-
tomy and subtotal colectomy, which revealed significant associ-
ations between SCRC and poor OS or RES (Fig. 3C, D). When
we further excluded patients who did not receive adjuvant che-
motherapy to adjust for the effect of adjuvant chemotherapy,
univariate survival analysis in 36 patients with solitary CRC
and 13 patients with SCRC revealed that the prognosis of SCRC
with multiple advanced tumors tended to be worse than that of
solitary CRC patients (Fig. 3E, F). To validate these results, we
selected 24 SCRC cases with an index tumor of T3 category and
recruited another independent set of patients with solitary CRC
of T3 category (n=120) on the criteria of RO surgery and adju-
vant chemotherapy. Because SCRC cases were composed of nine
NO, seven N1, and eight N2 cases, 45 solitary CRC cases of NO
category, 35 of N1 category, and 40 of N2 category were recruited.

http://jpatholtm.org/
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Fig. 2. Distribution of tumor location with specification of T category (A) and molecular features (B) for individual tumors of synchronous colorec-
tal cancer. CIMP, CpG island methylator phenotype; CIMP-H, CIMP-high; CIMP-L, CIMP-low; CIMP-0, no methylated marker; MSI, microsatel-

lite instability; MSI-H, MSI-high.

Kaplan-Meier survival analysis showed that patients with SCRC
still had worse OS compared with patients with solitary CRC
group that matched T and N category, but not for RES (Fig.
3G, H). In multivariate Cox regression analysis, tumor multi-
plicity was found to be an independent prognostic factor for OS
(HR, 4.618; 95% confidence interval, 2.126 to 10.030; p <
.001), but not for RES (p=.151) (Tables 3, 4).

DISCUSSION

In this study, we investigated the clinicopathologic and molec-
ular characteristics of SCRC as well as the prognostic implication
of the tumor multiplicity at the time of diagnosis. The reported
incidence of SCRC in the literature varies from 1.1% to 8.1%.%>""
This variance might be attributable to the difference in the defi-
nition of SCRC; whether FAP or intramucosal carcinoma is in-
cluded or not in the definition of SCRC can make a significant
difference.” In this study, we excluded SCRC associated with
FAP (n = 3). The incidence of SCRC was 4.6% (n = 130) when
intramucosal carcinomas were included and 3.2% (n=91) when
excluded, in line with the previous studies. Of these patients (n =

http://jpatholtm.org/

91), we excluded those patients who received neoadjuvant chemo-
and/or radiotherapy (n = 6) or T1-category lesion (n = 39). We
only selected SCRCs in which all the individual tumors were of
pT2 or higher category and resultantly, 46 patients were included
in the present study.

The median age at diagnosis of SCRC with multiple advanced
tumors was higher than that of solitary CRC, but the difference
did not reach a statistical significance in this study. Several
studies have reported that the mean age of patients with SCRC is
significantly higher than that of patients with solitary CRC.'*'*"®
However, in Oya ¢z al.’s study,’ age difference failed to reach the
statistical significance, and Latournerie ez /."” conducted a large-
scale study to discover that there was no significant difference.
Regarding sex distribution, previous studies reported that SCRC
is more common in men,”® but this study confirmed this ten-
dency only with the marginal significance. Previous studies have
reported inconsistent results on the sidedness of SCRC. Finan ez
al.*® reported that SCRC is more common in the distal part of
colon, the same with the solitary CRC in general, but Lam et 2/.**
showed that SCRC more commonly affects the proximal colon
than solitary CRC does. In the present study, SCRC showed a ten-

https://doi.org/10.4132/jptm.2018.10.02
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Table 2. Differences in clinicopathologic characteristics according to subgroup analysis

Total cases of CRC

CRC cases with RO resection

CRC cases with non-extensive surgery

Variable Solitary CRC (n=92) SCRC (n=46) Solitary CRC (n=85) SCRC (n=34) Solitary CRC (n=92) SCRC (n=30)

Age (yr) 63.5 (33-82) 66.0 (43-88) 63.0 (33-82) 66.0 (48-79) 63.5 (33-82) 66.0 (43-88)
p-value .087 150 .168

Sex
Male 59 (64.1) 37 (80.4) 56 (65.9) 25 (73.5) 59 (64.1) 24 (80.0)
Female 33(35.9) 9(19.6) 29 (34.1) 9(26.5) 33(35.9) 6 (20.0)
p-value .050 419 .106

T category
T2 12 (13.0) 18 (18.2) 12 (14.1) 13(17.9) 12 (13.0) 13 (20.3)
T3 73(79.3) 72 (72.7) 68 (80.0) 52 (71.2) 73(79.3) 42 (65.6)
T4 7(7.6) 9(9.1) 5.9 8(11.0) 7(7.6) 9(14.1)
p-value 548 374 154

N category
NO 49 (563.3) 12 (26.1) 49 (57.6) 12 (35.3) 49 (63.3) 8(26.7)
N1, N2 43 (46.7) 34 (73.9) 36 (42.4) 22 (64.7) 43 (46.7) 22 (73.3)
p-value .003 .028 011

M category
MO 73(79.3) 23 (50.0) 73(85.9) 23 (67.6) 73(79.3) 14 (46.7)
Synchronous M1 7(7.6) 12 (26.1) - - 7(7.6) 8(26.7)
Metachronous M1 12 (13.0) 11(23.9) 12 (14.1) 11(32.4) 12 (13.0) 8(26.7)
p-value .001 .023 .002

Lymphatic invasion
Absent 73(79.3) 67 (67.7) 69 (81.2) 53 (72.6) 73(79.3) 37 (57.8)
Present 19(20.7) 32(32.3 16 (18.8) 20 (27.4) 19(20.7) 27 (42.2)
p-value .068 .200 .004

Venous invasion
Absent 86 (93.5) 85 (85.9) 81(95.3) 65 (89.0 86 (93.5) 55 (85.9)
Present 6 (6.5) 14 (14.1) 4(4.7) 8(11.0 6 (6.5) 9(14.1
p-value .086 139 116

Values are presented as median (range) or number (%).

dency toward the right colon, but with no statistical significance.

In line with several previous studies which showed that the
proportion of advanced stage is higher in SCRC than in solitary
CRC,"*1% we discovered that SCRC cases tended to be more
advanced than solitary cases. Lymphatic and venous invasions
tended to be more frequent in individual tumors of SCRC than
in solitary CRC. Although our findings indicated that nodal me-
tastasis was significantly more common in SCRC with multiple
advanced tumors than in solitary CRC, a concern is that selection
of solitary CRC might be biased toward collection of solitary CRC
with less frequent nodal metastasis. To exclude such a possibility,
we analyzed the frequency of nodal metastasis in 593 cases of
solitary T3 CRC. The frequency of NO was significantly higher
in solitary T3 CRC than in SCRC with an index tumor of T?3 cat-
egory (45.5% vs. 26.3%, p =.027). This finding suggests that
multiplicity of advanced T category—tumors might be a risk
factor for nodal metastasis.

Molecular analysis performed in this study revealed that the

https://doi.org/10.4132/jptm.2018.10.02

prevalence of MSI and KRAS mutation in the SCRC were not
different from the respective ones of the solitary CRC. Out of the
99 individual tumors from 46 SCRC patients, only four tumors
from two patients were MSI-H. The analysis of CIMP status for
these tumors showed that these MSI-H tumors were negative for
MLH]1 methylation and not CIMP-H, which suggests the pos-
sibility that these SCRC patients with multiple MSI-H tumors
might be patients with Lynch syndrome. In fact, both of these
patients had first-degree relatives with CRC as well as SCRC with
MSI-H phenotype, and could be diagnosed as hereditary non-
polyposis colon cancer. However, in previous studies, exploration
on MSI status of SCRC showed a higher proportion of MSI-H
phenotype in SCRC than in solitary CRC.”* Nosho e #/.* found
that SCRC was more likely to be BRAF-mutated, CIMP-H and
MSI-H, suggesting that MSI-H phenotype in SCRC is likely to
be sporadic rather than hereditary. Such a discrepancy between
previous studies and the present study might be attributable to
the fact that we excluded tumors of Tis or T'1 category or the fact

http://jpatholtm.org/
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Fig. 3. Kaplan-Meier survival curves for overall survival and recurrence-free survival according to the tumor multiplicity in colorectal cancer
(CRC) patients with curative surgery (n=119) (A, B), in CRC patients with curative and non-extensive surgery (85 patients with solitary CRC
and 22 patients with synchronous CRC) (C, D), in CRC patients with curative and non-extensive surgery and adjuvant chemotherapy (36 pa-
tients with solitary CRC and 13 patients with synchronous CRC) (E, F), and in stage-matched CRC patients with RO surgery and adjuvant
chemotherapy (120 patients with solitary CRC and 24 patients with synchronous CRC) (G, H).

that the frequency of CIMP-H phenotype is lower in CRCs from
Korean patients than those from western people.”®

Most of the previous studies reported that the survival of the
patients with SCRC was not significantly different from that of
patients with solitary CRC and only depended on the pathologic
staging of the index cancer.”” Even Hu ¢t 2/."’ suggested that
patients with SCRC might have survival benefit. Only a few
studies have discovered that patients with SCRC had worse prog-
nosis than that of patients with solitary CRC.”** It should be

http://jpatholtm.org/

pointed out that previous studies which reported no difference
in survival between SCRC and solitary CRC were conducted on
a population of SCRC in which SCRC with Tis or T1 tumor as
a non-index tumor comprise approximately 46% and 30% of the
study cases, respectively.'**” In accordance with the hypothesis
that patients with multiple advanced tumors would indeed have
more tumor burden, we only selected SCRC cases in which all
the individual tumors were of T2 or higher categories. Kaplan-
Meier survival analysis showed that SCRC patients with multi-

https://doi.org/10.4132/jptm.2018.10.02



Table 3. Univariate and multivariate Cox analysis for overall survival (n=119)
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Univariate Multivariate

Variable

HR p-value HR p-value
Age (=65 yr/<65 yr) 4.088 (1.728-9.673) .001 4.041 (1.703-9.587) .002
Sex (male/female) 1.051 (0.472-2.347) .902 - -
Multiplicity (synchronous/solitary) 5.075 (2.350-10.960) <.001 4.618 (2.126-10.030) <.001
T category (T3, 4/T2) 3.487 (0.473-25.709) 220 - -
N category (N1, 2/NO) 3.617 (1.528-8.564) .003 3.072 (1.291-7.309) 011
Vascular invasion (present/absent) 2.373 (0.897-6.273) .082 - 159
Lymphatic invasion (present/absent) 2.836 (1.326-6.065) .007 122
Perineural invasion (present/absent) 1.617 (0.612-4.270) .333 =
Tumor location (including right colon/left colon only) 0.907 (0.397-2.072) 817 -
Chemotherapy (treated/not-treated) 1.088 (0.376-3.147) 876 -
Surgery (extensive/simple) 1.837 (0.635-5.314) 262 -
MSI (MSI-H/MSS, MSI-L) 0.045 (0.000-33.308) .357 =
KRAS (mutant/wild type) 2.337 (1.049-5.204) .038 -
HR, hazard ratio; MSI, microsatellite instability; MSI-H, MSI-high; MSS, microsatellite-stable; MSI-L, MSI-low.
Table 4. Univariate and multivariate Cox analysis for recurrence-free survival (n=119)

Univariate Multivariate

Variable

HR p-value HR p-value
Age (>65 yr/<65 yr) 1.803 (0.791-4.114) 161 2.163 (0.905-5.171) .083
Sex (male/female) 1.672 (0.733-3.815) 222 -
Multiplicity (synchronous/solitary) 2.939 (1.294-6.674) .010 - 151
T category (T3, 4/T2) 2.993 (0.403-22.224) 284 =
N category (N1, 2/NO) 4.378 (1.623-11.805) .004 3.943 (1.457-10.670) .007
Vascular invasion (present/absent) 3.658 (1.440-9.294) .006 4.114 (1.527-11.081) .005
Lymphatic invasion (present/absent) 3.096 (1.365-7.025) .007 - 225
Perineural invasion (present/absent) 2.417 (0.952-6.136) .063 - -
Tumor location (including right colon/left colon only) 1.370 (0.509-3.690) 534 - -
Chemotherapy (treated/not-treated) 0.555 (0.130-2.369) 427 - -
Surgery (extensive/simple) 1.535 (0.456-5.169) 489 -
MSI (MSI-H/MSS, MSI-L) 0.045 (0.000-63.182) 401 = =
KRAS (mutant/wild type) 1.776 (0.768-4.105) A79 -

HR, hazard ratio; MSI, microsatellite instability; MSI-H, MSI-high; MSS, microsatellite-stable; MSI-L, MSI-low.

ple advanced tumors had worse survival than that of patients
with solitary CRC. We performed a subgroup analysis in order
to adjust for the effect of adjuvant chemotherapy, extensive sur-
gical procedure such as total colectomy or subtotal colectomy, or
T and N categories, and discovered that tumor multiplicity was
an independent prognostic factor for OS in multivariate analysis.
The reason why SCRC patients with multiple advanced tumors
pursue worse clinical outcome than patients with solitary CRC is
related to the fact that SCRC was associated with more frequent
nodal metastasis and metachronous metastasis.

In conclusion, we selected SCRC with all the individual tumors
of T2 or higher category and compared various characteristics
between SCRC and solitary CRC of similar T category—distri-
bution. We found that SCRC was featured with higher incidence
of nodal metastasis and metachronous metastasis and shortened

https://doi.org/10.4132/jptm.2018.10.02

OS time compared with solitary CRC. Based on the finding that
multiplicity of advanced T category—tumors was an independent
prognostic parameter heralding poor overall survival, the current
staging of SCRC with multiple advanced tumors according to the
tumor-node-metastasis guideline of AJCC that an index tumor of
advanced T category determines the T category of SCRC, is likely
to evaluate better than actual prognosis. More studies would be
needed to validate this finding and discover the underlying mech-

anism of it.
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Background: In the current American Joint Committee on Cancer staging system of breast cancer,
only tumor size determines T-category regardless of whether the tumor is single or multiple. This
study evaluated if tumor multiplicity has prognostic value and can be used to subclassify breast
cancer. Methods: We included 5,758 patients with invasive breast cancer who underwent surgery
at Samsung Medical Center, Seoul, Korea, from 1995 to 2012. Results: Patients were divided into
two groups according to multiplicity (single, n=4,744; multiple, n=1,014). Statistically significant
differences in lymph node involvement and lymphatic invasion were found between the two
groups (p<.001). Patients with multiple masses tended to have luminal A molecular subtype (p<
.001). On Kaplan-Meier survival analysis, patients with multiple masses had significantly poorer
disease-free survival (DFS) (p=.016). The prognostic significance of multiplicity was seen in patients
with anatomic staging group | and prognostic staging group IA (p=.019 and p=.032, respective-
ly). When targeting patients with T1-2 NO MO, hormone receptor—positive, and human epidermal
growth factor receptor 2 (HER2)-negative cancer, Kaplan-Meier survival analysis also revealed
significantly reduced DFS with multiple cancer (p=.031). The multivariate analysis indicated that
multiplicity was independently correlated with worse DFS (hazard ratio, 1.23; 95% confidence inter-
val, 1.03 to 1.47; p=.025). The results of this study indicate that tumor multiplicity is frequently found
in luminal A subtype, is associated with frequent lymph node metastasis, and is correlated with
worse DFS. Conclusions: Tumor multiplicity has prognostic value and could be used to subclassify
invasive breast cancer at early stages. Adjuvant chemotherapy would be necessary for multiple
masses of T1-2 NO M0, hormone-receptor-positive, and HER2-negative cancer.

Key Words: Breast neoplasms; Multiplicity; Disease-free survival; Prognosis; Molecular subtype

Several studies have been conducted on the multiplicity of
breast cancer over the past decades. Multiplicity in breast cancer
is a concept that includes multifocality and multicentricity. The
term multifocality is used when there are two or more invasive
tumors within the same breast quadrant, while the term multi-
centricity is used to denote the existence of tumors in different
quadrants.” The reported incidence of multiple breast cancers
ranges from less than 10% to 70%.”* Multiplicity in breast cancer
has been reported to correlate with a higher frequency of lympho-
vascular invasion and lymph node involvement.””"” However,
the clinical significance of multiplicity and its influence on prog-
nosis are controversial. Therefore, the current edition of the tumor,
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node, and metastasis (TNM) classification in breast cancer uses
only the dimension of the largest tumor focus when the tumor
demonstrates multiplicity. In light of this fact, the present research
analyzed, via a large retrospective study of breast cancer patients
uniformly treated at a single institution, the impact of multiple
breast cancers on disease-specific survival in relation to other clin-
icopathological factors.

MATERIALS AND METHODS

Study population

We identified 5,758 patients with invasive breast cancer who
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underwent conserving breast surgery or total mastectomy at
Samsung Medical Center in Seoul, Korea, from 1995 to 2012.
For inclusion in the study, patients needed to meet the following
criteria: no distant metastasis at the time of diagnosis, no neo-
adjuvant therapy prior to surgery, and a follow-up period longer
than 36 months. The mean age of the patients was 47 years (age
range, 21 to 86 years), and the median follow-up period was 64
months. This study was approved by the Institutional Review
Board (IRB) of Samsung Medical Center (IRB No. 2018-06-
098-001). Formal written informed consent was not required due
to a waiver by the appropriate IRB.

Clinicopathological evaluation

Clinicopathological information, including multiplicity, age,
tumor size, axillary nodal status, and histological grade, was
obtained from electronic medical records or surgical pathology
reports. According to the eighth edition of the American Joint
Committee on Cancer (AJCC) staging, a patient with multiple
breast cancer was defined if two or more separate masses were
grossly or microscopically identified in a resection specimen no
matter whether they were present in the same or different quad-
rants. In some cases, through assistance of careful gross exami-
nation and correlation with imaging findings, we can determine
multiple breast cancer. Pathological tumor stage was assessed
according to the eighth AJCC TNM classification.'® If an inva-
sive carcinoma has been transected by vacuum-assisted biopsy or
excisional biopsy, then the sizes in each fragment were not added
together, and correlation with the size on breast imaging was
helpful to determine the best size for classification. If there had
been a prior core needle biopsy or incisional biopsy showing a
larger area of invasion than in the excisional specimen, the largest
dimension of the invasive carcinoma in the prior specimen should
be used for T classification. Histological grade was evaluated
according to the Scarff-Bloom-Richardson classification modified
by Elston and Ellis.”° The expression status of estrogen receptors
(ER), progesterone receptors (PR), and human epidermal growth
factor receptor 2 (HER2) were evaluated by immunohistochem-
istry based on the surgical specimen. For ER and PR, only nuclear
(not cytoplasmic) staining was scored. A positive test was defined
as positive staining greater than or equal to 1% of tumor cells. A
negative test was defined as staining of less than 1% of tumor
cells. HER2 was scored as 0, 1+, 2+, or 3+. Only membrane
staining intensity and pattern were evaluated using the recom-
mendations of the American Society of Clinical Oncology/Col-
lege of American Pathologists."" A positive test was defined as
a staining score of 3+. Tumors with a 2+ score were submitted

https://doi.org/10.4132/jptm.2018.10.03

Prognostic Impact of Multiple Breast Cancer ¢ 397

for silver in situ hybridization. The tumor was considered posi-
tive for HER2 amplification if the HER2/chromosome 17 probe
signal ratio was greater than 2.0 and/or the average HER2 copy
number was greater than 6.0 signals per cell. Molecular subtypes
of breast cancer were classified into luminal A, luminal B1, luminal
B2, HER2, and triple-negative subtypes based on histological
grade and the results of ER, PR, and HER2 immunochemistry
as follows: luminal A (ER-positive and/or PR-positive, HER2-
negative, and low histological grade [grade 1 or 2]); luminal B1
(ER-positive and/or PR-positive, and HER 2-positive); luminal
B2 (ER-positive and/or PR-positive, HER2-negative, and high
histological grade [grade 3]), HER2-positive (ER-negative, PR-
negative, and HER2-positive); and triple-negative (ER-negative,
PR-negative, and HER 2-negative)."”

Statistical analysis

The primary outcome was disease-free survival (DFS), defined
as the time interval from the date of surgery to the date of first
recurrence, including local or distant. Survival curves were esti-
mated using the Kaplan-Meier method, and survival differences
wete analyzed by log-rank test. The clinicopathological variables
were analyzed in univariate and multivariate analyses of DFS
with Cox proportional hazards model. Statistical analysis was
performed using the R v3.5.1 (R Foundation for Statistical Com-
puting, Vienna, Austria).

RESULTS

Patient characteristics

Patients were divided into two groups according to multiplicity.
We found breast cancers involving a single mass in 4,744 cases
(82.4%) and breast cancers involving multiple masses in 1,014
cases (17.6%). Table 1 shows the results of the comparison be-
tween patients with a single mass and patients with multifocal or
multicentric masses.

Patients with multiple cancers were more likely to be young
and have undergone total mastectomy. Statistically significant
differences in lymph node positivity (single 38.0% vs multiple
47.3%, p<.001) and lymphatic invasion (single 24.7% vs mul-
tiple 32.6%, p <.001) were found between the two groups. In
addition, multiplicity was associated with non-high histological
grade (p<.001), ER positivity (p <.001), PR positivity (p<.001),
and HER2 negativity (p=.003) of tumor. Therefore, breast cancers
with multiple masses were more likely to have luminal A molec-
ular subtype and less likely to be triple-negative subtype com-
pated to those with a single mass (p <.001).
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Disease-free survival
DES was evaluated in patients with single breast mass and
multiple masses. Kaplan-Meier survival analysis indicated that

Table 1. Distribution of clinicopathological factors in single and
multiple breast cancers (n=5,758)

Single Multiple

Characteristic (n=4.744) (n=1,014) p-value
Age (yr) .001
<47 2,459 (51.8) 591 (58.3)
>47 2,285 (48.2) 423 (41.7)
Operation <.001
Partial 3,089 (65.1) 470 (46.4)
Total 1,655 (34.9) 544 (53.6)
Chemotherapy 115
Not done 1,113 (23.5) 214 (21.1)
Done 3,631 (76.5) 800 (78.9)
Hormonal therapy <.001
Not done 1,412 (29.8) 214 (21.1)
Done 3,332 (70.2) 800 (78.9)
Radiotherapy <.001
Not done 1,241 (26.2) 426 (42.0)
Done 3,503 (73.8) 588 (68.0)
pT 016
T1 2,720 (57.3) 618 (60.9)
T2 1,827 (38.5) 370 (36.5)
T3 197 (4.2) 26 (2.6)
Lymph node <.001
Negative 2,941 (62.0) 534 (62.7)
Positive 1,803 (38.0) 480 (47.3)
Anatomic stage group .064
Stage | 2,014 (42.5) 390 (38.5)
Stage Il 2,089 (44.0) 479 (47.2)
Stage Il 641 (13.5) 145 (14.3)
Lymphatic invasion <.001
Negative 3,572 (75.3) 683 (67.4)
Positive 1,172 (24.7) 331 (32.6)
Histology grade <.001
Grade 1, 2 3,089 (65.1) 737 (72.7)
Grade 3 1,655 (34.9) 277 (27.3)
ER status <.001
Negative 1,430 (30.1) 232 (22.9)
Positive 3,314 (69.9) 782 (77.1)
PR status <.001
Negative 1,789 (37.7) 278 (27.4)
Positive 2,955 (62.3) 736 (72.6)
HER?2 status .003
Negative 3,448 (72.7) 783 (77.2)
Positive 1,296 (27.3) 231 (22.8)
Molecular subtype <.001
Luminal A 2,228 (47.0) 580 (57.2)
Luminal B1 753 (15.9) 125 (12.3)
Luminal B2 410 (8.6) 94 (9.3
HER2 positive 543 (11.4) 106 (10.5)
Triple negative 810 (17.1) 109 (10.7)

Values are presented as number (%).

http://jpatholtm.org/

patients with multiple masses had significantly poorer DFS than
did those with a single mass (5-year rate, 88.2% vs 85.2%; p =
.016) (Fig. 1A). When patients were subclassified according to
T-category, Kaplan-Meier survival analysis in the T1 category
group revealed significantly worse DES for multiple breast cancer
(5-year rate, 91.3% vs 87.4%; p =.033) (Fig. 1B). There was no
significant prognostic difference in T2 and T3 category groups
(p=.093 and p =.619, respectively) (Fig. 1C, D). Using the ana-
tomic stage group table in the AJCC eighth edition for tumor
staging, breast cancer with multiplicity had poor prognosis in
stage I (5-year rate, 92.7% vs 90.3%; p =.019) (Fig. 2A). When
using the prognostic stage group table in the AJCC eighth edi-
tion, multiple breast masses were found to have significantly shorter
DES than single breast masses in stage group IA (5-year rate,
94.9% vs 88.7%; p = .032) (Fig. 2B). However, no significant
difference was found between single and multiple tumors in the
other stage groups (i.e., anatomic staging group II or III and
prognostic staging group IB, II, or III) (Fig. 2C).

Patients were divided into five molecular subtypes (i.e., luminal
A, B1, and B2; HER2-positive; and triple-negative). The prog-
nostic significance of multiplicity was only seen in patients with
luminal A and HER2-positive groups in terms of DES (5-year
rate, 92.8% vs. 88.6%; p =.013 and S-year rate, 86.9% vs 77.8%;
p =.003, respectively) (Fig. 3A, B). There was no significant
difference among the luminal B1 and B2 and triple-negative
subtypes (p=.937, p=.453, and p = 411, respectively) (Fig. 3C~
E). In addition, when targeting patients with T1-2 NO MO, hor-
mone-receptor-positive, and HER2-negative cancer, Kaplan-Meier
survival analysis revealed a significantly reduced DFS of multiple
breast cancer (5-year rate, 95.2% vs 88.6%; p =.031) (Fig. 4).

Univariate analysis using Cox proportional hazard model indi-
cated that high tumor stage (T3) (hazard ratio [HR], 2.44; 95%
confidence interval [CI], 1.84 to 3.23; p<.001), positive lymph
node metastasis (HR, 2.06; 95% CI, 1.8 to 2.36; p <.001),
high anatomic staging group (i.e., stage I1T) (HR, 3.47; 95% CI,
2.89 to 4.18; p <.001), positive lymphatic emboli (HR, 2.16;
95% CI, 1.88 to 2.49; p <.001), high histological grade (i.e.,
grade 3) (HR, 1.52; 95% CI, 1.33 to 1.74; p <.001), negative
ER status (HR, 1.23; 95% CI, 1.07 to 1.42; p <.001), positive
HER?2 status (HR, 1.21; 95% CI, 1.05 to 1.40; p = .004), and
the presence of multiplicity (HR, 1.24; 95% CI, 1.04 to 1.48;
p =.016) are significant variables associated with lower DFS
(Table 2).

These significant factors in the univariate model were included
in multivariate analysis, which demonstrated that tumor multi-
plicity correlated independently with worse DFS (adjusted HR,
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Fig. 1. The Kaplan-Meier curves for disease-free survival in patients with single and multiple masses according to T category. (A) Survival curve
of all patients. (B) Survival curve of the T1 category. (C) Survival curve of the T2 category. (D) Survival curve of the T3 category. A significant dif-

ference is observed in the T1 category.

1.23;95% CI, 1.05 to 1.47; p=.021). Other independent factors
were high tumor stage (T3) (adjusted HR, 1.81; 95% CI, 1.35
to 2.41; p<.001), positive lymph node metastasis (adjusted HR,
1.84;95% CI, 1.60 to 2.13; p<.001), and high histological grade
(i.e., grade 3) (adjusted HR, 1.33; 95% CI, 1.14 to 1.55; p<
.001) (Table 3).

DISCUSSION

In the present study, the 17.6% incidence of surgically re-
moved breast cancer with multiplicity is in line with prior data
series.”'*** In previous studies, the incidence of multiple
breast cancer had a wide range due to different definitions and
inclusion criteria for multiple masses. Here, we used the term
multiplicity if the cancer showed either multicentricity or multi-

https://doi.org/10.4132/jptm.2018.10.03

focality. Many researchers have studied the characteristics of mul-
ticentric or multifocal breast cancer. In the literature, lymphovas-
cular invasion and axillary nodal involvement were more frequent
in multicentric or multifocal breast cancers.””"* The higher fre-
quency of lymph node metastases could be due to the greater vol-
ume and surface area of multiple breast cancer or different biologi-
cal behavior.® In agreement with reported series, patients in this
study with multiple masses had a higher incidence of lymph node
involvement than patients with single mass. In addition, mul-
tiplicity was associated with frequent lymphovascular invasion.
Theoretically, as breast cancers with multiplicity are more likely
to have lymph node involvement and lymphovascular invasion, it
could be inferred that prognosis would be worse than that of sin-
gle mass breast cancers. Of course, many researchers have studied
multiplicity as a prognostic factor in breast cancer. However,
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the biological and clinical significances of multiplicity are still and found multicentric/multifocal tumors to be associated with
debated > 121420212426 Y agros or 4] studied 284 patients worse breast cancer—specific survival. Additionally, Neri ez 2/.”
with early-stage breast cancer and found that locoregional recur- reported on 191 cases of breast cancer and found multifocal/mul-
rence, distant metastasis, and disease-specific survival and DFS ticentric breast cancer to be related to significantly worse progno-
were not different between multicentric versus unicentric tumors. sis with breast cancer—specific survival.

On the other hand, Yerushalmi ¢ /. analyzed 1,554 patients The results of our study suggest that multicentric and multi-
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Fig. 4. The Kaplan-Meier survival curves for disease-free survival in
patients with T1-2 NO MO, hormone receptor-positive, and human
epidermal growth factor receptor 2 (HER2)-negative cancer. Com-
parison between patients with single mass and multiple masses.

focal breast cancers may have different biological behaviors. Mul-
tiple masses were more likely to have non-high histology grade,
ER positivity, PR positivity, and HER2 negativity compared
with single mass cases. Interestingly, we found that breast cancers
with multiplicity were associated with luminal A molecular
subtype and non-high histology grade, which are known to have
good prognosis. Additionally, multiple breast masses of the lumi-
nal A group were found to have a significantly shorter DFS than
single breast masses in Kaplan-Meier survival analysis (p=.013).
As with luminal A, multiplicity had prognostic significance in the
HER2-positive group. According to our results, close observation
during follow-up is needed, especially in patients of the luminal
A and HER2-positive groups with multiple breast cancer. There
have been conflicting reports about hormonal receptor status.””
As in our study, Moon ¢ «/.”’ identified frequent ER positivity
and HER2 negativity of multiple breast cancers in a series of
2,882 patients. Conversely, however, Neri ez al.”* reviewed 1,158
patients and found an association between multiplicity and ER-
negative and HER2-positive status. On the other hand, Moon
et al.”’ reported that the difference in overall survival was signif-
icant only in patients with the triple-negative subtype.

Our results show that breast cancer with multiplicity has a
negative effect on DFS, especially in early-stage cancer. The re-
sults of multivariate analysis confirmed the independent prog-
nostic value of multiplicity, and Kaplan-Meier survival curve
showed significantly reduced DFS for patients with multiple
masses in the T1 stage group (p=.033). The AJCC eighth edition
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Table 2. Univariate Cox proportional hazards ratio analysis

Hazard ratio 95% Cl p-value

Multiplicity

Single 1

Multiple 124 1.04-1.48 016
Age (y)

=47 1

<47 1.08 0.94-1.24 .258
pT

T 1

T2 1.57 1.37-1.81 <.001

T3 2.44 1.84-3.23 <.001
Lymph node

Negative 1

Positive 2.06 1.80-2.36 <.001
Anatomic stage

Stage | 1

Stage Il 1.65 1.40-1.95 <.001

Stage Il 3.47 2.89-4.18 <.001
Lymphatic invasion

Negative 1

Positive 2.16 1.88-2.49 <.001
Histology grade

Grade 1, 2 1

Grade 3 1.52 1.33-1.74 <.001
ER status

Positive 1

Negative 1.23 1.07-1.42 .004
HER?2 status

Negative 1

Positive 1.21 1.05-1.40 .009
Molecular Subtype

Luminal A 1

Luminal B1 1.8 1.49-2.18 <.001

Luminal B2 217 1.73-2.71 <.001

HER?2 positive 1.37 1.09-1.73 .007

Triple negative 1.83 1.561-2.23 <.001

Cl, confidence interval; ER, estrogen receptor; HER2, human epidermal
growth factor receptor 2.

presents the Prognostic Stage Group table in addition to the
anatomic stage group table using the T, N, and M categories. The
Prognostic Stage Group table includes the anatomical T, N,
and M categories; tumor grade; and the status of ER, PR, and
HER?2 biomarkers. The prognostic significance of multiplicity in
terms of DFS was only seen in patients with anatomic staging
group I and prognostic staging group IA by Kaplan-Meier sut-
vival analysis (p =.019 and p =.032, respectively). Therefore, the
negative prognostic impact of multiplicity could be considered
for subclassification in at least early breast cancer patients.

The Oncotype Dx genomic test is now performed for consid-
eration of adjuvant chemotherapy in patients with T1-2 NO
MO, hormone receptor—positive, and HER 2-negative cancer.”
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Table 3. Multivariate Cox proportional hazards ratio analysis

Hazard ratio 95% Cl p-value

Multiplicity

Single 1

Multiple 1.23 1.05-1.47 021
pT

T 1

T2 1.27 1.09-1.47 .002

T3 1.81 1.35-2.41 <.001
Lymph node

Negative 1

Positive 1.84 1.60-2.13 <.001
Histology grade

Grade 1, 2 1

Grade 3 1.33 1.14-1.55 <.001
ER status

Positive 1

Negative 1.09 0.93-1.28 255
HER2 status

Negative 1

Positive 1.1 0.95-1.28 206

Cl, confidence interval; ER, estrogen receptor; HER2, human epidermal
growth factor receptor 2.

In this patient population in our study, multiple breast masses
were found to have a significantly shorter DFS than single breast
mass (p=.031). Based on the difference of prognosis, adjuvant
chemotherapy would be necessary for multiple breast masses
even without the Oncotype Dx test.

Our study has several limitations. First, this retrospective study
had a relatively short-term follow-up period (median duration,
64 months). Second, molecular subtype was evaluated only us-
ing the largest among multiple masses. Because intertumoral
heterogeneity could be a factor affecting survival, a further study
should be conducted to investigate the relationship between in-
tertumoral heterogeneity and survival in multiple breast cancer.
Finally, patients with neoadjuvant therapy were not included.
Therefore, the evaluation of advanced stage breast cancer was
relatively limited.

In conclusion, the results of this study indicate that tumor
multiplicity is frequently found in luminal A breast cancer, is
associated with frequent lymph node metastasis, and is correlat-
ed with worse DFS. Tumor multiplicity has prognostic value
and could be used to subclassify invasive breast cancer in the
early stage. Adjuvant chemotherapy would be necessary for
multiple breast masses of the T1-2 NO MO, hormone-receptor-
positive, and HER2-negative cancer groups.
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Background: Fine-needle aspiration cytology serves as a safe, economical tool in evaluating thy-
roid nodules. However, about 30% of the samples are categorized as indeterminate. Hence,
many immunocytochemistry markers have been studied, but there has not been a single out-
standing marker. We studied the efficacy of CD56 with human bone marrow endothelial cell
marker-1 (HBME-1) in diagnosis in the Bethesda System for Reporting Thyroid Cytopathology
(TBSRTC) category lll. Methods: We reviewed ThinPrep liquid-based cytology (LBC) samples
with Papanicolaou stain from July 1 to December 31, 2016 (2,195 cases) and selected TBSRTC
category Il cases (n=363). Twenty-six cases were histologically confirmed as benign (six cases,
23%) or malignant (20 cases, 77%); we stained 26 LBC slides with HBME-1 and CD56 through
the cell transfer method. For evaluation of reactivity of immunocytochemistry, we chose atypical
follicular cell clusters. Results: CD56 was not reactive in 18 of 20 cases (90%) of malignant nod-
ules and showed cytoplasmic positivity in five of six cases (83%) of benign nodules. CD56 showed
high sensitivity (90.0%) and relatively low specificity (83.3%) in detecting malignancy (p=.004).
HBME-1 was reactive in 17 of 20 cases (85%) of malignant nodules and was not reactive in five of
six cases (83%) of benign nodules. HBME-1 showed slightly lower sensitivity (85.0%) than CD56.
The specificity in detecting malignancy by HBME-1 was similar to that of CD56 (83.3%, p=.008).
CD56 and HBME-1 tests combined showed lower sensitivity (75.0% vs 90%) and higher specifici-
ty (93.8% vs 83.3%) in detecting malignancy compared to using CD56 alone. Conclusions: Using
CD56 alone showed relatively low specificity despite high sensitivity for detecting malignancy.
Combining CD56 with HBME-1 could increase the specificity. Thus, we suggest that CD56 could
be a useful preoperative marker for differential diagnosis of TBSRTC category Ill samples.

Key Words: Biopsy, fine-needle; Thyroid fine-needle aspiration; Immunohistochemical staining;
CD56; HBME-1

Thyroid nodules, composed of non-neoplastic and neoplastic
lesions, are found in the general population at a rate of about
5%." In Korea, as of 2011, the diagnosis of thyroid carcinoma
has increased as much as 15 times compared to 1993.> One of
the reasons for this increase is thought to be from development
of the fine-needle aspiration cytology (FNAC) technique, which
is fast and accurate. FNAC plays a crucial role in treating thyroid
carcinoma, such as in predicting a malignant nodule or in helping
physicians make reasonable choices between surgery and safe
follow-up treatment.’ For all the benefits of FINAC, the cytopa-
thology reports are often either ambiguous or difficult to interpret.
The words “atypical,” “indeterminate,” or “cannot be excluded”
may cause confusion in patient management and diagnosis.* The
Bethesda System for Reporting Thyroid Cytopathology (TB-
SRTC) was developed to report FNA and to provide a unified
terminology and diagnostic criteria for associating these cyto-
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logical diagnoses with clinical management.”®

Papillary thyroid carcinoma (PTC) is the most common malig-
nant lesion representing 70%—-85% of all thyroid cancer and is
usually diagnosed by its morphologic features such as papillary
structures, ground glass nuclei, nuclear grooves, and nuclear inclu-
sions.” " But, when a sample has a small amount of follicular
cells, it is too difficult to make a correct diagnosis."™"” Hence,
many studies have advocated the use of immunocytochemistry
markers and ancillary techniques that use a molecular panel in
the purifying process.”** Many types of single or multiple panels
of immunohistochemical markers were studied to determine the
optimal marker of malignancy; human bone marrow endothelial
cell marker-1 (HBME-1), galectine-3, and cytokeratin-19 were
shown to have high diagnostic accuracy.**** We studied the appli-
cation of CD56 immunocytochemistry with liquid-based cytology
(LBC) for samples that had been diagnosed as TBSRTC category
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III. Additionally, we evaluated the efficacy of the marker CD56
with HBME-1.

MATERIALS AND METHODS

Patients and samples

We conducted a prospective study from July 2016 to Decem-
ber 2016 and archived 2,195 Papanicolaou (Pap)-stained slides
retrieved from the pathology department. Each author had access
to the patient profiles. The thyroid nodules were examined initially
by ultrasonography; the size varied from 4 to 25 mm. Cytologic
cases of the baseline period were classified according to the TB-
SRTC classification. The cytology results were distributed accord-
ingly: TBSRTC1, 8.3%; TBSRTC I, 28%; TBSRTC III, 16.5%;
TBSRTC1IV, 1%; TBSRTCYV, 12.5%; and TBSRTC VI, 33.7%.
The aim of our study was to evaluate the diagnostic value of
CD56 in indeterminate cytology cases. All cases that belonged
to TBSRTC category III (n = 363) were studied. All cases were
handled through the LBC method and with the help of a Thin-
Prep 5000 processor (Hologic Co., Marlborough, MA, USA).
The LBC slides were fixed using methanol and later stained
with Pap. Leftover materials were stored using PreservCyt for
possible future studies, including immunocytochemistry.
Twenty-six cases were histologically confirmed as either benign
(6 cases, 23%) or malignant (20 cases, 77%); we stained 26
LBC slides with HBME-1 and CD56 through the cell transfer
method.

Cell transfer and immunocytochemistry

The Pap-stained slide of FNAC and the area of the smeared
atypical cell were marked by a pathologist. Atypical clusters
could be selected for staining from each LBC slide by the cell
transfer method. The previously described cell delivery tech-
nique was performed at the marked spot on the slide.””* The
cover slip was separated from the Pap-stained smear slide, over-
laid with Malinol (Muto Chemical, Tokyo, Japan), and heated
overnight at 70°C-80°C. They were then incubated for 1 hour
in a warm container at 50°C-60°C to lighten the Malinol
films. We stripped the Malinol film containing the cells from the
slide and cut the marked spots covered in the Malinol film into
pieces concordant to the evident spot from the primary slide.
The Malinol film was moved to another glass slide, incubated at
70°C for about 2 hours, and removed using xylene.””™

Immunocytochemistry uses the following immune staining
markers: HBME-1 (1:100, Dako, Glustrup, Denmark) and
CD56 (1:100, Ventana, Tucson, AZ, USA). Positive immuno-
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histochemical staining showed moderate or more cytoplasmic
positivity for at least 30% of epithelial-follicular cells in all cyto-
logical cases. Histological diagnosis and a 30% immunocyto-
chemistry cutoff were applied to reduce false-positive or false-
negative outcomes.”*”’

We did not distinguish between moderately positive or strongly
positive in levels of immunostaining, and designated both
moderate positive and strongly positive as benign in whole. While
CD506 stained the cytoplasm, HBME-1 stained the cytoplasm
and membrane. We identified mesothelial cells as the positive
control with HBME-1 and histiocytes/macrophages for CD56
positive control. We identified lymphocytes as the negative
control. We compared with paraffin blocks for immunohisto-
chemistry. Immunohistochemistry analysis did not reveal cell-
to-tissue mismatch yields; both cytology and specific histologic
samples were coincident. We used buffered formaldehyde to fix
the surgical samples. The paraffin blocks were cut into 5-pm-thick
sections and stained with hematoxylin-eosin. All fibroadipose
tissues that were adjacent to the thyroid were extensively searched
to find lymph nodes.

We sought true papillary structure with nuclear characteristics
to detect PTC and diagnosed follicular variant papillary thyroid
carcinoma (FVPTC) when there were characteristics matching
PTC in multiple sites.

Statistical analysis

The statistical data were analyzed using SPSS software ver.
23.0 (IBM Corp., Armonk, NY, USA) and Fisher exact test; p-
values less than .05 were acknowledged as statistically significant.

All procedures performed in the current study were approved
by institutional review board (IRB) in Gangnam Severance
Hospital (local IRB number: 3-2018-0096, May 21, 2018) in
accordance with the 1964 Helsinki declaration and its later
amendments. Formal written informed consent was not required
with a waiver by the appropriate IRB.

RESULTS

As emphasized earlier in the materials and methods section,
during our study period from July 2016 to December 2016, we
analyzed 2,195 samples from thyroid FNAC and selected 363
samples of TBSRTC category III using an immunocytochemistry
panel composed of HBME-1 and CD56 (Fig. 1). Among 353
cases of indeterminate thyroid nodules with category III, 26
patients who had been surgically treated were selected. Three
male and 23 female patients were included; the median age was
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FNAC of thyroid nodules (n=2195)

Not included (cases signed out without
“category Ill” (n=1,832)

Not included (cases without surgery)
(n=337)

Study population with diagnosis “category llI” and surgery (n=26)

Study population with ICC for CD56 (n=26)

30% cut off

.

Positive (n=7)

.

Nagative (n=19)

Fig. 1. Flow diagram of the study population. FNAC, fine-needle aspiration cytology; ICC, immunocytochemistry.

50 years. The surgically acquired category III samples were his-
tologically confirmed as 10 non-malignant nodules and five ade-
nomatous hyperplasia. Twenty nodules were malignant and 10
were conventional type PTC. Five cases were FVPTC. One case
was diffuse sclerosing variant papillary thyroid carcinoma. Fig. 2
depicts the characteristics of the patients and their clinical and
pathological features. We considered all FVPTC as infiltrative
FVPTC.

Table 1 shows how immunostaining is expressed in two cate-
gories. In 18 of 20 cases (90%), the malignant nodules were com-
pletely negative to CD56 (Fig. 3A, B), and two cases of FVPTC
showed focal weak positivity (5%). In contrast, five of six cases of
benign nodules (83%) stained with CD56 showed cytoplasmic
and membranous positivity (Fig. 4A, B). The sensitivity was 90%
and specificity was 83.3% with diagnostic accuracy of 88.4%. The
CD36 results were statistically meaningful (p =.004). HBME-1
was positive in 17 of 20 cases with 85% sensitivity and 83.3%
specificity and diagnostic accuracy of 84% (p = .008). HBME-1
showed slightly lower sensitivity (85.0%) than that of CD56.
The specificity in detecting malignancy by HBME-1 was simi-
lar to that of CD56 (83.3%, p = .008).

We analyzed the outcome using both CD56 and HBME-1
(Table 2). Combined CD56 and HBME-1 tests showed lower

http://jpatholtm.org/

Fig. 2. A thyroid lesion diagnosed as category Il on liquid-based
cytology (Papanicolaou, x400).

Table 1. CD56 and HBME-1 staining scores in the six benign nod-
ules and 20 malignant nodules with histological follow-up

CD56 HBME-1
Positive Negative Positive Negative
Benign (n=6) 5(83) 1(17) 1(17) 5(83)
Malignant (n=20) 2(10) 18 (90) 17 (85) 3(15)

Values are presented as number (%).
HBME-1, human bone marrow endothelial cell marker-1.
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of

Fd

Fig. 3. (A) CD56 negativity in the case in Fig. 1 (avidin-biotin-peroxidase complex, x 400). (B) Negative CD56 expression on the histochemi-

cal sample for the same case (avidin-biotin-peroxidase complex, x 400).

Fig. 4. (A) Cytoplasm-membranous CD56 positivity in a thyroid lesion diagnosed as category Il on liquid-based cytology but diagnosed as
benign goiter on the histological sample (avidin-biotin-peroxidase complex, x 400). (B) Diffuse cytoplasmic and membranous CD56 positivity
on the histological sample for the same case (avidin-biotin-peroxidase complex, x 400).

Table 2. Descriptive statistics for each immunocytochemical marker
in the cytohistological series

e . . Diagnostic 3 g
Sensitivity - Specificity aceuracy OR(95% Cl)  p-value
CD56 90.0 83.3 88.4 45,0 (3.3-604)  .004
HBME-1  95.0 83.3 84.6 28.3(2.3-336)  .008

A p-value less than .05 is considered significant.
OR, odds ratio; Cl, confidence interval; HBME-1, human bone marrow en-
dothelial cell marker-1.

sensitivity (75.0% vs 90%) and higher specificity (93.8% vs
83.3%) in detecting malignancy compared to using CD56 alone
(Table 3). Also the diagnostic accuracy was 90.0% in detecting
malignancy when compared to using CD 56 or HBME-1 alone.

DISCUSSION

As we predicted, CD56 showed high sensitivity (90%) and

https://doi.org/10.4132/jptm.2018.09.20

relatively high diagnostic accuracy in diagnoses in category III
thyroid cytology. Therefore, we believe CD56 is a very effective
screening marker. CD56 has been recognized as an effective
marker in previous studies as well. Many studies showed that
CD56 is less prominent in PTC samples. In our study, we showed
that CD36 is a useful marker in thyroid cytology, which differs
from previous studies in which CD56 was used in thyroid tissue
samples.

Recent studies have examined the efficacy of CD56 immunos-
taining and the role of CD56 when used as a panel for HBME-1
immunostaining and for determination of thyroid FNAC posi-
tivity and malignancy.”*?

Samples showing fewer papillary structures, pseudo-inclusion
in the nucleus, focal nuclear pleomorphism, and atypia can be
confusing and might lead to a diagnostic dilemma. Any mor-
phological similarity between benign lesions and PTC may be

http://jpatholtm.org/
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Table 3. Staining with a double immunocytochemistry combination
of CD56 and HBME-1

CD56/HBME-1 (n=20)
CD567/HBME-1+ CD56"/HBME-1-
Benign 1(5) 3(15)
Malignant 15 (75) 1(5)

Values are presented as number (%).
HBME-1, human bone marrow endothelial cell marker-1.

the cause of misdiagnosis between FNAC and histological surgical
specimens. For example, when Hashimoto’s thyroiditis has nuclear
atypia, empty chromatin, or nuclear groove, this can be confusing
and might result in misdiagnosis.*®

The relatively low specificity of FNAC can be further improved
by applying an ancillary technique (e.g., immunocytochemistry
and molecular marker). For this reason, effective dye markers
(HBME-1, galatin-3) are attracting attention.”’

HBME-1 displayed high sensitivity and high specificity in
detecting PTC in many cases.”* Additional reports suggest that
mixed panels of immunostaining markers would provide more
accurate diagnoses, 02022263336

Many studies were aimed at finding a sole maker for identifying
malignancy accurately. CD56 was one of the most preferred
markers for thyroid epithelial neoplasm in an immunohistochem-
istry panel.zl'%’57 While the exact mechanism is not well known,
CD56 is noted in multiple sites (e.g., neuron, mesenchymal tissue,
and endocrine cells).” Some studies correlated different CD356
expression with tumor cell migrations.” In previous studies of
thyroid histological samples, CD56 was seen as a promising im-
munostaining marker expressed in most normal thyroid tissues
including goiter, Grave disease, and Hashimoto thyroiditis. CD56
showed a negative staining pattern in PTC tissues including vari-
ants of PTC.”*** Indeed, in one study, the low expression
of CD56 in PTC was shown to be highly specific in both single-use
and dyed panel applications.”**

Although the data of El Demellawy et 2/." showed that
CD56 was expressed in all benign lesions, our study showed
slightly less (83%) positive expression of CD36 in benign lesions.
Interestingly, all but one malignant lesion showed negative CD56
expression. We also compared CD56 with HBME-1 because
HBME-1 is a preferred marker in building an immunocytochem-
istry panel, which could improve diagnostic accuracy. Our study
is the first we know of that reveals the diagnostic usefulness of
CD56 immunostaining for Bethesda’s category III samples using
thyroid cytology.

CD56 is usually studied in formalin-fixed and paraffin-embed-
ded material®***** We demonstrated the usefulness of immu-

http://jpatholtm.org/

nodiffusion with cells that are thought of as atypical when using
the cell transfer method. The positive features of FNAC are cost
effectiveness, time saving, and practicality; also, the test is not
invasive.” An ancillary technique such as immunocytochemistry
or molecular testing can add cost but can also save money in the
end by avoiding unnecessary thyroidectomy or lifelong drug
treatment.

One limitation of our study was the relatively small sample
size. Further study conducted with a larger number of samples
should bring about more definitive conclusions.

Instead of using the well-known cell-block technique, we im-
munostained LBC for two reasons. First, LBC showed reliable
results in immunostaining. Second, fixation can cause the cell-
block to show false positive or false-negative, a problem we did
not encounter while using LBC immunostaining.”**

Our preliminary results show that CD56 is likely to be a very
effective and reliable marker for ruling out PTC. We also sug-
gest that CD56 be used in FNA when it is difficult to confirm the
diagnosis using HBME-1 alone. Also, its efficacy can be enhanced
through combination with other immunostaining markers.
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Pleomorphic adenoma (PA) is the most common benign salivary
gland tumor, accounting for 54%-76% of all salivary neoplasia.
The parotid gland is the most common site of PA.! Approximately
8% of PA involve the minor salivary glands, whereas the palate is
the most common site, accounting for 60%—65% of cases. Such
tumors have been referred to by a great variety of names over the
years (e.g., mixed tumors, enclavoma, branchioma, endothelioma,
and enchondroma). The term “pleomorphic adenoma” suggested
by Willis closely characterizes the unusual and varied histologic
pattern of the lesion. PA demonstrates consistent cytogenetic
abnormalities, chiefly involving the chromosome region 12q13-
15. The putative PA gene is PLAG 1 and has been mapped to
chromosome 8q 12. Being pleomorphic, it exhibits the ability to
differentiate into epithelial (ductal and nonductal) cells and mes-
enchyme-like tissue (chondroid, myxoid and osseous).” Thus, it is
composed of a mixture of glandular epithelium and myoepithe-
lial cells within a mesenchyme-like tissue, and the proportion of
each component varies widely among individual tumors.' The
histomorphological variations are so extensive that in an incisional
biopsy specimen, diagnosis can be challenging. The variations
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Pleomorphic adenoma (PA) is the most common benign salivary gland tumor. Histologically,
squamous metaplasia has been reported in PA, but has rarely been documented as being exten-
sive enough to cause significant misdiagnosis. Here, we present an unusual case of PA in a 50-year-
old female patient presenting with swelling on the postero-lateral aspect of the palate for a week.
Histopathologically, the tumor exhibited the features of conventional PA with extensive squamous
metaplasia and giant keratotic lamellae in cyst-like areas. Such exuberant squamous metaplasia
and keratin can be a diagnostic and prognostic pitfall and lead to overtreatment of the patient.

Key Words: Squamous metaplasia; Pleomorphic adenoma; Pathology

in epithelial and mesenchyme-like components with or without
dysplasia add to this dilemma. The present case-study dealt with
a massive PA of the palate with a misleading history of a week
and an extensive squamous metaplasia with giant keratotic lamel-
lae in cyst-like areas. This extensive squamous metaplasia and
keratin brought this tumor’s diagnosis close to intracapsular (in
situ) PA, muco-epidermoid carcinoma, adenoid or adeno-squa-
mous cell carcinoma, conventional squamous cell carcinoma
(SCC), carcinoma ex PA, and necrotizing sialometaplasia. The
patient granted consent and institutional ethical clearance was
given for this case report (ITSCDSR/L/2018/086).

CASE REPORT

A 50-year-old female patient reported with a chief complaint
of swelling on the right postero-lateral aspect of the palate for the
past 1 week. Intraorally, a swelling associated with central ulcer-
ation and a fibrino-purulent membrane covering was present on
the right side of the hard palate, with an approximate size of 5.0
x5.0%1.5 cm’ (Fig. 1). The swelling was firm in consistency,

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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non-tender, slightly movable and had an erythematous oedema-
tous periphery. There were no associated palpable lymph nodes.
Further investigations were carried out, including hematolog-
ical examination, computed tomography, aspiration cytology and
biopsy. Hematological examination included complete blood
count, prothrombin time, erythrocyte sedimentation rate, and
routine blood sugar without any significant alarming result.
Aspiration of the swelling did not yield much and was not helpful
for evaluating the diagnosis. A subsequent cone beam computed
tomography (CBCT) scan captured coronal sectional images
revealing a well-defined dome-shaped soft tissue shadow mea-
suring 2.19x2.42 cm’, extending between the palatal aspect of
17 and 18, and mid-line of the palate medio-laterally. There was

no evidence of bone resorption. The three dimensional image
revealed an ill-defined posterior-most extent of this soft tissue
swelling up to the oropharynx. No radiographic signs of malig-
nancy such as invasive borders, irregular cortical boundary and
aggressive bone destruction, root resorption, tooth displacement
or periosteal reaction were evident (Fig. 2).

Wide local excision was conducted and the specimen was
removed in toto in an uneventful surgery. Grossly, the tumor
appeared well-encapsulated (Fig. 1), grayish-white, firm in con-
sistency, smooth in texture and measured 2.6X2.9x 1.7 cm’. A
provisional diagnosis of lymphadenopathy and palatal minor
salivary gland tumor were made.

Hematoxylin and eosin—stained sections revealed a well-delin-

Fig. 1. (A) Swelling associated with central ulceration covered by a fibrino-purulent membrane and surrounded by palatal erythema can be
seen on the right distal side of the hard palate, laterally. (B) A well-encapsulated tumor removed in toto from the palate.

Fig. 2. (A) Reconstructed panoramic image shows the polyp at the level of the mid right maxillary sinus. (B) Axial section shows inflamed sinus
lining involving the right maxillary sinus. (C) Cone beam computed tomography (CBCT) mid-coronal section of the right maxillary third molar
(18) showing the soft tissue shadow palatally. (D) Two-three dimensional CBCT image showing the antero-posterior extent of the swelling.
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eated but partly encapsulated tumor mass flanked with abun-
dant adipocytes. Under low magnification, the central pathology
consisted of variably shaped, abundant ducts and massive squa-
mous epithelium-lined cysts with extensive keratin in a myxoid
and hyalinized stroma (Fig. 3). Under higher magnification, a
classical bilayered ductal pattern with luminal cuboidal cells and
variably-shaped, abluminal, myoepithelial cells was ascertained.
The myoepithelial cell layers varied from a single layer to collar
to an extensive collection, imparting the appearance of a swarm
of bees. The other important feature of the lesion was florid squa-
mous cells (50% of the tumor) arranged in nests, islands or in
sheets with or without extensive cystic cavities containing mas-
sive keratotic lamellae and/or areas of degeneration. The cystic
cavities were lined by 4-5 compressed layers of hyperchromatic,
stratified squamous epithelium with hypergranulosis and sparse
mitotic figures in the outer cells, but no evidence of atypia. The
lining epithelium showed bud-shaped projections in the stromal
tissue away from the cystic cavities (Fig. 3).

The stroma also revealed histogenetic diversity with extensive
myxoid, fibrous to hyalinized areas with evidence of dystrophic

Squamous Metaplasiain PA e 413

calcification. The features were clearly suggestive of PA with florid
squamous metaplasia and keratin-filled cysts. Post-operative healing
of the patient was uneventful without any recurrence till 1.5
years after excision.

The presence of an extensive squamous component with keratin
lamellae in the tumor background with ducts and variably
shaped epithelial cells dispersed in a myxoid and hyalinized back-
ground created a multitude of differential diagnoses. The absence
of frank mucous and intermediate cells as well as extensive mucin
pooling helped distinguish from mucoepidermoid carcinoma.
Conventional SCC was considered, as it may invade or entrap non-
tumorous salivary glands, but was ultimately ruled out due to
the presence of extensive morphological, epithelial and stromal
diversity with no evidence of dysplasia. Adenoid SCC and adeno-
squamous cell carcinoma owing to the presence of squamous
and glandular components were also considered as differentials,
although the former malignancy does not show any true glands/
ducts or intracytoplasmic mucins. The latter and other malignan-
cies such as in-situ (intracapsular) PA and carcinoma ex-PA were
ruled out for several reasons. First, the received tissue was in toto

Fig. 3. (A) The periphery of the tumor with classical features of pleomorphic adenoma having abundant ducts dispersed in a myxoid and hy-
alinized background with multiple keratin-filled cystic areas. (B) Multitude of features, including variably shaped epithelial cells, ducts, and
squames. Keratin-filled cysts dispersed in the myxoid stroma. (C) Abundant myoepithelial cells around the ducts giving the appearance of a
swarm of bees. (D) Massive epithelial lined cysts with keratotic lamellae and the lining budding into the stroma.
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and thoroughly examined for evidence of any atypical changes.
Second, there was an absence of cellular and nuclear atypia, necro-
sis, capsular invasion, an aggressive growth pattern and nerve/sur-
rounding tissue permeation.

Clinically, because the tumor was located on the palate with a
short history of presentation, a diagnosis of necrotizing sialometa-
plasia or chronic sialadenitis was also considered, but ultimately
ruled out due to the absence of necrosis and presence of rich mor-
phological diversity consistent with the diagnosis of PA.

Another important feature of note in the present case was
squamous metaplasia, which could have been the result of the
fine needle aspiration cytology (FNAC) conducted prior to exci-
sion of the lesion. However, the exuberant amount of squamous
metaplasia evident in the lesion did not appear to be correlated
with a needle-induced change.

DISCUSSION

The present case is a classical case of PA without cytological
atypia, but demonstrating extensive squamous metaplasia, which
can be of serious concern. Squamous metaplasia is an incidental
microscopic finding in various benign and malignant (de-nowo or
induced) tumors in humans or animal models. The origin is un-
known and has been associated erratically with the intra-tumoral/
tissue environment, like trauma, infarction/ischemia and repair
following infarction.” Squamous metaplasia has been experimen-
tally induced by arterial ligation in rat salivary glands by Dardick
¢t al.," and appears to have formed via the gradual dedifferentia-
tion and hyperplasia of the acinar-intercalated duct system. Tono-
filaments and desmosomes begin to appear in the luminal and
abluminal myoepithelial cells, and thus keratinization of central
cells materializes." The varying degree of squamous metaplasia
could be a consequence of the rapidity and ease of switch in the
genetic programming of cytokeratin filaments induced by isch-
emia in the salivary glands, and so the most probable etiology
for this change appears to be ischemia.” FNAC for diagnostic
purposes has been shown to induce the same in tumors during
histopathological evaluation.” FNAC was conducted in our case,
but there was no evidence of necrosis/repair in the sections, and
the amount of squamous metaplasia appeared to be correlated
with the extent of injury induced by ischemia.

Foci of squamous cells are an integral feature of PA, but exten-
sive squamous metaplasia is uncommon and can be easily mis-
interpreted as SCC, especially in FNAC and incisional biopsies
due to the limited and selective sampling. In addition, diagnosis
becomes challenging in the absence of chondro-myxoid stroma,

http://jpatholtm.org/

making it imperative to understand this diagnostic pitfall.’

The presence of squamous metaplasia is also a prognostic pitfall,
as its transition into SCC has been further emphasized by Takeg-
awa ¢ /.’ in the submandibular glands of rats by the application
of potassium iodide. Takegawa ef a/.” observed the development of
squamous metaplasia in proliferative ductules and interlobular
ducts that apparently transited to SCC, and emphasized that this
occurred via a non-genotoxic, proliferation-dependent mechanism.”

To summarize, similar case reports have been provided by var-
ious authors with or without application of immunohistochem-
istry (IHC) markers. One case described a 32-year-old patient
with 45% of the tumor consisting of squamous cells, wherein THC
helped distinguish the squamous metaplastic cells from SCC.*
The presence of low molecular weight cytokeratin and p63 in
squamous cells helps rule out SCC or even reactive squamous
hyperplasia in such PA cases.” Multiple IHC markers are used to
ascertain differences between glandular cells or metaplastically-
formed squamous cells. Although no conclusive differences have
been established using cytokeratin or even MIB-1° (a prolifera-

tive marker), Ki-67 as used by Goulart ¢t 2/."

had a higher pro-
liferative index in the epithelial lining of a large keratin cyst.

Diagnosis of PA requites physical examination, CBCT, cytology
and histopathology. FNAC and incisional biopsy can help deter-
mine the proper management regimen, but must be thoroughly
sampled to rule out any misdiagnosis, especially in cases of mis-
leading short histories like our present case. Other supportive
investigations like computed tomography scanning and magnetic
resonance imaging can provide information on the location and
size of the tumor and its extension into surrounding superficial
and deep structures.

The treatment for PA is surgical excision, and although radio-
therapy is not indicated, correct diagnosis is essential to avoid
overtreatment.” The present case, to the best of our knowledge,
is among the first 20 cases reported in the English language
literature and thus a rarity. The misleading short history of one
week, enormous size of 5.0%5.0X 1.5 cm’ and massive squa-
mous islands could have led to an incorrect diagnosis of malig-
nancy. Thus, the thorough examination of samples, particularly in
FNAC and incisional cases, is important.
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We describe a case of a 61-year-old Korean man who was diagnosed with renal cell carcinoma
that was discovered on abdominopelvic computed tomography obtained after the patient com-
plained of back pain. A radical nephrectomy was performed, and the surgical specimen showed
a relatively well-circumscribed and yellowish lobulated hard mass. Microscopically, the tumor
showed sheets and nests of hypercellular pleomorphic cells with thick fibrous septation, frequent
mitoses, and areas of adrenal cortical-like tissue. Immunohistochemical staining revealed that the
tumor cells were positive for inhibin-o, vimentin, synaptophysin, and melan A. It also revealed that
the tumor cells were negative for pan-cytokeratin, epithelial membrane antigen, paired box 8,
a-methylacyl-coenzyme A racemase, CD10, cytokeratin 7, carbonic anhydrase 9, c-Kit, renal cell
carcinoma, transcription factor E3, human melanoma black 45, desmin, smooth muscle actin,
S-100, chromogranin A, CD34, anaplastic lymphoma kinase, and integrase interactor 1. Based on
these histopathological and immunohistochemical findings, we diagnosed the tumor as intrarenal
adrenocortical carcinoma arising in an adrenal rest. Several cases of intrarenal adrenocortical
carcinoma have been reported, although they are very rare. Due to its poor prognosis and common
recurrence or metastasis, clinicians and pathologists must be aware of this entity.

Key Words: Adrenocortical carcinoma; Adrenal rest tumor; Carcinoma; Renal cell

Adrenocortical carcinoma is a rare and heterogeneous malig-
nancy with a poor prognosis, the pathogenesis of which is not
yet completely understood. Patients present with hormone excess
or local mass effect.! An adrenal rest (ectopic adrenal tissue) can
occur anywhere along the gonadal descent. This tissue usually
has no clinical significance, but it may become hyperplastic or
malignant in patients with primary or secondary adrenal pathol-
ogy.” Most adrenal rest tumors are functional and diagnosed
preoperatively. However, the less frequent nonfunctional adrenal
rest tumors are discovered accidentally or postoperatively.’ We
described a patient with a nonfunctioning intrarenal adrenocor-
tical carcinoma that arose from an adrenal rest.

CASE REPORT

This study was approved by the Institutional Review Board
of Severance Hospital with a waiver of informed consent (IRB
No. 4-2017-1044).

A 6l-year-old man was evaluated for back pain that had persisted
for 10 days. Abdominopelvic computed tomography (APCT) and
magnetic resonance imaging were performed at a local clinic and
revealed a 13-cm mass in his right kidney. The mass was causing

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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an ureteropelvic junction obstruction that broadly contacted
the second and third duodenal portions, psoas muscle, and inferior
vena cava. All radiologic findings were consistent with renal cell
carcinoma with multiple lung metastases. The patient was hos-
pitalized at our institution, and the APCT was repeated and
provided the same diagnosis (Fig. 1A).

The patient underwent radical nephrectomy without adrenal-
ectomy. The right kidney weighed 1,135 g and measured 17 x
12x6 cm. The tumor had a smooth and bulging external surface.
Cross sections revealed a well-circumscribed and yellowish lobu-
lated hard mass (Fig. 1B) measuring 14x 12 x8 cm, present in
the mid pole of the right kidney. The mass showed extensive
necrosis (60%) and hemorrhage (30%).

Microscopically, the tumor had multilobulated nests divided
by thick fibrous septations (Fig. 2A). The tumor was comprised
of compact polygonal cells with distinct cell borders and granular
cytoplasm. Sinusoidal vascular ingrowth was less distinct. Nuclei
were round or ovoid, hyperchromatic with central prominent
nucleoli, and contained frequent mitoses (40/50 high-power
fields) (Fig. 2B) without raisinoid nuclei or perinuclear haloes.
Some areas containing adrenal cortical-like tissues were identified
(Fig. 2C). Necrosis and vascular invasion were also present. These
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Fig. 1. Imaging and gross findings of adrenocortical carcinoma. (A) Abdominopelvic computed tomography reveals a 13 cm heterogeneous
mass in the right kidney. (B) Bisected kidney specimen showing a lobulated hard mass with necrosis and hemorrhage.
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Fig. 2. Histologic findings of adrenocortical carcinoma. (A) Sheets and nests of hypercellular tumor cells with thick fibrous septation. (B) Pleo-
morphic cells with frequent mitoses. (C) Areas of adrenal cortical-like tissue.

results suggested against the diagnosis of renal cell carcinoma.

Immunohistochemical staining results are presented in Table
1 and Fig. 3. The results were consistent with adrenocortical
carcinoma and excluded the possibility of renal cell carcinoma
and specific variants of the kidney tumor.

DISCUSSION

Ectopic or accessory adrenal cells are often found postnatally
along the path of gonadal descent because the adrenocortical
primordium develops in close proximity to the urogenital ridge of
the emerging gonad and migrates alongside the gonad.* Typically,
these cells disappear within a few years of birth, and sometimes
these cells linger without any event.

Ye et al.* reported seven cases of intrarenal adrenal tissue and
two cases of renal-adrenal fusion. Except for one case identified
within the kidney mid pole, all intrarenal lesions were found in
the superior portion of the kidney. Our case reports a malignant
tumor arising from the ectopic adrenal rest in the mid pole of
the kidney. In all nine reported cases of Ye ¢t al.," the intrarenal

https://doi.org/10.4132/jptm.2018.07.20

Table 1. Immunostaining results of adrenocortical carcinoma

Antigen Tumor cell
Pan-cytokeratin Negative
EMA Negative
Inhibin-a Positive
Vimentin Positive
Melan A Focal positive
Synaptophysin Positive
Paired box 88 Negative
Calretinin Negative
a-Methylacyl-coenzyme A racemase Negative
CD10 Negative
Cytokeratin 7 Negative
Carbonic anhydrase 9 Negative
C-kit Negative
Renal cell carcinoma Negative
Transcription factor E3 Negative
Human melanoma black 45 Negative
Desmin Negative
Smooth muscle actin Negative
S-100 Negative
Chromogranin A Negative
CD 34 Negative
Anaplastic lymphoma kinase Negative
Integrase interactor 1 No loss
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Fig. 3. Immunohistochemical staining results of adrenocortical carcinoma. The tumor cells were positive for inhibin-a. (A), vimentin (B), synap-
tophysin (C), and melan A (D) and negative for epithelial membrane antigen (E), paired box 8 (F), and pan-cytokeratin (G).

adrenal tissues were composed of only adrenal cortical tissue with
no adrenal medullary tissue present. There is a recent review of
the literature about adrenocortical carcinoma arising in an adrenal
rest. Reported malignant tumors arising from an ectopic adrenal
rest are predominantly adrenocortical carcinomas of the retro-
peritoneum, gonad, liver, kidney, spinal cord, and pelvis.” Intra-
renal adrenocortical carcinomas have been previously identified
in the hilum’ and in the mid pole of the kidney as in our case.
Aderenocortical carcinomas that involve the gonads show relatively
high rates of mortality.”®

The microscopic features that favor the diagnosis of renal cell
carcinoma over adrenocortical carcinoma are the presence of glands,
particularly if they contain red blood cells, and abundant cyto-
plasmic glycogen. However, neither is pathognomonic and were
present in the case. Among the nine histological parameters of the
Weiss scoring system for histologic diagnosis of adrenocortical
carcinoma (high nuclear grades [Fuhrman nuclear grades I1I and

http://jpatholtm.org/

V], mitotic rate > 5/50 high-power fields, atypical mitotic figures,
clear cumor cell cytoplasm [less than 25% tumor cells], diffuse
architecture [greater than 33% of tumor], necrosis, venous inva-
sion, sinusoidal invasion, and capsular invasion), the present case
met seven parameters, excluding sinusoidal invasion and capsular
invasion. After the diagnosis of renal cell carcinoma was excluded
by morphology and negative cytokeratin expression, we exam-
ined additional immunohistochemical stains to differentiate epi-
thelioid angiomyolipoma, adrenocortical carcinoma, glomus
tumor, or related mesenchymal tumors. Finally, we defined the
tumor as adrenocortical carcinoma (pT2NxcM1).

Currently, radical surgery is the only curative approach, and
it is recommended for all patients with resectable adrenocortical
carcinoma tumors, including those patients with recurrent disease.
There is no consensus concerning adjuvant therapy.” However,
recent studies have reported that adjuvant mitotane may prolong
recurrence-free survival in patients with radically resected adre-
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nocortical carcinoma.'*!!

Our patient was treated with radical nephrectomy and adjuvant
chemotherapy (VAP; vincristine, doxorubicin, and prednisolone)
with mitotane. He has been healthy with no evidence of recur-
rence or metastasis for 3 months after the original diagnosis.
Recent studies have reported the prevalence of adrenocortical
carcinoma in Korea to be 2%—5%. In our institution, five cases
of adrenocortical carcinoma were reported from 2000 to 2018.
Among them, this is the only and first reported case of intrarenal
adrenocortical carcinoma. We reported a rare case of intrarenal
adrenocortical carcinoma arising from an ectopic adrenal rest as
a mimicker of renal cell carcinoma in the kidney. Although the
incidence of malignancy arising in an adrenal rest is low, clinicians
and pathologists must be aware of the possibility because of its
poor prognosis and common recurrence and metastasis.
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Il BRIEF CASE REPORT H

Collagenous Spherulosis Associated with Lobular Carcinoma
In Situ of the Breast: Two Case Reports

Ga-Eon Kim - Nah Ihm Kim - Ji Shin Lee - Min Ho Park'

Departments of Pathology and "Surgery, Chonnam National University Medical School, Gwangju, Korea

Collagenous spherulosis (CS) of the breast is an uncommon
benign lesion, which is characterized by nodules of eosinophilic
or basophilic basement membrane material enclosed in spherical
spaces of cribriform architecture with myoepithelial and epithelial
proliferation.”* While CS is usually encountered as an incidental
finding in association with other benign hyperplastic lesions, the
presence of calcification or abnormal density on imaging studies
attracts clinical attention.”* CS is occasionally associated with
lobular carcinoma i situ (LCIS).*® Despite its benign nature, the
diagnosis of CS is challenging because it shows a cribriform archi-
tecture mimicking adenoid cystic carcinoma on low power.**”* In
addition, the diagnosis is especially difficult when associated
with LCIS because it is often misdiagnosed as a cribriform pattern
ductal carcinoma in situ (DCIS).”® Recently, it is predicted that
the incidence of CS will increase due to breast cancer screening
programs, and the pathologists need to be aware of CS in order
not to misdiagnose CS associated with LCIS as DCIS or other
malignancy, especially on core needle biopsy specimens. Here,
we report two cases of CS associated with LCIS of the breast. To
the best of our knowledge, this is the first reported case of CS
associated with LCIS of the breast in Korea.

CASE REPORT

The cases reported herein were consult cases, and this study
was approved by the Institutional Review Board of Chonnam
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National University Hwasun Hospital with waiver of informed
consents (CNUHH-EXP-2018-012).

Case 1 was an asymptomatic 51-year-old female with multiple
small nodules on ultrasound examination of the right breast.
Case 2 was a 47-year-old female with an incidentally detected
lesion in the left breast presenting as an ill-defined nodule mea-
suring 8 mm on ultrasound examination. Both patients under-
went ultrasound-guided vacuum-assisted biopsy. The histology
of the two cases was similar. Microscopically, the lesions showed
enlarged lobules filled with neoplastic cells (Figs. LA, 2A). The
neoplastic cells of case 1 contained scant cytoplasm, and small,
rounded, and bland nuclei without nucleoli (Fig. 1B). In case 2,
the neoplastic cells showed more abundant cytoplasm than those
seen in case 1, and larger, more pleomorphic nuclei with nucleoli
(Fig. 2B). The neoplastic cells in both cases showed incohesive
growth and negative E-cadherin immunoreactivity. Cases 1 and
2 represented classical and pleomorphic types of LCIS, respec-
tively. In both cases, multiple spherules showing cribriform archi-
tecture lined by flattened epithelial cells were seen adjacent to the
LCIS area (Figs. 1C, 2C). The space of the spherules contained
faintly basophilic fibrillary substances. Overall, the spherules
displayed microscopic characteristics typical of CS. A few spherules
of CS had LCIS (Figs. 1D, 2D). E-cadherin-negative LCIS cells
colonized several spherules of CS and replaced the luminal epithe-
lial cells, which were positive for E-cadherin (Figs. 1E, 2E). The
spherules were outlined by myoepithelial cells stained with p63
and calponin (Figs. 1F, 2E G). The basophilic fibrillary materials
within CS were positive for laminin (Fig. 1G). The cells of the
spherules tested negative for c-Kit (Figs. 1H, 2H).
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DISCUSSION and histological alterations of unknown histogenesis.'* Histo-
logically, CS constitutes less than 1% of all breast biopsies.”*
CS is a rare breast lesion with well-characterized, structural, Typically, CS is detected as an incidental microscopic finding in
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Fig. 1. Microscopic and immunohistochemical findings of case 1 collagenous spherulosis (CS) associated with lobular carcinoma in situ
(LCIS), classical type. (A) In LCIS, enlarged lobules are seen. (B) The neoplastic cells of LCIS show loss of cohesion. (C) Cribriform prolifera-
tion with spherules containing cellular fibrillar components is seen. (D) LCIS cells colonize CS. (E) LCIS cells stain negative for E-cadherin,
and the residual cells of CS stain positive. (F) Myoepithelial cells within CS with LCIS show calponin immunoreactivity. (G) Basement mem-
brane-like components within spherules are highlighted by laminin immunostain. (H) CS with LCIS is negative for c-Kit.
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Fig. 2. Microscopic and immunohistochemical findings of case 2 collagenous spherulosis (CS) associated with lobular carcinoma in situ
(LCIS), pleomorphic type. (A) The LCIS area shows enlarged lobular glands and intraepithelial growth pattern. (B) In contrast to case 1, the
neoplastic cells contain more abundant cytoplasm and pleomorphic nuclei with occasional nucleali. (C) A cribriform pattern of CS is charac-
terized by cystic spaces containing basophilic fibrillar components. (D) CS with LCIS retains cribriform spaces, which contain cellular fibrillar
components. (E) LCIS cells within the spherule show loss of E-cadherin expression. (F, G) The cells surrounding the spherules are positive for
calpoinin and p63. (H) CS with LCIS is negative for c-Kit.
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surgical specimens of other lesions. CS can also be detected as cal-
cifications or an abnormal density on imaging studies.”* Benign
proliferative lesions associated with CS include papillomas, ductal
hyperplasia, radial scars, and complex sclerosing lesions.>* CS is

36

occasionally associated with LCIS.” The prognosis and treatment
depend on the nature of the underlying lesion.

Eisenberg and Hoda® summarized the clinical and morpho-
logical features of 38 cases of CS diagnosed with LCIS at a single
institution over a 12-year period. All the cases were submitted for
consultation either for diagnostic assistance or with the mistaken
interpretation of DCIS. The patients included women ranging
in age from 41 to 75 years (mean age, 52 years). CS with LCIS
was demonstrated in 22 core-needle biopsy specimens (58%),
15 excisional specimens (40%), and 1 mastectomy specimen (2%).
Both breasts were equally involved and no case was bilateral.
Thirty-four cases (89%) presented with mammographically de-
tected abnormal density, with associated microcalcifications in
24 (63%). Histologically, CS with LCIS showed expanded ducts
and glandular acini with relatively uniform cribriform spaces,
which contained fibrillary or stellate basement membrane material.
LCIS and CS were seen immediately adjacent to CS with LCIS.
The constituent LCIS in CS with LCIS represented the classical
type in 35 cases (92%), pleomorphic type in one (3%) and a
mixture of classical and pleomorphic type in two cases (5%).°

To the best of our knowledge, the cases reported herein represent
the first cases of CS with LCIS in Korea. Both of our patients
were female, aged 47 and 51 years, and the lesions were detected
incidentally by ultrasound screening. The lesions showed LCIS,
one a classical type and the other a pleomorphic type.

With experience, the recognition of CS with LCIS may not
be challenging, but it can still pose a diagnostic difficulty. The
most common lesion for which CS with LCIS may be mistaken is
adenoid cystic carcinoma.**"® Both lesions contain spherules with
basement membrane materials. The spherules in CS with LCIS
and adenoid cystic carcinoma are similar in composition; histo-
chemical and immunohistochemical studies show components
of basement membrane, including type IV collagen and laminin,
in both lesions. Functional myoepithelial cells are known to
generate basement membrane components, which form spherical
masses. However, the two lesions can be distinguished by the
growth pattern; CS with LCIS is not an infiltrative lesion while
adenoid cystic carcinoma shows stromal invasion. In challenging
cases, immunohistochemical stains can facilitate differential diag-
nosis.*”'* Immunostaining for myoepithleial markers such as
smooth muscle myosin heavy chain, p63, and calponin demon-
strate the presence of a single layer of myoepithelial cells surround-
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ing the spherules in CS. Variable expression of myoepithelial cell
markers is reported due to the basal/myoepithelial phenotype of
the tumor cells in adenoid cystic carcinoma,. Additionally, adenoid
cystic carcinoma shows positive staining for ¢-Kit, unlike CS with
LCIS>"

CS with LCIS imparts a regular, chiseled cribriform architecture
with monotonous neoplastic cells, which can be mistaken for low
grade DCIS of cribriform pattern.”® Recognition of the incohe-
sive growth and punctate cytoplasmic vacuoles of the LCIS cells
also facilitates an accurate diagnosis. Immunostaining for E-cad-
herin in combination with myoepithelial cell makers can further
differentiate CS with LCIS from DCIS. In CS with LCIS, E-cad-
herin is negative in the neoplastic LCIS cells and positive in the
intermingled residual epithelial and myoepithelial cells of CS.
Myoepithelial cell immunostaining demonstrates the presence of
myoepithelial cells within the spherules. In DCIS, E-cadherin is
positive in the neoplastic epithelial cells, and myoepithelial cell
markers highlight the peripheral myoepithelial cell layer.

Lobular neoplasia includes atypical lobular hyperplasia and
LCIS, and the distinction between the two is based on the degree
of acinar involvement in a lobular unit. In core-needle biopsy
specimens, CS involved by lobular neoplasia is a more appropriate
diagnostic term.

We diagnosed CS with LCIS based on results of immunohis-
tochemical studies. E-cadherin-negative LCIS cells colonized
the spherules in CS, surrounded by a layer of myoepithelial cells
stained with p63 and calponin. The tumor cells tested negative
for c-Kit.

In conclusion, breast cancer screening programs may detect
increased numbers of CS cases with LCIS or CS alone. The pathol-
ogist should be aware of this lesion to avoid erroneous diagnosis
of malignancy, especially in core-needle biopsy specimens.
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Il BRIEF CASE REPORT H

Follicular T-Cell Lymphoma with Goncomitant Lennert Lymphoma

Seungkyu Choi - Jai-Hyang Go

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

Follicular T-cell lymphoma (FTCL) has recently been re-cate-
gorized by the World Health Organization as a member of the
angioimmunoblastic T-cell lymphomas (AITLs) and other nodal
lymphomas of T follicular helper (TFH) cell origin from periph-
eral T-cell lymphoma (PTCL) not otherwise specified (NOS).!
Lennert lymphoma (LeL) is considered to be a variant of PTCL,
NOS.” The coexistence of LeL with FTCL has not previously
been reported. Herein, we describe an unusual case of FTCL
with associated LeL, suggesting a possible relationship between
these two entities as part of the TFH-derived lymphomas.

CASE REPORT

A 64-year-old male patient was admitted with a neck mass that
had been present for 1 month. Computed tomography showed
multiple enlarged lymph nodes along the left side of the neck
from level I to V. An excisional biopsy of the neck mass was
performed.

The architecture of the excised lymph nodes was completely
effaced by multiple nodules of ill-defined small IgD+ mantle
zone B cells (Fig. 1A, B). Within the B cell nodules, several aggre-
gates of small to medium lymphoid cells with round nuclei and
clear cytoplasm were present (Fig. 1C). Double immunostaining
for BOB-1 and CD10 was performed. Most BOB-1 (-) atypical
tumor cells were positive for CD3, CD4, CD10, PD-1, and
BCL6 (Fig. 1D). These findings are compatible with FTCL with
the growth pattern of progressive transformation of germinal
center (PTGC). Focally, the area of Lel was intimately admixed
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with typical FTCL components (Fig. 2A). Lel. components
showed evenly distributed prominent clusters of epithelioid cells,
which were surrounded by small to medium atypical cells (Fig.
2B). In double immunostaining for BOB-1 and CD10, many
BOB-1 (-) atypical tumor cells were positive for CD10 (Fig. 2C,
D), PD-1, and BCL6. No follicular dendritic cell (FDC) hyper-
plasia was noted in either the FTCL or LeL components. Analysis
of T-cell y gene (TCR-Y) rearrangement studies using BIOMED-2
—based polymerase chain reaction demonstrated clonal peaks at
the same location generated using a DNA template from either
the FTCL (Fig. 3A) or LeL components (Fig. 3B).

The Institutional Review Board of Dankook University Hospital
(2018-03-007) approved this case report, and informed consent

was waived.
DISCUSSION

We describe an unusual case of FTCL with associated LeL,
suggesting a possible relationship between these two entities.

FTCL is a lymph node-based neoplasm of TFH cells with a pre-
dominantly follicular growth pattern and lacking characteristic
features of AITL, such as proliferation of high endothelial venules
or extrafollicular FDCs. Two distinct growth patterns are recog-
nized: one that mimics follicular lymphoma and one that mimics
PTGC." While FTCL and AITL have some overlapping clinical
and pathologic features,” FTCL seems to represent a peculiar
stage of AITL in which neoplastic cells remain located within
B-cell follicles.” In a limited number of cases in which consecutive
biopsies from different times wete studied, change in morphology
from FTCL to typical AITL, or vice versa, has been observed.'
Some cases of AITL relapse with FTCL and rare cases of FTCL with
coexistent AITL have been reported.’ These findings suggest that
these two entities may constitute different morphologic repre-
sentations of the same biological process.'

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. (A) Lymph node architecture is totally effaced by multiple ill-defined nodules of small lymphocytes. (B) Most cells in the nodules are
positive for CD20. (C) Within B-cell nodules, aggregates of small to medium atypical lymphoid cells with round nuclei and clear cytoplasm are
present. (D) In double immunostaining for BOB-1 in brown (DAB) and CD10 in red (AEC), BOB-1 (-) tumor cells are diffusely positive for CD10.

Fig. 2. (A, B) Prominent clusters of epithelioid cells surrounded by small to medium atypical cells are focally present. (C, D) In double immu-
nostaining for BOB-1 in brown (DAB) and CD10 in red (AEC), many BOB-1 (=) tumor cells are positive for CD10.
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Fig. 3. Analysis of T-cell y gene rearrangement studies using
BIOMED-2-based polymerase chain reaction shows clonal peaks
at the same location in both follicular T-cell lymphoma (A) and
Lennert lymphoma components (B).

LeL is a rare variant of PTCL, NOS characterized by a promi-
nent reactive infiltrate of epithelioid histiocytes that are distrib-
uted singly or, more typically, in small clusters. The tumor cells are
usually small with slightly irregular nuclear contours.” Diag-
nosis of these tumors is usually based on pure morphology, and
the differential diagnosis includes other epithelioid cell-rich lym-
phomas, especially AITL.® Some cases of AITL are considered to
have histopathologic features that overlap with those of LeL.
However, distinct diagnostic criteria for immunohistochemical
properties or histopathologic features and definitive criteria for dis-
tinguishing between AITL and LeL have not yet been established.®

The TFH cell surface markers, PD-1, CXCL13, CD10, and
BCL6, are frequently and characteristically expressed in AITL.®
However, individual TFH cell markers can be expressed by other
T-cell subsets,’ and are detected in 20% to 41% of PTCL-NOS.’
Recently, a significant number of LeL cases positive for these mark-
ers were described.® TFH marker—positive cases had a worse prog-
nosis than marker-negative cases and showed a similar prognosis
to AITL, although many clinicopathologic features differed sig-
nificantly between TFH marker—positive LeL and AITL. TFH
marker—positive LeL could be a subset of AITL because it exhibits

https://doi.org/10.4132/jptm.2018.04.16
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some of the features of AITL, such as high expression of TFH
markers, and a similar prognosis.’

In the present case, the LeL component was intimately admixed
with the FTCL component, and the TFH markers CD10, PDI,
and BCL6 were comparably positive for these two types of tumors.
Taken together, these findings support the suggestion that LeL
might be appropriately included under the category of TFH-
derived lymphomas in addition to AITL and FTCL.
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