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H EDITORIAL B

History of the Official Journal Published by the Korean Society
of Pathologists: From the Korean Journal of Pathology to the Journal
of Pathology and Translational Medicine

Se Hoon Kim - Chong Jai Kim' - SoonWon Hong'

Department of Pathology and Medical History, Yonsei University College of Medicine, Seoul, Korea;
"Editors-in-Chief, Journal of Pathology and Translational Medicine

Historically, Western medicine as we know today was first
introduced in Korea at the end of the 19th century by the mis-
sionaries, who periodically reported their medical experience in
Korea in the newspapers and magazines of their mother coun-
tries and Korea."™!

During the Japanese colonial period, the first medical journal
published in Korea was ‘Chosen igakkai zasshi (FHfirf5aE4 @it
iE), although it was published in Japanese. ‘Mansen No Ikai
(fifict. 2 &Y was also published in that period.”® Afterwards,
a journal named ‘Mitteilungen aus der Medizischen Akademie
2u Keizo GBS B EHIEL) was published in German
by the Keijo Medial College founded by the Japanese Governor-
General of Korea. It was a general medical journal.

A few other journals were published by medical schools, and
much of the pathology articles were published in such general
medical journals. In 1929, the Korean Medical Association
founded by Korean doctors started publication of the Korean
Medical Journal (FHEEREHR), which was the first medical journal
published in Korean language then. Dr. Il Sun Yoon, professor
in the Department of Pathology at Severance Union Medical
College, was an editorial member of the journal, and he often
published articles on his visiting experience in pathology depart-
ments at many of the European medical schools. Besides Dr.
Yoon'’s articles, a few other pathology articles in that period
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were published in the Korean Medical Journal (57 i %5 ). Tes
publication was continued until 1937.° As for an English journal,
there was one named The Journal of Severance Union Medical College,
the first English journal in Korea, published by Severance Union
Medical College from 1933 to 1935. It consisted of five volumes.
In these early days, there were only three journals that could be
classified as “Departmental Academic Journal”: Clinical Internal
Medicine (K N, Clinical Surgery WEIKY M, and Keijo
Imperial Univerisity Pediatric Jowrnal (KN 58 RHEZE). They
were published by each department of Medical Faculty, Keijo
Imperial University.’

The first medical journal published after the Liberation from
Japan in 1945 was the _Journal of Korean Doctors (iHiSEESETETER)
by United States Army Military Government in Korea, Educa-
tion Bureau, Medical Education part (FAfEEIEEE 255 R B
BIZ0E (). Various associations and academic societies of medical
doctors were founded during this period, and as a result, diverse
medical journals, i.e., the Journal of the Korean Medical Association
G2 EalR — KRR ERD in 1948, were
published. The Korean_Journal of Internal Medicine published by
the Korean Association of Internal Medicine was the first depart-
mental academic journal and its publication is continued to date.’

After the Korean War, many military medical journals were
published by the militaries, followed by a number of depart-
mental academic journals, i.e., Tuberculosis in 1954, and other
journals published by medical schools, research institutions,
and general hospitals. General commercial medical journals such
as the Korean Medical Journal (75 5862 (1956) and the New
Medical Journal (BghTE6E) (1958) were also published during
the post-Korean War period.’

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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HISTORY OF THE KOREAN JOURNAL
OF PATHOLOGY

In September 1967, 20 years after the foundation of the Korean
Society of Pathologists in 1947, the Korean Journal of Pathology
was officially launched. Before then, pathology articles were
submitted to the aforementioned university journals, the Journal
of the Korean Medical Association, or other general medical journals.
Publication of the society’s official journal was first agreed upon
in the Board Meeting of the society in December 1961, and after
6 years in 1967, the first issue of the Korean Journal of Pathology
(Fig. 1) was published on September 30. Professors Chae Koo
Lee, Ki Hong Kim, Suk Jae Hong, Jong Moo Lee, Sang Kook
Lee, and Sang In Kim were members of the Editorial Board.™®
In the first issue, the Editorial Board published Chae Koo Lee’s
(president) first publication address, Il Sun Yoon’s (honorary
president) congratulatory message and memoirs of two late
members, In Sup Hyun (1963, Ewha Womans University) and
Sung Soo Lee (1964, Seoul National University). A short history
of the Korean Society of Pathologists was also included in the

Fig. 1. The first issue of the Korean Journal of Pathology in 1967.

http://jpatholtm.org/

first issue.”

This historical first issue of the journal published six articles,
along with programs and abstracts of the annual academic
meetings of the society from 1959 to 1962, rules and regula-
tions of the society, a list of the executives, and a list of the society
members. The name of journal title was written in Chinese letters,
and the first Editor-in-Chief was Professor Sang In Kim, who
served for 3 years. The journal started as biannual, but it soon
began to publish four times a year in 1977, and then it became
bimonthly in 1991. In the early days of the publication, the
journal contents were mainly composed of abstracts from the
annual academic meetings of the society, but beginning in 1989,
the abstracts were no longer published in the journal.”*

In 1963, the Korean Society of Pathologists began to hold
board examination for the residents, and 8 years later in 1975,
the society decided to enforce a regulation that required at least
one published article in the Korean_Journal of Pathology as a pre-
requisite for application for the board examination. With the
enactment of this regulation, the number of articles submitted
to the Korean Journal of Pathology increased significantly; the
number of published articles reached 123 per year in 1982.
However, in 1981, the Korean Journal of Clinical Pathology was
newly launched, and the number of published articles in the
Korean Journal of Pathology subsequently decreased. There was
one last article related to the clinical pathology in 1985, and no
more clinical pathology articles were published in the Korean
Journal of Pathology.”®

In 1990, the Korean Journal of Pathology was officially regis-
tered in the Ministry of Culture and Media (Feb 26, Ma-1664)
and it finally became a legitimate and official publication, 24
years after the journal was first started. A year later in 1991, the
Korean_Journal of Pathology received an ISSN (International Stan-
dardized Serial Number 0379-1149) through the Korean Acad-
emy of Medical Sciences and it was registered globally. In the
same year, Professor Je Geun Chi wrote an article “The Korean
Journal of Pathology: a review of the first 25 years” in the Korean
Journal of Pathology (vol. 25, issue 6), in which he summarized
the last 25 years of the journal and proposed Index Medicus or
Science Citation Index (SCI) as the key aspiration of the journal
in the upcoming years.®

Starting in the year 2000, articles published in the Korean
Journal of Pathology became available for searching by authors,
article names, and keywords. Soon after, the journal started pro-
viding abstracts and full texts. At present, PDF files of all arti-
cles can be downloaded in the journal homepage.’

In 2004, with the aim of being indexed in SCI, the Korean

https://doi.org/10.4132/jptm.2017.01.07



Journal of Pathology started to print the name of the journal in
English with “The Korean Society of Pathologists” listed as the
publisher, starting with the publication of vol. 38. The journal
received a new ISSN (ISSN 1738-1843).”

The first article written in English was about the pathogenesis
of atherosclerosis by Sun Joo Ro in 1968.%"" Afterwards, one or
two English articles per year were published consistently, but in
1991, the Editorial Board decided not to publish English articles
anymore. Therefore, English articles had to be submitted to
other journals. In 2001, however, the Editorial Board decided
to accept English articles again, and the number of English arti-
cles subsequently started to increase; the ratio of articles written
in Korean and those written in English was almost 1:1 (37 vs. 35)
in 2005. In 2011, to take a step ahead as a global journal, the
Editorial Board announced the Korean_Journal of Pathology as an
all-English journal."

Meanwhile, an academic interest in cytopathology within the
society had grown and the members started various researches
in the field. The first lecture in cytopathology was “Cytopatho-
logical evaluation of malignant tumor cells in peritoneal fluid
(Sung Soo Lee and Taek Koo Yoon)” and the first abstract was
“The evaluation of cytopathological diagnosis (Sang In Kim e
al.)” in the 11th Annual Meeting of the Korean Society of Pathol-
ogists in 1959."*" As for the articles in cytopathology, Dong
Wha Lee ¢ al. published the first article in 1977; “The study
on cytopathological diagnosis of carcinoma of the lung.”™* After-
wards, about one cytopathology article was published per year,
and the number started to gradually increase as the fine needle
aspiration had become popular. In 1986, the Korean Society for
Cytopathology separated out from the Korean Society of Patholo-
gists, and there was no official cytopathology journal until 1990.
During that period, thirteen cytopathology articles were pub-
lished in total. As the need for an official cytopathology journal
had surfaced, an editorial board was put together with Jung Dal
Lee as the first Editor-in-Chief in July 1990. The first issue (Fig.
2) was published on 30 June 1990, and the journal received an
ISSN (ISSN 1017-0391) on 13 December 1990. In 2002, the
articles published in the Korean Journal of Cytopathology since
1997 were indexed in KoreaMed, and soon afterwards, the entire
archive was indexed. In 2006, it was registered as “Listed Candi-
date Journal” of the National Research Foundation of Korea,
and it was indexed in various databases such as Google Scholar
by the end of 2007."

However, despite the active academic achievements in cyto-
pathology, the gradual decrease in the number of pathology res-
idents across the nation, subsequent increase in the workload of

https://doi.org/10.4132/jptm.2017.01.07
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pathologists, and acknowledgment of publication in the SCI
journals only as the prerequisite for promotion in universities
all resulted in gradual decrease in the number of submitted arti-
cles. The number of original articles as opposed to the number
of case reports became significantly low and the relative accep-
tance rate increased. The situation was the same for the Korean
Journal of Pathology and many other medical journals in Korea.
As the public evaluation criteria of academic journals became
more and more strict, the Korean Academy of Medical Sciences
and the National Research Foundation of Korea proposed a
merger of journals in the same field and announced support for
such merged journals. In accordance with their proposition, the
society members of both the Korean Society of Pathologists and
the Korean Society for Cytopathology decided to merge their
journals and publish a unified journal with better qualicy.""'*"
After much discussion on the actual terms and conditions of the
merger, both societies agreed upon the “grand principle” that
the unification of the two journals would be a metger, not an
acquisition of one by the other. Publication costs and the number

of published articles per issue were agreed to be divided in a ratio

The Korean Journal of Cytopathology

Q)\gY Fo,qo

S
6/ D
D 1986~

& % w

g

2 $
eV

The Korean Society for Cytopathology

Fig. 2. The first issue of the Korean Journal of Cytopathology in
1990.

http://jpatholtm.org/
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of 7:3. With confirmation of the board members of both societies
(the Korean Society of Pathologists; May 15, 2008, the Korean
Society for Cytopathology; May 30, 2008), the unified journal
was to maintain the name “The Korean Journal of Pathology” along
with its volume and issue (Fig. 3). The cover page, however,
was newly designed with logos of both societies imprinted.
Presidents of both societies were equally listed as the journal
publisher, and the journal would have two editors-in-chief, one
from each society. The Korean_Journal of Cytopathology, after 19
years of its first launch, disappeared into the history and was
finally reborn as “The Korean_Journal of Pathology” in 2009.">"

While the merge of the two journals was still in process, the
Korean _Journal of Pathology was listed in SCI-expanded (SCIE),
and so the articles published afterwards in the unified journal
were all indexed in SCIE.

As the Korean_Journal of Pathology was an official journal of the
Korean Society of Pathologists, the president of the society became
the publisher ex officio. As previously said, the first Editor-in-
Chief was Professor Sang In Kim. In 1970, the terms of office for
both president and editor-in-chief changed to 1 year, and so the
director of the general affairs undertook the role of editor-in-
chief. In 1976 (vol. 10, issue 2), a new Editorial Board was orga-

Vol. 43, No. 1, pp.1-97, Feb. 2009

http: // www.koreanjpathol.org

ISSN: 1738-1843
Indexed in SCl-e,
KoreaMed, WPRIM

— The Korean Journal
of Pathology

Published by &

%) ——
BVR | The Korean Society of Pathologists g@}
= | The Korean Society for Cytopathology | .

Fig. 3. The first unified issue of the Korean Journal of Pathology
after the merger with the Korean Journal of Cytopathology in 2009.

http://jpatholtm.org/

nized, with Professor Eui Keun Ham as the Editor-in-Chief. After-
wards, a board of publication was newly formed within the
society and the chief of the board of publication undertook the
role of editor-in-chief.®

In October 1992, the rules and regulations of the Korean
Society of Pathologists were revised, and the Council of Direc-
tors became mainly responsible for the execution of duty. Accord-
ingly, the publication of the society’s official journal fell under
the duty of the Editorial Board with the Director of Publication
in charge.

The Editorial Board was initially composed of 9—11 executive
editors and 40-66 contributing editors until 2004 (vol. 38). In
2005 (vol. 39), the editors were no longer classified into executive
editors and contributing editors. In 2003 (vol. 37), four of foreign
pathologists were added to the Editorial Board (three from the
United States and one from Hong Kong). In 2004 (vol. 38, issue
6), five pathologists from the United States additionally joined
the Editorial Board.”

Meanwhile, in accordance with the increasing demand for a
globally recognized journal, the Korean Society for Cytopathology,
the Korean Society of Legal Medicine, the Korean Association
of Oral and Maxillofacial Pathology, the Korean Society of Toxi-
cologic Pathology, and the Korean Society of Veterinary Clinics
together launched a journal named Basic and Applied Pathology
(BAAP) in 2008 through Wiley. However, with the Korean
Journal of Pathology indexed in SCIE in 2009, the journal closed
after 2 years. The articles that had been published in BAAP can
still be searched in the internet."

CRISIS AND JOURNEY OF THE KOREAN
JOURNAL OF PATHOLOGY

Although indexed in SCIE, the Korean Journal of Pathology
had to go through many difficulties of its own. The impact factor
was low and in plateau, and its status as “Listed Candidate
Journal” of the National Research Foundation of Korea was
almost insignificant. The journal applied for SCOPUS and
Medline in 2010. It was accepted by SCOPUS, but rejected by
Medline.

The members of the society reached a consensus that the
journal needs to be all-English; otherwise, the journal can not
be indexed globally.

So, although some members still wanted the journal to be
published in Korean, the society decided to go with printing an
all-English journal (first issue, published in Feb 2012) (Fig. 4)
in 2011, and as a result, the journal was soon indexed in PubMed

https://doi.org/10.4132/jptm.2017.01.07



Vol. 46, No. 1, pp.1-104, February 2012
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The Korean Journal
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Published by o,
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Fig. 4. The first all-English issue of the Korean Journal of Pathology
in 2012.

and also in Google Scholar.

In an effort to publish an impactful journal, the society estab-
lished an electronic submission system through a company
named M2 Community and also created journal homepage. In
order to upgrade the journal quality and encourage submission
of quality articles, all accepted articles were sent for professional
English editing. In addition, professional manuscript editors
were hired. The journal also adopted CrossCheck and open access.
In 2013, Thomson-Reuters dropped the Korean Journal of Pathology
from SCIE on the grounds that the impact factor was low and
in plateau from 2009 to 2012."

With the dropout from SCIE, the society began to actively
discuss reapplication for SCIE and sought effective measures. In
2014, Professor SoonWon Hong took charge of the Editorial
Board as Editor-in-Chief and began innovative reformation of
the journal in every possible way. Soon afterwards, Professor
Chong Jai Kim was recruited as co-Editor-in-Chief. The Editorial
Board was totally recomposed and internationally renowned
foreign editors were additionally invited as contributing editors.
In 2015, the journal name was changed to the_Journal of Pathology
and Translational Medicine JPTM) (Fig. 5) in an effort to renew
the journal image as a more globally recognized journal. As can

https://doi.org/10.4132/jptm.2017.01.07
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Fig. 5. The first issue of the Journal of Pathology and Translational
Medicine after the change in name from the Korean Journal of Pa-
thology in 2015.

be imagined, it was a very difficult decision for both societies, but
the editors unanimously felt the need to discard “Korea” in order
to refine the international image of the journal. Instead, “Transla-
tional Medicine” was chosen to be added to the journal name
with an aim to encourage authors to submit articles in the field
of molecular pathology. The volume and issue of the Korean
Journal of Pathology were conserved in the Journal of Pathology
and Translational Medicine. The electronic submission system
was replaced by ScholarOne of Thomson-Reuters, a more inter-
nationally used system. ML Communication, the printing com-
pany, was newly selected in place of Academia. Moreover, the
journal started e-pub ahead and open access in order to increase
the citation rate. Mobile application was developed to enhance
accessibility of the journal. The instructions for authors and re-
viewers were rewritten. Original articles were exempt from publi-
cation fee. Authors submitting invited reviews were given an
honorarium. Besides these changes in the journal itself, three
members of the Editorial Board had acquired membership in
the BELS (Board of Editors in the Life Sciences) and became certi-
fied editors in the life sciences: SoonWon Hong, Eunah Shin,
and Sun Och Yoon. They are expected to contribute to upgrading

http://jpatholtm.org/
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the journal quality a step further. In November 2015, Professors
SoonWon Hong and Eunah Shin visited Thomson-Reuters in
Philadelphia to personally present the many improvements and
accomplishments of the journal. In January the following year,
Professor SoonWon Hong submitted reapplication for evaluation
of the Journal of Pathology and Translational Medicine to be indexed
in SCIE."

FUTURE OF THE JOURNAL OF PATHOLOGY
AND TRANSLATIONAL MEDICINE

Re-listing in SCIE is only a short-term goal of the Journal of
Pathology and Translational Medicine. In the long term, however,
we need to focus on the quality improvement of the journal itself.
Demands on the development of more accurate evaluation criteria
for journal quality have recently been growing, and the change
in journal publication in every perspective has been accelerated.
In adaptation to these changes, the Journal of Pathology and Trans-
lational Medicine has to be ready to take a leading role in Asia as
a pathology journal with an impact. The Editorial Board will
strive to take a step ahead every moment through relentless effort
and effective education. The Journal of Pathology and Translational
Medicine of the Korean Society of Pathologists and the Korean
Society for Cytopathology will aspire to be a globally eminent
journal leading the frontier in the field of pathology.

CHRONICLES IN BRIEF

1967 Official launch of the Korean _Journal of Pathology

1981 Official launch of the Korean_Journal of Clinical Pathology

1990 Official launch of the Korean Journal of Cytopathology

2004 Change in the journal title to English (the Korean Journal
of Pathology) from Korean

2008 Official launch of the Basic and Applied Pathology

2009 The Korean_Journal of Pathology indexed in SCIE

2009 Merger of the Korean Journal of Cytopathology with the
Korean_Journal of Parhology

2009 Establishment of electronic submission system

2010 Closure of the Basic and Applied Pathology

2011 Start of the Korean Journal of Pathology as an all-English
journal

2013 The Korean_Journal of Pathology dropped from SCIE

2015 Change in the name to the Journal of Pathology and
Translational Medicine

2015 Replacement of the electronic submission system by

http://jpatholtm.org/

ScholarOne of Thomson-Reuters
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B LETTER TO THE EDITOR W

Perivascular Epithelioid Cell Tumors (PEComas) of the Orhit

Panagiotis Paliogiannis - Giuseppe Palmieri' - Francesco Tanda - Antonio Cossu

Department of Surgical, Microsurgical and Medical Sciences, University of Sassari, Sassari;
"Institute of Biomolecular Chemistry, Cancer Genetics Unit, C.N.R., Sassari, ltaly

Dear editor,

We read with great interest the case recently reported by Kim
¢t al." on a rare malignant perivascular epitheliod cell neoplasm
(PEComa) involving the right lung. As mentioned by Kim ¢t a/.!
and as we reported in a previous article, PEComas are very rare,
with approximately 50 reported cases in several anatomical sites,
including the bladder, uterus, vulva, vagina, prostate, lung, liver,
pancreas, and other tissues.” In this letter, we briefly describe our
experience with a PEComa in an unusual anatomical site, the orbit.

The lesion involved a 46-year-old male patient who was
referred to surgery for a painful round lesion of the internal
aspect of the right orbit. The surgeons removed the lesion, which
measured 1.5 cm in maximum diameter and presented a brownish
color and a soft-elastic consistency. The lesion was well circum-
scribed and characterized by an expansive growth pattern. It
predominantly comprised epithelioid cells with clear to lightly
eosinophilic cytoplasm and occasionally showed granular cell
changes. The epithelioid elements were organized in aggregates,
trabeculas, and cordons, often surrounding vascular structures
(Fig. 1). The nuclei presented a round-shaped, vesicular aspect
with frequent nucleoli. The mitotic rate was 2 mitoses per 10
high power fields. No signs of necrosis or vascular invasion
were evidenced, and the margins of resection were free of tumor.
The immunohistochemical results were as follows: strong positivity
for human melanoma black 45 (HMB-45) (Fig. 2) and cathepsin
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K, weak positivity for actin, and negativity for Melan-A, vimentin,
S-100, and cytokeratins. Despite the benign aspect of the lesion

and the low mitotic rate, a careful follow-up was suggested,

Fig. 1. A section of the lesion stained with hematoxylin and eosin,
evidencing its microscopic features and perivascular origin.

Fig. 2. Human melanoma black 45 immunostaining of the tumor.

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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because of the lack of prognostic data due to the small number
of cases described in the literature. No recurrence of the disease
was observed in the final clinical evaluation 50 months after
surgery.

Orbital PEComas are very rare. According to Goto ef al.)
only four cases of PEComa with ocular involvement have been
reported in the recent literature, and only two of them originated
from the orbit. The first orbital case was described in 2005 by
Iyengar et al. in a 9-year-old female patient, and the authors
demonstrated that characteristic histologic features and an im-
munohistochemical profile of negativity for epithelial markers
and positivity for melanogenesis-related markers are useful to
define such lesions. The second case was described in 2008 by
Guthoff et @/.” in a 54-year-old man. In that case, the lesion was
surgically removed, and no recurrence has occurred after 17
months of follow-up. The tumor showed strong immunohisto-
chemical positivity for both HMB-45 and Melan-A and a low
proliferation index (Ki-67 < 1%). Interestingly, in our case,
Melan-A was negative, as opposed to the findings of Iyenqar e /.
and Guthoff ez @/’ The low proliferative activity and low mitotic
index found in our case suggest that orbital PEComas are generally
benign, as those of other anatomical districts. Nevertheless, ag-
gressive PEComas have been described, and this should be consid-
ered in cases of orbital PEComas, especially when features of
aggressiveness (necrosis, high mitotic rate, great size, infiltrative

http://jpatholtm.org/

growth pattern, hypercellularity) are present.
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in Human Colorectal Cancer

Background: Thymosin B, is a multi-functional hormone-like polypeptide, being involved in cell mi-
gration, angiogenesis, and tumor metastasis. This study was undertaken to clarify the clinico-
pathologic implications of thymosin B expression in human colorectal cancers (CRCs). Methods:
We investigated tissue sections from 143 patients with CRC by immunohistochemistry. In addition,
we evaluated the expression patterns and the clinico-pathological significance of thymosin s ex-
pression in association with hypoxia inducible factor-1a (HIF-1a) expression in the CRC series. Re-
sults: High expression of thymosin B was significantly correlated with lymphovascular invasion, in-
vasion depth, regional lymph node metastasis, distant metastasis, and TNM stage. Patients with
high expression of thymosin p: showed poor recurrence-free survival (p = .001) and poor overall
survival (p = .005) on multivariate analysis. We also found that thymosin ps and HIF-10. were overex-
pressed and that thymosin s expression increased in parallel with HIF-1a expression in CRC. Con-
clusions: A high expression level of thymosin p. indicates poor clinical outcomes and may be a
useful prognostic factor in CRC. Thymosin . is functionally related with HIF-10. and may be a po-
tentially valuable biomarker and possible therapeutic target for CRC.

Key Words: Thymosin B.; Hypoxia inducible factor-10; Hypoxia; Immunohistochemistry;
Colorectal cancer

The incidence of colorectal cancer (CRC) has been rapidly
increasing and CRC is one of the leading causes of cancer mortality
wotldwide. Despite earlier detection and advances in molecular
pathology-based treatments, we continue to encounter CRC
patients with early-stage cancer who present with recurrence.
Human CRC is a heterogeneous and complex disease with various
genetic and/or epigenetic alterations that result in a biologically
aggressive tumor phenotype.' Various genetic alterations accom-
panied with genetic instability can be induced in the hypoxic
tumor state."” Interactions between neoplastic cells and the hypoxic
microenvironment modify CRC tumor cell phenotype.*"'

The B thymosins are a family of hormone-like polypeptides
that consist of 4044 amino acids and are further divided into
15 subfamilies."” Of these 3 thymosins, thymosin f3; is the most
common subtype and the differential expression of thymosin Py

pISSN 2383-7837
elSSN 2383-7845

has been reported in fibrosarcoma,”’ malignant melanoma,*
breast cancer,” gastric cancer,"® and colon cancer."* We previously
reported that thymosin s expression was increased in breast
cancer tissue and correlated this expression with tumor progression
and lymph node metastasis via hypoxia inducible factor-1a,
(HIF-10) modulation.?*

In this study, we examined the expression patterns of thymosin
B4 and HIF-10in 143 CRC patients using immunohistochemical
staining. We also evaluated the clinico-pathological significance
of thymosin [3s and HIF-10t expression levels and their correlation
with various prognostic factors of CRC.

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

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 9
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MATERIALS AND METHODS

Case selection and immunohistochemistry

CRC cases were selected from patients who underwent surgical
treatment at Eulji University Hospital from January 2000 to
June 2005. We excluded those specimens obtained from patients
who underwent preoperative neoadjuvant chemoradiation. Per-
tinent clinical and pathological information was obtained from
electronic operation records and pathology reports. All cases were
histologically confirmed to be primary colorectal adenocarcinoma
and hematoxylin and eosin slides were re-evaluated by two inde-
pendent pathologists. The tumor grade of the adenocarcinoma
was classified into low grade (>50% of tumor glands) and high
grade (< 50% of tumor glands).” For signet ring cell carcinoma
and mucinous adenocarcinoma, less than 50% glands were defined
as high grade. Tumor budding was defined as a single or group
of less than five detached tumor cells and classified into two
grades.”*”’ Tumor recurrence was designated as tumor occurring
at the anastomosing site, in the regional lymph nodes, and the
pelvic cavity diagnosed by radiology, colonoscopy, exploratory
surgical, and/or histological examination. In addition, metastasis
was defined as the presence of tumor cells outside the area of resec-
tion, including the liver, pancreas, lung, and other organs.

All cases of CRC tissue with accompanying normal mucosal
tissue were fixed in 10% buffered formalin for 24 hours and
embedded in paraffin. Tissue sections of 3—4 pm thickness were
cut and mounted on ProbeOn slides (Fisher Scientific, Pittsburgh,
PA, USA). Sections that contained both tumor and adjacent
uninvolved colonic mucosa were selected for immunohistochem-
istry (IHC) in most cases. In a few cases, sections were trimmed
in order to decrease the surface area for an even distribution of
antibodies, so that only the tumor portion was included in the
IHC evaluation. IHC conditions for thymosin B4 and HIF-1a.
were optimized according to the manufacturers’ instructions.
Paraffin embedded tissue sections were deparaffinized and rehy-
drated through a series of xylene and alcohol. Slides were then
treated with 10 mM/L sodium citrate buffer (pH 6.1) for 15
minutes and autoclaved at 120°C for antigen retrieval. All slide
sections for THC were incubated in 3% H,O, for 10 minutes to
inactivate endogenous peroxidase, washed with 10 mM/L phosphate
buffered saline buffer (pH 7.4), and then incubated with normal
bovine serum to reduce false-positive staining. Mouse monoclonal
antibodies against thymosin P (1:100, Biodesign Int., Saco,
ME, USA) and HIF-1a (1:50, Novus Biologicals, Littleton,
CO, USA) were used as primary antibodies. Slide sections were
incubated with primary antibodies overnight at 4°C in a wet

http://jpatholtm.org/

chamber and stained with diaminobenzidine as the substrate
using an EnVision-HRP kit (Dako, Glostrup, Denmark). An
irrelevant mouse IgG of the same isotype served as a negative
control. Sections were counterstained with Mayer’s hematoxylin
solution and then mounted.

Assessment of IHC staining

To evaluate the expression of thymosin P and HIF-1a in
association with various clinico-pathological factors, the immu-
noreactivity of both thymosin 35 and HIF-1a were analyzed in
a semi-quantitative manner by two independent pathologists
who wete blinded to outcomes. Immunoreactivity for thymosin {4
and HIF-1a was observed primarily in the cytoplasm and nuclei
of normal mucosal epithelium and tumor cells, respectively.
The intensity of immunohistochemical staining was scored as 0
to 2 (0, weaker staining than the normal mucosal epithelium; 1,
staining similar to the normal mucosal epithelium; and 2, stronger
staining than the normal mucosal epithelium). The percentage
of positive cells was scored as 1 (< 25% of tumor cells), 2
(25%-49% of tumor cells), 3 (50%—74% of tumor cells), and 4
(2 75% of tumor cells). To evaluate the statistical significance
between thymosin s and HIF-10 expression and clinico-path-
ological factors, the median value (25% of tumor cells showing
a strong positive reaction than normal epithelium) of the series
was used as the cutoff value to distinguish between tumor cells
with low expression (< 25% tumor cells) and high expression (>
25% of tumor cells). Cases with conflicting results were re-

evaluated and a consensus was reached.

Statistical analysis of prognostic parameters

We performed statistical analysis using the SPSS ver. 18
(SPSS Inc., Chicago, IL, USA). The correlation between thymosin
B and the various clinico-pathological parameters were analyzed
with the Pearson’s chi-square test or Fisher exact test. To evaluate
statistical analysis, recurrence-free survival was defined as the
duration from the date of surgery to the first date of recurrence
or the date of last follow-up. Similarly, overall survival was defined
as the duration from the date of surgical therapy to the date of
death or date of last follow-up. The mean follow-up duration
for all patients was 53.3 months, ranging from 0.6 to 121.9
months. Using the Kaplan-Meier method, the recurrence-free
survival curve and the overall survival curve were formulated.
To examine the statistical significance of the differences in survival
distribution, log-rank test was utilized. Multivariate analysis
for overall survival and recurrence-free survival was performed
using Cox proportional hazard regression analysis. In all statistical

https://doi.org/10.4132/jptm.2016.08.23



analyses, p-values less than .05 were considered statistically
significant.

Ethical permission
The Institutional Review Board of Eulji University Hospital
approved the study protocol and provided all necessary ethical

permission.

RESULTS

Association of clinico-pathological characteristics with
thymosin B, and HIF-10 expression status

The median age of the 143 CRC patients (75 men and 68
women) at surgery was 62.2 years (range, 28 to 86 years) and the
median tumor size was 5.2 cm (range, 0.8 to 12.0 cm) in maximum
diameter. The majority of CRCs were moderately differentiated
adenocarcinoma and 111 cases (77.6%) were classified as low
grade and 32 cases (22.4%) as high grade (poorly differentiated
19, signet ring cell carcinoma 3, and mucinous carcinoma 10).
One hundred and four cases (72.7%) showed lymphovascular
tumor invasion and 106 cases (74.1%) exhibited high-grade
tumor budding. According to the seventh edition of the AJCC
TNM system,” 26 patients (18.2%) were diagnosed with early-
stage tumor invasion (five cases of pT'1 and 21 cases of pT2) and
117 patients (81.8%) were diagnosed with advanced-stage tumor
invasion (105 cases of pT3 and 12 cases of pT4). Seventy-six
patients (53.1%) presented with regional lymph node metastasis
and 22 patients (15.4%) with distant metastasis. Twenty-one
patients (14.7%) were at pTNM stage I, 45 patients (31.5%)
were at stage 11, 55 patients (38.5%) were at stage III, and 22
patients (15.4%) were at stage IV. Twenty-seven patients (18.9%)
were treated with chemoradiation after the first surgery (data
not shown). Clinico-pathological characteristics of the 143 CRC
patients are summarized in Table 1.

In the normal colonic epithelium, immunoreactivity for
thymosin Bs and HIF-1a was mostly none or weak. While
thymosin 4 expression was found primarily in the cytoplasm of
cancer cells, HIF-10 was stained predominantly in the nuclei of
tumor cells (Fig. 1A-H). A high level of thymosin s and HIE-
Lo expression was observed in 66 of the 143 patients (46.2%)
and in 67 of the 143 patients (46.9%), respectively. We analyzed
whether thymosin P4 expression level was associated with clinico-
pathological factors. We found that predictive factors for prognosis,
such as lymphovascular invasion, invasion depth (pT), regional
lymph node metastasis (pN), distant metastasis, and TNM stage
showed statistically significant correlations with thymosin Ps

https://doi.org/10.4132/jptm.2016.08.23
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immunoreactivity (Table 1). Patients with high thymosin [4
expression levels showed a significantly greater presence of
lymphovascular invasion, more frequent regional lymph node
metastasis, deeper invasion depth, and more advanced tumor

Table 1. Clinico-pathological variables and thymosin B4 expression
status

Thymosin B4
Characteristic Total expression level p-value
Negative/Low  High

Age (yr)
<50 26 10 (13.0) 16 (24.2) < .082
>50 17 67 (87.0) 50 (75.8)

Gender
Female 68 35 (45.5) 33(60.0) <.587
Male 75 42 (54.5) 33 (50.0)

Site
Right/Transverse colon 34 20 (26.0) 14(21.2) <.505
Left colon and rectum 109 57 (74.0 52 (78.8)

Size <.814
<5 cm in diameter 60 33 (42.9) 27 (40.9)
>5 cm in diameter 83 44 (571 39 (69.1)

Grade <.926
Low 111 60 (54.1)  51(45.9)
High 32 17 (63.1) 15 (46.9)

LV invasion <.001*
Not identified 39 31 (40.3) 8(12.1)
Present 104 46 (59.7) 58 (87.9)

Tumor border .560
Pushing 13 8(10.4) 5(7.6)
Infiltrating 130 69 (90.6) 61(92.4)

Tumor budding <.118
Low 37 24(312)  13(19.7)
High 106 53 (68.6) 53 (80.3)

Invasion depth <.001*
pTi 5 5(6.5) 0
pT2 21 18 (23.4) 3(4.5)
pT3 105 50 (64.9) 55 (83.3)
pT4 12 4(5.2) 8(12.1)

LN metastasis <.001*
pNO 67 52675  15(22.7)
pN1 23 8(104) 15(2.7)
pN2 53 17 (22.1) 36 (54.5)

Distant metastasis <.001*
MO 121 7496.1)  47(71.2)
M1 22 339 19 (28.9)

TNM stage <.001*
| 21 20 (26.0) 1(1.5)
Il 45 32 (41.6) 13 (19.7)
11 55 22 (28.6) 33 (560.0)
% 22 339 19 (28.9)

Values are presented as number (%).

LV, lympho-vascular invasion; LN, lymph node.
*p<.05.

aFisher exact test.
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Negative/low expression High expression

Thymosin f,

Fig. 1. Immunohistochemical expression of thymosin B4 (A-D) and hypoxia inducible factor-1a (HIF-1a) (E-H) in human colorectal cancer. (A) No
or weak expression of thymosin 4 in normal colonic epithelium. (B) Low expression of thymosin B4 in tumor glands. (C) Tumor cells show high
thymosin B« expression, but no or weak thymosin B4 expression in normal colonic epithelium. (D) Tumor cells reveal strong thymosin B4 expres-
sion primarily in the cytoplasm of tumor cells. (E) No or weak immunoreactivity of HIF-1e in normal colonic epithelium. (F) Low expression of HIF-
Tovin tumor cells. (G) Tumor cells show strong HIF-1a expression. (H) HIF-1a. is highly expressed predominantly in the nucleus of tumor cells.
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Fig. 2. Kaplan-Meier survival analysis by thymosin B4 expression status. (A) Cumulative recurrence-free survival differences between patients
with high and low thymosin B4 expression. (B) Cumulative overall survival differences between patients with high and low thymosin B expres-
sion. p-values were obtained using the log-rank test of differences.
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stage than in those with low thymosin P expression levels (p <
.001). We also evaluated the association between HIF-10a ex-
pression levels and clinico-pathological variables. We found a
statistically significant correlation between high HIF-1a im-
munohistochemical expression and clinico-pathological factors
such as lymphovascular invasion (p =.006), invasion depth (p =
.002), regional lymph node metastasis (p = .007), distant metastasis
(p=.029), and TNM stage (p = .002) (data not shown).

High thymosin B4 expression level correlated with tumor
recurrence and overall survival

We petformed multivariate analysis to examine the correlation
between thymosin 3, expression levels with recurrence-free survival
and overall survival. Forty patients (28.0%) presented with cancer
recurrence during follow-up and 55 patients (38.5%) died of
CRC with or without metastasis. Seven patients (4.9%) died of
unknown causes, 17 patients (11.9%) were alive with local re-
currence and/or distant metastasis, and 64 patients (44.8%) re-
mained alive and recurrence-free. Kaplan-Meier analysis showed
that high thymosin P, expression was significantly correlated

Thymosin @ and HIF-1a.in Colon Cancer © 13

with decreased recurrence-free survival (p <.001) (Fig. 2A).
Recurrence-free survival was shorter in patients with high
expression levels of thymosin P4, with a mean duration of 37.3
months (95% confidence interval [CI], 27.833 to 46.684), and
was longer in patients with low levels of thymosin 4 expression,
with a mean duration of 84.6 months (95% CI, 73.538 t0 95.571).
We also found that high thymosin B4 expression significantly
correlated with worse overall survival (p =.001). Thymosin B4
expression status also significantly split the cumulative overall
survival curves (Fig. 2B). While the overall survival of CRC patients
with high thymosin s expression was mean duration of 51.7
months (95% CI, 41.381 to 61.939), the overall survival of CRC
patients with low thymosin P expression was longer with mean
duration of 96.8 months (95% CI, 86.952 to 106.732). Multi-
variate analysis was also performed to assess the prognostic value
of thymosin 3 expression for recurrence-free survival and overall
survival using various clinico-pathological parameters. Patients
with high thymosin Bs expression were found to have worse
survival outcomes. Statistically significant clinico-pathological
factors that were correlated with overall survival were high thymo-

Table 2. Multivariate Cox proportional hazard analysis for recurrence-free survival and overall survival

Recurrence-free survival

Overall survival

Characteristic No.
Relative risk (95% Cl) p-value Relative risk (95% Cl) p-value

Thymosin Ba .001* .005*
Low/negative 7”7 1.000 1.000
High 66 2.540 (1.479-4.362) 2.457 (1.315-4.592)

Size (diameter, cm) 230 094
<5 60 1.000 1.000
>5 83 1.349 (0.828-2.197) 1.636 (0.919-2.913)

Grade .048* 013*
Low 111 1.000 1.000
High 32 1.785 (1.005-3.171) 2.241 (1.186-4.236)

LV invasion .938 974
Not identified 39 1.000 1.000
Present 104 1.025 (0.547-1.922) 1.012 (0.485-2.111)

Budding 022* 047*
Low 37 1.000 1.000
High 106 2.094 (1.112-3.942) 2.068 (1.010-4.235)

Invasion depth .022* 074
pT1+pT2 26 1.000 1.000
pT3+pT4 117 3.491 (1.194-10.206) 3.849 (0.878-16.868)

LN metastasis .833 437
Not identified 67 1.000 1.000
Present 76 1.060 (0.617-1.821) 1.290 (0.678-2.455)

Distant metastasis .005* .001*
MO 121 1.000 1.000
M1 22 2.368 (1.301-4.311) 2.997 (1.586-5.664)

p-values were obtained by Cox proportional hazards analysis modeled.
Cl, confidence interval; LV, lympho-vascular invasion; LN, lymph node.
*0<.05.
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sin B4 expression (p =.005), high tumor grade (p =.013), high
tumor budding (p =.047), and presence of distant metastasis (p
=.001). The relative risk (RR) of death in patients with a high
expression level of thymosin [ was more than two times greater
(RR, 2.457; 95% CI, 1.315 to 4.592) than those with low thy-
mosin s expression levels. High thymosin B4 expression was
also an independent and relevant factor of decreased recurrence-
free survival (p=.001). The RR of recurrence for patients with
high thymosin P4 expression level was 2.540 (95% CI, 1.479 to
4.362). Table 2 summarizes the results from the Cox proportional
hazards analysis.

A statistically significant correlation between high HIF-1a
expression and high thymosin P expression was also found (p <
.001). Specifically, of the 66 cases exhibiting high thymosin B4
expression, 49 cases (74.2%) also showed high nuclear immu-
noreactivity of HIF-1a. Of the 77 cases expressing low thymosin
B4 expression, 59 cases (76.6%) revealed corresponding low
HIF-10 expression (Table 3).

DISCUSSION

Growing tumors require oxygen and nutrient delivery through
neovasculature. However, intratumoral hypoxia induced by im-
balance between tumor growth and insufficient angiogenesis
can lead to expression of HIF-10, which is a transcriptional factor
that activates tumor survival in an unstable hypoxic tumor mi-
croenvironment.”* Recent reports have shown that thymosin
B34 stabilizes HIF-1a. in human cancer cells’ and that thymosin [
also induces migration and metastasis of colon cancer cells via
the ILK/IQGAP1/Racl signal transduction pathway.”**’

Few studies have evaluated whether overexpression of thymosin
B+ influences clinical prognosis and whether thymosin P is related
to HIF-10 in CRC:s. To better understand the relationship, we
analyzed the clinical significance and expression status of thy-
mosin s and HIF-10 in CRC patients. Our study demonstrates
that high thymosin P4 expression has a significant association
with lymphovascular invasion, nodal status, distant metastasis,
and tumor progression in CRC patients (p <.001). This finding
is consistent with our previous study showing hypoxia-induced

Table 3. Correlation between thymosin p. and HIF-1a expression status

high expression of thymosin 35, which also significantly correlated
with regional lymph node metastasis in breast cancer.” In a
previous study, we found thymosin 34 to be up-regulated under
hypoxic conditions (5% O,) using an in vitro hypoxia-induced
model to generate transcription profiles in human CRC. Based
on these findings, for this study we examined the association
between thymosin 4 expression and HIF-10! expression in CRC
specimens. We then discovered that the overexpression of thymo-
sin s in CRC is closely related to the restricted overexpression
of HIF-1a in the CRC cells (p <.001).

Recently, there have been reports regarding the association
between thymosin P expression with tumor development and
epithelial mesenchymal transition (EMT).'"** In particular,
Nemolato ¢t /> reported high expression of thymosin f; at the
invasive front in colon cancer and discussed its associated with
EMT as well as invasion and metastasis of tumor cells. However,
from our study, since we were unable to find an association be-
tween thymosin 4 expression and tumor budding (p=.118) and
tumor border (p =.560), we found the direct association of thy-
mosin 4 expression with EMT to be weak.

The HIF complex, which involves various hypoxia-regulated
genes, is a group of critical gene products in the tumor micro-
environment of hypoxic adaptation and in angiogenesis.”” The
HIF complex is also an essential mediator in coordinating tran-
scription of various factors in the tumor cells to survive in the
hypoxic environment and its overexpression has been associated
with increased mortality in various cancer types.”””" Among
HIF complex proteins, HIF-1a. is the best-characterized isoform.
Whether HIF-20,, HIF-30, and HIF-1P also play critical roles
in the HIF pathway and regulate HIF target genes is not yet
clearly known.”®* Hypoxic conditions induce HIF-1a expression
in normal cells. HIF-1a is frequently upregulated in various
cancer cells and the overexpression of HIF-1a correlates with
advanced cancer progression or aggressiveness.”” However, the
clinical significance of HIF-1a in CRC has not been extensively
studied. In this study, we observed a significant association be-
tween thymosin [ expression and HIF-1a expression (p <.001).
This result coincides with previous studies that found overex-

pression of HIF-1a. to be associated with poor prognosis.””’

HIF-1a
Frequency Total : : p-value
High Low/negative
Thymosin B4 High 66 49(74.2) 17 (25.8) <.001
Low/negative 7 18 (23.4) 59 (76.6)

Values are presented as number (%).
HIF-1a, hypoxia inducible factor-1a.
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Thymosin [ has various functional roles in normal cell biology
and its mechanism of action has recently been studied in various
tumors. In this study, we found that high cytoplasmic expression
of thymosin P is clinically important and an independent prog-
nostic factor for CRC patients. As our results demonstrate that
high thymosin [ expression significantly correlates with tumor
recurrence and worse overall survival, we suggest that high thy-
mosin [ expression may be a useful prognostic factor in CRC.

Our results demonstrate that HIF-1a. is correlated with over-
expression of thymosin P4 in human CRC. Although further
studies are necessary to further validate our findings, we suggest
that thymosin P4, has potential as a prognostic biomarker and
has potential as a HIF pathway target in human CRC.
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Background: Cancer stem cells have been investigated as new targets for colorectal cancer
(CRC) treatment. We recently reported that CD133* colon cancer cells showed chemoresistance
to 5-fluorouracil through increased survivin expression and proposed the survivin inhibitor YM155
as an effective therapy for colon cancer in an in vitro study. Here, we investigate the relationship
between survivin and CD133 expression in surgically resected CRC to identify whether the results
obtained in our in vitro study are applicable to clinical samples. Methods: We performed immuno-
histochemical staining for survivin and CD133 in surgically resected tissue from 187 stage Il or Ill
CRC patients. We also comparatively analyzed apoptosis according to survivin and CD133 expres-
sion using terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end
labeling. Results: The results of the Mantel-Haenszel test established a linear association between
nuclear survivin and CD133 expression (p =.018), although neither had prognostic significance,
according to immunohistochemical expression level. No correlation was found between survivin
expression and the following pathological parameters: invasion depth, lymph node metastasis, or
histologic differentiation (p >.05). The mean apoptotic index in survivin* and CD133* tumors was
higher than that in negative tumors: 5.116 +4.894 in survivin* versus 4.103 +3.691 in survivin- (p=
.044); 5.165 +£4.961 in CD133* versus 4.231+3.812 in CD133" (p =.034). Conclusions: As ob-
served in our in vitro study, survivin expression is significantly related to CD133 expression. Sur-
vivin may be considered as a new therapeutic target for chemoresistant CRC.

Tel: +82-33-731-1553
Fax: +82-33-731-6590
E-mail: meeyon@yonsei.ac.kr

Colorectal cancer (CRC) is the third most common cancer and
the fourth most common cause of cancer-related death world-
wide." Despite the availability of preventive measures, early
screening tests, and improved surgical treatments and chemo-
therapy, the mortality rate remains high. The complexity of
mechanisms involved in tumor recurrence, metastasis, and che-
moresistance” has spurred cancer stem cell studies to seek novel
and more effective targets for CRC treatment. In our iz vitro study,
we found that CD133" cells showed high levels of survivin expres-
sion, which was related to chemoresistance to S-fluorouracil (5-
FU), and a survivin inhibitor was more effective than 5-FU in
decreasing the viability of colon cancer cells.”

CD133, a transmembrane glycoprotein, is a cancer stem cell
marker in several human tumors,” including CRC.® CD133 ex-
pression in CRC has been reported to be associated with Wnt,"®
Notch,” STAT3," and transforming growth factor-beta signaling
pathways,"" which are essential for self-renewal,” tumorigenesis,”
progression,” and chemoresistance in CRC.” However, the rela-
tionship of CD133 with survivin expression in clinical samples

pISSN 2383-7837
elSSN 2383-7845

Key Words: Colorectal neoplasms; Neoplastic stem cells; Survivin; CD133 protein; Apoptosis

has not been evaluated.

Since tumor development and progression are based on the
balance of cell apoptosis and proliferation, Alcaide ¢ /" described
that a higher rate of apoptosis is associated with more aggressive
behavior of tumors and poorer prognosis in CRC patients. Sut-
vivin, a member of the inhibitor of apoptosis family, plays a
dual role in cell apoptosis and proliferation. As a subunit of the
chromosomal passenger complex, nuclear survivin regulates the
chromosomal central spindle in various cell division processes,
whereas cytoplasmic survivin inhibits apoptosis. This suggests
that survivin can be a good target for cancer therapy because it
promotes cell survival."* In meta-analyses, survivin expression has
shown a positive correlation with poorer prognosis in CRC
patients.”'® However, a previous study has reported that survivin
expression was associated with good prognosis."” Furthermore,
most immunohistochemical studies of survivin did not clearly
define the sublocation of survivin expression. Therefore, the clinical
significance of survivin exptession in CRC remains to be clarified.

The aim of the present study was to determine the clinico-

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

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 17



18 o LiW, etal

pathologic significance of survivin expression in relation to
CD133 expression in CRC. In addition, we comparatively ana-
lyzed apoptosis according to survivin and CD133 expression in
CRC.

MATERIALS AND METHODS

Patients and tissue samples

We used formalin-fixed and paraffin-embedded tissues from
surgically resected stage II or III CRCs that were registered to
the Department of Pathology at Wonju Severance Christian Hos-
pital between January 2000 and December 2006. We analyzed
the data from 187 patients with follow-up information. Patients
who received preoperative chemotherapy or radiotherapy were
excluded. Clinicopathological data of patient age, sex, tumor
location, invasion depth, histologic differentiation, and lymph
node metastasis were collected from pathology reports.

Ethics approval

This study was approved by the Institutional Ethics Commit-
tee of Yonsei University, Wonju College of Medicine (YWMR-
14-4-102) and was carried out in compliance with the guidelines
of the Declaration of Helsinki.

Immunohistochemical staining

Paraffin-embedded tissue sections from representative blocks
were warmed to 75°C for 4 minutes. Slides were deparaffinized
with EZPrep (Ventana Medical Systems, Tucson, AZ, USA), and
an antigen-retrieval step was performed for 60 minutes with cell
conditioning solution #1 for survivin staining and #2 for CD133
staining (Ventana Medical Systems). Then, endogenous peroxi-
dase activity was blocked by applying an ultraviolet inhibitor for
4 minutes. After washing with the reaction buffer several times
at room temperature (RT), an Ultra View Universal DAB Detec-
tion Kit (Ventana Medical Systems) was used for immunohisto-
chemical (IHC) staining. The slides were incubated with mono-
clonal antibodies against survivin (Abcam, Cambridge, MA,
USA) for 1 hour and against CD133/1 (MACS, Miltenyi Biotec,
Bergisch Gladbach, Germany) for 2 hours at 37°C in an auto-
stainer (Benchmark XT, Ventana Medical Systems). After incu-
bating with the primary antibodies, the slides were rinsed with
the reaction buffer. Drops of HRP UNIV MULT, DAB, and
DAB H,0O, (Ventana Medical Systems) were applied sequen-
tially on each slide (8 minutes per reagent), with intermittent
rinsing with reaction buffer. The slides were then treated with a
drop of COPPER for 4 minutes. Finally, a bluing agent was

http://jpatholtm.org/

added and rinsed with reaction buffer. In addition, the sections
were counterstained with hematoxylin for nuclei staining.

CD133 and survivin expression was manually counted in
selected hot-spot fields.

THC expression for CD133 was scored as 0 when there was
no expression, 1+ when the expression for CD133 was detected
in 196—10% of the whole tumor area, and 2+ and 3+ when the
expression was in 11%-50% and 51%-100% of the tumor
area, respectively. We set a cut-off point at 10% between the
positive and negative groups. Survivin expression was scored as
1+ (0%-25%), 2+ (26%—50%), 3+ (51%-75%), and 4+ (76%—
100%) according to the level of nuclear reactivity among total
tumor cells."® We set a cut-off point at 25% between the positive
and negative groups. The IHC staining results were indepen-
dently evaluated by two pathologists who were unaware of
patient clinical and pathological information. Discrepancies
between the pathologists were resolved by consensus.

Terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling assay

All patient samples were stained using an In situ Cell Death
Detection Kit (Roche Diagnostics, Mannheim, Germany) in
formalin-fixed and paraffin-embedded sections. The slides were
deparaffinized and rehydrated. After washing, the slides were
incubated for 30 minutes at RT with 0.1 M Tris-HCI (pH 7.5),
3% bovine serum albumin, and 20% normal bovine serum for
blocking. Then, the slides were washed twice with phosphate-
buffered saline (PBS). The terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate nick-end labeling (TUNEL)
reaction mixture (50 pL) was applied to each section for 1 hour
at 37°C in a humidified chamber. After three washes with PBS,
the slides were treated with 0.3% H,O, in methanol for 10
minutes (RT). The blocking step was then repeated.

After washing with PBS, 50 mL Converter-POD was applied
to each slide, and the slides were incubated for 30 minutes at
37°C in a humidified chamber. After three washes with PBS,
100 pL DAB substrate solution was added, and the slides were
incubated for 1-3 minutes at RT. The slides were then washed
thoroughly with tap water and counterstained with hematoxylin
before mounting. Under light microscopy, we calculated the
apoptotic index (AI) by counting the number of apoptotic nuclei
per 1,000 cells in a high-power field. Cells were considered posi-
tive if the entire nuclear area of the cell was stained brown. Cells
in areas with necrosis and the margins of sections were excluded
from the analysis.

https://doi.org/10.4132/jptm.2016.09.23



Statistical analysis

Data are displayed according to the properties of the variable.
Continuous variables are presented as mean and standard devia-
tion. Categorical variables are noted as frequency and percentage.
The Mantel-Haenszel test was performed to evaluate the linear
association between two variables on an ordinal scale. To compare
the survivin THC groups, we performed one-way analysis of
variance ot the chi-square test (Fisher exact test), as appropriate.
The survival curve was estimated by the Kaplan-Meier method
and was compared by the log-rank test. To estimate hazard ratio
and 95% confidence interval, we used a Cox proportional hazard
regression model. A p-value less than 0.05 was considered sta-
tistically significant, and all statistical analyses were performed
with SAS ver. 9.2 (SAS Inc., Cary, NC, USA).

RESULTS

Relationships between survivin expression,
clinicopathological parameters, and CD133 expression

The demography of cases examined in this study is presented
in Table 1. Representative cases with high and low survivin
expression are shown in Fig. 1A-D with matched CD133 ex-
pression. CD133 showed a luminal membranous expression

Survivin and CD133 Expression in CRC e 19

pattern (Fig. 1A), whereas survivin showed distinct nuclear expres-
sion with weak and vague cytoplasmic expression in CRC cells
(Fig. 1B). We analyzed only the nuclear survivin expression in this

Table 1. Patients demographics for the current study

No. (%)

Sex

Male 117 (62.5)

Female 70 (37.4)
Age (yr)

>50 156 (83.4)

<50 31(16.6)
Tumor differentiation grade

Well differentiated 10 (6.3)

Moderately differentiated 159 (85)

Poorly differentiated 18 (9.6)
Tumor stage

Il 72 (38.5)

i 115 (61.5)
Location

Cecum, appendix, and ascending colon 44 (23.5)

Transverse, descending, and sigmoid colon 64 (34.2)

Rectum 79 (42.2)
Regional lymph node

NO 73(39)

N1 70 (37.4)

N2 44 (23.5)

Fig. 1. Photomicrographs showing representative cases of high CD133 (A) and survivin (B) expression and low CD133 (C) and survivin (D)
expression in colorectal cancer tumor cells. CD133 expression localized to the luminal surface of the cytoplasm, and survivin expression local-

ized to the nucleus.

https://doi.org/10.4132/jptm.2016.09.23
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study because the cytoplasmic expression was too diffuse and
weak to be scored.

Survivin expression showed a significant correlation with
CD133 expression (p = .018) when analyzed by the Mantel-
Haenszel test; however, survivin showed no significant relation-
ship with other pathological parameters (Table 2).

Survival analysis according to survivin expression

The mean overall survival (OS) according to survivin expres-
sion was 113.1 +9.1 months for score 1+, 47.0 + 1.7 months
for score 2+, 41.8 + 1.4 months for score 3+, and 7.4 = 0.1

months for score 4+. However, survivin expression had no
prognostic significance in the survival analysis (p = .480). Dis-
ease-free survival was also not related to survivin expression (p
= 488).

Difference in apoptosis according to survivin and CD133
expression

Apoptosis detected by TUNEL analysis showed rare positive
cells in normal mucosa (Fig. 2A), in contrast to occasionally
scattered positive cells in CRC cells (Fig. 2B). Al was significantly
higher in CD133" tumors (5.165 = 4.961) than in CD133

Table 2. Survivin expression according to the pathologic parameters (n=187)

Survivin expression (number of cases)

Parameter Total p-value
1+ 2+ 3+ 4+

Histologic differentiation 531
Well 2 4 4 0 10
Moderate 32 52 59 16 159
Poor 5) 3 7 3 18

Invasion depth 267
T2 1 8 8 1 8
T3 36 52 60 16 164
T4 2 4 7 2 15

Lymph node metastasis .815
NO 17 20 26 10 73
N1 13 25 27 5 70
N2 9 14 17 4 44

Adjuvant therapy 297
Yes 32 54 65 18 169
No 7 5 5 1 18

CD1383 IHC expression .018
Negative 18 14 18 3 53
1+ 11 12 15 6 44
2+ 3 16 12 5 36
3+ 7 17 25 5 54

IHC, immunohistochemistry.

Fig. 2. There was rare apoptosis in normal mucosa (A), but scattered positively-stained apoptotic cells in colorectal cancer (B) were observed
by the terminal deoxynucleotidy! transferase-mediated deoxyuridine triphosphate nick-end labeling assay.

http://jpatholtm.org/
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Fig. 3. Compared with that in CD133 and survivin" tumors, the
mean apoptotic index (Al) obtained by the transferase-mediated
deoxyuridine triphosphate nick-end labeling assay was significantly
higher in CD133" and survivin™ tumors (p<.05).

tumors (4.231 + 3.812, p=.034). Further, compared with sur-
vivin® tumors, survivin~ tumors had a higher AT (5.116 +4.894
vs 4.103 +3.691, p = .044) (Fig. 3).

DISCUSSION

In our previous 7z vitro study, we described that CD133" colon
cancer cells showed chemoresistance to 5-FU through high sur-
vivin expression. In addition, we demonstrated that the survivin
inhibitor YM155 was more effective than 5-FU in inducing
cell death of colon cancer cells. YM155 is a novel small-molecule
survivin inhibitor that acts by inhibiting survivin promoter
activity."” Inhibitors of apoptosis have been used as new targeted
therapies in CRC.”” Recently, Gyuraszova et a/.*' also reported
that the combined use of YM155 with hypericin is effective in
the treatment of CRC and lung adenocarcinoma through induc-
tion of apoptosis. To determine whether the results of our 7z vitro
study are applicable to clinical samples, we examined the signifi-
cance of survivin expression in relation to clinicopathological
parameters and CD133 expression of CRC in the present study.
We found a correlation between CD133 expression and nuclear
survivin expression in CRC in a sample size of 187. It agrees with
our previous 7 vitro study, which indicates that both the mRNA
and protein expression levels of survivin in CD133" cells are
remarkably higher than those in small interfering RNA (siRNA)-
induced CD133" cells,’ These findings are also concordant with
those of the transcriptome analysis reported by Kim et /.”
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In two recently published meta-analyses, the authors con-
cluded that survivin expression is closely associated with high
mortality."*” However, these studies did not specify whether
the positive correlation was observed with nuclear or cytoplasmic
survivin expression. In most data used in these meta-analyses,
the subcellular localization of survivin expression was unstated
or cytoplasmic. As previously mentioned, nuclear survivin expres-
sion can improve cell proliferation by regulating chromosome
alignment and segregation in mitosis, whereas cytoplasmic sur-
vivin expression inhibits the apoptosis pathway. Another recent
report suggested that nuclear survivin expression is related to
better patient prognosis.'” However, this finding is contrasted
with results reported by Kim ¢ /.,”* who showed that nuclear
survivin expression can be an independent poor prognostic factor
for disease-free survival and OS. It remains controversial whether
nuclear survivin expression is related to patient prognosis. Nuclear
survivin expression has been reported to be significantly higher
than cytoplasmic expression in CRC.** Therefore, further large-
scale studies are required to confirm the prognostic significance
of subcellular survivin expression in CRC.

In a previous study, we found that CD133 expression was related
to survivin expression in CRC cell lines.* However, we found
that survivin expression increased in Caco-2 cells after transfec-
tion with Ctrl-siRNA and CD133-siRNA. This may indicate
that transfection affects survivin expression as a cell-damaging
force. To avoid the bias induced by transfection, we analyzed
survivin and CD133 expression together with apoptosis in clinical
samples of CRC.

The balance between proliferation and apoptosis maintains
the homeostasis of the colonic epithelium, but uncontrolled cell
proliferation and apoptosis contribute to tumor development.®
Alcaide ez «l.” reported that Al in CRC is higher than that in
adenomas and normal tissue. We also found that AT in tumor tissue
was higher than that in the surrounding normal mucosa. In addi-
tion, CD133" and survivin® tumors showed a higher mean Al
than CD133" and survivin® tumors. However, Al was not signifi-
cantly related with either survivin or CD133 expression in this
study. Bedi ¢t «/.” reported that apoptosis is inhibited during
CRC development, owing to abnormal expression of the BCL2
gene. Zhao et al.”® reported that a low dose of bcl-2 inhibitor
could up-regulate survivin expression in hepatocellular carcinoma.
These results indicate that apoptosis is regulated by not only
survivin, but also bel-2. In addition, the effects of apoptotic
proteins on CD133" colon cancer cells have been rarely reported.
In a study by Kemper et a/.,” activated caspase-9 was found to
induce a high level of apoptosis in CD133* CRC stem cells.

http://jpatholtm.org/
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Sam et al.”* demonstrated that inhibiting survivin and caspase 3
triggers apoptosis in colon cancer stem-like cells.

In this study, we found that nuclear survivin expression was
correlated with CD133 expression in CRC, although it was not
significantly related to pathological parameters or patient prog-
nosis. Further 7z vivo investigations of the effect of survivin inhib-
itors and the mechanism of survivin expression in relation to
cancer stem cell markers are required for verifying whether sur-
vivin is a new target for more effective treatment of CRC.
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The KRAS gene was recognized more than 30 years ago as

a Real-Time PCR-Based Assay

Background: Mutations in the KRAS gene have been identified in approximately 50% of colorectal
cancers (CRCs). KRAS mutations are well established biomarkers in anti-epidermal growth factor
receptor therapy. Therefore, assessment of KRAS mutations is needed in CRC patients to ensure
appropriate treatment. Methods: We compared the analytical performance of the cobas test to
Sanger sequencing in 264 CRC cases. In addition, discordant specimens were evaluated by 454
pyrosequencing. Results: KRAS mutations for codons 12/13 were detected in 43.2% of cases
(114/264) by Sanger sequencing. Of 257 evaluable specimens for comparison, KRAS mutations
were detected in 112 cases (43.6%) by Sanger sequencing and 118 cases (45.9%) by the cobas
test. Concordance between the cobas test and Sanger sequencing for each lot was 93.8% positive
percent agreement (PPA) and 91.0% negative percent agreement (NPA) for codons 12/13. Results
from the cobas test and Sanger sequencing were discordant for 20 cases (7.8%). Twenty discrep-
ant cases were subsequently subjected to 454 pyrosequencing. After comprehensive analysis of
the results from combined Sanger sequencing-454 pyrosequencing and the cobas test, PPA was
97.5% and NPA was 100%. CGonclusions: The cobas test is an accurate and sensitive test for
detecting KRAS-activating mutations and has analytical power equivalent to Sanger sequencing.
Prescreening using the cobas test with subsequent application of Sanger sequencing is the best
strategy for routine detection of KRAS mutations in CRC.

Key Words: KRAS mutation test; Sanger sequencing; Cobas test; 454 pyrosequencing

12 and 13 do not benefit from treatment with anti-EGFR mono-

the component of Kirsten sarcoma virus responsible for onco-
genesis." Mutations in the KRAS gene that lead to its constitu-
tive activation have been identified in approximately 50% of
colorectal cancer (CRC) tumors and are common in other tumor
types such as pancreas (90%), lung (30%), thyroid (50%), and
myeloid leukemia tumors (30%).> Most activating mutations
in CRCs occur in codons 12 (~82%) and 13 (~17%) of exon 2
of the KRAS gene. However, mutations in codon 61 of exon 3
have also been described.’

Monoclonal antibodies against epidermal growth factor recep-
tor (EGFR), including cetuximab (Erbitux, ImClone Systems,
Branchburg, NJ, USA) and panitumumab (Vectibix, Amgen,
Thousand Oaks, CA, USA), have been approved for the treat-
ment of CRC tumors." However, a number of studies have dem-
onstrated that CRC patients with KRAS mutations in codons
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clonal antibodies. KRAS is downstream from EGFR in the
KRAS-BRAF-MEK-ERK pathway, and blocking EGFR has
lictle effect due to downstream activation of KRAS.? Therefore,
assessment of the mutational status of KRAS is mandatory in
CRC patients to ensure appropriate treatment choice.

A number of methods for detecting KRAS mutations are cur-
rently in clinical use. However, it is not clear which technique
offers the best performance. Sanger sequencing, which theoreti-
cally can identify all possible mutations in an exon, is a common
reference method used to detect somatic mutations in tumor
specimens. However, Sanger sequencing suffers from limited
sensitivity for low level mutant alleles, particularly in formalin-
fixed paraffin-embedded tissue specimens, and has slow turn-
around time.® The cobas KRAS mutation test (Roche Molecular
Systems, Pleasanton, CA, USA) is a real-time polymerase chain
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reaction (PCR)-based assay designed to identify KRAS mutations
in codons 12, 13, and 61. This platform reveals whether a muta-
tion is present in a specific hot spot.

The aim of this study was to compare the analytical perfor-
mance and workflow characteristics of the cobas KRAS mutation
test to Sanger sequencing in order to provide optimal care to
metastatic colorectal cancer (mCRC) patients through optimal
selection of anti-EGFR therapy. In addition, discordant specimens
were subjected to next-generation 454 pyrosequencing.

MATERIALS AND METHODS

Selection of patients and tumor samples

A total of 264 patients with CRC who had undergone radical
surgery at Seoul St. Mary’s Hospital, The Catholic University of
Korea between 2008 and 2010 were enrolled in this study. All
cases were sporadic without any family history of CRC and were
examined by a pathologist who specializes in gastrointestinal
tract pathology. The formalin-fixed, paraffin-embedded (FFPE)
tissue samples from CRC patients were tested in accordance with
protocols approved by the Institutional Review Board of The
Catholic University of Korea (KC12SISI0705). Estimated tumor
content ranged from 50% to 90%. The study scheme is summa-
rized in Fig. 1.

Direct sequencing technique for KRAS mutation
For DNA isolation, 10-pm-thick sections from FFPE tissue
samples were used for each case. The hematoxylin and eosin

A Comparison between KRAS Mutation Tests ® 25

sections used as references were marked with a pen to indicate
the tumor-rich area, and the tumor area was scraped off with a
scalpel under a dissecting microscope. For genomic DNA extrac-
tion, we used the DNeasy Blood and Tissue Kit (Qiagen, Hilden,
Germany) according to manufacturer’s recommendations. DNA
yields were quantified using a Nanodrop spectrophotometer
ND-1000 (Thermo Fisher Scientific Inc., Waltham, MA, USA).
Sanger sequencing was performed using an ABI 3730 automated
sequencer (Applied Biosystems Inc., Foster City, CA, USA) to
detect the presence of KRAS exon 2 mutations with previously
reported primers.” The resulting PCR products were purified
using the QIAquick PCR Purification Kit (Qiagen) and the
appropriate protocol on the QIAcube robotic workstation. Each
chromatogram was visually inspected for abnormalities (Fig. 2).

The cobas KRAS mutation test

The TagMelt PCR assay cobas KRAS Mutation Test (Roche
Diagnostics) was used according to manufacturer’s protocol.
First, manual specimen preparation was conducted to obtain
genomic DNA from FFPE CRC tissue samples (50 ng of DNA),
and PCR amplification and detection of target DNA were pet-

formed on the cobas 4800 system. Data were automatically
processed by the COBAS software.

454 Quantitative massively parallel pyrosequencing
Specimens showing discordant cobas test and Sanger sequenc-

ing results were retested using a quantitative massively parallel

pyrosequencing method (454 GS Titanium, 454 Life Sciences,

| 264 FFPE CRC specimens

‘ 2 Cases invalid result by cobas test ‘

‘ 5 Cases with mutations in codon 61 by cobas test ‘

A4

Cobas test Sanger sequencing

257 FFPE CRC »
specimens

Concordance with Sanger
sequencing

7 Cases invalid result by comprehensive evaluation

with Sanger sequencing, cobas test and 454 pyrosequencing
pyrosequencing
\ 4
250 FFPE CRC R Concordan.ce with Sanger
. > sequencing (resolved
specimens . .
with pyrosequencing)

Fig. 1. Study design and specimen selection. Two hundred sixty-four formalin-fixed, paraffin-embedded (FFPE) colorectal cancer (CRC)
specimens were selected and processed using Sanger sequencing and cobas test.

https://doi.org/10.4132/jptm.2016.10.03

http://jpatholtm.org/



26 o LeeSH etal

T ¢ A G TG TAT T CCTTATGTGTGACATG TTCT

834

',ICZL TTTTT

TTT T 1 T GGCCTGCTG
57 54 n

T G GTTGG
106

834
556
278

ctcffrccce

; WMWMMM il MVMM i

TCATTTI1

| f“\ﬁ[\]\[\”

834
556
278

A/\M | L A“““ﬂﬂ Iy

Mutation : Positive - p.Gly12Asp (c.35G>A)

Fig. 2. Electropherogram from Sanger sequencing. Representative sample shows mutant codon 12 with GGT>GAT (arrow).

Branford, CT, USA) by Roche R&D Center China (RRDCC,
Shanghai, China) using a validated protocol.

Statistical analysis

Data were analyzed using the SPSS statistical software ver.
21.0 (IBM Corp., Armonk, NY, USA) for Windows. The ana-
lytical performance of the cobas test compared with Sanger
sequencing for the detection of KRAS mutations was evaluated
by positive percent agreement (PPA), negative percent agree-
ment (NPA), positive predictive value, and negative predictive
value with two-sided 95% confidence intervals.

RESULTS

Patients and samples characteristics

The characteristics of the patients and samples are summa-
rized in Table 1. Patients included 161 men (61.0%) and 103
women (39.0%) with a median age of 62 years (range, 32 to 93
years). Most tissue samples were from primary tumors, while
the remaining 1.5% of samples (4 of 264) were metastatic. A total
of 262 patients were diagnosed with adenocarcinoma and two
patients were diagnosed with neuroendocrine tumor, grade 1
(carcinoid tumor) and gastrointestinal stromal tumor. The me-
dian DNA concentration was 199.59 (range, 8.35 to 1,180.87).

Frequency of mutations in KRAS exon 2 by Sanger
sequencing and the cobas test

The detailed mutation status of 264 cases using Sanger sequenc-
ing and the cobas test is summarized in Table 2 and Supplemen-
tary Table S1. KRAS mutations in codons 12 and 13 were detected
in 114 cases (43.2%) by Sanger sequencing. KRAS mutations
in codons 12, 13, and 61 were revealed in 123 cases (46.6%) by
the cobas test. Among the 123 mutation cases on the cobas test,

http://jpatholtm.org/

Table 1. Patients and samples characteristics

Characteristic No. (%)
Total patients 264
Age, median (range, yr) 62 (32-93)
Gender
Male 161 (61.0)
Female 103 (39.0)
Sites
Primary 260 (98.5)
Metastasis 4(15)

DNA concentration (ng/uL)
DNA purity (260/280)

199.59 (8.35-1,180.87)
1.99 (1.59-3.01)

Table 2. Frequency of mutations in KRAS exon 2 by Sanger se-
quencing and the cobas test

Sanger sequencing The cobas test

Mutation

Codon 12 90 (34.1) 118 (44.7)

Codon 13 24 (9.1)

Codon 61 - 5(1.9)
No mutation 150 (56.8) 139 (62.7)
N/A specimen 0 2(0.8)
Total 264 (100) 264 (100)

Values are presented as number (%).
N/A, not available.

five cases were revealed to have mutations in codon 61 that were
not detected by Sanger sequencing, but instead only by the cobas
test. Therefore, we excluded five cases of codon 61 mutation from
comparison. Two cases had invalid results on the cobas test due
to inadequate specimen and were excluded from comparison. In
total, we evaluated 257 cases for comparison.

Overall concordance for detecting KRAS mutation of

codons 12/13 by Sanger sequencing and the cobas test
KRAS mutations for 257 evaluable cases were detected in 112

cases (43.6%) by Sanger sequencing and 118 cases (45.9%) by

https://doi.org/10.4132/jptm.2016.10.03



the cobas test. Concordance between the cobas test and Sanger
sequencing for each lot was 93.8% PPA and 91.0% NPA for
codons 12/13. Discordant ratio of Sanger sequencing and cobas
test was 7.7% (20 out of 257 cases) (Table 3).

Analysis for 20 discrepant cases with 454 pyrosequencing

For further analysis of 20 discordant cases, we performed 454
pyrosequencing. Among 20 cases, seven cases showed inconclu-
sive results due to low allele frequency on 454 pyrosequencing
(Nos. 32 and 82), different mutation types among test modalities
(Nos. 26, 100, and 104), and inadequate specimen for 454 pyro-
sequencing (Nos. 34 and 116).

In one case (No. 54), the result of Sanger sequencing coincides
with that of 454 pyrosequencing. In the remaining cases, 10
cases (Nos. 49, 80, 83, 86, 88, 103, 125, 149, 159, and 221) had
no mutation with Sanger sequencing, whereas a single nucleotide
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variant (SNV) was identified by the cobas test and 454 pyrose-
quencing. In those cases, mutations with high allele frequency
by 454 sequencing were regarded as the final results. In two cases
(Nos. 97 and 223), no mutation was identified by the cobas test
while different mutation types were shown between Sanger
sequencing and 454 sequencing. Considering repetitive failure
for PCR amplification or inconsistent results on the cobas test,
this discrepancy might be due to extensive DNA fragmentation
and/or FFPE-related artifacts. Thus, mutations with a high allele
frequency by 454 sequencing were considered as the final results
in these cases (Table 4, Supplementary Tables S2, S3).

Overall concordance for detecting KRAS mutation of
codons 12/13 (the cobas test and combined Sanger and
454 sequencing resolution)

After discordant resolution with 454 pyrosequencing, we ana-

Table 3. Summary of overall concordance for detecting KRAS mutation of codon 12/13

Sanger sequencing
The cobas test
Mutation detected Mutation not detected Total
Mutation detected 105 (40.9) 13(6.1) 118 (45.9)
Mutation not detected 7(2.7) 132 (51.9) 139 (54.1)
Total 112 (43.6) 145 (56.4) 257 (100)

Values are presented as number (%). Positive percent agreement (sensitivity): 93.8% (95% confidence interval [Cl], 87.6 to 97.5). Negative percent agreement
(specificity): 91.0% (95% Cl, 85.2 to 95.1). Positive predictive value: 89.0% (95% Cl, 81.9 to 94.0). Negative predictive value: 95.0% (95% Cl, 89.9 to 98.0).
Positive likelihood ratio: 10.5 (95% Cl, 6.2 to 17.6). Negative likelihood ratio: 0.1 (95% Cl, 0.0 to 0.1).

%0f 264 cases, two cases showed invalid result and five cases revealed KRAS mutations in codon 61 by the cobas test.

Table 4. Analysis for 20 discrepant cases with 454 pyrosequencing

Sample ID Sanger sequencing The cobas test : 454 Pyrosequencing Combined result
Variant Frequency

026 G12D Not detected G13D 0.65 N/A
054 G12D Not detected G12D 0.69 G12D
082 G12D Not detected G12D/G12V 0.68/1.78 N/A
097 G12D Not detected G1av 10.92 G1av
100 G12D Not detected G12A/G125/G12V 3.13/0.45/13.2 N/A
104 G13D Not detected G12D/G12S/G12V/G13D 1.06/0.79/3.62/0.36 N/A
223 G12D Not detected G12v 17.58 G12v
032 Negative Codon 12/13 G12C/G13D 2.43/0.38 N/A
034 Netative Codon 12/14 N/A N/A N/A
049 Negative Codon 12/13 G12V/G13S 23.56/0.34 G12v
080 Negative Codon 12/13 G12C/G12V/G13D/G13S 15.25/6.5/1.62/1.29 G12C
085 Negative Codon 12/13 G12D/G12V 4.2/13.53 G1av
086 Negative Codon 12/13 G12V/G13D 9.72/1.09 G12v
088 Negative Codon 12/13 G12v 175 G12v
103 Negative Codon 12/13 G12D/G12V/G13D 1.86/4.47/0.81 G12v
116 Negative Codon 12/13 N/A N/A N/A
125 Negative Codon 12/13 G12V/G13D 15.66/3.88 G12v
149 Negative Codon 12/13 G12v 24.9 G12v
159 Negative Codon 12/13 G12D/G12S/G12V 0.4/1.41/6.7 G12v
221 Negative Codon 12/13 G12V/G13S 8.92/1.64 G12v

N/A, not available.

https://doi.org/10.4132/jptm.2016.10.03
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Table 5. Summary of overall concordance for detecting KRAS mutation (the cobas test and combined Sanger and 454 sequencing resolution)

Sanger sequencing and 454 pyrosequencing

The Cobas test

Mutation detected Mutation not detected Total
Mutation detected 115 (46.0) 0 115 (46.0)
Mutation not detected 3(1.2) 132 (52.8) 135 (54.0)
Total 118 (47.2) 132 (52.8) 250° (100)

Values are presented as number (%). Positive percent agreement (sensitivity): 97.5% (95% confidence interval [Cl], 92.8 to 99.5). Negative percent agreement
(specificity): 100% (95% Cl, 97.2 to 100). Positive predictive value: 100% (95% Cl, 96.9 to 100). Negative predictive value: 97.8% (95% Cl, 93.7 to 99.5).

Negative likelihood ratio: 0.03 (95% Cl, 0.0 to 0.1).

°0f 257 cases, seven cases showed invalid result by comprehensive evaluation with Sanger sequencing, the cobas test and 454 pyrosequencing.

lyzed 250 cases for concordance between the cobas test and com-
bined Sanger sequencing—454 pyrosequencing. KRAS mutations
for 250 evaluable cases were detected in 118 cases (46.0%) by
combined Sanger sequencing—454 pyrosequencing and 115 cases
(46.0%) by the cobas test. Concordance between the cobas test
and combined Sanger sequencing—454 pyrosequencing was
97.5% PPA and 100% NPA. The discordant ratio of the Sanger
sequencing and the cobas test was 1.2% (3 out of 250 cases)
(Table 5).

DISCUSSION

There are various testing assays available for KRAS mutations,
and several comparative studies on the analytical power of these
methods in the clinical context have been conducted.”*" In
this study, we compared the performance of two platforms for
detecting KRAS-activating mutations in Korean CRC cohorts.
Determination of the KRAS mutation status is now obligatory
for treatment with anti-EGFR monoclonal antibodies such as
cetuximab and panitumumab in patients with metastatic CRC,
as only patients with wild-type KRAS may respond to treat-
ment.'""? Furthermore, in patients with metastatic CRC and
KRAS-activating mutations, treatment with anti-EGFR mono-
clonal antibodies may result in deleterious effects on progres-
sion-free survival, which highlights the necessity of maximizing
the detection of KRAS mutations.™"* However, validated and
standardized procedures for KRAS somatic mutation testing
were lacking until recently. Sanger sequencing remains the gold
standard assay for detecting all possible mutations, but is gen-
erally considered to be less sensitive than other methods.”

The cobas (KRAS mutation) test is a CE-IVD validated
method based on real-time PCR and TagMelt technology.'®
The accuracy of this method is similar to that of massively paral-
lel pyrosequencing. In this study, the cobas test showed a >95%
correct mutation call rate for the recommended DNA input of
>50 ng. It has been designed to detect 19 common KRAS mu-
tations in codons 12, 13, and 61 in FFPE-derived DNA from
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CRC samples."” Moreover, the cobas test has been reported to
detect mutations in tissue samples containing a minimal amount
of 5% of tumor DNA and showed comparable and greater sensi-
tivity for low-level mutant allele burden than Sanger sequencing.'’
The results indicate the presence or absence of KRAS mutations
without detailed information regarding the exact mutated site.
While 454 pyrosequencing also shows a sensitivity of 5%, this
method did not confirm the results obtained from other test
assays. We used 454 pyrosequencing as a reference method to
evaluate discrepant results between the cobas test and Sanger
sequencing.

In this study, there were 20 discordant results (7.8%) between
the cobas test and the Sanger sequencing, excluding two cases
with invalid results and five cases with KRAS mutations in codon
61 by the cobas test. For further evaluation of samples with dis-
crepant mutation results, each sample was run three times on
Sanger sequencing and the cobas test. If invalid results are ob-
tained, a new sample from a different tissue block was used if
possible, which might result in different mutation types from
intratumoral heterogeneity. In those cases, we made a great effort
to choose the tissue section with the higher tumor portions (> 70%),
and no necrotic or mucinous areas.

In five cases Nos. 26, 97, 100, 104, and 223), different muta-
tion types were identified between Sanger sequencing and 454
sequencing. In addition, two cases (Nos. 32 and 82) showed
low allele frequency on 454 pyrosequencing. Considering repeti-
tive failure for PCR amplification in Sanger sequencing and/or
invalid results in the cobas test, this discrepancy among test
modalities might come from extensive DNA fragmentation
from old formalin-fixed tissues. FFPE-related artifacts, i.e., spon-
taneous deamination of cytosine bases, might have a great effect
on this inconsistency. Recently, uracil lesions in which hydro-
lytic deamination of cytosine bases to uracil takes place have
been identified as major sources of sequence artifacts in FFPE
DNA, leading to artifactual C:G>TA variants.”® These sequence
artifacts are known to be detected more frequently when low
copy numbers of FFPE DNA are provided."

https://doi.org/10.4132/jptm.2016.10.03



In ten cases (Nos. 49, 80, 85, 86, 88, 103, 125, 149, 159,
and 221), no mutation was detected by Sanger sequencing, whereas
SNVs werte identified by the cobas test and 454 sequencing.
These discrepancies might result from low analytical sensitivity
of Sanger sequencing. Although Sanger sequencing is considered
to be the gold standard in mutation testing, it has a modest
limit of detection that can be highly variable depending on the
specific mutation sequence. A recent study has shown that
Sanger sequencing yielded 11.1% false-positives and 6.1% false-
negatives for KRAS mutation detection using an automated
interpretation algorithm with a 10% threshold, highlighting the
need for manual review of all Sanger sequencing data (Table 4,
Supplementary Tables S2, $3).%

In addition to the above mentioned factors, artifactual muta-
tions from FFPE tissues can be caused by various sources, includ-
ing over-fixation in 10% non-buffered formalin, oxidative DNA
damage during sample preparation, DNA polymerase error,
pseudogene amplification, sequencing chemistry, and errors of
alignment and/or annotation.'*”"** Several studies have shown
that the numbers of SNV identified in formalin-fixed tissues
were higher than those in matched frozen tissues, which suggests
the possibilities of artifactual sequence changes, thus increasing
the risk of false-positive mutation calls.”* Additionally, the dis-
crepant results may have also come from uncommon KRAS
mutations that cannot be detected using the cobas design. Under-
standing these issues is important for accurate interpretation of
various mutations detected.

Although a “mutated in codon 12/13 or 61” result in the cobas
KRAS mutation test is a sufficient basis for the application of
anti-EGFR monoclonal antibodies in mCRC, several studies
suggest that different mutation sites have different clinical im-
pacts on cetuximab and/or panicumumab efficacy. The potential
differential sensitivity of KRAS G13D mutation to anti-EGFR
monoclonal antibodies has been reported in a small number of
studies, suggesting that the addition of cetuximab may be benefi-
cial to CRC patients with a KRAS G13D mutation.””** However,
no significant difference between KRAS G13D and other KRAS
mutated CRCs was detected in terms of treatment benefit from
anti-EGFR monoclonal antibodies for mCRC.”

Detection of KRAS-activating mutations in CRC has largely
only focused on mutations in codons 12 and 13. However, recent
data has shown that clinicopathological features and gene expres-
sion profiles of CRCs harboring non-traditional KRAS mutations
appear to be similar to those of tumors with KRAS mutations
in codons 12 and 13.” KRAS mutations in codon 61 and/or
146 are additional hotspots in CRC, and the available data from

https://doi.org/10.4132/jptm.2016.10.03

A Comparison between KRAS Mutation Tests 29

a small number of studies suggest that resistance to anti-EGFR
therapy is associated with KRAS mutation at these sites.’"””
Pre-screening using the cobas KRAS mutation test, which accu-
rately detects all main KRAS mutations in codons 12, 13, and
61, with further evaluation by Sanger sequencing enables the
identification of codon 12 and 13 mutations. This may be an
easy and reliable approach for routine diagnostic purposes regard-
ing KRAS mutations in mCRC. In addition, combining both
mutation assays greatly reduces the probability of obtaining false-
negative or false-positive results.

This study also emphasized that the preanalytical step must
be strictly controlled because DNA degradation was the main
cause of “not available” results, which leads to non-conclusive
results, and samples cannot be evaluated using other genetic tests.

Several techniques for detecting KRAS mutations are currently
available, but there is limited data supporting the analytical
performance of individual methods compared with other meth-
ods.”** In addition, recent studies demonstrated the variability
of mutation tests resulting from different clinical laboratories.*
In contrast to other KRAS mutation detecting kits, such as the
Therascreen KRAS mutation test, the cobas test can detect 12
additional mutation sites, representing approximately 1% of all
KRAS mutation cases of CRC based on data from the Catalogue
of Somatic Mutations in Cancer (COSMIC) database.” However,
several studies revealed that KRAS mutations in codon 61 are
more prevalent than reflected by the COSMIC data in CRC.**"
Thus, more comprehensive KRAS mutation coverage may be
helpful for selecting patients for anti-EGFR target therapies.

A limitation of this study is that the study design was retro-
spective and the sample size was unsatisfactory to evaluate the
significance of infrequent KRAS mutation subtypes. Subse-
quent translational prospective studies from different cohorts
are needed to confirm our data. In addition, some invalid and
discrepant results were not sufficiently resolved. Nevertheless,
we demonstrated that the cobas KRAS mutation test is a repro-
ducible companion diagnostic test in patients with CRCs under
consideration for anti-EGFR target therapies when used with
Sanger sequencing.

In conclusion, we confirmed that the cobas KRAS mutation
test is an accurate and sensitive test for detecting KRAS-activat-
ing mutations and has equivalent analytical power to the Sanger
direct sequencing method. Therefore, pre-screening using the
cobas KRAS mutation assay with subsequent application of
Sanger sequencing is the best strategy for routine diagnostic
purposes regarding KRAS mutations in mCRC.

http://jpatholtm.org/
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Background: Aurora kinase A (AURKA), or STK15/BTAK, is a member of the serine/threonine kinase
family and plays important roles in mitosis and chromosome stability. This study investigated the
clinical significance of AURKA expression in colorectal cancer patients in Korea. Methods: AURKA
protein expression was evaluated by immunohistochemistry in 151 patients with colorectal ade-
nocarcinoma using tissue microarray blocks. We analyzed the relationship between clinicopatho-
logical characteristics and AURKA expression. In addition, the prognostic significance of various
clinicopathological data for progression-free survival (PFS) was assessed. Also we evaluated
copy number variations by array comparative genomic hybridization and AURKA gene amplifica-
tion using fluorescence in situ hybridization in colorectal carcinoma tissues. Results: AURKA gene
amplification was found more frequently in the 20q13.2-13.33 gain-positive group than the group
with no significant gain on the AURKA-containing locus. AURKA protein expression was detected
in 45% of the cases (68/151). Positive staining for AURKA was observed more often in male patients
(p=.035) and distally located tumors (p=.021). PFS was shorter in patients with AURKA expression
compared to those with low-level AURKA expression (p<.001). Univariate analysis revealed that
AURKA expression (p=.001), age (p=.034), lymphatic invasion (p=.001), perineural invasion (p=
.002), and TNM stage (p=.013) significantly affected PFS. In a multivariate analysis of PFS, a Cox
proportional hazard model confirmed that AURKA expression was an independent and significant
prognostic factor in colorectal adenocarcinoma (hazard ratio, 3.944; p<.001). Conclusions: AURKA
could serve as an independent factor to predict a poor prognosis in Korean colorectal adenocar-
cinoma patients.

Key Words: Aurora kinase A; Colorectal adenocarcinoma; Prognosis

Aurora kinases are key mitotic regulators required for the main-
tenance of chromosome stability.' In mammalian cells, Aurora
kinases consist of three members (Aurora kinase A, B, and C),
which are expressed in a cell cycle-dependent fashion.'”

AURKA (STK15/BTAK) is a serine/threonine kinase family
member involved in mitotic entry, bipolar spindle formation,
centrosome maturation control, and segregation during mitosis.
AURKA maps to chromosome 20q13.2, a region that is fre-
quently amplified in several human malignant tumors,”* includ-
ing leukemia and breast, bladder, ovarian, gastric, esophageal,
liver, colorectal, and pancreatic cancers.’

Recent studies have shown that AURKA overexpression is
associated with tumorigenesis, clinical aggressiveness, and tumor
progression in several cancers."*>® A few studies have implicated
AURKA activity in oncogenic transformation through the devel-
opment of chromosome instability and tumor cell heterogeneity
and in tumor progression through the activation of epithelial-
mesenchymal transition reprograming, which results in tumor-
initiating cell generation."” Therefore, AURKA represents a
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valuable target for cancer therapy, and the development of small-
molecule AURKA inhibitors currently undergoing advanced
clinical trials may improve the clinical outcomes of cancer pa-
tients."*

Various studies have been performed to investigate the rela-
tionship between AURKA protein exptession or amplification
and prognosis in solid tumor patients, including colorectal cancer
(CRC) patients,*>'8

AURKA protein overexpression and amplification have been
frequently observed in CRC." Studies have shown that AURKA
expression is associated with clinicopathological parameters and
overall survival in CRC.***'2"*">!” Tam ¢t 4/.” found that Aurora
kinase expression correlated with tumor location, histology, and
grade; p16 expression; and telomerase activity in colorectal ade-
nocarcinomas. Belt ef a/." reported that high-level AURKA
expression was significantly associated with recurrence in stage
II or III colon cancer. In addition, Goos e /.’ revealed that
high-level AURKA expression was associated with poor overall
survival in CRC liver metastasis. In contrast, Goktas et a/.”
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reported that AURKA overexpression had a positive effect on
survival in metastatic CRC patients.

Despite these studies, the relationship between AURKA ex-
pression and CRC progression and clinical outcomes has not been
reported in Korean patients. We aimed to investigate AURKA-
related genetic changes and protein expression in Korean CRC
patients. The study included array comparative genomic hybrid-
ization (aCGH) for copy number variations (CNV), fluorescence
in situ hybridization (FISH) for AURKA gene amplification, and
immunohistochemistry for protein expression. The relationship
between AURKA expression, clinicopathological characteris-
tics, and progression-free survival (PFS) was also assessed.

MATERIALS AND METHODS

Patients and clinicopathological data

Samples from 151 patients who underwent curative surgical
resection for colorectal adenocarcinomas between January 2008
and July 2012 at Jeju National University Hospital (Jeju, Korea)
were examined. Patients who did not undergo curative surgical
resection and those who had any forms of preoperative chemo-
therapy and/or radiotherapy at the time of surgical resection were
excluded. Staging was performed according to the American
Joint Committee on Cancer TNM Classification of Malignant
Tumors, seventh edition, while the histologic type and differen-
tiation grade of the tumor were determined using the classifica-
tion system of the World Health Organization, fourth edition."*
PES was measured from the date of CRC surgery until the time
of recurtence or last follow-up. Clinical data from the patients
were collected through medical record examination. The median
age of the patients was 66 years (range, 35 to 88 years). Other
clinicopathological information is shown in Table 1. This study
was approved by the Institutional Review Board of Jeju National
University Hospital (2016-06-004).

Array comparative genomic hybridization

DNA from 24 fresh tissue specimens of colorectal adenocar-
cinomas was analyzed versus reference DNA. Test and reference
gDNAs were independently labeled with fluorescent dyes,
co-hybridized to a NimbleGen Human CGH 135K Whole-
Genome Tiling array (Roche NimbleGen Inc, Madison, W1,
USA), and scanned using a 2 pm scanner. Log2-ratio values of the
probe signal intensities (Cy3/Cy5) were calculated and plotted
versus genomic position using Roche NimbleGen NimbleScan
software. Data are displayed in Roche NimbleGen SignalMap

software.
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Table 1. Clinicopathological characteristics of the patients

Characteristic No. (%) (n=151)
Age (yr)

<65 60 (39.7)

>65 91 (60.3)
Sex

Male 104 (68.9)

Female 47 (31.1)
Tumor location

Proximal 46 (30.5)

Distal 105 (69.5)
Tumor differentiation

Well 18 (11.9)

Moderate 122 (80.8)

Poor 9(6.0)

Mucinous 2(1.3)
Vascular invasion

Absent 140 (92.7)

Present 11 (7.9
Lymphatic invasion

Absent 82 (54.3)

Present 69 (45.7)
Perineural invasion

Absent 105 (69.5)

Present 46 (30.5)
TNM stage

| 22 (14.6)

Il 61 (40.4)

Il 68 (45)

TNM, tumor-node-metastasis.

Fluorescent in situ hybridization

FISH analysis targeting AURKA on 20q13.2 was done on
the same cases used in aCGH. Fifteen cases of formalin-fixed,
paraffin-embedded tissue were tested in total; 10 cases with copy
number gain on 20q13.2-13.33 and five cases with no copy
number gain. The examination was performed according to the
manufacturer’s instructions (Empire Genomics, Buffalo, NY,
USA). Fluorescence was scored on a minimum of 20 non-over-
lapping nuclei in the representative tumor areas. The AURKA/
CEP20 ratio was calculated by dividing the total number of
AURKA signals by the total number of CEP20 signals and the
cases with AURKA/CEP20 ratio>2.0 were interpreted as positive.

Tissue microarray construction

In total, eight tissue microarrays (TMAs) were constructed as
described previously.*” Briefly, hematoxylin and eosin (H&E)—
stained slides were reviewed and the most representative tumor
area was marked. The area was carefully marked on H&E-stained
slides as well as formalin-fixed, paraffin-embedded tissue blocks.
A core (4 mm in diameter) of the tumor area was obtained from
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each specimen. One section from each block was stained with
H&E for tissue confirmation.

Immunohistochemistry

Immunohistochemistry was performed on 4-pm-thick sec-
tions from TMA blocks. Tissues were stained with polyclonal
anti-AURKA antibodies at a dilution of 1:200 (HPA002636,
ATLAS Sigma Life Science, St. Louis, MO, USA) using an auto-
mated immunostainer (Benchmark XT, Ventana Medical Sys-
tems Inc., Tucson, AZ, USA). The primary antibody was omitted
for the negative control, and the adjacent ganglion cells in the
nerve bundles within each slide served as an internal reference.

AURKA protein expression

Immunoreactivity was evaluated in each TMA sample by
visual counting of the tumor cells. The extent of positively
stained nuclei was scored as follows: 0, positive staining in 0%;
1, <10%; 2,210% and <25%; 3,>25% and <50%;and 4, 250%.
Scores of 2—4 were considered positive, and scores <1 were con-
sidered negative.*'*"* To confirm reproducibility, all samples
were scored by two independent observers in a blinded manner.
If discrepancies occurred, a consensus score was reached.

Statistical analysis

Pearson’s chi-square test was used for categorical variables.

PES was analyzed using the Kaplan-Meier method with the log-
rank test assessing differences in survival probability between
groups. The prognostic significance of various clinicopathological
characteristics for PFS was assessed by the Cox proportional
hazard regression method. All values were based on two-sided
statistical analyses; significance was set at p <.035. All statistical
tests wete performed with IBM SPSS ver. 21.0 (IBM Corp., Ar-
monk, NY, USA).

RESULTS

CNVs in chromosome 20

In twenty-four cases of colorectal carcinomas, total 1,297
CNVs were detected (Fig. 1A). The locus of 20q13.2-13.33
containing AURKA gene were recurrently gained in 13 cases
(54%), while only one case showed loss of the area (Fig. 1B) .

AURKA gene amplification status

AURKA amplification was assessed in 15 patients (group
with 20q13.2-13.33 copy number gain, n = 10; gain-negative
group, n =5). One case of 20q13.2-13.33 gain-positive group
was failed to express fluorescences. Three out of the remaining
nine cases with 20q13.2-13.33 gain showed amplification of
AURKA gene but none revealed gene amplification among the
gain-negative group (Table 2, Fig. 2).
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Table 2. Relationship between 20q13.2-13.33 copy number gain
and AURKA gene amplification

20013.2-13.33 AURKA gene amplification

copy number gain Positive Negative Total cases
Positive 3 6 9
Negative 0 5 ®
Total cases 3 11 14

AURKA, Aurora kinase A.

AURKA in Colorectal Cancer © 35

Relationship between AURKA expression and
clinicopathological characteristics

AURKA protein was expressed in 45% of colorectal adeno-
carcinoma cases (68/151), while negative to faintly reactive stain-
ing was found in normal colorectal epithelial cells. The staining
pattern was predominantly nuclear or nuclear and cytoplasmic

(Fig. 3). Table 3 shows the relationship between AURKA expres-

Fig. 2. Fluorescence in situ hybridization for Aurora kinase A (AURKA) in colorectal carcinomas showing significant amplification in the
20q13.2-13.38 gain-positive case (A) and no amplification in the case with no copy number gain on 20g13.2 (B).

& e ©

©)

Fig. 3. Immunohistochemical staining with Aurora kinase A (AURKA). (A) Score 1, positive staining in <10%. (B) Score 2, positive staining in
>10% and <25%. (C) Score 3, positive staining in >25% and <50%. (D) Score 4, positive staining in >50%.
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Table 3. The relationship between Aurora kinase A expression and
the clinicopathological characteristics of colorectal cancer patients

Aurora kinase A expression

Characteristic p-value
Positive Negative

Age (yr) 616
<65 29 (48.3) 31(51.7)
>65 39 (42.9) 52 (57.1)

Sex .035
Male 53(51.0) 51 (49.0)
Female 15(31.9) 32 (68.1)

Tumor location .021
Proximal 14 (30.4 32 (69.6)
Distal 54 (51.4) 51 (48.6)

Tumor differentiation 517
Well 8 (44.4) 10 (565.6)
Moderate 57 (46.7) 65 (53.3)
Poor 3(33.3 6 (66.7)
Mucinous 0 2 (100)

Vascular invasion 755
Absent 64 (45.7) 76 (54.3)
Present 4(36.4) 7(63.6)

Lymphatic invasion 139
Absent 32(39.0) 50 (61.0)
Present 36 (62.2) 33 (47.8)

Perineural invasion .288
Absent 44 (41.9) 61 (58.1
Present 24 (52.2) 22 (47.8)

TNM stage 692
I 11 (50.0) 11 (50.0)
II 25 (41.0) 36 (59.0)
1l 32 (47.1) 36 (52.9)

Values are presented as numbers (%).
TNM, tumor-node-metastasis.

sion and clinicopathological characteristics. AURKA protein
expression was significantly related to patient sex, and positive
AURKA staining was detected more often in male patients than
in female (51.0% vs 31.9%, p =.035). In addition, AURKA ex-
pression was closely associated with tumor location, and it was
more frequently found in carcinomas of the rectum, sigmoid
colon, and descending colon than in carcinomas of proximal colon
(51.4% vs 30.4%, p=.021). AURKA protein expression was
not significantly correlated with age; tumor differentiation; vas-
cular, lymphatic, and perineural invasion; ot TNM stage.

AURKA expression and survival analysis

The mean follow-up time of the patients in this study was
1,269 days (range, 8 to 2,892 days). In total, 23.8% of the pa-
tients (n = 36) had recurred (AURKA-positive group, n = 27;
AURKA-negative group, n =9). The recurrence rate was signifi-
cantly higher in the AURKA-positive group compared to the
negative group (39.1% vs 11%, p <.001).

http://jpatholtm.org/

The mean overall PFS time was 74.6 months (range, 68.6 to
80.7 months). The AURKA-positive patients had a signifi-
cantly poorer PES than the AURKA-negative patients (p <
.001). A univariate analysis demonstrated that AURKA expres-
sion (p =.001) (Fig. 4A), age (p = .034), lymphatic invasion (p =
.001) (Fig. 4B), perineural invasion (p =.002) (Fig. 4C), and
TNM stage (p =.013) (Fig. 4D) significantly affected PES. In a
multivariate analysis of PFS, a Cox proportional hazard model
confirmed that AURKA expression was an independent and
significant prognostic factor in colorectal adenocarcinoma (hazard
ratio, 3.944; 95% confidence interval [CI], 1.821 to 8.542; p<
.001) (Table 4). Perineural invasion was also identified as a signif-
icant prognostic factor (hazard ratio, 2.037; 95% CI, 1.017 to
4.079; p=.045) (Table 3).

DISCUSSION

CRC is among the most common malignancies” and is the
leading cause of cancer mortality in the world.” The identifica-
tion of genes correlated with carcinogenesis and the research to
silence these genes can improve the patient care by more accu-
rately predicting the prognosis and selecting the most appropri-
ate adjuvant therapy.'>"

The role of Aurora kinases in mitosis and tumorigenesis is
well documented.'””**" AURKA is required for mitotic entry,
chromosome alignment, and cytokinesis, and its abnormal func-
tion can result in aberrant cell division and aneuploidy, which
in turn increase genomic instability and contribute to carcino-
genesis.””” Further, AURKA is an oncogene that contributes
to colorectal adenoma to carcinoma progtession and is associated
with the malignant transformation of colorectal adenomas but
not with serrated neoplasia progression.*"”

Chromosomal abnormalities in CRC have been studied by
multiple groups using either CGH or aCGH. This has led to the
discovery of many chromosomal aberrations, including gains
and losses. Particularly common findings are gains in 20q, 13q,
7p, and 8q and losses in 17p, 18q, 8p, 4q, and 5q.” Orsetti ¢t al.**
reported that most commonly altered regions (gains or losses in
235% of the samples) are gains at chromosomes 7p, 79, 8q,
13q, 20 and losses at 8p, 17p, and 18 in the CRC. In this study,
20q13.2-13.33 copy number gain is recurrently observed in 13
cases (54%), which is consistent with the previous results.

We also assessed AURKA amplification using FISH in two
subgroups. The gene amplification is observed more frequently
in the copy number gain group (three cases out of nine), than
the group with no significant gain on the AURKA-containing

https://doi.org/10.4132/jptm.2016.10.17
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Fig. 4. The relationships between Aurora kinase A (AURKA) expression (A), lymphatic invasion (B), perineural invasion (C), TNM stage (D) and
progression-free survival were analyzed using the Kaplan-Meier method with the log-rank test to assess the differences in survival probability

between the groups.

locus. However, the data could not be analyzed statistically, due
to a small number of cases. Further large-scale studies are re-
quired to assess the differences between the two groups.

A small number of reseachers have reported FISH result for
AURKA gene amplification in various malignancies, such as
melanomas and cancers of breast and prostate.”” No reports
on FISH for AURKA gene amplification in colorectal carcinoma
tissue were found in the English literature in spite of a thorough

https://doi.org/10.4132/jptm.2016.10.17

searching.

Zhang ¢t al.”’ demonstrated an increased AURKA gene copy
number in 32.1% of advanced CRCs (43/134), and Casorzo et
al.” reported AURKA gene overexpression in 85% of adenomas
(17/20) containing invasive carcinoma of the colorectum, corre-
sponding to early invasive carcinoma. In a previous study, 69%
of metastatic CRC samples (41/59) showed an increased gene
copy number."?

http://jpatholtm.org/
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Table 4. Results of the multivariate Cox regression analysis of
progression-free survival

Hazard ratio

Factors (95% Cl) p-value
AURKA expression (positive vs negative)  3.944 (1.821-8.542)  <.001
Age (<65 yrvs >65 yr) 1.453 (0.726-2.907 291

)
( )
Lymphatic invasion (present vs absent) 1.654 (0.707-3.867)  .246
Perineural invasion (present vs absent) 2.037 (1.017-4.079) .045
TNM stage (Il vs lor ) 1.489 (0.688-3.224) 312

Cl, confidence interval; AURKA, Aurora kinase A; TNM, tumor-node-me-
tastasis.

AURKA protein overexpression and gene amplification are

2I2I3I319222930 T this study, we detected

common in CRCs."
AURKA overexpression in 45% of colorectal adenocarcinoma
samples (71/151) using immunohistochemistry. Similarly, Lam
et al.” reported AURKA protein expression in 48.5% (97/200)
of CRC samples. In other studies, 33% (9/20)"* and 82.5%
(33/40)" of metastatic CRC samples showed AURKA overex-
pression.

In our study, AURKA expression was related to patient sex
and tumor location, along with several other clinicopathological
parameters. Tumor location, histology, and grade were correlated
with AURKA protein expression in the report by Lam et a/.”
Baba ez al.” reported that AURKA expression was inversely
associated with a family history of CRC and not correlated with
tumor location, grade, histologic component, or stage. Goktas
¢t al.” found a significant relationship between AURKA expres-
sion and the histologic grade of the tumor tissue.

These discrepancies in AURKA expression may not only be
caused by the heterogeneity of the study groups (e.g., patient
number, patient characteristics, and disease stage), but also by
differences in various technical conditions.

Some authors reported that AURKA expression is correlated
with clinicopathological factors in other malignancies. For exam-
ple, positive AURKA expression was closely correlated with
TNM stage in gastric cancer'’ and with initial clinical stage, Ki-
67 labeling index, and the recurrence rate in triple-negative
breast cancer."* Ogawa ez al."" reported that perimembrane
AURKA staining was significantly related to a higher pathologic
stage and higher proliferative activity.

A few previous studies have investigated the prognostic im-
pact of AURKA expression in CRC patients.*”" Belt ¢t a/.*
suggested that high-level AURKA expression was significantly
associated with recurrence in stage II or III colon cancer. Goos et
al.® revealed that high-level AURKA expression was associated
with poor overall survival in CRC patients with liver metastasis.
In contrast, Goktas ¢ a/.” reported that AURKA overexpression

http://jpatholtm.org/

may have a positive effect on survival in metastatic CRC. We
analyzed the correlation between AURKA expression and sur-
vival in patients with CRC. Our data demonstrate that AURKA
expression in CRC patients is associated with poor PES. More-
over, our Cox model analysis indicated that AURKA expression
is a prognostic factor for poor PES in CRC patients. However,
overall survival analysis could not be performed due to a short
follow-up period.

Recent studies have shown that AURKA inhibitors have anti-
cancer activity in various preclinical cancer models, and some
inhibitors have entered clinical trials."® Such studies have under-
lined the incremental therapeutic efficacy of combining AURKA
inhibitors with conventional anti-cancer drugs to inhibit tumor
progression and restore chemosensitivity." Our results suggest
that targeted treatment with AURKA inhibitors can improve
PES and assist in planning the treatment of CRC patients.

In summary, AURKA expression was significantly associated
with patient sex and CRC location, and it was an independent
molecular prognostic factor for poor outcome in CRC patients.
Thus, AURKA expression may serve as a valuable prognostic
marker for CRC.
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in Glioblastoma Patients

Background: Programmed death ligand 1 (PD-L1) in tumor cells is known to promote immune
escape of cancer by interacting with programmed cell death 1 (PD-1) in tumor infiltrating immune
cells. Immunotherapy targeting these molecules is emerging as a new strategy for the treatment
of glioblastoma (GBM). Understanding the relationship between the PD-L1/PD-1 axis and prog-
nosis in GBM patients may be helpful to predict the effects of immunotherapy. Methods: PD-L1
expression and PD-1-positive tumor infiltrating mononuclear cell (PD-1-+tumor infiltrating mono-
nuclear cell [TIMC]) density were evaluated using tissue microarray containing 54 GBM cases by
immunohistochemical analysis; the associations with patient clinical outcomes were evaluated.
Results: PD-L1 expression and high PD-1+TIMC density were observed in 31.5% and 50% of
GBM cases, respectively. High expression of PD-L1 in tumor cells was an independent and sig-
nificant predictive factor for worse overall survival (OS; hazard ratio, 4.958; p=.007) but was not a
significant factor in disease-free survival (DFS). PD-1+TIMC density was not correlated with OS
or DFS. When patients were classified based on PD-1 expression and PD-1+TIMC density, pa-
tients with PD-L1+/PD-1+TIMC low status had the shortest OS (13 months, p=.009) and DFS (7
months, p=.053). Conclusions: PD-L1 expression in GBM was an independent prognostic factor
for poor OS. In addition, combined status of PD-L1 expression and PD-1+TIMC density also pre-
dicted patient outcomes, suggesting that the therapeutic role of the PD-1/PD-L1 axis should be
considered in the context of GBM immunity.

Key Words: Glioblastoma; Programmed cell death 1; Programmed death ligand 1

Glioblastoma (GBM) is the most common and most aggtes-
sive adult brain tumor, with a median survival of only 12 to 15
months, even with optimal treatment.' The current manage-
ment options for newly diagnosed GBM are surgical resection or
biopsy, followed by radiotherapy and chemotherapy.” Unfortu-
nately, GBM ultimately relapses in most patients due to infiltra-
tive growth and frequent presence of multiple lesions at the
time of diagnosis.” The limitations of conventional treatments
for the improvement of GBM patient outcomes have prompted
investigators to look for new therapeutic approaches and useful
predictive biomarkers of treatment response. Immunotherapy,
the idea of recruiting the immune system to fight against can-
cer, is one of these approaches.

A major determinant of cancer pathogenesis is the interaction
of tumor cells with the immune system. An anticancer immune
response occurs through a series of stepwise events, beginning
with tumor antigen presentation by antigen-presenting cells
(APCs) and progressing through priming and activation of T

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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cells, trafficking of cytotoxic T cells (CD8+ cells) to tumors, and
ultimately the killing of tumor cells.” This interaction is regu-
lated by checkpoint molecules, which can be either co-stimula-
toty or co-inhibitory. Programmed death ligand 1 (PD-L1) and
programmed cell death 1 (PD-1) are inhibitory immune check-
point molecules. The association becween PD-1 expression on a
large proportion of tumor-infiltrating lymphocytes (TILs)’ and
PD-L1 upregulation in a number of cancer cells with poor clinical
outcomes makes these checkpoint molecules an attractive target
for an immunotherapeutic approach.’

Recent studies found that PD-L1 was overexpressed by GBM."*
PD-L1 on the surface of tumor cells suppresses proliferation and
cytotoxic activity of T cells and promotes regulatory T-cell activity.”
The expression of PD-L1 in GBM is known to be regulated by
both extrinsic and intrinsic mechanisms,” and interferon 'y (FN-y)—
mediated superinduction of PD-L1 in GBM with phosphatase
and tensin homology (PTEN) deficiency has been reported."’

PD-1 is a member of the CD28 family that is expressed in
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tumor infiltrating mononuclear cells (TIMCs), including acti-
vated T cells, B cells, dendritic cells, and macrophages.'" PD-1
expression by tumor infiltrating lymphocytes (TILs) is known to be
related to patient outcomes for other solid tumors.'*™*

There is a current effort to develop more accurate predictive
biomarkers of patient response to checkpoint blockade, particu-
larly anti-PD-1/PD-L1, in conjunction with the tumor-host
immune relationship based on PD-L1 expression and TILs."”"'¢
TILs, a component of the adaptive antitumor host response, are
known to be related to outcomes, and adoptive transfer of TILs
can mediate regression of metastatic melanoma."’

However, data on the prognostic value of PD-L1 tumor expres-
sion and PD-1 expression in tumor infiltrating immune cells in
GBM are limited, and the results of previous studies have been
inconsistent. In the present study, we examined PD-L1 expression
and PD-1 expression in TIMCs and evaluated their prognostic

value in GBM patients.

MATERIALS AND METHODS

Patients

We retrospectively identified GBM patients who were diag-
nosed and treated in Seoul St. Mary’s Hospital, College of Medi-
cine, The Catholic University of Korea (Seoul, Korea), between
2004 and 2012. Patient clinicopathologic and clinical follow-up
data were collected from the medical records. Histologic diagno-
sis of glioblastoma was performed according to the current World
Health Organization (WHO) classification, fourth edition.' The
ethics committee of Catholic University granted approval for
this study (IRB No. KC16RISI0370).

Construction of tissue microarray

All tumor tissues were obtained at the time of the first surgery
after diagnosis of GBM. A representative tumor area from each
case was selected and marked on hematoxylin and eosin (H&E)-
stained slides. Formalin-fixed and paraffin-embedded tissue
blocks and the corresponding H&E-stained slides were overlaid
for tissue microarray (TMA) sampling. A cylindrical core (2 mm
in diameter) was obtained for each case. Sectioning of microarray
blocks produced 4-pm thick sections.

Immunohistochemistry

Microslide tissue sections were deparaffinized with xylene,
hydrated using a diluted alcohol series, and immersed in 0.3%
H.0, in methanol to extinguish endogenous peroxidase activity.
Sections were then microwaved for 15 minutes in 10 mM citrate
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buffer (pH 6.0) for antigen retrieval. Each section was blocked
with 4% bovine serum albumin in phosphate buffered saline
with 0.19% Tween 20 (PBST) for 30 minutes to reduce non-spe-
cific staining. Sections were incubated with anti-PD-L1 (1:100,
Cell Marque, Rocklin, CA, USA) or anti—PD-1 (1:100, Ventana,
Tucson, AZ, USA) antibodies in PBST containing 3 mg/mL
goat globulin (Sigma-Aldrich, St. Louis, MO, USA) for 60 min-
utes at room temperature, followed by three successive washes
with a buffer. The sections were then incubated with an anti-
mouse/rabbit antibody (Envision plus, Dako, Carpinteria, CA,
USA) for 30 minutes at room temperature. The chromogen
used was 3,3'-diaminobenzidine (Dako). The sections were coun-
terstained with Meyer's hematoxylin. For positive controls, sec-
tions of human placenta and tonsil tissue were included in each
staining run. Omission of the primary antibody for placenta and

tonsil tissue sections was used as a negative control.

Immunohistochemical analysis

Two experienced pathologists (Y.S.L. and J.H) performed im-
munohistochemical analysis for PD-L1 and PD-1 by microscopic
observation of the stained TMA slides. Cases were considered
PD-L1+ if membranous staining of tumor cells was detected in
at least 5% of the cells, irrespective of staining intensity. The cut-
off threshold of PD-L1 expression was determined by receiver
operating characteristic analysis of the survival rate.

PD-1 staining in TIMCs was assessed by identification of
lymphocytes and macrophages on the basis of morphologic fea-
tures. All TIMCs with membranous PD-1 expression of moderate
to high intensity were manually counted in an entire area for
each TMA core. The number of PD-1+TIMCs was divided by
the total area of the TMA core (3.14 mm?) to obtain the number
of PD-1+TIMCs per unit area (/mm?), the median value of which
was used as a cut-off to define low versus high density.

Statistical analysis

Data were analyzed using the SPSS 21.0 statistical software
package (IBM Corp., Armonk, NY, USA). Differences in patient
characteristics between positive and negative PD-L1 expression
or high and low density of PD-1+TIMCs were analyzed using
chi-square tests, Fisher exact tests, and Student’s t-tests. Compar-
ative analysis of PD-L1 expression and the number of PD-1+
TIMCs was performed using Mann-Whitney tests. Survival
time curves were drawn using the Kaplan-Meier method and a
log-rank test was used to assess the significance of differences in
survival. Survival time included overall survival (OS; the length
of time from the date of surgery or biopsy to the date of death
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from any cause, or to the last follow-up date if the patient is
alive) and disease-free survival (DES; the length of time from
the date of surgery or biopsy to recurrence, progress or death from
any cause). Univariate and multivariate analyses using the Cox
proportional hazard model were performed to identify factors
influencing OS and DEFS. A step-down procedure was selected
for multivariate analysis. In all statistical analyses, a two-tailed
p-value less than .05 was considered to indicate a statistically
significant difference.

RESULTS

Patient characteristics

The clinical characteristics of the 54 patients are summarized
in Table 1. The mean patient age at diagnosis was 57.2 years,
with a range of 31 to 85 years. The study group consisted of 26
males (48.1%) and 28 females (51.9%). Eleven patients (20.4%)
had secondary GBM that developed from anaplastic astrocytoma
and oligodendroglioma. Forty patients (74.1%) underwent total
resection, 43 (79.6%) were treated with adjuvant radiotherapy
plus concurrent temozolomide, and nine (16.7%) were treated
with radiotherapy or temozolomide alone, based on performance
status. Thirty-two patients (59.3%) had a single lesion and 22
(40.7%) had multifocal or multicentric lesions. Thirty-six patients
(66.7%) were alive at the last follow-up and 40 patients (74.1%)
experienced a progression or recurrence. Mean OS and DFS
were 17.57 and 12.13 months, respectively.

PD-L1 expression and PD-1+TIMC density in GBM

PD-L1 staining in tumor cells was mostly of weak to moderate
intensity with a membranous and cytoplasmic pattern (Fig. 1B,
C). In most of the cases, PD-LI stained only tumor cells. However,

Table 1. Summary of patient characteristics

Characteristic No. (%)
Gender
Male 26 (48.1)
Female 28 (51.9)
Primary/Secondary
Primary 43 (79.6)
Secondary 11(20.4)

Surgical treatment

Total resection 40 (74.1)

Subtotal resection 11 (20.4)

Biopsy and others 3(5.6)
Adjuvant treatment

CCRT 43(79.6)

CTx or RTx alone 9(16.7)

No treatment 3.7)
No. of lesions

Single 32 (59.3)

Multiple (multifocal, multicentric) 22 (40.7)
Alive at last follow-up

Yes 36 (66.7)

No 18 (33.3)
Progress/Recurrence

Yes 40 (74.1)

No 14 (25.9)

Overall survival time, mean (range, mo)
Disease free survival, mean (range, mo)

17.57 (1.0-51.0)
12.13 (1.0-43.0)

CCRT, concurrent chemoradiotherapy; CTx, chemotherapy; RTx, radiotherapy.
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Fig. 1. Immunohistochemical staining pattern for programmed death ligand 1 (PD-L1) and programmed cell death 1 (PD-1). (A) Human pla-
centa tissue as a positive control for endogenous PD-L1. PD-L1 positive tumor cells showing membranous and cytoplasmic staining with
moderate (B) and weak (C) intensity. (D) PD-L1 negative tumor cells. (E) Tonsil tissue as a positive control for endogenous PD-1. Glioblasto-
ma with high density (F) and low density (G) of PD-1 positive tumor infiltrating mononuclear cells (PD-1+tumor infiltrating mononuclear cell
[TIMC])). (H) PD-1+TIMC consists of lymphocytes (most) and macrophages (some).
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in two cases (one case was PD-L1 positive, the other was not) a
few dispersed TIMCs were stained with PD-L1 in their cyto-
plasm or membrane. In total, 17 patients (31.5%) were positive
for PD-L1 expression in tumor cells.

The median PD-1+TIMC density in GBM was 1.75/mm’
(range, 0 to 36.6/mm’), and 27 patients (50%) were classified
as PD-1+TIMC high density (Fig. 1E G). Most of the PD-1+
TIMC were lymphocytes with small round condensed nuclei
and rims of cytoplasm. Occasionally, the cells had elongated or
kidney shaped nuclei with a scant to moderate amount of cyto-
plasm (which were considered to be macrophages) that were
stained with PD-1 (Fig. 1H).

No significant relationship between PD-L1 expression and
PD-1+TIMC density was detected.

Correlations between PD-L1 expression and PD-1+TIMC
density and GBM patient characteristics

Patient characteristics and their associations with PD-L1
expression and PD-1+TIMC density are summarized in Table 2.

PD-L1/PD-1 as Prognostic Markers of GBM ¢ 43

PD-L1 expression was significantly more frequent in patients
who had died by the last follow up than in survivors (p = .038).
No significant correlations were observed between PD-1+
TIMC density and patient characteristics.

Prognostic implication of PD-L1 expression and
PD-1+TIMC density for GBM

Univariate analysis revealed that PD-L1 expression was sig-
nificantly associated with poor OS (p = .024; hazard ratio [HR],
3.058; 95% confidence interval [CI], 1.16 to 8.06) (Table 3),
whereas none of the other factors, including PD-1+TIMC
density, were significantly associated with OS. Multivariate
analyses demonstrated that PD-L1 expression was an indepen-
dent and significant predictive factor for worse OS (p =.007;
HR, 4.958;95% CI, 1.557 to 15.79) (Table 3).

Kaplan-Meier survival analysis revealed that patients with
PD-L1 expression exhibited significantly shorter OS (median
0S, 15 months vs 41 months, p =.017) (Fig. 2A), but that
there was no significant difference in DFS (median DES, 10

Table 2. Relationship between PD-L1 expression and density of PD-1+TIMC and GBM patient characteristics

All cases PD-L1 PD-1+TIMC
(n=54) Negative Positive p-value Low High p-value
All cases 37 (68.5) 17 (31.5) 27 (50) 27 (50)
Gender 914 .586
Male 26 18 (69.2) 8(30.8) 14 (53.8) 12 (46.2)
Female 28 19 (67.9) 9(32.1) 13 (48.1) 15 (55.6)
Age at diagnosis (yn) 57.62 56.18 814 54.26 60.07 115
Mean (min-max) (31-85) (36-78) (32-77) (31-85)
Primary/Secondary A7 311
Primary 43 28 (65.1) 15(34.9) 23 (53.5) 20 (46.5)
Secondary 11 9(81.8) 2(18.2) 4(36.4) 7 (63.6)
Surgical treatment 672 .804
Total resection 40 26 (65.0) 14 (35.0) 19 (47.5) 21 (562.5)
Subtotal resection 11 9(81.8 2(18.2) 6 (54.5) 5 (45.5)
Biopsy and others 8 2 (66.7) 1(33.3) 2 (66.7) 1(33.3)
Adjuvant treatment 257 .082
CCRT 43 27 (62.8) 16 (37.2) 23 (563.5) 20 (46.5)
CTx or RTx alone 9 8(88.9) 1(11.1) 2(22.2) 7(77.8)
No treatment 2 2 (100) 0 2 (100) 0
No. of lesions 713 .78
Single 33 22 (66.7) 11 (33.3) 16 (48.5) 17 (51.5)
Multiple 21 15(71.4) 6 (28.6) 11 (62.4) 10 (47.6)
Alive at last follow-up .038 248
Yes 36 28(77.8) 8(22.2) 16 (44.4) 20 (55.6)
No 18 9 (50.0) 9(50.0) 11 (61.1) 7(38.9)
Progress/Recurrence 1 214
Yes 40 27 (67.5) 13 (32.5) 22 (65.0) 18 (45.0)
No 14 10(71.4) 4 (28.6) 5(35.7) 9(64.3)

Values are presented as number (%) unless otherwise indicated.

PD-L1, programmed death ligand 1; PD-1, programmed cell death 1; TIMC, tumor infiltrating mononuclear cell; GBM, glioblastoma; CCRT, concurrent

chemoradiotheraphy; CTx, chemotherapy; RTx, radiation therapy.

https://doi.org/10.4132/jptm.2016.08.31

http://jpatholtm.org/



44 e HanJ, etal.

Table 3. Univariate and multivariate analyses of clinicopathologic factors for OS and DFS

0S DFS
Variable Univariate Multivariate Univariate Multivariate
HR (95% Cl) p-value HR (95% Cl) p-value Hazard ratio (95% Cl) p-value HR (95% Cl) p-value
PD-L1 expression
Positive 3.058 (1.160-8.060) .024 4.958 (1.557-15.79) .007 1.651(0.821-3.319) .16
Negative Reference Reference Reference
PD-1+TIMC
High 0.726 (0.280-1.879)  .509 0.842 (0.445-1.593)  .597
Low Reference Reference
Age (continuous) 0.989 (0.953-1.026)  .541 0.997 (0.973-1.002)  .825
Gender
Male 2.000 (0.747-5.360) .168 4.053 (1.230-13.35) .021  1.806(0.940-3.472) .076 2.142(1.077-4.260) .03
Female Reference Reference Reference Reference
Primary vs secondary
Primary 1.830(0.418-8.007)  .423 1.023 (0.447-2.340) .957
Secondary Reference Reference
Numver of lesions
Single Reference 133 Reference 078 Reference 278 Reference .092
Multiple 2.103 (0.797-5.547) 2.715 (0.893-8.253) 1.438 (0.746-2.772) 1.814 (0.907-3.629)
Surgical treatment
Total resection Reference Reference
Subtotal resection 1.134 (0.365-3.528) .828 1.099 (0.497-2.433) .815
Biopsy and others 1.453 (0.186-11.34) .721 2.807 (0.838-9.405)  .094
Adjuvant treatment
CCRT Reference Reference Reference
CTx or RTx alone 1.309 (0.369-4.640) .677 2.369 (0.562-9.989) .024 0.706 (0.245-2.030) .518
No treatment 7.717 (0.880-67.674) .065 5.760(2.089-317.6) .011 1.346(0.181-10.011) .771
Recurrence or progression  2.238 (0.511-9.795)  .285

OS, overall survival; DFS, disease free survival; HR, hazard ratio; Cl, confidence interval; PD-L1, programmed death ligand 1; PD-1, programmed cell death 1;
TIMC, tumor infiltrating mononuclear cell; CCRT, concurrent chemoradiation therapy; CTx, chemotherapy; RTx, radiation therapy.

months vs 14 months; p =.14) (Fig. 2B). There were no signifi-
cant differences in OS or DFS according to PD-1+TIMC density
(Fig. 2C, D).

Classification of patients based on PD-L1 expression and
PD-1+TIMC density

We divided patients into four groups according to their PD-
L1 expression status and PD-1+TIMC density: PD-L1 +/PD-1+
TIMC high (group 1; 10 patients, 18.5%), PD-L1+/PD-1+
TIMC low (group 2; 7 patients, 13%), PD-L1-/PD-1+TIMC
high (group 3; 17 patients, 31.5%), and PD-L1-/PD-1+TIMC
low (group 4; 20 patients, 37%). The median OS was 24 months
in group 1, 13 months in group 2, 27 months in group 3, and
41 months in group 4 (p=.0092) (Fig. 3A). The median DFS
was 11 months in group 1, 7 months in group 2, and 24 months
in groups 3 and 4 (p =.053) (Fig. 3B). Patients in group 2 had
significantly worse rates of OS (Fig. 3C, E) and DFS (Fig. 3D, F)
than those in groups 3 and 4. They also tended to have shorter
OS (p=.049) (Fig. 3G) and DFS (p =.068) (Fig. 3H) than those

http://jpatholtm.org/

in group 1.

Histologically, the GBM of group 2 tended to show marked
tumor cellularity, low density of TIMCs, and a high Ki-67 index
(220%). Patients in group 2 were younger at the age of diagnosis
than the other groups, although this difference was not statisti-
cally significant (Table 4).

DISCUSSION

The expression rate of PD-L1 in glioblastoma patients in our
study was 31.5%, which is comparable to that of other solid
tumors, such as ~30% for melanoma" and ~36% for non-small
cell lung cancer.” In recent studies, 38.3% of GBM® and 37.6%
for newly diagnosed GBM had at least 5% PD-L1 expression.

PD-LI expression has been observed, not only in tumor cells,
but also in non-cancerous interstitial cells’" and stromal lym-
phocytes.”” Nduom e a/.® also observed that lymphocytes con-
sisted of nearly 30% PD-L1 positive cells in GBM. However, in
our study, PD-L1—positive lymphocytes were found in only two

https://doi.org/10.4132/jptm.2016.08.31
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Fig. 2. Kaplan-Meier plots for overall survival and disease-free survival of glioblastoma patients according to the programmed death ligand 1
(PD-L1) expression status (A, B) and disease-free survival (C, D). TIMC, tumor infiltrating mononuclear cell.

out of 54 cases and their proportions were not significant. These
differences may result from the use of different antibodies, differ-
ences in counting or detection methods, or different definitions
for positivity. In addition, GBM is known to create an immuno-
suppressive microenvironment, resulting in sparse TILs in GBM
relative to other solid tumors, which might affect the proportion
of PD-L1 positive lymphocytes.

In the present study, patients with PD-L1 expression showed
significantly poorer OS. However, the relationship between PD-
L1 expression and prognosis in patients with GBM remains
unclear. Recent studies have evaluated the prognostic implica-
tions of PD-L1 expression in GBM"® and glioma™ with incon-
sistent findings. Although the precise mechanism by which
intratumoral PD-L1 negatively affects patient prognosis is yet
to be determined, PD-L1 has been expressed in different cancer
types, including kidney, liver, ovarian, pancreatic, lung, and
gastric cancer, and PD-L1 expression by tumor cells has been
reported to strongly correlate with a poor prognosis.”*?’
Traditionally, the central nervous system has been presumed

https://doi.org/10.4132/jptm.2016.08.31

to be an immune privileged organ, primarily due to an intact
blood-brain barrier (BBB). However, in GBM, the integrity of
the BBB is compromised, enabling activated macrophages and
lymphocytes to migrate across the BBB into the brain paren-
chyma.” Inflammatory infiltrates in GBM are relatively sparse;
in the present study, the median density of PD-1+TIMCs was
1.75/mm?, which is much lower than in other solid tumors,
such as lung cancer (33.4 PD-1+TILs/mm’).”" Presurgical corti-
costeroid treatment may affect the number of TIMCs, although
Berghoff er /. found that corticosteroids did not affect the
amount of TILs in melanoma brain metastases. It is known that
GBM creates an immunosuppressive microenvironment by
producing immunosuppressive cytokines, such as transforming
growth factor B, prostaglandin-E, indoleamine 2,3-dioxygenase,
interleukin 10, and STAT3.” In addition, ineffective presenta-
tion of tumor antigens by APCs or recruitment of immunosup-
pressive cells, such as regulatory T cells (Treg) or myeloid-derived
suppressor cells, is known to contribute to an immunosuppres-
sive condition.” The scarcity of PD-1+ infiltrating immune cells,

http://jpatholtm.org/
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targets of anti—PD-1 therapy, might imply reduced efficacy of

the treatment.

No relationship between PD-1 expression and clinical out-

comes was observed in the present study, although previous
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Fig. 3. Kaplan-Meier curves for overall survival (A, C, E, G), and disease free survival (B, D, F, H) of patients with positive or negative expres-
sion of programmed death ligand 1 (PD-L1) and high or low density of programmed cell death 1 (PD-1)+tumor infiltrating mononuclear cell
(TIMC).
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Table 4. Clinicopathological features of groups classified on the basis of PD-L1 expression and PD-1+TIMC density

Variable Qroup 1 Group 2 Qroup 3 Group 4
(PD-L1+/high PD-1+TIMC)  (PD-L1+/low PD-1+TIMC)  (PD-L1-/high PD-1+TIMC) (PD-L1-/low PD-1+TIMC)

No. of patients (%) 10(18.5) 7(13) 17 (31.5) 20 (37)

Age, mean (range, yr) 59.6 (40-70) 51.3 (36-69) 60.3 (31-85) 55.3 (32-68)

Ki-67 index, mean (range, %) 28.3 (10-60) 41.4 (5-80) 29.9 (6-55) 32.3 (4-95)

Tumor cellularity Moderate-marked Marked Mild-moderate Mild-moderate

TIMC density High Low High Low~high

PD-L1, programmed death ligand 1; PD-1, programmed cell death 1; TIMC, tumor infiltrating mononuclear cell.

finding was in accordance with the poor prognostic effect of PD-L1
expression. In addition, the significant difference in OS between
groups 1 and 2, both of which were PD-L1 positive, and the
similar clinical outcomes of groups 1, 3, and 4, suggest that the
prognostic impact of PD-L1 expression on GBM should be
evaluated with PD-1+TIMC density. Thus, the combined status
of PD-L1 expression with PD-1+TIMC density may more pre-
cisely predict clinical outcomes.

The PD-L1 expression in GBM is mediated by IFN-y pro-
duced in an active immune response to the tumor or a constitu-
tive oncogenic signaling pathway via the loss of PTEN." Harter
¢t al.” found a loco-regional overlap between TILs and PD-L1
expression in brain metastasis, suggesting induction of PD-L1
in brain metastasis by anti-tumor immune response. However,
we observed that PD-L1—positive GBM tended to have equivocal
(group 1) or even lower (group 2) TIMC density than PD-L1—
negative groups, indicating that an intrinsic pathway might be
associated with PD-L1 overexpression in GBM.

Our study has several limitations. First, the population enrolled
in this study was relatively small, which could limit the statis-
tical estimation. Second, TMA could not fully reflect the hetero-
geneity of GBM or the focal expression pattern of PD-L1, thus
a false-negative evaluation could be possible. Lastly, as our study
is retrospective, unknown factors that influence patient clinical
outcomes might be present.

In summary, our study yielded two major findings: first, PD-
L1 expression of GBM was an independent prognostic factor
associated with poor OS; second, classification of patients based
on PD-L1 expression and PD-1+TIMC density also predicts
patient survival. Our results suggest that PD-L1 expression
might be a useful prognostic factor and should be considered in
the context of PD-1+TIMCs. The combination of PD-L1 expres-
sion status and PD-1+TIMC density appears to more effectively
predict patient prognosis and might be helpful for selection of
appropriate candidates for immunotherapy and for evaluating
immunotherapeutic efficacy.
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in Ovarian Immature Teratoma

Background: Immature teratoma (IT) is a tumor containing immature neuroectodermal tissue, pri-
marily in the form of neuroepithelial tubules. However, the diagnosis of tumors containing only cellu-
lar neuroglial tissue (CNT) without distinct neuroepithelial tubules is often difficult, since the histo-
logical characteristics of immature neuroectodermal tissues remain unclear. Here, we examined the
significance of CNT and tried to define immature neuroectodermal tissues by comparing the histo-
logical features of neuroglial tissues between mature teratoma (MT) and IT. Methods: The histologi-
cal features of neuroglial tissue, including the cellularity, border between the neuroglial and adjacent
tissues, cellular composition, mitotic index, Ki-67 proliferation rate, presence or absence of tissue
necrosis, vascularity, and endothelial hyperplasia, were compared between 91 MT and 35 IT cases.
Results: CNTs with a cellularity grade of > 2 were observed in 96% of IT cases and 4% of MT cases
(p < .001); however, CNT with a cellularity grade of 3 in MT cases was confined to the histologically
distinct granular layer of mature cerebellar tissue. Moreover, CNT in IT exhibited significantly higher
rates of Ki-67 proliferation, mitoses, and necrosis than those in MT (p < .001). Furthermore, an infil-
trative border of neuroglial tissue and glomeruloid endothelial hyperplasia were significantly more
frequent in IT cases than in MT cases (p < .001). Conclusions: Our results suggest that if CNT with a
cellularity grade of > 2 is not a component of cerebellar tissue, such cases should be diagnosed as
IT containing immature neuroectodermal tissue, particularly if they exhibit an infiltrative border, mito-
ses, necrosis, and increased Ki-67 proliferation.

Key Words: Immature teratoma; Neuroectodermal; Neuroglia; Neuroepithelium; Ki-67; Ovary

Immature teratoma (IT) is the second most common malignant
germ-cell tumor of the ovary, and accounts for < 1% of all ovarian
teratomas. Although the identification of the immature neuroec-
todermal component is important in the diagnosis and grading
of IT, the histological definition of immature neuroectodermal
tissue is ambiguous, regardless of whether it applies only to im-
mature neuroepithelial tubules/rosettes or includes other types
of immature neuroectodermal tissue, such as cellular neuroglial
tissue (CNT). In some cases of CNT only, without any distinct
immature neuroepithelial tubules/rosettes in the background of
the mature teratomatous elements, the diagnosis is very difficult,
particularly in cases where frozen sections are used (Fig. 1).

In the present study, we aimed to define the histological criteria
of immature neuroectodermal tissue and examine the significance
of CNT by comparing the histological features of neuroglial
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tissues between I'T and mature teratoma (MT).

MATERIALS AND METHODS

Patient selection

Cases of IT and MT treated between January 1989 and De-
cember 2012, including neuroglial tissue of the ovary, were as-
sessed from the database of the Department of Pathology, Asan
Medical Center, Seoul, Korea. Of 70 cases of ovarian IT diag-
nosed during this period, 13 were excluded due to the presence
of a mixed germ-cell tumor component and 22 were excluded
due to unavailability of a specimen for slide review or because of
the lack of distinct immature neuroepithelial tubules or rosettes.
However, the histopathological review in the present study focused
only on the areas of CNT. The diagnosis of IT in this study was
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based on the presence of immature neuroepithelial tubules or
rosettes within the tumor, regardless of the presence or absence

of CNT; 35 IT cases and 91 mature cystic teratoma (MT) cases

Fig. 1. Cellular neuroglial tissue. The diagnosis of immature terato-
ma containing only cellular neuroglial tissue without distinct neuro-
epithelial tubules is often difficult since the histological characteris-
tics of immature neuroectodermal tissues have not been clearly
defined.

with a neuroglial component were finally included in this study.
All of the tissue sections were formalin-fixed and paraffin-embed-
ded. Hematoxylin and eosin-stained slides were available for
review in all cases. The Institutional Review Board of the Univer-
sity of Ulsan College of Medicine, Asan Medical Center, Seoul,
Korea, approved the collection and use of the samples in this
study for research purposes (protocol number: $2016-1060-
0001).

Histological evaluation

Histopathological findings were reviewed by two pathologists
blinded to the diagnosis (Y.C. and K-R.K.). We compared the
histological features of the neuroglial components between the
two groups (IT and MT). The histologic features examined in-
cluded cellularity of the neuroglial tissue, border between the
neuroglial and surrounding non-neuroglial tissues, cellular com-
ponent within the CNT (either polymorphous or monomor-
phous), average number of mitoses per high-power (x 400) field,
presence or absence of necrosis, vascular proliferation, and glo-
meruloid endothelial hyperplasia.
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Fig. 2. Cellularity of neuroglial tissue in mature and immature teratomas. (A) Grade 1 referred to cellularity comparable to that of normal white
matter or an inter-nuclear distance longer than 5 nuclear diameters. (B, C) Grade 2 applied to cases with either heterogeneous cellularity or
with inter-nuclear distances similar to 2-4 nuclear diameters. (D) Grade 3 cellularity referred to cellularity comparable to that of the germinal
matrix of the fetal brain or the granular layer of the normal adult cerebellum wherein nuclei touch each other, or an inter-nuclear distance

shorter than 1 nuclear diameter.
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Fig. 3. Histopathologic features of mature teratoma and immature
teratoma. Neuroglial cells in a mature teratoma show a smooth bor-
der (A), and comprise polymorphous cellular components (C). They
show no mitotic activity (E) and no coagulative necrosis (G), but do
exhibit focally glomeruloid endothelial proliferation () and rare Ki-67-
positive proliferating cells (K). In contrast, cellular neuroglial cells in
immature teratoma show an infiltrative border (B) more frequently,
and comprise monomorphic germinal matrix-like cells (D). They also
show frequent mitoses (F), coagulative necrosis (H), glomeruloid en-
dothelial proliferation (J), and increased Ki-67-positive proliferating
cells ().

https://doi.org/10.4132/jptm.2016.09.19
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We selected the areas of highest cellularity within the tumor;
cellularity was classified into three grades according to the density
of the cellular component (Fig. 2). Grade 1 referred to cellularity
comparable to that of normal white matter, or with an inter-nu-
clear distance longer than five nuclear diameters (Fig. 2A). Grade
2 applied to cases with either heterogeneous cellularity or with
inter-nuclear distances corresponding to 2-4 nuclear diameters in
the area with the highest cellularity (Fig. 2B, C). Grade 3 was
assigned to cellularity similar to that of the germinal matrix of
the fetal brain or granular layer of the normal adult cerebellum
wherein the nuclei touch each other, or with an inter-nuclear
distance shorter than 1 nuclear diameter (Fig. 2D).

The border status was divided into an infiltrative or pushing
border (Fig. 3A, B). The infiltrative border (Fig. 3B) was assigned
to cases with an irregular border, in contrast to the pushing border
(Fig. 3A), which exhibited a smooth and well-circumscribed
edge. The cellular component within the neuroglial tissue was
categorized as polymorphous or monomorphous (Fig. 3C, D).
When neuroglial tissue was composed of round, neuroblast-like
cells and spindle or stellate-shaped glial cells, it was classified as
polymorphous (Fig. 3C); when the tissue was uniformly composed
of monotonous small and round to ovoid cells, it was categorized
as monomorphous (Fig. 3D).

The mitotic score groups were established according to the
average number of mitotic figures per high-power field, as score
1 (no mitotic activity), score 2 (1-4 mitoses per high-power field),
score 3 (5-9 mitoses per high-power field), or score 4 (>10 mi-
toses per high-power field) (Fig. 3E, F). The presence or absence
of coagulative necrosis (Fig. 3G, H), vascular proliferation, and
glomeruloid endothelial hyperplasia (Fig. 31, J) was also recorded.

The presence of vascular proliferation in CNT was determined
based on the number of small blood vessels in a high-power
field, compared to that in the normal cerebral cortex. Glomeruloid
endothelial hyperplasia was defined as compact stratification of
proliferating endothelial and perithelial (smooth muscle) cells
that resembles a renal glomerulus, similar to that observed in
glioblastoma multiforme.

Statistical analysis

The differences between the two groups were analyzed using
the chi-square test, Fisher exact test, and Mann-Whitney U test.
A two-sided p-value <0.05 was considered statistically significant.
All statistical calculations were performed using the SPSS ver.
18.0 (SPSS Inc., Chicago, IL, USA).

http://jpatholtm.org/
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Table 1. Demographic data for the study patients with mature and immature teratomas of the ovary

Variable MT T p-value
Age (yr) 28.9 (3-67) 20.6 (5-36) <.001
Tumor size (cm) 7.2 (1.2-16.5) 13.6 (2-26) <.001
Surgical procedure <.001
Unilateral oophorectomy 9(9.9 21 (61.8)
Bilateral oophorectomy 2.2 5(14.7)
Unilateral or bilateral cystectomy 76 (83.5) 4(11.8)
Unilateral oophorectomy+contralateral cystectomy 4 (4.4 4(11.8)
Laterality
Unilateral 74 (81.3) 33(97.1) .026
+Contralateral mature cystic teratoma 3(8.8)
+ Contralateral mixed germ-cell tumor 129
Bilateral 17 (18.7) 1(2.9P

Values are presented as mean (range) or number (%).
MT, mature teratoma; T, immature teratoma.

aTumor size was evaluated only in 26 cases of IT; *This patient experienced recurrence in the opposite ovary 21 years after surgery.

Table 2. Demographic data for the study patients with immature
teratoma of the ovary

Variable Immature teratoma (%)
Tumor grade
Grade 1 9(25.7)
Grade 2 16 (45.7)
Grade 3 10 (28.6)
Increased serum levels of tumor markers
AFP 14 (40.0)
B-hCG 1(2.8)
CEA 1(2.8)
CA125 17 (48.6)
CA19-9 6(17.1)
FIGO stage
IA 21 (60.0)
IC 5(14.2)
B 1.9
A 7(20.0)
ne 129
Adjuvant chemotherapy
Present 30(85.7)
Absent 5(15.3)
Overall survival
Alive 34(97.2)
dead 1(2.9)

AFP, alpha-fetoprotein; B-hCG, beta-human chorionic gonadotropin; CEA,
carcinoembryonic antigen; CA125, cancer antigen 125; CA19-9, carbohy-
drate antigen 19-9; FIGO, International Federation of Gynecology and Ob-
stetrics.

RESULTS

Histopathological characteristics of MT and IT

The demographic data for 35 patients with ovarian IT (mean
age, 20.6 years; range, 5 to 306 years) and MT (mean age, 28.9
years; range, 3 to 67 years) are summarized in Tables 1 and 2.
Nine cases of IT were excluded in the analysis of demographic

http://jpatholtm.org/

data due to insufficient information. Among the remaining 26
cases, those with IT showed a significantly larger tumor size
(range, 2 to 26 cm; mean, 13.6 cm) as compared to those with
MT (range, 1.2 to 16.5 cm; mean, 7.2 cm). The modalities of
surgical treatment differed significantly between the two groups.
In the IT group, unilateral oophorectomy was performed in 21
cases (61.8%), unilateral oophorectomy with contralateral cystec-
tomy in four cases (11.8%), and bilateral oophorectomy in five
cases (14.7%). Unilateral or bilateral cystectomy was used in
only four cases (11.8%) in the IT group but was employed in a
large proportion of MT cases (76 cases, 83.5%).

Bilaterality was observed in only one case of IT (2.9%) in
contrast to 18.7% in mature cystic teratoma cases. In the case
with bilateral IT, the patient had a recurrent tumor in the contra-
lateral ovary 21 years after the first diagnosis. In three cases, I'T
was accompanied by mature cystic teratomas in the contralateral
ovary. The serum tumor marker levels were within the normal
range in almost half of the cases (15 cases, 42.9%).

Higher serum levels of cancer antigen 125 in 17 patients
(48.6%), carbohydrate antigen 19-9 in six patients (17.1%),
o-fetoprotein in 14 patients (40.0%), B-human chorionic go-
nadotropin in one patient (2.8%), and carcinoembryonic anti-
gen in one patient (2.8%) with IT were observed. Moreover, 21
patients had International Federation of Gynecology and Obstet-
rics (FIGO) stage IA, five had FIGO stage IC, one had FIGO
stage 1IB, seven had FIGO stage IIIA, and one had FIGO stage
HIC. Thirty patients (85.7%) underwent postoperative adjuvant
chemotherapy. All the patients with IT, except for one patient
who died of sepsis during the chemotherapy, were alive without
any tumor at the last follow-up. The patient with bilateral IT,
who developed an IT in the opposite ovary, was also well without

https://doi.org/10.4132/jptm.2016.09.19



any tumor at the last follow-up.

Histopathology of CNT

All patients with IT showed CNT with heterogeneous cellular-
ity throughout the tumor; grade 2 cellularity was noted in 18
patients (51.4%) and grade 3 was noted in 17 patients (48.6%)
in addition to the glial tissue with grade 1 cellularity. However,
all of the patients with MT, except for four cases, demonstrated
uniform grade 1 cellularity, which resembled normal white
matter (95.6%). In the MT cases with CNT, the CNT was ex-
clusively confined to the histologically distinct granular layer of
mature cerebellar tissue, which could be recognized by the Pur-
kinje cells. CNT, defined as neuroglial tissue with > grade 2
cellularity, was significantly more frequent in IT than in MT
cases (p<.001).

The infiltrative border was more frequent in IT than in MT
cases, and the difference was statistically significant (74.3% and
36.3%, respectively; p <.001). The CNT in MT comprised a
monomorphic cellular component, whereas the CNT in IT
comprised polymorphous cells with varying morphology. Fur-
thermore, vascular proliferation was more frequent in IT than
in MT cases, although the difference was not statistically signifi-
cant (p =.512). However, glomeruloid endothelial hyperplasia
was significantly more frequent in IT than in MT cases (28.6%

Ovarian Immature Teratoma ® 53

and 2.2%, respectively; p <.001).

The difference between the numbers of mitotic figures in the
two groups was significant (Fig. 3E, F). High mitotic activity (>
5 mitotic figures per high-power field) was found only in the IT
group. Coagulation necrosis was observed only in IT cases, and
all these cases had mitotic score groups of 3 or 4 with > 5 mitoses
per high-power field. The histopathological differences in the
neuroglial tissue between the two groups are summarized in
Table 3.

DISCUSSION

The diagnostic criteria of IT is somewhat ambiguous. At pres-
ent, IT is defined either as a tumor containing immature or
primitive immature neuroepithelial tubules or rosettes,' or a
tumor containing immature embryonal or fetal-type tissue.’
However, a more precise definition of IT is required for the dif-
ferential diagnosis of pure IT from a pure yolk sac tumor or a
mixed germ-cell tumor containing yolk sac tumor and IT com-
ponents, as immature embryonal/fetal-type tissue other than
the immature neuroectodermal tissue including immature enteric,
hepatic, or endometrioid-like tissues is occasionally observed in
yolk sac tumors.

The histopathological features of germ-cell tumors frequently

Table 3. Comparison of the histopathological features of the CNT between mature and immature teratoma

Variable Mature teratoma (%) Immature teratoma (%) p-value
No. of cases 91 35
Cellularity of CNT <.001
Grade 1 87 (95.6) 0
Grade 2 0 18 (561.4)
Grade 3 4(4.4) 17 (48.6)
Border status <.001
Pushing 58 (63.7) 9(25.7
Infiltrative 33(36.3) 26 (74.3)
Cellular composition <.001
Polymorphous 91 (100 26 (74.3)
Monomorphic 0 9(25.7)
Increased vascularity 222 0 512
Glomeruloid endothelial hyperplasia 2.2 10 (28.6) <.001
Mitoses <.001
Score 1 (no mitosis) 90 (98.9) 13 (37.1)
Score 2 (1-4/HPF) 1(1.1) 14 (40.0)
Score 3 (5-9/HPF) 0 2(5.7)
Score 4 (>10/HPF) 0 6(17.1)
Necrosis <.001
Present 0 29 (82.9)
Absent 91 (100) 6(17.1)

Mitoses were expressed as a mean number of mitoses per one high power field.

CNT, cellular neuroglial tissue; HPF, high-power field.

https://doi.org/10.4132/jptm.2016.09.19
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recapitulate the normal developmental stages of the embryo/fetus.
Dysgerminoma resembles undifferentiated germ cells, chorio-
carcinoma resembles the cells of a developing placenta, and IT
resembles immature or developing brain tissue. Immature neuro-
epithelium is one of the few structures in the human body that
disappears after the completion of fetal development, and only
exists during the fetal period. Hence, it is reasonable to state that
the diagnosis of IT should be limited to tumors containing imma-
ture neuroectodermal tissue rather than immature embryonal
or fetal-type tissue.

It is important to accurately identify immature neuroectoder-
mal tissue because the treatment and prognosis of patients with
IT depend on the amount of immature neuroectodermal tissue,
which also forms the basis of the histological grading systems
of IT*” The immature neuroepithelial tubules of IT mimic the
early neural tube during the normal developmental stage of the
central nervous system. As the neural tube closes, the pseudostrat-
ified columnar epithelium in the neural tube develops into the
ependymal zone in the innermost zone around the ventricular
lumen, containing dividing neuroepithelial cells; the mantle
zone around the neuroepithelial layer, containing neuroblasts
derived from neuroepithelial cells; and the outermost marginal
zone, containing nerve fibers emerging from neuroblasts. The
neuroepithelial cells in the ependymal zone rapidly proliferate
via symmetric and asymmetric cell divisions, and give rise to
ependymoblasts, which remain in the ventricular zone, as well
as glioblasts and post-mitotic neurons, which migrate to the
marginal zone where they continue to differentiate.*” The germi-
nal matrix of the fetal brain is a highly cellular and vascularized
area containing glioblasts and post-mitotic neurons,''* from
which all the neurons and supporting cells (glial cells) actively
migrate during brain development. Our preliminary study has
shown that small and round cells included in the CNT of IT
showed immunoreactivity for nestin—a useful marker for pre-
cursor cells of neuroectodermal and mesenchymal lineages (data
not shown). Moreover, the CNT is composed of polymorphous
cellular components resembling glioblasts and neuroblasts,
which suggests that the CNT may represent immature neuro-
ectodermal tissue resembling the germinal matrix of the fetal
brain.

In our present study, the neuroglial tissue in mature cystic
teratoma cases exhibited grade 1 cellularity in all but four cases
(96%). A review of the histopathological findings of the four
cases indicated that the CNT in MT cases was exclusively confined
to the well-developed and histologically distinct cerebellar tissue.
The cellularity in the granular layer of the cerebellum in MT

http://jpatholtm.org/

cases was almost indistinguishable from that of the CNT in IT
cases; however, the number of mitotic figures differed significantly.
Increased mitotic activity (>5 mitotic figures per high-power
field) was only observed in IT cases, whereas the granular layer
of the cerebellum did not show any mitotic figures. Moreover,
necrosis was observed only in the CNT of IT cases. The Ki-67
proliferation rate was also very low in the cerebellar granular layer,
indicating that these are terminally differentiated cells. The gray
matter of the cerebellar cortex is composed of three layers: the
molecular layer, Purkinje cell layer, and granular layer. The cells
in the granular layer are smallest cells in the body (4=5 pm in
diameter), and have monomorphous, small and round nuclei
with a coarse chromatin pattern. In contrast, the CNT of IT
cases comprises polymorphous cells, which are similar to the
glioblasts and neuroblasts in the germinal matrix of the fetal
brain. Thus, the CNT in MT cases can be distinguished from the
CNT in IT cases based on the monomorphic cellular component;
presence of Purkinje cells; and absence of mitoses, necrosis, or
proliferating activity. Moreover, the neuroglial tissue in IT cases
showed heterogeneous cellularity throughout the tumor, whereas
the neuroglial tissue in MT cases had a relatively uniform cellu-
larity.

The diagnosis of IT in our curtrent study was solely based on
the presence of neuroepithelial tubules/rosettes in the tumor;
however, all IT cases contained CNT with a cellularity grade of
>2 in at least some areas within the tumors. Thus, CNT with a
cellularity grade of >2 appears to be a characteristic feature of
IT. However, additional tissue sampling would increase the
likelihood of detecting immature neuroepithelial tubules in
other areas, which would aid in the diagnosis.

As blood supply plays an important role in tumor growth,"
we compared the presence or absence of coagulation necrosis,
vascular proliferation, and glomeruloid endothelial hyperplasia
between the two groups. Vascular proliferation and glomeruloid
endothelial hyperplasia within neuroglial tissue are common
features of malignant neuroglial tumors such as glioblastoma."*
The number of blood vessels within the neuroglial tissue was
not significantly different between the MT and IT cases in the
present study; however, glomeruloid endothelial hyperplasia,
reminiscent of glioblastoma, was significantly more frequent in
IT cases than in MT cases.

Based on these results, we conclude that if CNT with a cellu-
larity grade of 22 is not a component of mature cerebellar tissue,
it may then represent an additional feature of ovarian IT. Higher
rates of Ki-67 proliferation (Fig. 3K, L), mitoses, necrosis, infil-
trative border of neuroglial tissue, polymorphous cellular compo-
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nent, and the presence of glomeruloid endothelial hyperplasia
within the CNT are the supporting features indicating I'T.
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Background: We reviewed a series of 188 resected pulmonary mucinous adenocarcinomas (MAs)
to clarify the prognostic significance of lepidic and non-lepidic patterns. Methods: Non-lepidic
patterns were divided into bland, non-distorted acini with uncertain invasiveness (pattern 1), un-
equivocal invasion into stroma (pattern 2), or invasion into alveolar spaces (pattern 3). Results:
The mean proportion of invasive patterns (patterns 2 and 3) was lowest in small (<3 cm) tumors,
and gradually increased in intermediate (>3 cm and <7 cm) and large (>7 cm) tumors (8.4%,
34.3%, and 50.1%, respectively). Adjusted T (aT) stage, as determined by the size of invasive
patterns, was positively correlated with adverse histologic and clinical features including older age,
male sex, and ever smokers. aTis tumors, which were exclusively composed of lepidic pattern (n=
9), or a mixture of lepidic and pattern 1 (n=40) without any invasive patterns, showed 100% dis-
ease-free survival (DFS). The aT1mi tumors, with minimal (<5 mm) invasive patterns (n=63), showed
a95.2% 5-year DFS, with recurrences (n=2) limited to tumors greater than 3 cm in total size (n=
23). Both T and aT stage were significantly associated with DFS; however, survival within the sepa-
rate T-stage subgroups was stratified according to the aT stage, most notably in the intermediate-
stage subgroups. In multivariate analysis, the size of invasive patterns (p=.020), pleural invasion
(p<.001), and vascular invasion (p=.048) were independent predictors of recurrence, whereas
total size failed to achieve statistical significance (p=.121). Conclusions: This study provides a ra-
tionale for histologic risk stratification in pulmonary MA based on the extent of invasive growth
patterns with refined criteria for invasion.
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Invasive mucinous adenocarcinoma is a distinct histologic
variant of lung adenocarcinoma that is characterized by tall co-
lumnar cells with basally oriented nuclei and intracytoplasmic
mucin and was formerly referred to as mucinous bronchioloalveo-
lar carcinoma."” In most cases, these tumors characteristically
display lepidic growth. The clinical presentation of mucinous
adenocarcinoma may vary from a small nodular lesion to lobar/
multilobar consolidation, and it is not uncommon to encounter
multicentric dissemination at presentation, probably reflecting
aerogenous spread (AS).” In terms of genetics, the KRAS muta-
tions are prevalent, and recent studies have discovered various
new driver mutations such as CD74-NRG fusion in KRAS wild-
type cases. ™

Although these advances further consolidate mucinous ade-
nocarcinoma as a clinicopathologically distinct variant of lung
adenocarcinoma, its prognostic factors are largely unknown. In
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conventional adenocarcinomas, multiple studies have validated the
predictive role of histologic grading, primarily by the predomi-
nant architectural pattern, namely lepidic, acinar, papillary, micro-
papillary, and solid.”"* Among the histologic subclassification
proposed by the International Association for the Study of Lung
Cancer, American Thoracic Society and European Respiratory
Society (IASLC/ATS/ERS), the lepidic pattern has attracted a
great deal of attention because of its association with a favorable
prognosis.' " Based on an increasing number of studies showing
excellent survival of lepidic predominant tumors, and in line
with the IASLC/ATS/ERS classification, the new 2015 World
Health Organization (WHO) classification introduced the concept
of diagnostic categories of “minimally invasive adenocarcinoma”
and “adenocarcinoma 7z situ” for completely resected, small (<3
cm) solitary tumors with minimal (<5 mm) or no invasion, re-

spectively."” However, as most cases included in previous studies
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were non-mucinous adenocarcinomas, the prognostic relevance
and the prevalence of lepidic pattern have not been documented
for mucinous adenocarcinomas. Furthermore, detailed histomor-
phologic analysis of the non-lepidic pattern in mucinous adeno-
carcinomas has not been performed.

To clarify the prognostic significance of lepidic and non-lepidic
invasive patterns, we evaluated a series of resected pulmonary
mucinous adenocarcinomas with refined criteria for invasion
and correlated invasive patterns with clinical outcome.
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MATERIALS AND METHODS

Patient identification

Between 1995 and 2013, we identified 4,119 cases of surgically
resected lung adenocarcinoma at Samsung Medical Center, Korea.
We initially collected 317 cases diagnosed as mucinous adenocar-
cinoma, as well as cases of mucinous bronchioloalveolar carcinoma,
from our pathology reports. On pathologic review, the cytomor-
phologic features of these tumors were rigorously examined.
Tall columnar or goblet cell morphology showing characteristic
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Fig. 1. Examples of lepidic pattern and non-distorted acini (pattern 1). (A-F) Low-powered (A, C, E) and high-powered (B, D, F) view. (A, B)
Typical lepidic pattern showing strips of tumor cells clinging to alveolar walls. (C, D) In areas where the stroma is increased, acinar structures
(pattern 1) are formed without alteration of cytomorphologic features. (E, F) Densely spaced, bland acinar structures (pattern 1). The stroma
is elastotic, not desmoplastic. (Continued to the next page)
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Fig. 1. (Continued from the previous page) (G, H) Immunohistochemical staining for thyroid transcription factor 1 reveals that round-to-oval
spaces embedded in the central scar are alveolar spaces partially lined by tumor cells. Complete replacement of these spaces by tumor

cells may form an acinar structure.

lepidic growth at the tumor periphery was set as the histologic
inclusion criteria in this study. Mixed mucinous and non-muci-
nous tumors with extracellular rather than intracellular mucin,
colloid adenocarcinomas predominantly composed of dissecting
mucin pools, and enteric adenocarcinomas were excluded. Cases
with a history of preoperative treatment and synchronous primary
lung cancers were also excluded. Nine cases were excluded be-
cause they had multicentric disease at presentation and were
resected for diagnostic purposes. Cases showing solid signet ring
cells and a cribriform and tubulopapillary pattern were suspected
to be anaplastic lymphoma kinase (ALK)-rearranged tumors, and
12 cases were excluded after subsequent ALK immunohistochem-
ical staining for confirmation.">'® Finally, a total of 188 cases of
surgically treated mucinous adenocarcinoma were evaluated.
This study was approved by the Samsung Medical Center Insti-
tutional Review Board (file No. 2016-03-055).

Histologic review

All tumors were sectioned and stained in a routine manner
and reviewed by two pathologists (S.H. and J.H.) who were blind-
ed to patient outcome. The mean number of reviewed slides
was 4.43 per case, corresponding to 1.25 per centimeter of tumor
when the total number of reviewed slides was divided by the sum
of the greatest dimensions. Lepidic pattern was defined as tumor
growth along preexisting alveolar walls, as previously described
(Fig. 1A, B)." For non-lepidic patterns, it was difficult to apply the
conventional architectural patterns of non-mucinous adenocar-
cinomas to mucinous adenocarcinomas. Instead, we categorized
non-lepidic patterns into three different patterns based on cyto-
morphologic, architectural and stromal characteristics compared
to the lepidic pattern.

Pattern 1 was assigned to areas showing bland, non-distorted
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acinar structures with increased stroma compared to the lepidic
pattern (Fig. 1C-F). Cytomorphologic alteration compared to the
lepidic pattern was not apparent, with retention of tall columnar
cells with preserved nuclear polarity. Architectural distortion was
minimal to the extent that the pattern resembled uninvolved
alveolar spaces. Increased stroma, which was the only feature dis-
tinguishing this pattern from the lepidic pattern, was almost
always elastotic, not desmoplastic. Indeed, this pattern was often
more reminiscent of lepidic pattern than a true invasive acinar
pattern. Presence of the central scar itself did not permit exclusion
of this pattern, unless accompanied by cytomorphologic or archi-
tectural changes or prominent desmoplasia.

Pattern 2 was assigned to areas showing invasion into the stro-
ma, as evidenced by cytomorphologic alteration, architectural
distortion and stromal desmoplasia (Fig. 2A-D). The tumor
cells displayed an irregular, jagged, or anastomosing architecture
that was clearly distinguishable from normal alveolar structure.
Less columnar cytomorphology with loss of nuclear polarity was
typically seen in this pattern. Infiltrating single cells with eosino-
philic cytoplasm or fused glands with paler cytoplasm were often
observed.

Pattern 3 was assigned to areas showing invasion into alveolar
spaces. This pattern typically arose in the background of the
lepidic pattern and showed proliferation toward alveolar spaces
(Fig. 2E, F). A similar pattern in non-mucinous adenocarcinoma
has been referred to as “low papillary structure” by Fukutomi ez
al." Similar to papillary and micropapillary pattern in non-muci-
nous adenocarcinomas, this pattern did not require desmoplastic
stroma. Excess proliferation into airspaces frequently caused
tumor cells to float within airspaces. When these floating tumor
cells were arranged as single cells, ring-like structures, or tight
clusters, which were distinguishable from tumor branches at-
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tached to the alveolar wall, they were further subcategorized as
a micropapillary pattern (Fig. 2F).

Each pattern was recorded in terms of percentage, except for
pattern 1. A clear distinction between pattern 1 and the lepidic
pattern was not always feasible, since pattern 1 lacked cytomor-
phologic changes. Furthermore, since acinar structures in pattern
1 were devoid of any features of invasion such as desmoplasia or
cytomorphologic atypia as seen in acinar pattern of invasion in
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non-mucinous adenocarcinoma, we postulated that pattern 1
might be a morphologic spectrum that still represents lepidic
growth (Fig. 1G, H), or at least a growth pattern that is related
to indolent biologic behavior as a lepidic pattern. We therefore
regarded lepidic and pattern 1 as non-invasive patterns, whereas
patterns 2 and 3 were considered unequivocally invasive patterns.
To measure the size of invasive patterns, the proportions of patterns
2 and 3 were combined. Since the invasive patterns were frequently

Fig. 2. Examples of invasive patterns: pattern 2, invasion into stroma (A-D) and pattern 3, invasion into alveolar spaces (E, F). (A) Jagged,
fused glands with loss of nuclear polarity support invasiveness. (B) Anastomosing glands with increased nuclear atypia (pattern 2) seen on
the right is distinguished from the bland, non-distorted acinar structure (pattern 1) noted on the left. The photomicrographs 2A and 2B were
taken from the same case as in 1E and 1F. (C) Intracytoplasmic mucin is replaced by eosinophilic cytoplasm, resulting in squamoid appear-
ance. (D) The area of glandular fusion shows loss of nuclear polarity and paler cytoplasm compared to the area of lepidic pattern on the
right. (E) Proliferation towards alveolar spaces results in a serrated appearance. (F) A micropapillary pattern with ring-like structures is seen.
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multifocal, the size of invasion was calculated by multiplying the
petcentage by the total size in the majority of cases. The size of
confluent invasion measured in a single slide was adopted only
when it exceeded the calculated value. According to the size of
invasive pattern, conventional T staging was adjusted (aT) as
follows: aTis, no invasion; aT'1mi, minimal (<5 mm) invasion;

aTlal, >5 mm, <1 cm invasion; aT1a2, > 1 cm, <2 cm invasion;
aTlb, >2 cm, <3 cm invasion; aT2a, >3 cm, <5 cm invasion
or visceral pleural invasion (PL1-2); aT2b, > 5 cm, <7 cm invasion;
aT3, >7 cm invasion or satellite tumor nodule in the same lobe
or parietal pleural invasion (PL3); and aT4, satellite tumor nodule
in a different ipsilateral lobe. Conventional TNM staging and

Table 1. Correlation of clinicopathologic characteristics with adjusted T stage (aT?)

Factor All patients aTis/Imid alla/1b? al2a/3/42 p-value

Total 188 (100) 112 (59.6) 41(21.8) 35(18.6)

Age (yr) .004
<65 119 (63.3) 81(72.3) 18 (43.9) 20 (57.1)
>65 69 (36.7) 31(27.7) 23 (56.1) 15 (42.9)

Sex .003
Female 106 (56.4) 74 (66.1) 19 (46.3) 13 (37.1)
Male 82 (43.6) 38(33.9) 22 (63.7) 22 (62.9)

Smoking <.001
Never 117 (62.2) 82(73.2) 21(61.2) 14 (40.0)
Ever 71(37.8) 30 (26.8) 20 (48.8) 21 (60.0)

Nuclear atypia <.001
Mild 105 (65.9) 89 (79.5) 14 (34.1) 4(11.4)
Moderate 59 (31.4) 22 (19.6) 18 (43.9) 17 (48.6)
Severe 24 (12.8) 1(0.9 9(22.0) 14 (40.0)

Micropapillary <.001
0% 128 (68.1) 101 (90.2) 20 (48.8) 7(20.0)
1%-9% 25(13.3) 10(8.9) 8(19.5) 7(20.0)
>10% 35 (18.6) 1(0.9 13(31.7) 21 (60.0)

Aerogenous spread <.001
Absent 136 (72.3) 99 (88.4) 25 (61.0) 12 (34.3)
Present 52 (27.7) 13 (11.6) 16 (39.0) 23 (65.7)

Vascular invasion <.001
Absent 172 (91.5) 112 (100) 33(80.5) 27 (77.1)
Present 16 (8.9) 0 8(19.5) 8(22.9)

Necrosis <.001
Absent 170 (91.4) 111 (99.1) 37(90.2) 22 (62.9)
Present 18 (9.6) 1(0.9 4(9.8) 13(37.1)

Neutrophils <.001
Absent 118 (62.9) 97 (86.6) 10 (24.4) 11(31.4)
Present 70(37.2) 15 (13.4) 31 (75.6) 24 (68.6)

KRAS (n=59) 014
Wild 34 (57.6) 23 (74.2) 2(25.0) 9(45.0)
Mutated 25 (42.4) 8(25.8) 6(75.0) 11 (65.0)

T stage <.001
1a 61 (32.4) 57 (50.9) 4(9.8) 0
1b 42 (22.3) 29 (25.9) 13(31.7) 0
2a 49 (26.1) 21(18.8) 18 (43.9) 10 (28.6)
2b 18 (9.6) 3@2.7) 5(12.2) 10 (28.6)
3/4° 18 (9.6) 2(1.8) 1(2.4) 15(42.9)

N stage <.001
0 177 (94.1) 111(99.1) 38(92.7) 28 (80.0)
1/2 11 (6.9) 1(0.9 3(7.3 7(20.0)

Values are presented as number (%).

®Adjusted T stage (aT): aTis, no invasion; aT1mi, minimal (<5 mm) invasion; aT1a, >5 mm, <2 cm invasion; aT1b, >2 cm, <3 cm invasion; aT2a, >3 cm, <5
cm invasion or visceral pleural invasion (PL1-2); aT2b, >5 cm, <7 cm invasion; aT3, >7 cm invasion or satellite tumor nodule in same lobe or parietal pleural
invasion (PL3); aT4, satellite tumor nodule in different ipsilateral lobe; ®°One T4 case was included.
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Table 2. Correlation of clinicopathologic variables with DFS Factor No. (%) 5-year DFS (%) p-value
Factor No. (%) 5-year DFS (%) p-value aT stage <.001
Age (yr) 097 is 49 (26.1) 100.0

<65 119 (63.3) 80.0 mi (<5 mm) 63 (33.5) 95.2

>65 69 (36.7) 65.7 1al (<1 .cm) 17(9.0) 75.3

Sex 159 1a2(>1cm, <2cm)  17(9.0) 54.1
Female 106 (56.4) 81.4 1b 73.7) a7
Male 82 (43.6) 66.8 2a 21(11.2) 20.3

Smoking 012 2b/3/4 14 (7.4) 16.8°
Never 117 (62.2) 82.7 DFS, disease-free survival; aTis, no invasion; aT1mi, minimal (<5 mm) inva-
Ever 71(37.8) 61.0 sion; aT1al, >5 mm, <1 cm invasion; aT1a2, >1 cm, <2 cm invasion;

Nuclear atypia <.001 al1b, >2 cm, <3 cm invasion; aT2a, >3 cm, <5 cm invasion or visceral
Mild 105 (55.9) 90.2 pleural invasion (PL1-2); aT2b, >5 cm, <7 cm invasion; aT3, >7 cm inva-

. . sion or satellite tumor nodule in same lobe or parietal pleural invasion (PL3);
Moderate 59(314) 60.5 aT4, satellite tumor nodule in different ipsilateral lobe.
Severe 24 (12.8) 47.2 abeA|| patients were censored at 47-, 53-, and 32-month follow-up, respec-

Micropapillary <.001 tively.

0% 128 (68.1) 88.0
1%-9% 25(13.3) 68.3 prominent nucleoli. AS was considered present when tumor
210% 35(18.6) 34.0 cells were present beyond 2 mm from the edge of the main mass.

AETETILS TR S0 This included discontinuous tumor islands in lepidic pattern as
Absent 136 (72.3) 84.0 . . . . .

Present 5227.7) 53.2 well as single cells, micropapillary, or ring-like structures,

Vascular invasion <001 termed tumor spread through air spaces in recent studies.'””’
Absent 172 (91.5) 79.5 Vascular invasion, either lymphatic or venous, and tumor necrosis
Present 16(8.5) 249 were examined. Intra-alveolar accumulation of neutrophils, which

Necrosis <.001 . . .
Absent 170004 9.4 was previously reported to be related with adverse outcome in
Present 18(9.6) 300 mucinous adenocarcinoma, was also evaluated.”"*

Neutrophils <.001
Absent 118 (62.8) 86.9 EGFR and KRAS mutation, and ALK rearrangement
Present 70(87.2) 509 EGFR gene mutation was detected by real-time polymerase

Pleural status <.001 ) . . ) )

PLO 175 (93.1) 796 chain reaction with PNA clamping using the PNA-Clamp
PL1-3 13 (6.9) 0.0° EGFR Mutation Detection kit (PANAGENE, Inc., Daejeon,

KRAS 076 Korea) or by direct sequencing of exons 18, 19, 20, and 21, as

Wild 34 (57.6) 30.0 : : 23 :
previously described.” KRAS gene mutation was detected by
Mutated 25 (42.4) 24.7 . . .

N i <001 direct sequencing of codons 12 and 13 in exon 2 and codon 61
0 177 (94.1) 78.3 in exon 3, as previously described.” Immunohistochemical
1/2 1(6.9) 18.5° staining for ALK protein (1:30, clone 5A4, Novocastra, Newcastle

T stage <001 upon Tyne, UK) was used to detect ALK gene rearrangement,
1a 61 (32.4) 100.0 . . ..
1b 12023) 896 and diffuse moderate to strong cytoplasmic reactivity was regard-
%a 49 (26.1) 60.7 ed as positive, as previously described.”

%b 18(9.6) 51.0
3/4 18(9.6) 234 Statistical analysis

(Continued)

pleural invasion were assessed according to the seventh American
Joint Committee on Cancer TNM staging manual.'®

Nuclear atypia was measured in the area showing the highest
degree of atypia, and graded as follows: “mild,” small, slightly
irregular nuclei with no nucleoli; “moderate,” intermediate-sized,
moderately irregular nuclei with small nucleoli; and “severe,”
large, markedly irregular nuclei with vesicular chromatin and

https://doi.org/10.4132/jptm.2016.09.17

The correlations between clinicopathologic variables and ad-
justed cumor (aT) stage were assessed by Fisher exact test and
chi-square test. Disease-free survival (DES) was evaluated using
the Kaplan-Meier method, and the log-rank test was used for
comparison. Multivariate survival analysis was performed using
the Cox proportional hazards model. All statistical analyses
were performed using SPSS Statistics ver. 19.0 (IBM Corp., Ar-
monk, NY, USA).
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RESULTS

Clinicopathologic characteristics

The clinicopathologic features are summarized in Table 1.
The mean age was 59.9 years (range, 19 to 84 years), and 63.3%
of patients were younger than 65 years. Female patients (56.4%)
outnumbered male patients, and never smokers comprised 62.2%
of all patients. Fifteen patients (8.0%) underwent wedge resection,
one patient underwent segmentectomy, and 172 patients (91.5%)
underwent at least lobectomy. Adjuvant chemotherapy was ad-
ministered in 28 patients (14.9%), of which, eight were American
Joint Committee on Cancer stage I, 16 were stage II, and four
were stage III.

Mean tumor size was 3.6 cm (median, 2.8 cm; range, 0.5 to
20.0 cm). Nuclear atypia was mild in 105 (55.9%), moderate
in 59 (31.4%), and severe in 24 (12.8%) cases. Micropapillary
pattern was absent in 128 (68.1%), focally (1%-9%) present in
25 (13.3%), and substantially (>10%) present in 35 (18.6%)
cases. AS was present in 52 (27.7%) cases, which presented as
lepidic, micropapillary, and both types in 34, 14, and four cases,
respectively. Vascular invasion was present in 16 cases (8.5%).
Necrosis and intra-alveolar neutrophil accumulation were present
in 18 (9.6%) and 70 (37.2%) cases, respectively. Pleural invasion
was present in 13 cases (6.9%). Nodal metastasis was present in
11 cases (5.9%).
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Proportion of invasive patterns and distribution of aT stage

In all 188 patients, the mean proportion of invasive patterns
was 21.4% (pattern 2, 13.0%; pattern 3, 8.4%), and the mean
size of invasive patterns was 1.3 cm (median, 0.4 ¢cm; range, 0.0
to 14.0 cm). In 49 cases (26.1%), the tumors were exclusively
composed of non-invasive patterns (lepidic and pattern 1), and
nine had a central scar. Among 49 non-invasive cases, nine
showed a purely lepidic pattern, and 40 showed a mixture of
lepidic and pattern 1. The proportion of invasive patterns in-
creased in correlation with increased tumor size. The mean pro-
portion of invasive pattern was 8.4% (pattern 2, 5.9%; pattern
3, 2.5%) in small (<3 cm) tumors, 34.3% (pattern 2, 21.2%;
pattern 3, 13.1%) in intermediate-sized (>3 ¢cm and <7 cm)
tumors, and 50.1% (pattern 2, 27.0%; pattern 3, 23.1%) in
large (> 7 cm) tumors. Accordingly, as shown in Table 1, 57 of
61 T1a cases (93.4%) and 29 of 42 T1b cases (69.0%) were ad-
justed to aTis/1mi, whereas only two of 18 T3/4 cases (11.1%)
were adjusted to aTis/Imi. In other words, the 112 cases of
aTis/1mi were generally small (<3 cm, T1) tumors (86 cases,
76.8%), although intermediate-sized (> 3 ¢cm and <7 cm, T2)
tumors (24 cases, 21.4%), and even large (> 7 cm, T3) tumors
(two cases, 1.8%) were also observed.
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Fig. 3. Disease-free survival according to T stage (A) and adjusted T stage (B). aTis, no invasion; aT1mi, minimal (<5 mm) invasion; aT1al, >
5 mm, <1 cminvasion; aT1a2, >1 cm, <2 cm invasion; aT1b, >2 cm, <3 cm invasion; aT2a, >3 cm, <5 cm invasion or visceral pleural in-
vasion (PL1-2); aT2b, >5 cm, <7 cm invasion; aT3, >7 cm invasion or satellite tumor nodule in the same lobe or parietal pleural invasion

(PL3); aT4, satellite tumor nodule in a different ipsilateral lobe.
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Correlation of clinicopathologic features with aT stage and
predominant invasive pattern

Clinicopathologic features according to aT stage are summa-
rized in Table 1. Advanced aT stage was significantly associated
with older age, male sex, and ever smokers (p =.004, p =.003,
and p <.001, respectively). Tumors with advanced aT stage had
significantly more nuclear atypia, micropapillary pattern, AS,
vascular invasion, necrosis, neutrophils, nodal metastasis, and
KRAS mutation (all p <.001, except for KRAS mutation p =
.014). Significant associations between T stage and clinicopath-
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ologic features were similarly noted, with the exception of age
(p=.101). To further evaluate the clinicopathologic relevance of
a predominant invasive pattern, 85 cases with >10% invasive
patterns were separated into two groups according to the predom-
inant invasive pattern: 59 pattern 2 predominant tumors (69.4%)
and 26 pattern 3 predominant tumors (30.6%). Among clinical
and pathologic factors, only micropapillary pattern and AS were
significantly prevalent in pattern 3 predominant tumors (both
p<.001). The two groups showed no significant difference in
DES and extrathoracic recurrence-free survival, when they were
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Fig. 4. Disease-free survival in separate T stage subgroups according to the adjusted T stage (A, C, E) and grouped adjusted T stage (B, D,
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compared in matched aT stage (data not shown).

KRAS and EGFR mutation

KRAS mutations were detected in 25 of 59 cases tested
(42.4%). Most mutations were found in codon 12, with one
case each of codon 13 (G13D) and codon 61 (Q61H) mutation.
Among 23 cases of codon 12 mutations, the G12V mutation
was most common (11 cases), followed by G12D (seven cases),
G12C (four cases), and G12A (one case). KRAS mutation was
significantly less prevalent in low aT stage (25.8%, 75.0%, and
55.0% in aT0/1mi, aTla/b, and aT2a/b, respectively; p = .014).
KRAS mutations showed no significant association with clinical
factors including age, sex, and smoking status (all p>.5). Among
histologic factors, only neutrophil accumulation was significantly
associated with KRAS mutations (p=.015). EGFR mutation was
detected in one of 68 cases tested; the single case was a male
smoker with an exon 19 deletion, an invasive pattern greater
than 5 mm, and recurrent disease. None of the cases showed
concomitant KRAS and EGFR mutations.

Prognostic impact of invasion size

Thirty-six patients (19.1%) had recurrence or died of disease
during follow-up. Extrathoracic recurrence was present in 11
patients (5.9%). None of the 16 patients who underwent sublobar
resection experienced recurrence; all had small (€2 ¢cm) tumors,

with 8 mm invasion in one case, <5 mm invasion in three cases,

http://jpatholtm.org/

and no invasion in 12 cases. The median follow-up for patients
without recurrence was 43.5 months (range, 0.5 to 184
months). DES at 5 years for all 188 patients was 75.6%.

As shown in Table 2 and Fig. 3, DFS was significantly associat-
ed with T stage (overall p<.001). Patients with small tumors (<
2 c¢m, Tla) had S-year DES of 100%. Patients with T1b, T2a,
T2b, and T3/4 tumors had a 5-year DFS of 89.6%, 62.7%,
51.0%, and 23.4%, respectively. DFS was also significantly as-
sociated with aT stage (overall p <.001). Forty-nine cases without
invasion (aTis), including nine cases of pure lepidic growth, had
no recurrence. In 63 cases with minimal invasion (<5 mm inva-
sion, aT1mi), S-year DFS was 95.2%. Of these, tumor size was
greater than 3 cm in 23 cases, and two of these cases experienced
recurrence. These two cases were grossly 3.5-cm- and 4.5-cm-
sized tumors, with 5 mm invasion for both. One case had min-
ute (<5%) micropapillary pattern foci, and both cases had no
other adverse histologic features. Recurrence was not observed
in 40 aT1mi cases with <3 c¢m, including five cases with AS, all
of which were of lepidic type. Patients with aTlal, aTla2,
aTlb, aT2a, and aT2b/3/4 stage had 5-year DFS of 75.3%,
54.1%, 41.7%, 20.3%, and 16.8% at 2.7 years, respectively.

aT stage was also a T stage-independent predictor of recurrence
when patient survival within the separate T stage subgroups
was assessed according to aT stage (Fig. 4). In the T1b subgroup,
a significant difference in survival was observed between aTis/1 mi
group and aTla/b group (5-year DFS, 100% and 68.6% for
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(PL1-2).

aTis/Imi [n =29] and aT1a/b [n = 13], respectively; p =.008). In
the T2a subgroup, survival was also significantly stratified by
aT stage (5-year DFS, 86.1%, 54.0%, and 0% at 3.9 years for
aTis/Imi [n=21], aTla/b [n=18] and aT2a/b [n=10], respec-
tively; p=.002). In the T2b subgroup, cases with advanced aT
stage had a tendency for worse survival (5-year DES, 100%,
60.0%, and 25.9% for aT0/1mi [n=3], aTla/b [n =5], and
aT2a/b [n = 10], respectively; p = 0.071). Conversely, survival
within the separate aT stage was not relevant to T stage (Fig. 5).

Univariate analyses of clinicopathologic variables are summa-

https://doi.org/10.4132/jptm.2016.09.17

rized in Table 2. Smokers had significantly worse DES (p=.012).
Patients with older age and male sex had worse DES, although
this was not statistically significant (p =.097 and p=.159, respec-
tively). KRAS mutation showed no significant associations with
survival (p =.076). Nuclear atypia, micropapillary pattern, AS,
vascular invasion, and intra-alveolar neutrophils were all associated
with worse DES (all p <.001). Pleural invasion and nodal me-
tastasis were also associated with worse DES (both p <.001).

In multivariate analysis (Table 3), invasion size retained a sig-
nificant association with DFS (hazard ratio [HR], 5.57; 95%
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Table 3. Multivariate analysis for disease-free survival

Factor HR 95% Cl p-value
Invasion size .020*
<5mmyvs >5mm, <3cm 5.57 1.39-22.39 .015*
<5mmyvs >3 cm 10.21 1.95-53.59 .006*
Total size 21
<8cmvs>3cm, <7cm 2.37 0.80-7.05 21
<8cmvs>7cm 5.36 1.07-26.81 .041*
Micropapillary (< 10% vs >10%) 2.16 0.84-5.57 110
Nuclear atypia (mild/moderate vs severe) 1.83 0.74-4.51 190
Aerogenous spread 0.90 0.36-2.25 816
Pleural invasion (PLO vs PL1/2/3) 9.24 3.05-27.96 <.001*
Vascular invasion 2.87 1.01-8.16 .048*
Nodal metastasis (NO vs N1/2) 1.52 0.37-6.21 562
HR, hazard ratio; Cl, confidence interval.
*p<.05.

confidence interval [CI], 1.39 to 22.39; p=.015 for <5 mm vs.
>5 mm, <3 cm and HR, 10.21; 95% CI, 1.95 to 53.59; p =
.006 for <5 mm vs. >3 cm). Total size was also associated with
survival, but to a lesser degree (HR, 2.37; 95% CI, 0.80 to
7.05; p=.121 for <3 cm vs. >3 cm, <7 cm and HR, 5.36;
95% CI, 1.07 t0 26.81; p=.041 for <3 cm vs. >7 cm). Among
other factors, pleural invasion (HR, 9.24; p <.001) and vascular
invasion (HR, 2.87; p =.048) remained significant predictors of

recurrence.
DISCUSSION

In our largest series of pulmonary mucinous adenocarcinomas
to date, we have shown that the prognosis of mucinous adeno-
carcinoma is largely determined by the size of invasive patterns.
Although conventional tumor staging by total size was associated
with prognosis, tumors within the separate T stage subgroups
showed heterogeneous proportions of invasive growth patterns,
which were correlated with patient outcome. Our results indicate
that the size of invasive patterns may have greater prognostic
impact than gross size in mucinous adenocarcinomas.

We also demonstrated that advanced aT stage and T stage
tumors were significantly associated with adverse histologic fea-
tures and clinical features including older age, male sex, and
smoking. Notably, low-stage tumors in our cohort had a signif-
icantly lower rate of KRAS mutation, whereas intermediate-
and high-stage tumors showed a mutation rate comparable to
that in previous studies.***? This unexpectedly low rate of
KRAS mutation in low-stage, non-invasive mucinous adenocar-
cinomas was first described by Sato ef a/.*® However, others with
a larger number of cases have shown that KRAS mutation status
is irrelevant to stage.*** Future studies with data on genetic
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background in low-stage tumors are needed to support either
concept.

In previous studies, mucinous adenocarcinoma accounted for
2%-5% of resected lung adenocarcinomas, which was compa-
rable to 4.6% in our cohort.”*”" The true prognosis of mucinous
adenocarcinomas is puzzling, and they are often regarded as ag-
gressive, multicentric, unresectable tumors with dismal progno-
sis.”® For resectable cases, however, the most recent study by
Shim ez /" of 83 mucinous adenocarcinomas based on a Korean
and American population showed that recurrence-free survival
was not inferior to that of non-mucinous tumors. In addition,
absence of extrapulmonary recurrence was documented in their
study. Ichinokawa ez a/.*" also reported that 46 adenocarcinomas
predominantly composed of goblet cells had 95.7% 5-year DES
and absence of nodal metastasis, although they might have ex-
cluded cases showing substantial stromal invasion, which gen-
erally have altered cytomorphologic features, since an inclusion
criterion of 290% goblet cell component was employed in their
study. Oka ¢ al.” reported that, in their series of 13 mucinous
adenocarcinomas, eight patients with tumors <3 cm had no re-
currence. Our data showed results consistent with those from
the abovementioned studies in that lymph node metastasis and
extrathoracic recurrence rarely occurred in mucinous adenocar-
cinoma, and small tumors generally showed excellent prognosis.
Several studies validating the prognostic impact of the 2011
TASLC/ATS/ERS classification also included cases of mucinous
adenocarcinomas. However, due to the rarity of this tumor, only
limited numbers were enrolled, and these studies yielded conflict-
ing results.”"” We think the limited number of mucinous ade-
nocarcinomas which lack representativeness might have resulted
in the varied results observed in these studies. Furthermore, we
think it may be misleading to generalize the prognosis of muci-
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nous adenocarcinomas by comparing them as a whole with other
non-mucinous adenocarcinomas showing different architectural
patterns, since this could disregard the importance of different
stages and invasive growth patterns within mucinous adenocar-
cinoma, which have significant prognostic impact.

Our study is the first to describe the prevalence, prognostic
impact, and the criteria of invasive patterns in mucinous adeno-
carcinoma. Histologic criteria for invasion in lung adenocarci-
nomas have evolved for over a decade."*'**" However, no study
has yet focused on invasion criteria for mucinous adenocarcinoma.
In a review of the literature, the presence of a central scar”’ or back-
to-back glands®™ was regarded as a feature of invasion. Interesting-
ly, some pathologists seem to interpret a mucinous lepidic pattern
itself as invasion based on the assumption that there will be an
invasion in the other area of tumor.” According to our data, we
believe it is reasonable not to interpret lepidic pattern, or non-
distorted acini (pattern 1)—even when they are compactly ar-
ranged or embedded in a central scar—as an invasive pattern,
since these acini can also represent pre-existing alveolar spaces
lined by tumor cells, which are still, by definition, a lepidic pat-
tern. Furthermore, none of the cases exclusively composed of
pattern 1 and lepidic pattern showed recurrence, and adjustment
for tumor stage by subtracting these components has led to
more precise prediction of patient outcomes. Thus, we suggest
that pattern 1 is a morphologic spectrum of the lepidic pattern,
or at least a pattern that is related to indolent biologic behavior
as a lepidic pattern. On the other hand, by using the invasion
criteria proposed in this study, as many as 81 of 188 cases in our
cohort (43.1%) would be categorized as “adenocarcinoma iz
sitr” or “minimally invasive adenocarcinoma” according to the
current WHO classification criteria, showing <3-cm tumors
with <5-mm invasion and no other adverse histologic features
such as AS.” Although this incidence is surprisingly high, none
of the cases presented with recurrence, showing that these concep-
tual diagnostic categories are still valid when our invasion criteria
are used.

Our results represent a Korean population from a single insti-
tution, and our findings need to be confirmed in further studies
with a sufficient number of cases representing other ethnicities.
Furthermore, histologic criteria applied in the present study
may exhibit interobserver variability, similar to growth pattern
analysis for conventional adenocarcinomas.’*** Through our
histologic review, distinguishing destroyed alveolar spaces from
distended alveolar spaces and intra-alveolar proliferation from a
lepidic pattern with mild serration was often difficult.

In summary, we showed that the size of invasive patterns
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determined using the histologic criteria proposed in this study
predicts recurrence in pulmonary mucinous adenocarcinomas.
Risk stratification relying solely on total size may have pitfalls,
since tumors show diverse outcomes that are dependent on the
size of the invasive pattern. We expect our data to provide guid-
ance regarding the treatment of this distinct variant of lung

adenocarcinoma.
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Background: Pathologic complete response (pCR) after neoadjuvant chemotherapy (NAC) has
been associated with favorable clinical outcome in breast cancer patients. However, the possibili-
ty that the prognostic significance of pCR differs among various definitions has not been estab-
lished. Methods: We retrospectively evaluated the pathologic response after NAC in 353 breast
cancer patients and compared the prognoses after applying the following different definitions of
pCR: ypT0/is, ypTO, ypT0/is ypNO, and ypTO ypNO. Results: pCR was significantly associated
with improved distant disease-free survival (DDFS) regardless of the definition (ypT0/is, p=.002;
ypTO0, p=.008; ypT0/is ypNO, p<.001; ypTO ypNO, p=.003). Presence of tumor deposits of any
size in the lymph nodes (LNs; ypN >0(i+)) was associated with worse DDFS (ypTO ypNO vs ypTO
ypN>0(i+), p=.036 and ypT0/is ypNO vs ypT0/is ypN>0(i+), p=.015), and presence of isolated
tumor cells was associated with decreased overall survival (OS; ypT0/is ypNO vs ypT0/is ypNO(i+),
p=.013). Residual ductal carcinoma in situ regardless of LN status showed no significant differ-
ence in DDFS or OS (DDFS: ypTO0 vs ypTis, p=.373 and ypT0 ypNO vs ypTis ypNO, p=.462; OS:
ypTO0 vs ypTis, p=.441 and ypT0 ypNO vs ypTis ypNO, p=.758). In subsequent analysis using
ypT0/is ypNO, pCR was associated with improved DDFS and OS in triple-negative tumors (p <
.001 and p=.003, respectively). Gonclusions: Based on our study results, the prognosis and rate of
pCR differ according to the definition of pCR and ypT0/is ypNO might be considered a more pref-
erable definition of pCR.

Key Words: Breast neoplasm; Pathologic complete response; Neoadjuvant chemotherapy

Neoadjuvant chemotherapy (NAC) is used as a standard
therapy for inflammatory and inoperable locally advanced breast
cancers.' NAC may shrink the extent of the tumor and provide
prognostic information to test treatment response.” Pathologic
complete response (pCR) after NAC is associated with improved
prognosis in breast cancer and therefore is used as a surrogate of
clinical outcome;” however, the definitions of pCR have not been
standardized, rendering interpretation of NAC data challenging.™

Differences among definitions of pCR are based on the inclu-
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sion of lymph node (LN) status and ductal carcinoma 7n situ
(DCIS). The NSABP B-18 trials showed that patients with ypT0/
is had a better 5-year disease-free survival than patients with resid-
ual invasive disease in the breast,*’ and several subsequent trials
employed ypT0/is as the primary endpoint.*'' However, several
studies showed that residual tumors in LNs implied worse
prognosis regardless of residual tumors in the breast.”'*" Isolated
tumor cells (ITCs) in LNs after NAC are designated as non-pCR
by the American Joint Committe on Cancer TNM;'® however,
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sufficient evidence is lacking to support this recommendation.
Including residual DCIS in pCR is another controversial issue
regarding the definition of pCR.*"" The pooled analysis of 12
neoadjuvant randomized trials by the Collaborative Trials in
Neoadjuvant Breast Cancer (CTNeoBC) showed that event-free
survival and overall survival (OS) of patients with no tumor
cells in the breast (ypTO ypNO) were comparable to those of
patients with residual DCIS (ypT0/is ypNO0)." Conversly, in the
trials by the German Breast Group and Arbeits gemeinschaft
Gynikologische Onkologie-Breast Group (GBG and AGO-B),
patients with ypTis ypNO had a worse event-free survival than
patients with ypTO ypNO.> However, the analysis conducted at
MD Anderson Cancer Center showed no difference in survival
between patients with ypTO ypTNO and ypTis ypTNO."

Therefore, the previously proposed definitions of pCR can be
divided into two main categories, assessment of pathologic re-
sponse after NAC in the breast only or in both the breast and
LNs. For example, the NSABP-B18 defined pCR as absence of
residual invasive tumor cells in the breast (ypT0/is), and CT-
NeoBC and residual cancer burden proposed by the study con-
ducted at MD Anderson Cancer Center defined pCR as no re-
sidual invasive tumor cells not only in the breast but also in the
LNs (ypT0/is ypNO). In contrast, the Japanese Breast Cancer
Society (JBCS) defined pCR as complete disappearance of tumor
cells including DCIS in the breast (ypT0), and the GBG and
AGO-B defined it as no residual tumor cells in the breast as
well as in the LNs (ypT0 ypNO).>*"'*1?

Molecular intrinsic subtypes of breast cancer have important
prognostic value.”’ Due to the infeasibility of this classification
in routine practice, the simplified classification based on immu-
nohistochemical (IHC) results of estrogen receptor (ER), pro-
gesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2) can be used to categorize substitutes, classify-
ing ER/PR +HER2- as luminal A, ER/PR+HER2+ as luminal
B, ER/PR-HER2+ as HER2-positive and ER/PR-HER2- as
triple-negative (TN) tumors.”" These IHC classifications also
have prognostic value similar to those of molecular intrinsic
subtypes.”” Thus, assessment of pCR according to subtype
might provide additional prognostic information.

Different definitions of pCR can result in different prognosis.
Defining the criteria of pCR that better predict clinical outcome
would be important. Therefore, in this study, the prognostic
significance of different definitions of pCR were compared and
the prognostic significance of LN status, ITCs in the LN, residual
DCIS and subtypes were further investigated.

http://jpatholtm.org/

MATERIALS AND METHODS

Study population

We retrospectively retrieved data from 353 individual patients
from electronic medical records of Samsung Medical Center in
Seoul, Korea, from January 2004 to December 2013. Patients
treated with anthracycline and taxane-based NAC and who
subsequently underwent surgery with curative intent for primary
breast cancer were included. Patients who had histologically
confirmed distant metastasis at the time of diagnosis and who
were diagnosed with inflammatory carcinoma were excluded.
This study was approved by the Institutional Review Board of
Samsung Medical Center, and the requirement for informed
consent was waived.

Baseline studies including clinical examination, mammography,
ultrasound, and magnetic resonance imaging were performed
to assess the extent of primary tumor in the breast and LNs. All
patients were diagnosed with breast cancer based on core needle
biopsies, and LN metastasis was confirmed using core needle
biopsy or fine-needle aspiration. All patients were treated with
four or six cycles of anthracycline and taxane-based regimen at
3-week intervals, including adriamycin with docetaxel, adriamy-
cin with cyclophosphamide plus docetaxel (AC-T), or AC-T plus
trastuzumab. Patients with hormonal receptor—positive tumors
received adjuvant endocrine therapy for at least 5 years after
surgery. Patients with HER 2-overexpressing and/or amplified
tumors received neoadjuvant trastuzumab plus chemotherapy
followed by adjuvant trastuzumab. Local and regional recurrence
was confirmed either histologically or cytologically.

Histologic review

Core biopsies before NAC and surgical specimens obtained
after NAC were reviewed. The largest size of tumors, histologic
type, histologic grade, lymphovascular invasion (LVI), proportion
of DCIS, number of positive LN, size of the largest metastasis,
and treatment response in breast and LN were evaluated. Tumor
size and extent in breast and LNs were assessed according to the
recommendation proposed by Provenzano ef /.” Histologic type
was defined in accordance with the World Health Organization
classification,** and histologic grade was classified using the
modified Scarff-Bloom-Richardson grading system.”

To compare the prognostic impact of the pCR components
defined previously, all patients were subdivided into the following

1% (1) no residual invasive tumor

subgroups according to TNM:
cells in the breast, ypT0/is, (2) no residual invasive tumor cells in

the breast or LNs, ypT0/is ypNO, (3) no residual invasive tumor
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cells or DCIS in the breast, ypT0, and (4) no residual invasive
tumor cells or DCIS in the breast and LNs, ypT0 ypNO.
ER, PR, and HER2 were assessed on both core biopsies and

staining. HER2 was positive if cumor cells showed 3+ by IHC
or 2+ by IHC with amplification using silver iz situ hybridiza-
tion.” To assess the prognostic impact of pCR on intrinsic sub-
types of breast cancer, all patients were classified into four sub-
types according to the IHC results as follows: ER/PR+HER2-

surgical specimens. ER and PR were considered positive only
when greater than or equal to 1% of tumor cells showed nuclear

Table 1. Baseline clinicopathologic characteristics and pCR rates according to definition

; ypTO/is ypTO ypT0/is ypNO ypTO ypNO
Variable No. (%)
No. (%)  p-value No. (%)  p-value No. (%)  p-value No. (%)  p-value
All patients 353 (100) 86 (24.4) 50 (14.2) 62 (17.6) 40 (11.3)
Age (yr) 192 .284 162 .308
Median 44.0 455 455 46.5 455
Range 22-68 22-64 22-64 22-64 22-64
Menopause 246 372 .328 432
Pre 268 (75.9)  61(22.8) 35(13.1) 44 (16.4) 28 (10.4)
Post 85(24.1)  25(29.4) 15(17.6 18 (21.2) 12 (14.1)
Tumor size before NAC (cm) .001 .001 .036 .058
Median 4.6 3.75 3.45 4.0 39
Range 0.7-11.0 1.1-11.0 1.1-11.0 0.7-10.0 1.1-11.0
Clinical N stage 190 .739 193 533
cN1 10(2.8) 5 (50.0) 2(20.0) 4 (40.0) 2(20.0)
cN2 61(17.3) 16 (26.2) 11 (18.0) 13(21.9) 9(14.8)
cN3 178 (60.4)  38(21.3) 23(12.9) 29 (16.3) 20(11.2)
cN4 104 (29.5) 27 (26.0) 14 (13.5) 16 (15.4) 9(8.7)
Lymph node metastasis after NAC <.001 <.001 <.001 <.001
No 135(38.2) 62 (45.9) 40 (29.6) 62 (45.9) 40 (29.6)
Yes 218 (61.8) 24 (11.0) 10 (4.6) 0 0
Histologic type 017 143 .056 233
Ductal 323(91.5)  85(26.3 49 (15.2) 61(18.9 39 (12.1)
Lobular 9(2.5) 1(11.1) 1(11.1) 1(11 1(11.19)
Others 21(6.9) 0 0 0 0
Histologic grade of pre-NAC tumors <.001 <.001 <.001 <.001
1 27 (7.6) 1(3.7) 0 0 0
2 148 (41.9) 18 (12.2) 8(5.4) 12 (8.1) 6(4.1)
8 178 (60.4) 67 (37.6) 42 (23.6) 50 (28.1) 34 (19.1)
Lymphovascular invasion <.001 <.001 <.001 <.001
No 223(63.2)  83(37.2) 47 (21.1) 62 (27.8) 40(17.9)
Yes 130 (36.8) 3(2.3) 3(2.3) 0 0
ER status <.001 <.001 <.001 <.001
Negative 167 (47.3) 68 (40.7) 43 (25.7) 48 (28.7) 34 (20.4)
Positive 186 (52.7) 18(9.7) 73.8) 14 (7.5) 6(3.2)
PR status <.001 <.001 <.001 <.001
Negative 214 (60.6)  72(33.6) 44 (20.6) 53 (24.8) 35 (16.4)
Positive 139 (39.4) 14 (10.1) 6(4.3) 9(6.5) 5(3.6)
HER? status .027 .395 .019 714
Negative 255(72.2)  54(21.2) 39 (15.3 37 (14.5) 30(11.8)
Positive 98 (27.8)  32(32.7) 11(11.2) 25 (25.5) 10(10.2)
Subgroups <.001 <.001 <.001 <.001
Luminal A-like 120 (34.0) 6(5.0) 3(2.5) 5(4.2) 2(1.7)
Luminal B-like 71(20.1) 14 (19.7) 5(7.0) 10 (14.1) 5(7.0)
HER2-positive 55(15.6) 23 (41.8) 8(14.5) 18(32.7) 7(12.7)
Triple-negative 107 (30.3)  43(40.2) 34(31.8) 29 (27.1) 26 (24.3)

pCR, pathologic complete response; NAC, neoadjuvant chemotherapy; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth
factor receptor 2; Luminal A-like, ER/PR+HER2- tumors with histologic grade 1 or 2; Luminal B-like, ER/PR+HER2- tumors with histologic grade 3 or ER/
PR+HER2+ tumors; HER2-positive, ER/PR-HER2+ tumors; Triple-negative, ER/PR/HER2- tumors.

https://doi.org/10.4132/jptm.2016.10.05 http://jpatholtm.org/



72 e Choi M, etal.

with histologic grade 1 or 2 tumors as luminal A-like; ER/
PR +HER2- with histologic grade 3 tumors or ER/PR/HER2+
tumors as luminal B-like; ER/PR-HER2+ tumors as HER2-
positive; and ER/PR/HER2— tumors as TN.*”

Statistical analysis

Distant disease-free survival (DDES) and OS were defined as
the time between the date of initial diagnosis to the date of distant
recurrence or the date of death from any cause, respectively. The
significance of differences in baseline variables was analyzed using
two-sided )(’, Fisher exact or Mann-Whitney U test as appropri-
ate. DDES and OS were plotted using the Kaplan-Meier product-
limit method, and the log-lank p-value was calculated. To assess
the prognostic impact of the pCR component, hazard ratios
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(HRs), 95% confidence intervals and p-value were calculated
using Cox proportional hazards model. All tests were two sided,
and a p-value less than .05 was considered statistically significant.
Statistical analyses were performed using the SPSS statistical
software ver. 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Patient characteristics

Median age at diagnosis was 44.0 years (range, 22 to 68
years). Median size of tumor was 4.6 cm (range, 0.7 to 11.0 cm)
before NAC and 1.5 ¢cm (range, 0.0 to 13.0 cm) after NAC.
Most patients (282/353, 79.9%) had ¢<N2 or N3 nodal status
before NAC, and median number of positive LNs after NAC
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Fig. 1. Survival analysis according to definition of pCR. DDFS and OS according to ypT0/is definition of pCR (A, B), ypTO (C, D), ypT0/is
ypNO (E, F), and ypTO ypNO (G, H). pCR, pathologic complete response; DDFS, distant disease-free survival; OS, overall survival. (Continued

to the next page)
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Fig. 1. (Continued from the previous page)

was 1 (range, 0 to 39). Baseline clinicopathologic characteristics
and corresponding pCR rates according to definition of pCR are
summarized in Table 1. In brief, histologic grade, LVI, presence
of metastatic LN, and hormonal receptor status showed significant
correlation with pCR rate according to definition. Patients with
high histologic grade tumors, no LVI, no metastatic LN, and neg-
ative hormonal receptor status tended to have higher pCR rates.
HER2-positive and TN tumors showed significantly higher pCR
rates than luminal A-like and luminal B-like tumors regardless
of the pCR definition. The median follow-up time of 353 patients
was 36.5 months (range, 0.4 to 129.0 months). During this peri-
od, 101 patients (28.6%) had a relapse and 41 (11.6%) died.
The 5-year DDFS was 68.0%, and OS was 84.8%.

Correlation between pCR and survival according to definition
According to the four definitions of pCR, 86 (24.4%) patients
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were diagnosed as ypT0/is, 50 (14.2%) as ypT0, 62 (17.6%) as
ypT0/is ypNO, and 40 (11.3%) as ypTO ypNO. Patients who
achieved pCR showed significantly better DDEFS than patients
who did not (Fig. 1A, C, E, G). Similarly, patients who achieved
PCR also tended to have better OS than patients who did not,
but this difference was not statistically significant when ypT0
and ypT0 ypNO were used as the pCR definitions (Fig. 1B, D,
E H). HRs for DDEFS and OS increased sequentially as follows:
ypT0/is, ypT0, ypT0/is ypNO, and ypTO ypNO (Table 2).

Prognostic significance of LN status

In the ypT0 subgroup (n = 50), 10 patients (20.0%) had tumor
deposits in the LNs (ypN>0(i+)) and experienced worse DDFS
than patients with no metastatic LNs (5-year DDES: ypT0
ypNO, 92.1%; ypT0 ypN=0(i+), 68.6%; p = .036). In the ypT0/
is subgroup (n = 86), 24 patients (27.9%) had residual tumor
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deposits in the LNs (ypN >0(i+)) and experienced worse DDFS 5-year OS for patients with ypTO ypN=0(i+) and ypT0/is ypN
than patients with no metastatic LNs (5-year DDES: ypT0/is >0(i+) (88.9% and 86.5%, respectively) appeared worse than
ypNO, 89.0%; ypTO0/is ypN >0(i+), 70.2%; p =.015). The for patients with ypT0O ypNO and ypT0/is ypNO (97.4% and

Table 2. Prognostic significance of pCR on survival according to definition

Defintions of pCR Total, n (% Distant méetastasis, DDFS Died of disease, 0S
n (%) HR? (95% Cl) p-value® n (%) HR® (95% Cl) p-value®

Breast only

yoTO/is 86 (24.4) 13 (15.1) 0472 (1380-4.426) 002 569 0497 (0980-6364) 055

yoTO 50 (14.2) 6(12.0 2,900 (1.270-6618) 011 2(4.0) 3373(0.814-13969) 094
Breast and lymph nodes

yoTO/is yoNO 62 (17.6) 60.7) 3.954 (1.732-0.026) 001 2(32) 4.498(1.086-18.638) 038

yoTO yoNO 40(11.9) 3(7.5) 4741 (1502-14.958) 008 105) 5277 (0.725-38.398) 100

pCR, pathologic complete response; DDFS, distant disease-free survival; OS, overall survival; HR, hazard ratio; Cl, confidende interval.
®HRs and p-values are calculated from the comparison of survival in patients with or without pCR.
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Fig. 2. (A-H) Prognosis between patients with or without pCR according to intrinsic subtype. pCR, pathologic complete response; Luminal
A-like, ER/PR+HER2- tumors with histologic grade 1 or 2; Luminal B-like, ER/PR+HER2- tumors with histologic grade 3 or ER/PR+HER2+
tumors; HER2-positive, ER/PR-HER2+ tumors; Triple-negative, ER/PR/HER2- tumors; ER, estrogen receptor; PR, progesterone receptor;
HER2, human epidermal growth factor receptor 2. (Continued to the next page)
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Fig. 2. (Continued from the previous page)

93.2%, respectively), but the difference was not statistically
significant (p =.236 and p =.095, respectively).

Prognostic significance of ITCs in the LNs

Among patients with ypTO ypN>0(i+) (n = 10), 3 had ITCs
in the LNs, and none relapsed or died. Among patients with
ypT0/is ypN 20(i+) (n = 24), five had ITCs in the LNs, and
showed worse OS compared to patients with ypT0/is ypNO (5-
year OS: ypT0/is ypNOGi+), 75.0% vs ypT0/is ypNO, 93.2%; p
=.013). For DDFS, patients with ITCs in LNs tended to experi-
ence worse DDFS than patients with no tumor cells in the LNs
(5-year DDFS: ypT0/is ypNO(i+), 80.0% vs ypTO/is ypNO,
89.0%; p=.330).

Prognostic significance of residual DCIS

Patients with residual DCIS in the breast tended to experience
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worse DDFES and OS compared with patients with no residual
tumor cells in the breast (5-year DDFS: ypTO0, 87.6% and ypTis,
78.3%; S-year OS: ypT0, 95.8% and ypTis, 85.5%), but the
difference was not statistically significant (p=.373 and p = 441,
respectively). Considering LN status, patients with ypTO ypNO
had 5-year DDEFS of 92.1% and OS of 97.4%, which appeared
better than those of patients with ypTis ypNO (5-year DDES,
83.3% and 5-year OS, 87.5%). However, these were not statisti-
cally significant (p=.462 and p=.758, respectively).

Among patients who achieved pCR when ypT0/is was used
as the definition of pCR, the proportion of patients with residual
DCIS was significantly different among IHC subtypes (p=.001);
highest with HER2-positive tumors (15/23, 65.2%) followed
by luminal B-like (9/14, 64.3%), luminal A-like (3/6, 50%),
and lowest with TN tumors (9/43, 20.9%).
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Prognostic significance of pCR in IHC subtypes

To analyze the prognosis between patients with or without
pCR according to THC subtype, we defined pCR as ypT0/is
ypNO according to our study results. In TN tumors, pCR was
significantly associated with improved survival in terms of both
DDES and OS. However, in luminal A-like, luminal B-like,
and HER 2-positive tumors, pCR showed no prognostic impact
on survival (Fig. 2). In patients without pCR, HER2-positive
and TN tumors showed poorer prognosis than in luminal A-
like and luminal B-like tumors (Fig. 2).

DISCUSSION

To the best of our knowledge, this study is the first analysis
of the prognostic significance of different pCR definitions on
long-term outcome in breast cancer patients treated homoge-
neously with anthracycline and taxane-based NAC regimens as
well as neoadjuvant trastzumab plus chemotherapy at a single
institute in Korea. We compared the following four definitions
of pCR; ypT0/is, ypTO, ypT0/is ypNO, and ypTO ypNO, and
the corresponding pCR rates were 24.4%, 14.2%, 17.6%, and
11.3%, respectively (Table 1). These rates were similar to previous
studies. In a study by JBCS (n=353), pCR rates of ypT0/is, ypTO,
ypT0/is ypNO, and ypTO ypNO were 20.4%, 9.9%, 18.4%,
and 8.2%, respectively.” In a meta-analysis by CTNeoBC (n =
13,125), pCR rates of ypT0/is, ypT0/is ypNO, and ypTO ypNO
were 22%, 18%, and 13%, respectively.'” In the study by GBG
and AGO-B (n = 6,377), pCR rates of ypT0/is, ypT0/is ypNO,
and ypTO0 ypNO were 22.8%, 19.8%, and 15.0%, respectively.’

In the present study, patients with pCR, regardless of defini-
tion, had significantly better DDFS than patients without pCR.
Regarding OS, however, patients with pCR when ypT0/is and
ypT0/is ypNO were used as pCR definitions showed significantly
better survival than patients without pCR (Fig. 1). Regarding
LN status, even if tumor cells were not present in the breast in-
cluding DCIS, patients with residual tumor cells of any size in
the LNs experienced worse DDES than patients with no meta-
static LNs. Presence of ITCs in the LN after NAC is regarded
as non-pCR by the American Joint Committee on Cancer for
TNM staging;'® however, data supporting this recommenda-
tion is insufficient. Our study showed that patients with ITCs
in the LNs might have poorer OS than patients with no tumor
cells in the LNs. However, further studies with larger populations
are warranted.

Theoretically, ypTO ypNO represents the strictest definition
of pCR, meaning complete eradication of all tumor cells in

http://jpatholtm.org/

both the breast and LNs. Thus, we compared the prognosis be-
tween ypTO and ypTis as well as between ypTO ypNO and
ypT0/is ypNO and found that presence of DCIS did not result
in any difference. Thus, based on the results from this study, we
considered ypTO0/is ypNO the more preferable definition of
pCR. These results were consistent with previous studies by
JBCS, CTNeoBC, and MD Anderson."*'"* But not with those
of GBG and AGO-B, which suggested ypTO ypNO as the best
definition of pCR.” This discrepancy might be caused by the
smaller number of patients and events in ypTis (n=36) and ypTis
ypNO (n = 22), resulting in a much lower statistical significance
to show prognostic differences in this study.

Among the THC subtypes, HER2-positive and TN tumors
achieved high pCR rates. pCR was significantly correlated with
DDES and OS only in TN tumors (Fig. 2). However, in patients
without pCR, HER2-positive and TN tumors showed poorer
prognosis than in luminal A-like and luminal B-like tumors.
These results are in agreement with the previously reported
studies by Liedtke e 2/, and Houssami et a/.*°

The potential limitations of this study are as follows. First, due
to the small number of patients and events, comparison between
patients with pCR and without pCR using Cox proportional
hazards model was not feasible. Second, because Ki-67 was not
available for all patients, subtypes based on only ER, PR, and
HER2 status and histologic grade might not be the same as
molecular intrinsic subtypes.

In conclusion, the prognosis and rate of pCR varied according
to definition of pCR. In our study, pCR defined as ypT0/is ypNO
was considered the most preferable. pCR could be used as a sur-
rogate of favorable clinical outcome in TN tumors but not in
luminal A-like, luminal B-like, or HER2-positive tumors.

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

REFERENCES

1. Kaufmann M, von Minckwitz G, Bear HD, ¢t al. Recommendations
from an international expert panel on the use of neoadjuvant (pri-
mary) systemic treatment of operable breast cancer: new perspec-
tives 2006. Ann Oncol 2007; 18: 1927-34.

2. Kaufmann M, von Minckwitz G, Mamounas EP, ef al. Recommenda-
tions from an international consensus conference on the current sta-

tus and future of neoadjuvant systemic therapy in primary breast

https://doi.org/10.4132/jptm.2016.10.05



N

10.

1

—_

12.

13.

14.

15.

cancer. Ann Surg Oncol 2012; 19: 1508-16.

von Minckwitz G, Untch M, Blohmer JU, et al. Definition and impact
of pathologic complete response on prognosis after neoadjuvant
chemotherapy in various intrinsic breast cancer subtypes. ] Clin On-
col 2012; 30: 1796-804.

. Cortazar P, Geyer CE Jr. Pathological complete response in neoad-

juvant treatment of breast cancer. Ann Surg Oncol 2015; 22: 1441-6.

Kuroi K, Toi M, Tsuda H, Kurosumi M, Akiyama F. Issues in the
assessment of the pathologic effect of primary systemic therapy for
breast cancer. Breast Cancer 2006; 13: 38-48.

Wolmark N, Wang J, Mamounas E, Bryant ], Fisher B. Preoperative
chemotherapy in patients with operable breast cancer: nine-year
results from National Surgical Adjuvant Breast and Bowel Project
B-18. ] Natl Cancer Inst Monogr 2001; (30): 96-102.

Fisher B, Bryant ], Wolmark N, et al. Effect of preoperative chemo-
therapy on the outcome of women with operable breast cancer. ]
Clin Oncol 1998; 16: 2672-85.

. Robidoux A, Tang G, Rastogi I, et al. Lapatinib as a component of

neoadjuvant therapy for HER2-positive operable breast cancer
(NSABP protocol B-41): an open-label, randomised phase 3 trial.
Lancet Oncol 2013; 14: 1183-92.

Bear HD, Tang G, Rastogi P, et al. Bevacizumab added to neoadju-
vant chemotherapy for breast cancer. N Engl ] Med 2012; 366: 310-20.
Gianni L, Pienkowski T, Im YH, et al. Efficacy and safety of neoad-
juvant pertuzumab and trastuzumab in women with locally ad-
vanced, inflammatory, or early HER2-positive breast cancer (Neo-
Sphere): a randomised multicentre, open-label, phase 2 trial. Lancet
Oncol 2012; 13: 25-32.

. Baselga ], Bradbury I, Eidtmann H, et al. Lapatinib with trastuzumab

for HER2-positive early breast cancer (NeoALTTO): a randomised,
open-label, multicentre, phase 3 trial. Lancet 2012; 379: 633-40.
Cortazar F, Zhang L, Untch M, et al. Pathological complete response
and long-term clinical benefit in breast cancer: the CTNeoBC pooled
analysis. Lancet 2014; 384: 164-72.

Corben AD, Abi-Raad R, Popa ], et al. Pathologic response and long-
term follow-up in breast cancer patients treated with neoadjuvant
chemotherapy: a comparison between classifications and their prac-
tical application. Arch Pathol Lab Med 2013; 137: 1074-82.

Rouzier R, Extra JM, Klijanienko J, et al. Incidence and prognostic
significance of complete axillary downstaging after primary chemo-
therapy in breast cancer patients with T1 to T3 tumors and cytologi-
cally proven axillary metastatic lymph nodes. ] Clin Oncol 2002; 20:
1304-10.

McCready DR, Hortobagyi GN, Kau SW, Smith TL, Buzdar AU,
Balch CM. The prognostic significance of lymph node metastases

after preoperative chemotherapy for locally advanced breast can-

https://doi.org/10.4132/jptm.2016.10.05

17.

18.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

Pathologic Complete Response in Breast Cancer ® 77

cer. Arch Surg 1989; 124: 21-5.

. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A.

American Joint Committee on Cancer (AJCC) cancer staging manual.
7th ed. New York: Springer, 2009.

Mazouni C, Peintinger FE Wan-Kau S, ef al. Residual ductal carcino-
ma in situ in patients with complete eradication of invasive breast
cancer after neoadjuvant chemotherapy does not adversely affect
patient outcome. J Clin Oncol 2007; 25: 2650-5.

Symmans WE, Peintinger F, Hatzis C, et al. Measurement of residu-
al breast cancer burden to predict survival after neoadjuvant che-
motherapy. ] Clin Oncol 2007; 25: 4414-22.

. Kurosumi M, Akiyama F, Iwase T, et al. Histopathological criteria

for assessment of therapeutic response in breast cancer. Breast Can-
cer 2001; 8: 1-2.

Perou CM,, Sorlie T, Eisen MB, et al. Molecular portraits of human
breast tumours. Nature 2000; 406: 747-52.

Carey LA, Perou CM, Livasy CA, et al. Race, breast cancer subtypes,
and survival in the Carolina Breast Cancer Study. JAMA 2006; 295:
2492-502.

Onitilo AA, Engel M, Greenlee RT, Mukesh BN. Breast cancer sub-
types based on ER/PR and Her2 expression: comparison of clini-
copathologic features and survival. Clin Med Res 2009; 7: 4-13.
Provenzano E, Bossuyt V, Viale G, et al. Standardization of patholog-
ic evaluation and reporting of postneoadjuvant specimens in clinical
trials of breast cancer: recommendations from an international work-
ing group. Mod Pathol 2015; 28: 1185-201.

Lakhani SR, Ellis IO, Schinitt SJ, Tan PH, van de Vijver MJ. WHO
classification of tumours of the breast. 4th ed. Lyon: IARC Press, 2012.
Elston CW, Ellis IO. Pathological prognostic factors in breast cancer.
L The value of histological grade in breast cancer: experience from a
large study with long-term follow-up. Histopathology 1991; 19: 403-
10.

Wolff AC, Hammond ME, Hicks DG, et al. Recommendations for
human epidermal growth factor receptor 2 testing in breast cancer:
American Society of Clinical Oncology/College of American Pathol-
ogists clinical practice guideline update. ] Clin Oncol 2013; 31: 3997-
4013.

Goldhirsch A, Wood WC, Coates AS, et al. Strategies for subtypes:
dealing with the diversity of breast cancer: highlights of the St. Gal-
len International Expert Consensus on the Primary Therapy of Early
Breast Cancer 2011. Ann Oncol 2011; 22: 1736-47.

Kuroi K, Toi M, Ohno S, et al. Comparison of different definitions of
pathologic complete response in operable breast cancer: a pooled
analysis of three prospective neoadjuvant studies of JBCRG. Breast
Cancer 2015; 22: 586-95.

Liedtke C, Mazouni C, Hess KR, et al. Response to neoadjuvant ther-

http://jpatholtm.org/



78 e Choi M, etal.

apy and long-term survival in patients with triple-negative breast mounas E. Meta-analysis of the association of breast cancer subtype
cancer. ] Clin Oncol 2008; 26: 1275-81. and pathologic complete response to neoadjuvant chemotherapy.
30. Houssami N, Macaskill P, von Minckwitz G, Marinovich ML, Ma- Eur J Cancer 2012; 48: 3342-54.

http://jpatholtm.org/ https://doi.org/10.4132/jptm.2016.10.05



Journal of Pathology and Translational Medicine 2017, 51: 79-86

https://doi.org/10.4132/jptm.2016.10.13

H ORIGINAL ARTICLE H

Prognosis of Hepatocellular Carcinoma after Liver Transplantation:
Comparative Analysis with Partial Hepatectomy

Kyuho Lee - Kyoung-Bun Lee
Nam-Joon Yi' - Kyung-Suk Suh'
Ja-June Jang

Departments of Pathology and 'Surgery,
Seoul National University College of Medicine,
Seoul, Korea

Received: September 19, 2016
Revised: October 4, 2016
Accepted: October 13, 2016

Corresponding Author

Kyoung-Bun Lee, MD

Department of Pathology, Seoul National University
Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080,

Background: Liver transplantation (LT) is the treatment of choice for hepatocellular carcinoma
(HCC). The aim of this study was to investigate the recurrence rate of HCC after LT and prognostic
factors for recurrence by comparing LT with non-transplanted resection. Methods: The partici-
pants were 338 patients who underwent LT between 1996 and 2012 at Seoul National University
Hospital (LT group) and 520 HCC patients who underwent partial hepatectomy between 1995
and 2006 (control group, non-LT group). Results: In the LT group, 68 of 338 patients (19.8%)
showed relapse, and the recurrence rate was lower than that in the non-LT group (64.9%,
357/520, p<.001). Stratification analysis by American Joint Committee on Cancer (AJCC) stage
showed that the stage I-Il LT group had a lower recurrence rate than the non-LT group. Univariate
comparative analysis demonstrated that multiplicity of tumor, tumor size, gross type, Edmond-
son-Steiner (ES) nuclear grade, extent of tumor, angioinvasion, AJCC stage, Milan criteria, Uni-
versity of California at San Francisco criteria on explant pathology (all p <.001), positive expres-
sion of cytokeratin 19 (p=.002), and preoperative a-fetoprotein (AFP) (p <.001) were predictors
of tumor recurrence. In multivariate analysis, LT, preoperative AFP, multiplicity of tumor, extent of
tumor, size of tumor, and ES nuclear grade were independent prognostic factors. Conclusions: LT
might have a protective effect against the late recurrence of stage |-l HCC compared to non-LT,
and the prognostic factors for recurrence were similar to previously well-known prognostic factors

Korea for HCC.
Tel: +82-2-2072-2968

Fax: +82-2-743-5530
E-mail: kblee@snuh.org

Hepatocellular carcinoma (HCC) is the fifth most common
malignant tumor in the world." The treatments for HCC vary
depending on the stage of the primary tumors and the patient’s
hepatic function. Resection is the treatment of choice for localized
tumors, which are generally early-stage tumors, and liver trans-
plantation (LT) is frequently selected as an alternative, potentially
curative treatment for HCC.

After the Milan criteria for deceased donor LT for HCC were
introduced in 1996, LT became an alternative treatment choice
for early-stage or small HCC to achieve good disease-free survival
(DFS).” However, as living donor LT has rapidly increased due
to the shortage of deceased donors in Eastern countries including
Japan and Korea, the development of selection criteria of LT for
HCC has become a dominant issue in this field that must include
consideration of the balance between the benefit to the recipient
and the risk to the liver donor. LT seems to result in a good
prognosis for patients with early-stage HCC who are within the
Milan criteria. The Milan criteria incorporate the size of the tu-
mot, the number of tumors, and the presence of vascular invasion;

pISSN 2383-7837
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patients eligible for LT are those with a single tumor 5 ¢cm or
smaller in size or 2—3 tumors each 3 c¢m or smaller in size,
without macroscopic vascular invasion or extrahepatic spread
according to preoperative radiologic findings. A low incidence
of recurrence is expected among this group of patients.” However,
there is still a controversy about the cutoff points of tumor size
and number of nodules.** Accordingly, Yao ef 2/’ re-evaluated
the upper limits and effects of tumor number and size in relation
to DFS and proposed new criteria. The University of California
at San Francisco (UCSF) criteria include the presence of a tumor
6.5 cm or smaller in diameter with a single nodule or no more
than three tumor nodules, none exceeding 4.5 cm with a total
diameter less than 8 ¢cm, and no vascular invasion according to
pathologic evaluation.” However, some patients who do not fulfill
the Milan or UCSF criteria experienced a prolonged survival
time, contrary to expectations.”’ Lee et a/.® therefore suggested
another set of criteria different from the previous measures and
based on pathology. Their criteria are a largest tumor diameter
of 5 cm or less, six or fewer tumors, and no gross vascular invasion.

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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These criteria are valuable and have a prognostic power similar
to that of the Milan and UCSF criteria.” In addition to clinical
and pathological prognostic factors, immunohistochemical fac-
tors are significant; cytokeratin 19 (CK19) is a representative
factor.”

According to a guideline for the management of hepatocellular
carcinoma in Korea, deceased donor LT is the first choice of
treatment for HCC within the Milan criteria (single nodule less
than 5 cm in diameter or 2-3 nodules less than or equal to 3
cm in diameter) but that has not met the indication for resection.
Local ablation or transarterial chemoembolization is recom-
mended during the waiting period for LT. However, LT for
HCC beyond the Milan criteria is uncertainly suggested."’ In
addition, in Korea, living donor LT is actively performed as an
alternative to deceased donor liver transplantation because of
the insufficient number of donors. The survival rate of living
donor LT does not differ from that of deceased donor LT, but
the disease-free survival rate is worse after living donor LT.'"""

This single-center retrospective analysis aimed to investigate
the recurrence rate of HCC after transplantation and the patterns
of recurrence in LT patients compared to non-LT patients and
to determine prognostic factors based on explant pathology.

MATERIALS AND METHODS

Patient selection and clinicopathologic parameters

We divided the study participants into two groups: the LT
group and a control group (non-LT group). The LT group in-
cluded 338 patients who had been pathologically diagnosed
with HCC based on LT specimens and who had available medical
records and formalin-fixed paraffin blocks of tumor tissue from
the archives of the Department of Pathology of Seoul National
University Hospital (SNUH) from 1996 to 2012. The non-LT
group comprised 520 patients who were pathologically diagnosed
with HCC based on partial hepatectomy specimens and who
had available medical records and formalin-fixed paraffin blocks
of tumor tissue from the archives of the Department of Pathology
of SNUH from 1995 to 2006. Patients with combined hepato-
cellular carcinoma and cholangiocarcinoma or intrahepatic
cholangiocarcinoma were excluded. The clinical information
collected from existing medical records was age, sex, surgical
method, underlying etiology of liver disease, serum o-fetoprotein
(AFP), preoperative treatment, and postoperative tumor recur-
rence. Pathological information was tumor size, number of tumors,
site of tumors in the liver, gross tumor type, Edmondson-Steiner
(ES) nuclear grade for HCCs, cellular type of tumor cells, histo-

http://jpatholtm.org/

logical pattern, vascular invasion, pathological American Joint
Committee on Cancer (AJCC) stage, whether the cancer met
criteria such as the Milan criteria or UCSF criteria based on pa-
thology, and positivity of CK19 staining, all of which were col-
lected from pathology reports or slide reviews. The AJCC staging
followed the liver tumor staging guidelines of the American
Joint Committee on Cancer, seventh edition.'” The clinicopatho-
logic parameters followed “General rules for the study of primary
liver cancer of Japan.”" This study was approved by the Institu-
tional Review Board of SNUH (H-1011-046-339). The demo-
gtaphic details of all patients are summarized in Table 1 according
to treatment method.

Immunohistochemistry of CK19

All diagnoses were confirmed by examination of 3-{im hema-
toxylin and eosin—stained sections of representative formalin-fixed
paraffin-embedded blocks. The slides were automatically
stained using a Bond-III Automated IHC/ISH stainer and a
Bond Polymer Refine Detection Kit (Leica Microsystems
GmbH, Wetzlar, Germany). Positive staining with CK19 anti-
body (mouse monoclonal anti-human cytokeratin 19, clone
RCK108, Cat. M0888, 1:200, Dako, Carpinteria, CA, USA)
was observed in the cytoplasm and cellular membrane. The crite-
rion for positivity was moderate or strong intensity in 25% of
tumor cells. CK19 positivity occurred in 243 cases in the LT
group and 519 cases in the non-LT group.

Survey of disease progress and classification
of recurrence pattern

DFS was defined as the time to local or distant progression.
Progression was diagnosed when patients experienced symptoms
due to a mass lesion, when serum AFP level increased, or when
computed tomography, magnetic resonance imaging, or positron
emission tomography reported a new lesion or increasing tumor
size. Pathologic confirmation was not necessary. The term intra-
hepatic progress was used when the tumor recurrence was located
only in the liver, and “extrahepatic progress” was used when a
metastatic tumor was identified beyond the liver with or without
hepatic recurrence. The follow-up period was 36 months (median;
range, 0 to 202 months) for the LT group and 73 months (median;
range, 0 to 213 months) for the non-LT group.

Statistical analysis

Comparative analyses of discontinuous variables were conducted
using the chi-square ((’) test, Fisher exact test, or Monte-Carlo
resampling methods for small samples. Survival curves were
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Table 1. Demography of patients in LT and non-LT groups LT (=338 Non-LT (1=520) p-value®
LT (h=338) Non-LT (n=520) p-value? Milan criteria <.001°
Sex 039 Within 193 (57) 170 (33)
Male 266 (79) 438 (84) Beyond 145 (43) 350 (67)
Female 72 (21) 82 (16) UCSF criteria <.001°

Age &) 094 Within 253 (75) 331 (64)
<55 192 (57) 265 (51) Beyond 85 (25) 189 (36)
>55 146 (43) 255 (49) Follow up, median 36 (0-202) 73 (0-213) <.001 °

Size (cm) <.001° (range, mo)
<b 298 (88) 312 (60) Values are presented as number (%).

S5 40 (12) 208 (40) LT, liver transplantation; Expanding nodular, etc. including vaguely nodular,

Multiolct 001° expanding nodular with or without perinodal extension; ES nuclear grade,

ut!p Gty < Edmonson Steiner nuclear grade; CK19, cytokeratin 19; CLD, chronic liver
Single 151 (49) 392 (75) disease; AFP, o-fetoprotein; AJCC, American Joint Committee on Cancer;
Multiple 187 (65) 128 (25) UCSF, University of California at San Francisco.

Gross type <.001® p-value of chi-square test, or Fisher exact test; °p <.05; °Some data were
Expanding nodular, etc. 239 (71) 345 (66) not available: 48 preoperative treatment, 7 etiology of CLD, and 3 preoper-
Multinodular confluent 73(22) 174.(33) ative AFP data.

Diffuse/Infiltrative 26 (8) 1(0)

Extent <.001° calculated using Kaplan-Meier analysis and compared by log-
Confined fiver 288 (85) 394 (76) rank testing. Multivariate analysis was performed using a Cox
E;tzsr:(s):)r?ftgiﬁizlreorgan 42 8 )3) 2; g) proportional hazards model. Multivariate analysis employing Cox

Angioinvasion <.001° regression analysis was conducted. The results were considered
Absent 269 (80) 275 (53) statistically significant when p-values were < 0.05. Most of the
Present 69 (20) 245 (47) tests were petformed using IBM SPSS ver. 22 (IBM Corp., Ar-

Largs vestsel mnvasion 324 26 49104 il monk, NY, USA), and the Monte-Carlo resampling method

sen - s
Present 14 29.6) was performed by “coin” package of R statistics."*'¢

ES nuclear grade .002°
Grade 1-2 251 (74) 334 (64) RESULTS
Grade 3-4 87 (26) 186 (36)

Cell type <.001° . . .. .

Hepatic 337 (100) 475 (91) Clinicopathologic characteristics and prognostic
Non-hepatic 10) 45(9) parameters of LT and non-LT

Histologic pattern <.001° As compared in Table 1, many clinicopathologic characteristics
Tzl 333 (99) 429 (83) of patients in the LT and non-LT groups were different. The LT
Non-trabecular 5(1) 91 (18) . . . . .

Expression of OK19 o group had a higher proportion of males, single lesions, expanding
Negative 223 (66) 479 (92) nodular gross type, confined lesions in the liver, hepatic histologic
Positive 24.(7) 40 (8) type, trabecular pattern, and underlying viral chronic liver disease

Preoperative treatment® <.001° (CLD) than in the non-LT group (all p <.05). Tumor size was
Done 190 (56) 208 (44) L L s f d ES-nucl d
Not done 107 @2 285 (55) smaller, angioinvasion was less frequent, and ES-nuclear grade

Resection margin 003° and preoperative AFP were lower in the LT group than in the
RO 335 (99) 482 (93) non-LT (all p <.05). Age, CK19-positive expression rate, and
R1/2 3(1) 38(7) large vessel invasion were not different between the two groups.

i Cc b
Un\(j?rlly|ng CLb PR3] ) 023 The proportion of patients in a low AJCC stage (I-1I stage) and
iral ) e .
Non-viral 48 (14) 53 (10) the proportion of those within Milan or UCSF criteria were

Preoperative AFP (ng/mL)° 016° higher in the LT than in the non-LT group (Table 1). In summary,
<20 191 (57) 250 (48) patients in the LT group had more differentiated tumor histology
acy ) 20z and a lower stage of HCC than patients in the non-LT group.

AJCC stage <.001° . . .. .

Stage 1| 300 89) 410 (79) Hazard ratios of DFS according to the clinicopathologic parame-
Stage -V 38 (11) 110 (21) ters, which were calculated by univariate Cox proportional hazard
(Continued) model, are plotted in Fig. 1. The prognostic factors associated
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with DFS were similar between the LT and non-LT groups.
Size, multiplicity of tumor, extent of tumor, angioinvasion,
large vessel invasion, ES nuclear grade, positive expression of
CK19, resection margin, and preoperative AFP were significant
prognostic factors of DES in both the LT and non-LT groups (all
p <.05). Gross type was a prognostic factor in the LT group but
not in the non-LT group, and this was probably due to the rarity
of diffuse/infiltrative type in the non-LT group. Sex, age, tumor
cell type, histologic pattern, underlying causes of CLD, and
preoperative treatment were not prognostic factors in either the
LT or non-LT group. Lower AJCC stage and adherence to the
Milan criteria and UCSF criteria were associated with a better
DEFS (all p <.05), but the hazard ratios of higher AJCC stage

and non-adherence to the criteria compared to lower AJCC
stage and adherence to the criteria were higher in the LT group
than in the non-LT group (7.328, 8.727, 5.451 vs 2.312, 1.849,
1.719, respectively, all p <.05).

Multivariable analysis of DFS rate of resected HCCs
Significant prognostic factors in univariate analysis in both
the LT and non-LT groups were analyzed with transplantation
or non-transplantation by multivariable analysis with the Cox
proportional hazards model in AJCC stage I-II patients (Table
2). Surgical method was an independent prognostic factor, as
were extent of tumor, multiplicity of tumor, angioinvasion,
preoperative AFP, size of tumor, and ES nuclear grade. CK19

HR, disease-free survival

HR (95% Cl)

Sex —a— | LT (n=3398) % Non-LT (n=520)

Male vs female —r 1.008 (0.56-1.814)  0.991 (0.742-1.323)
Age (yr) ——

<55vs >55 = 1.115(0.691-1.8) 0.863 (0.697-1.068)
Size (cm)* —_—

<5vs>5 = 6.613 (4.025-10.866)  1.522 (1.226-1.891)
Multiplicity? _—

Single vs multiple e 1.744 (1.049-2.899)  1.938 (1.536-2.445)
Gross type? S

Expanding nodular to diffuse = 3.288 (2.447-4.418)  1.068 (0.854-1.336)
Extent? —_—

Confined liver to extension to other organ L) 4.399 (3.01-6.428) 1.783 (1.508-2.108)
Angioinvasion? R —

Absent vs present == 7.086 (4.381-11.462) 1.697 (1.37-2.103)
Large vessel invasion? —

Absent vs present T 16.081 (8.535-30.299) 1.872 (1.214-2.889)
ES nuclear grade® S

1-2vs 34 e 3.371 (2.093-5.43) 1.613 (1.294-2.011)
Histologic pattern -

Trabecular vs non-trabecular s 0.938 (0.13-6.76) 0.913 (0.685-1.216)
CK192 R —

Negative vs positive —— 2.576 (1.332-4.893)  1.608 (1.083-2.388)
Preoperative treatment ——

Not done vs done Sl i 1.696 (0.942-3.054)  1.047 (0.844-1.3)
Underlying CLD —_—

Viral vs non-viral F=p== 1.219 (0.639-2.324)  1.057 (0.76-1.47)
Preoperative AFP (ng/mL)? =

<20vs >20 e 4.304 (2.51-7.38) 1.342 (1.083-1.663)
AJCC stage® —_——

-l vs II?—IV —— 7.328 (4.452-12.064) 2.312 (1.804-2.963)
Milan criteria? — g

Within vs beyond = 8.727 (4.573-16.653)  1.849 (1.447-2.364)
UCSF criteria® —.

Within vs beyond —— 7.328 (4.452-12.064)  1.719 (1.38-2.142)

0.2 1.0 5.0 25.0

Fig. 1. Comparison of prognostic factors between the liver transplantation (LT) group and the non-LT group by univariate disease-free surviv-
al analysis. HRs of LT and non-LT groups calculated by Cox proportional hazard model are plotted in each row. HR (95% Cl), hazard ratio
(95% confidence interval) by Cox proportional hazard model; LT, liver transplantation; ES nuclear grade, Edmonson Steiner nuclear grade;
CLD, chronic liver disease; AFP, a-fetoprotein; AJCC, American Joint Committee on Cancer; UCSF, University of California at San Francisco
criteria. *Parameters are statistically significant prognostic factors (log-rank p<.05).
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expression and gross type were not independent prognostic fac-
tors. The hazard ratio of LT was 0.321 (95% confidence interval,
0.235 to 0.439) compared to non-LT, showing that it might
have a protective effect against HCC progress.

Disease-free survival patterns of the LT and non-LT groups
Cumulative DES is plotted in Fig. 1 with DEFS rates in each
year according to the AJCC stage (Fig. 2). In the total group,
patients who underwent LT had a better DFS than non-LT pa-
tients (5-year DFS rates, 79% vs 35%, respectively in LT and
non-LT, log-rank p <.001). Further analysis was performed ac-
cording to AJCC stage, with the entire patient group divided
into two groups based on stage I-IT and stage III-IV classification.
LT in patients with stage I-IT HCC resulted in better DFS

Liver Transplantation for HCC ¢ 83

compared to the non-LT group (5-year DES rates, 84% vs 40%,
respectively; log-rank p <.001). No difference was observed in
DFS between the LT and non-LT groups for stage III-IV HCC
(5-year DFS rates, 23% vs 15%; log-rank p =.295) (Fig. 2). As
shown in Fig. 1A and B, recurrence in the LT group occurred in
the early period after surgery, and cumulative DFS was sustained
at approximately 80% after 3 years.

Tumor recurrence site and time in the LT and non-LT groups
according to stage

The recurrence site and post-operative period of recurrence
were compared according to stage and resection method (Table
3). Among patients with tumors classified as stage I-II HCC,
43 patients in the LT group and 250 in the non-LT group experi-

Table 2. Multivariable analysis of disease-free survival rate of stage IHI hepatocellular carcinomas (n=710)

Beta SE p-value Hazard ratio (95% Cl)

Extent of tumor 0.476 0.083 <.001* 1.61 (1.367-1.896)
Operation (non-LT vs LT) -1.135 0.159 <.001% 0.321 (0.235-0.439)
Multiplicity (single vs multiple) 0.365 0.115 .001? 1.44 (1.15-1.803)
Angioinvasion (absent vs present) 0.33 0.116 .004% 1.391 (1.108-1.746)
Preoperative AFP (<20 ng/mL vs >20 ng/mL) 0.266 0.106 012° 1.305 (1.061-1.606)
Size of tumor (<5 cm vs >5 cm) 0.256 0.115 .026° 1.291 (1.032-1.617)
ES nuclear grade (grade 1-2 vs 3-4) 0.235 0.111 034 1.265 (1.017-1.573)
CK19 (negative vs positive) 0.3 0.178 .093 1.35 (0.952-1.916)
Gross type 0.165 0.101 102 1.18(0.968-1.438)
SE, standard error; Cl, confidence interval; LT, liver transplantation; AFP, a-fetoprotein; ES nuclear grade, Edmonson-Steiner nuclear grade; CK19, cytokeratin 19.
°p<.05.

Total group AJCC stage Il AJCC stage IIIHV

1.0 1.0 1.0
° ° T ° = Non-LT
B 0.8 LT ® 0.8 B 0.8 T
P - Non-LT % = Non-LT n + Non-LT-censor
E 0.6 LT E 0.6 - T E 0.6 —+ LT-censor
fg) + Non-LT-censor fg’ ! E‘I? n-LT-censor fg’
T 04 -+ LT-censor T 04 - Li-censor 3
§ § §
O 0.2 O 0.2 o
Non-LT Non-LT
00 Log-rank p<.001 0.0 Log-rank p<.001 00 Log-rank p=.295 Non-LT
T T T T T T T T T T T T T T T T T T
0 50 100 150 200 25 0 50 100 150 200 25 0 50 100 150 200 25
Time (mo) Time (mo) Time (mo)

1yr 2yr 3yr 4yr 5yr

1yr 2yr 3yr 4yr 5yr

1yr 2yr 3yr 4yr 5yr

LT (%) 84 80 79 79 79
Non-LT(%) 63 49 42 38 35

LT (%) 89 8 84 84 84
Non-LT(%) 70 57 48 44 40

LT (%) 44 3% 31 23 23
Non-LT(%) 37 20 18 15 15
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Fig. 2. Kaplan-Meier curves for disease-free survival (DFS) between the liver transplantation (LT) group and the non-LT group. (A) The DFS of
patients with any stage disease was significantly longer in the LT group than in the non-LT group (p<.001). (B) Among patients with stage I-Il
disease, DFS was also longer in the LT group than in the non-LT group (p<.001). (C) There were no significant differences in the DFS of
stage llI-IV patients between the LT and non-LT groups. AJCC, American Joint Committee on Cancer.
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Table 3. Comparison of recurrence pattern between LT and non-LT

No. Intrahepatic Extrahepatic p-valugs®
<2yr >2yr <2yr >2yr
AJCC stage -l
LT 43 9(21) 34 (79) <.001°
9 (100) 30 (88) 4(12) 376
Non-LT 250 155 (62) 95 (38)
29 (57) 66 (43) 79 (83) 16 (17) <.001°
AJCC stage -V
LT 25 9(36) 16 (64) .198
8(89) 1(11) 15 (94) 1(6) 511
Non-LT 87 44 (51) 43 (49)
41 (93) 39 41 (95) 2(5) .600

LT, liver transplantation; AJCC, American Joint Committee on Cancer.
“Intrahepatic recur vs extrahepatic recur; °<2 yr vs >2 yr; p<.05.

enced tumor progress. Within the LT group, there were nine cases
(21%) with intrahepatic progress and 34 (79%) with extrahepatic
progress. In contrast, the non-LT group included 155 cases (62%)
of intrahepatic recurrence and 95 cases (38%) of extrahepatic
progress. Metastasis to extrahepatic organs was the predominant
pattern of recurrence in the LT group among patients with
stage I-1I HCC, whereas intrahepatic recurrence was predominant
in the non-LT group (p <.001). This pattern disappeared in pa-
tients with stage III-IV HCC. There were nine cases (36%) of
intrahepatic progress and 16 cases (64%) of extrahepatic progress
within the LT group, and the non-LT group included 44 cases
(51%) of intrahepatic recurrence and 43 cases (49%) of extrahe-
patic progress, but there was no significant difference between
the two groups (p = .198). As previously mentioned, the time
to recurrence and recurrence site wete different between the LT
and non-LT groups. All nine intrahepatic recurrence cases of
AJCC stage I-II LT patients recurred within 2 years, but 66 of
155 intrahepatic recurrence cases (43%) of AJCC stage I-II
non-LT patients occurred beyond 2 years (p <.001). Most of the
extrahepatic metastasis occurred within 2 years in both the LT
and non-LT groups for AJCC stage I-II stage patients (30
[88%)] vs 79 [83%)], respectively, p = .376). This progress pattern
also disappeared in stage III-IV patients who showed early
progress within 2 years after surgery, regardless of recurrence
sites (Table 3).

DISCUSSION

Our study analyzed the recurrence rate of HCC and the recur-
rence pattern in LT patients compared with non-LT patients, as
well as prognostic factors after transplantation. Recurrence after
LT usually occurred within 2 years and was more frequently

http://jpatholtm.org/

identified in extrahepatic sites; in contrast, recurrence after non-LT
frequently occurred beyond 2 years after surgery, and the sites
of recurrence were intrahepatic. Furthermore, this difference
was clear in stage I-II HCC, but was not observed in stage III-IV
HCC.

Many previous studies comparing LT and other treatment
choices for HCC reported that patients who underwent LT had a
better survival than those who underwent resection.'” The rationale
of LT as a treatment choice for HCC is loco-regional removal of
tumor and protective removal of the damaged liver, which plays
a major role in the de novo recurrence of HCC. The results of
our study support this dual rationale for LT to treat HCC. In
our study, intrahepatic recurrence was more frequent in the
non-LT group than in the LT group in patients with stage I-1I
and was sustained for a long period after surgery. Therefore, it is
thought that LT is an effective treatment to suppress de novo
carcinogenesis, which is the main mechanism of late recurrence
of HCC."

In the present study, the high proportion of extrahepatic HCC
recurrence after LT was similar to results from other studies."”’
Because of the protective removal of the source of de novo carci-
nogenesis in LT, tumor recurrence in LT patients can be mainly
explained by metastasis or regrowth of remnant tumor cells.
Assuming complete resection (RO resection), potential tumor cells
do not exist in the liver after LT. Circulating tumor cells (CTCs)
might be considered to explain this phenomenon. According to a
recent study, primary tumor cell invasion to the bloodstream
and CTCs are responsible for tumor recurrence and metastasis,
including that of HCC.**

Although LT is the treatment of choice for early-stage HCC,
it is not a feasible choice because of the shortage of deceased donors.
Increasing living donor LT has compensated for the shortage of

https://doi.org/10.4132/jptm.2016.10.13



organ donations, but maintaining a balance between the benefit
to the recipient and the risk to the living donor is another
emerging issue in this field. Patient selection criteria tend to
expand the range of recipients by up regulation of number or size
of tumor. This classical approach used to be based on preoperative
radiologic studies. However, the histology and biologic features
of the tumor are important prognostic factors for predicting tumor
progress.” Similar to other studies, the multivariate analysis of
prognostic factors in our study also concluded that ES nuclear
grade was an independent prognostic factor. However, although
CK19 expression was not an independent prognostic factor in our
study, it was reported as a prognostic marker of HCC recurrence
beyond the Milan criteria in another study.’

Another issue concerning the histologic factors of HCC in LT
is the gap between preoperative clinical staging and post-operative
pathologic staging. The Milan criteria and UCSF criteria consider
vascular invasion as an important exclusion criterion. Because
the degree of vasculature that can be examined by radiologic
study and pathologic study is much different, many cases within
the criteria before surgery are changed to beyond the criteria after
surgery based on the pathology of the explant. In our study, the
Milan and UCSF criteria were applied by explant pathology.
Pretransplant tumor staging and explant pathology do not always
correlate, and 83 of 145 cases (57%) within the Milan criteria
were classified as “beyond Milan” based on the presence of angio-
invasion in microscopic findings. There might be discrepancies in
the size or number of tumors between the pre-transplant radio-
logical staging and explant pathologic staging.”*” Therefore,
furcher studies to reduce the preoperative and postoperative
staging are needed.

In conclusion, this study demonstrated that DES was better
in the LT group compared to the non-LT group for patients
with stage I-II HCC. Accordingly, there might be a tendency
for tumors to occur in the late period after surgery in patients
who have not undergone LT. Extrahepatic recurrence is more
frequent than intrahepatic recurrence after LT. Once tumor recur-
rence has occurred, dissemination to additional locations occurs
easily. The prognostic factors in patients who have undergone
LT are similar to those observed in previous studies; LT, extent
of tumor, multiplicity of tumor, angioinvasion, preoperative
AFP, size of tumor, and ES nuclear grade were independent
prognostic factors.
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A 61-year-old woman visited our hospital for bilateral multiple lung nodules and a mass in her
thorax. She had a long history of multiple metastatic recurrences of solid pseudopapillary neo-
plasm (SPN); 24 years previously, the patient had undergone pylorus-preserving pancreaticoduo-
denectomy for a 9.9 x 8.6 cm mass in the pancreatic head. The tumor was diagnosed as an SPN.
Nine years later, metastatic nodules were found on computed tomography in the patient’s liver
and peritoneum and were excised. She subsequently underwent an additional eight metastatec-
tomy procedures in diverse organs. For the presented event, the lung nodules were removed.
The prevalence of malignant SPN in the general population is 5%-15%. However, multiple meta-
static recurrence of malignant SPN is rare; the lung is a particularly rare site of metastasis, found
in only three cases in the literature. Here, we describe this exceptional case and provide a litera-

ture review.
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Solid pseudopapillary neoplasm (SPN) of the pancreas is a
rare low-grade malignant neoplasm that accounts for 0.9%—
2.7% of all exocrine pancteatic neoplasms. SPN was first reported
by Frantz in 1959" and has previously been called a Frantz
tumor, solid-pseudopapillary tumor, solid-cystic tumor, solid
and papillary epithelial neoplasm, and papillary-cystic tumor.
These tumors predominantly occur in young women, with a
female-to-male ratio of 9:1." SPN metastasizes in only 5%—
15% of all cases, and common sites include the liver; portal,
splenic, or superior mesenteric vein; spleen; omentum; perito-
neum; duodenum; or other organs."” The lung is a very rare
metastatic site and has only been reported in three other cases
in the literature.”” In this study, we introduce a case of SPN
with lung metastasis following 24 years of multiple recurrences.

CASE REPORT

Clinical summary

A 61-year-old woman visited Korea University Guro Hospital
(KUGH) for bilateral multiple lung nodules and a mass in the
intrathoracic soft tissue. Twenty-four years prior, she had pre-

pISSN 2383-7837
elSSN 2383-7845

Key Words: Solid pseudopapillary neoplasm; Lung; Neoplasm metastasis

sented to KUGH with epigastric pain; computed tomography
(CT) found a 9.9%8.6 cm heterogeneous mass in the pancreatic
head. The tumor was removed and histologically diagnosed as
SPN. After tumor removal, the patient underwent two choled-
ochojejunostomy procedures but showed no sign of tumor recur-
rence. Nine years passed before her next visit for this same con-
dition, when some newly developed nodules in her liver and
peritoneum were biopsied and confirmed as metastatic SPN.
During the next 15 years, the patient suffered eight additional
metastatic recurrences in her liver, peritoneum, omentum, spleen,
ovary, uterus, colon, mesocolon, and retroperitoneum before
finally developing the present multiple lung metastases. A met-
astatectomy was performed to remove the lung nodules, and
the patient is currently alive (Fig. 1). This study was approved by
the Institutional Review Board (KUGH 15363-001) of KUGH.

Pathologic findings

The clinical and pathologic features of the primary tumor
were reviewed in the patient’s electronic medical record. The
glass slides and paraffin blocks that had been made from the
recurrent tumors were also available for review. Overall, the tumors

© 2017 The Korean Society of Pathologists/The Korean Society for Cytopathology
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showed a pseudopapillary pattern with relatively monomorphic
nuclei and abundant eosinophilic cytoplasm. However, we noted
a certain degree of change over time, as summarized in Table 1.
In accordance with the histological changes, we subdivided the
lesions into early (first to third operations), intermediate (fourth

to seventh), and late (eighth to 11th) lesions. In the early meta-

Fig. 1. Gross specimen of the patient’s lung metastasis. A solid,
well-demarcated and cystic mass with hemorrhage is seen.

static lesions, the tumor showed frequent cystic changes with
bland nuclei and indistinct necrobiotic nests without capsular
invasion. The Ki-67 labeling index was also very low (< 1%).
In the intermediate lesions, however, frequent necrobiotic nests
(from the fourth to seventh) and capsular invasions (from the
fifth) were noted. The Ki-67 labeling index, which was assessed
using an image analysis program, increased to 5% (sixth). In
the late lesions, malignant histological features, such as distinct
tumor necrosis beyond necrobiotic nests (from the seventh), peri-
tumoral infiltration of the soft tissue or organ (from the seventh),
prominent solid architecture (from the eighth), nuclear atypia
(from the ninth), and lymphatic emboli (11th), were seen (Fig.
2A-D). The average Ki-67 labeling index increased gradually
(0.03%, 2.7%, and 5.6% in early, intermediate, and late meta-
static lesions, respectively). Mitosis was usually absent with ex-
ceptions of 5/10 high-power field (HPF) (fifth) and 2/10 HPF
(seventh) but did not show a significant change. All of the tumors
showed identical immunohistochemical results and were diffusely
positive for B-catenin, vimentin, neuron-specific enolase, CD10,
cyclin D1, progesterone teceptor, CD506, and synaptophysin. Inter-

Fig. 2. Microscopic findings. (A) A loosely cohesive pseudopapillary pattern. (B) Capsular invasion with a cord or glandular pattern is visible
in the intermediate and late metastatic lesions. (C) Necrobiotic nests are present in the intermediate lesions. (D) Distinct nuclear atypia is

seen in the late lesions.
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estingly, they were also positive for chromogranin A, which is
very rare in SPN.

DISCUSSION

Generally, the prognosis of SPN is good. Over 95% of pa-
tients with a solitary pancreatic lesion are cured by complete ex-
cision. Even with local spread, recurrences, or metastases, long
periods of disease-free survival have been recorded.' The general
prevalence of metastatic SPN is 5%-15%."* Debulking is rec-
ommended for these lesions in order to increase the chances of
survival.® The lung is a very rare metastatic site and was found
in only three cases in the literature.” The first was reported in
2005 by Takahashi e @/’ and showed a lung lesion following
three liver metastases. Hosokawa ef a/.” reported the second case
in 2014, which demonstrated concurrent portal vein and supe-
rior mesenteric arterial invasion. The third case was described by
Xu et al. in 2015," with both liver and bone involvement. Two
of the three cases showed a good survival outcome (Table 2). Our
case also reveals a long overall survival period despite many re-
currences.

After reviewing the eight large studies in the literature, the
most commonly quoted malignant SPN characteristics were nu-
clear atypia (5/8), angioinvasion (5/8), lymph node metastasis
(4/8), mitotic count (3/8), advanced age (2/8), size (2/8), capsular
invasion (2/8), perineural invasion (2/8), extra-pancreatic inva-
sion (2/8), significant MIB-1 index (2/8), and prominent necro-
biotic nests (1/8)."**% Of the four cases with lung metastases
(including ours), three showed liver metastasis, three exhibited
capsular invasion, and two demonstrated necrobiotic nests (Table
2). Our case initially presented with a bland-looking tumor;
however, most of the malignant features including nuclear atypia,
lymph node metastasis (upon CT), lymphatic invasion, large
tumor size, capsular invasion, and necrobiotic nests developed
in later metastases.

Though many studies have claimed that nuclear atypia is a
malignant prognostic factor, there is still some debate on this
topic. For example, Kim ez 2" recently suggested that some
subsets of SPN with nuclear pleomorphism exist with stronger
P53 immunoreactivity but do not appear to be more aggressive
than conventional SPN. The 2010 World Health Organization
classification for tumors of the pancreas also claims that nuclear
atypia of pancreas SPN cannot predict malignant tumor behav-
ior."” In this study, nuclear atypia accompanied other malignant
features. However, due to the patient’s relatively good prognosis,
the atypia is still a predictor of metastasis but should not be

http://jpatholtm.org/

considered a poor prognostic indicator of overall survival. More
studies of SPN focusing on nuclear atypia will be needed to
further explain this connection.

In conclusion, this case depicts the aggressive progression of
tumor cells by repeated peritoneal seeding and lymphatic inva-
sion that still showed an indolent clinical course despite multiple
recurrences, including the lung.
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Angioleiomyoma is a rare disease that is histologically characterized by smooth muscle cells ar-
ranged around vascular spaces. Although angioleiomyomas occur rarely in the head and neck
region, they can cause various symptoms according the site involved. Here, we present a 44-year-
old male patient with a 15-year history of asthma, who presented with recent onset of chest dis-
comfort, globus sensation and throat pain. Medication was not effective in relieving his symp-
toms, and further evaluation revealed a polypoid ovoid mass, almost obstructing the airway at
the border of the larynx and upper trachea on chest computed tomography. The mass was com-
pletely resected via a rigid bronchoscopy procedure. Histopathologic examination revealed that
the excised mass was angioleiomyoma, which was immunohistochemically positive for smooth
muscle actin and negative for desmin.
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Angioleiomyoma or vascular leiomyoma is a benign dermal
or subcutaneous tumor composed of well-differentiated smooth
muscle cells arranged around many vascular channels." It can
occur anywhere in the body but is most often seen in the extrem-
ities, particularly the lower leg.” Angioleiomyoma of the head
and neck region is uncommon (~10%), with lips, ears, and nose
being the most frequently involved locations.”” Here, we present
a case of angioleiomyoma at the border of the subglottic area
and upper trachea, with a clinical and pathologic approach.

CASE REPORT

A 44-year-old man presented to the pulmonology depart-
ment of our hospital for a one week history of chest discomfort,
globus sensation, and throat pain. The patient had a history of
asthma for 15 years with about 10 events a year but was not
taking any medication. He was prescribed a leukotriene receptor
antagonist, an inhaled corticosteroid plus long acting beta ag-
onist and a long acting muscarinic antagonist to control bronchi-
al asthma for 3 months. Although his pulmonary function test
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results showed improvement, the patient persistently com-
plained of globus sensation and throat pain with slight aggra-
vation. Therefore, he was referred to an otolaryngologist for
evaluation of his throat and vocal cords.

Laryngoscopy revealed a subglottic mass, which was almost
completely occluding the airway. Computed tomography re-
vealed a 2.0x 1.5-cm-sized, round exophytic lesion at the border
of the subglottic area and upper trachea (Fig. 1A, B). The lesion
was well-enhancing and adjacent structures showed no evidence
of involvement or destruction. Separately, a 3.0 2.6 cm pitu-
itary mass suggestive of a macroadenoma was also incidentally
found.

Excision of the mass was performed by interventional pulmo-
nologists and cardiothoracic surgeons via rigid bronchoscopy.
The mass was located 1 cm below the vocal cord, attached to the
anterior wall of the trachea by a stalk-like structure (Fig. 1C). It
was mobile and resected by snare without any complications
(Fig. 1D).

After surgery, the tissue was sent to the pathology depart-
ment for diagnosis. On gross examination, the tumor was a solid,
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Fig. 1. Neck computed tomography (CT) and bronchoscopic findings. (A, B) Neck CT reveals a 2.0 x 1.5-cm-sized, round exophytic lesion at
the border of the subglottic area and upper trachea. (C) Bronchoscopic finding during the operation, showing an ovoid and polypoid mass
located 1 cm below the vocal cord, attached to the anterior wall of the trachea by a stalk-like structure. (D) Bronchoscopic view of the same
lesion after the excision; the mass is resected by snare without complications.

ovoid, and polypoid mass with a firm consistency, measuring
1.6x1.4x1.0 cm. It had a grayish and whirling cut surface.
Prominent vessels were noticeable on the surface, which resem-
bled feeding vessels as they were thick and more abundant near
the resected stalk and spreading branches.

Histologically, the mass consisted of well differentiated smooth
muscle cells with intervening vascular channels (Fig. 2A). These
channels were mostly venous with variable venous lumens sur-
rounded by muscular coats with dense to relatively loose inter-
vascular smooth muscle cells (Fig. 2B). The muscular coats sur-
rounding the vessels were of variable thickness and some portion
of the intervascular stroma was edematous with very sparsely

https://doi.org/10.4132/jptm.2016.06.21

placed smooth muscle bundles. The cells were bland and no
mitosis was found (Fig. 2B). A few foci of aggregated adipocytes
and mild lymphocytic infiltration were also noted. The surface
was covered with ciliated pseudostratified columnar bronchial
epithelium (Fig. 2C). Thin walled vessels were abundantly
placed in the lamina propria, some of which had an ill-defined
muscular coat (Fig. 2C). Immunohistochemically, the tumor
cells were positive for smooth muscle actin (Fig. 2D) and nega-
tive for desmin.

The patient did not develop any complications after surgery
and showed no residual tumor or abnormal lesion in follow-up
studies.

http://jpatholtm.org/
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Fig. 2. Histopathologic findings of the mass. (A) Low-power view shows an ovoid and polypoid mass, consisting of well differentiated smooth
muscle cells with intervening vascular channels and covered by respiratory epithelium. (B) Variable venous lumens, surrounded by muscular
coats with dense to relatively loose intervascular smooth muscle cells are noted. (C) The surface is covered with ciliated pseudostratified colum-
nar bronchial epithelium. Thin walled vessels are abundantly placed in the lamina propria, some of which have an ill-defined muscular coat. (D)
Immunohistochemically, the tumor cells are positive for smooth muscle actin.

This case report was approved by the Institutional Review
Boards of Catholic Medical Center Office of Human Research
Protection Program (KC16ZISE0434).

DISCUSSION

Angioleiomyoma, which is a benign tumor composed of ves-
sels and smooth muscle components, mostly affects the skin of
the lower (59%) and upper (15%) extremities.” It is rare in the
head and neck region, accounting for 13.1% of angioleiomyo-
mas, with mean age of 48 years and male-to-female ratio of
1.3:1.** Angioleiomyoma in the larynx is even less common,
with about 24 total cases estimated in 2008," with several addi-
tional cases reported in recent years. In addition, to our knowl-
edge, there is no reported case of angioleiomyoma in the tra-
chea. Our case revealed a lesion located near the cricoid cartilage,
making it difficult to decide whether it should be characterized
as being within the larynx or the trachea. According to Xu ¢t al.,*
amongst 24 cases of laryngeal angioleiomyoma, the supraglottic

http://jpatholtm.org/

region was most common (14/24), followed by the glottis region
(7/24) with the subglottic region (3/24) being the least common
location.

Angioleiomyoma typically presents as a small, slowly growing
firm nodule and generally causes pain, making this the major
complaint in more than half of patients." In cases of laryngeal
tumors, the main documented symptoms are hoarseness, dyspnea,
dysphagia, and a foreign body sensation in the throat. In our
case, the patient had complaints of chest discomfort, globus
sensation, and throat pain. Globus sensation is presumed to be
due to the mass affecting the adjacent pharynx and esophagus
when swallowing or any other movement. Also throat pain is
easily predictable, as most angioleiomyomas of the skin are
known to frequently cause pain in the lesion. Our patient’s mass
was sufficiently below the vocal cord, and therefore, hoarseness
was not noticed. One noteworthy point in our case is that chest
discomfort with difficulty in breathing, which was one of the
main complaints of the patient, was not discernible from that
caused by his underlying asthma. Because of his underlying
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asthma, the patient visited the pulmonology department first,
and evaluation with management was focused on asthma con-
trol for about 3 months.

A standardized treatment for laryngeal vascular leiomyoma
does not exist due to its rarity, but complete mass resection is
the most frequently chosen treatment. Surgical excision by both
endoscope or an external approach are treatment options, with
endoscopic surgery being favored due to less tissue damage.* In
this case, removal of the mass via rigid bronchoscopy, rather than
by open thoracotomy, was attempted to minimize risk. The re-
section was performed without difficulty or any further compli-
cations. In a few previously reported cases, patients experienced
expectorating fresh blood after the surgery, probably because of
the abundant vascularity of the lesion.*> Considering its loca-
tion, careful management for bleeding control and preoperative
investigation of vascularity, for example using angiography,
might be necessary.’

The major histological variations of angioleiomyomas are solid,
venous and cavernous types, with the solid type being the most
common (67%).” A study of angioleiomyoma in the head and
neck also revealed that the solid variant is the most common
within this location.” Histologically, our case was venous type,
showing variable venous lumina surrounded by muscular coats
with relatively loose intervascular smooth muscle cells. However,
histological classification as such is known to be unnecessary.
Also in addition to the main mass, abundant small thin-walled
vessels were noted surrounding the mass beneath the mucosa,
corresponding with the gross finding of high vascularity even
noticeable on the surface.

The immunohistochemical study of our case showed smooth
muscle actin (+) and desmin (=) for tumor cells, which corre-
sponds with a previous study regarding immunohistochemical
findings in angioleiomyoma.® Several studies have consistently
revealed variable desmin positivity from 1%’ to 18%,® while
actin is positive in every case. A more recent study revealed that
the solid variant showed the highest positivity rate for desmin
(75.7%) followed by the venous type (51.4%) and cavernous
type (18%).5

Angioleiomyoma is a benign disease and an extremely rare
laryngeal or tracheal lesion. Despite its rarity, this disease entity

https://doi.org/10.4132/jptm.2016.06.21
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should be considered when patients complain of possible symp-
toms, such as hoarseness, difficulty in breathing, chest discom-
fort or throat pain. Careful investigation might be necessary es-
pecially if the patient has underlying respiratory disease, in
order to not disregard the symptoms as just being due to aggra-
vation of an underlying disease. Angioleiomyoma is usually easily
diagnosed histologically and immunohistochemically. The tumor
is mostly resectable without difficulties, but careful monitoring
and regular follow up is necessary due to the possibility of post-
operative bleeding.
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Il BRIEF CASE REPORT W

Adult Intussusception Caused by Inverted Meckel’s Diverticulum
Containing Mesenteric Heterotopic Pancreas and Smooth Muscle Bundles
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Adult intussusception represents 5% of all intussusceptions."”
Most of these cases are related to organic lesions." Infrequently,
an inversion of Meckel’s diverticulum (MD) into the lumen of
the small bowel can cause intussusception.”” The incidence of
intussusception due to an inverted MD accounts for about 4%
of all cases of intussusceptions." Heterotopic pancreas (HP) is
defined as pancreatic tissue located at aberrant sites that lacks
anatomic and vascular continuity with the main pancreas.®”’
The most common location of HP is the proximal gastrointes-
tinal tract.'* The mesenteric location of HP is rare, and only a
few cases of HP in the mesentery of the small intestine have
been reported in the literature.*” Here, we present a very rare
case of adult ileoileal intussusception caused by an inverted MD
containing mesenteric HP and smooth muscle bundles.

CASE REPORT

A 55-year-old man presented with intermittent abdominal
pain and hematochezia of a 2-month duration. He also reported
several episodes of melena-type bowel movements. His medical
history was unremarkable except for an appendectomy 10 years
prior. Blood tests revealed a hemoglobin level of 8.3 g/dL (NL,
13.3-16.5 g/dL) and a hematocrit level of 23.8% (NL, 38.6—
47.3%). All other laboratory findings were unremarkable. An
endoscopic study was unable to locate the site of the bleeding.
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An abdominal and pelvic computed tomography (CT) scan
showed a pedunculated intraluminal mass with central hetero-
geneous fat attenuation (Fig. 1). The patient underwent a mini-
laparotomy for segmental resection. Upon gtoss examination, the
specimen consisted of a 15-cm segment of the small bowel with
a small dimple in the anti-mesenteric aspect, and there was a
pedunculated polypoid mass (5.1 % 3.0% 2.8 cm) with a bulbous-
shaped head (Fig. 2A). The stalk of the mass was lined by unre-
markable mucosa. The cut section of the mass revealed a nodular
lesion within the adipose tissue sandwiched between the contin-
uous lining of the proper muscle layers (Fig. 2B). Microscopic
examination revealed that the bulbous tip lesion was covered by
the full thickness of the intestinal wall and had deep ulcerations
(Fig. 2C). The mucosa of the tip contained nondysplastic epi-
thelial glands. Focal heterotopic antral-type gastric tissue was
also present (Figs. 2C, 3A). Interestingly, ectopic pancreatic tis-
sue and smooth muscle bundles were located within the entrapped
mesenteric fat (Fig. 2C, D). The mesenteric heterotopic pancreatic
tissues were composed of all elements typically found in normal
pancreatic tissue (Heinrich type I), such as acini (Fig. 3B), islet
cells (Fig. 3B), and ducts (Fig. 3C) and several discontinuous
fascicles of smooth muscles (Fig. 3D). Based on the clinical and
histopathologic findings, the pedunculated intraluminal mass
was diagnosed as inverted MD with a mesenteric HP and dis-
placed smooth muscle bundles. The patient had an uneventful
postoperative recovery, with no further episodes of lower gastro-
intestinal hemorrhage during the follow-up period.

DISCUSSION

Adult intussusception differs from childhood intussusception
in its presentation, causes, and management."”’ The presenting
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symptoms of adult intussusception are often nonspecific. In our
case, the patient developed only intermittent abdominal pain,
melena-type bowel movements, and a few episodes of hemato-
chezia. In adult intussusception, it is important to identify the
leading point. Several pathologic conditions have been reported
as the leading point in intussusception, such as inflammatory
disease, neoplasm, adhesion, MD,' and HP” In the present case,
the CT scan revealed ileoileal intussusception associated with

inverted MD (Fig. 1). Although most MD remains asymptom-

Fig. 1. Abdominal and pelvic computed tomography (CT) scan.
The coronal view CT scan reveals an intestinal intussusception
with an intraluminal mass (arrow).

Diverticulum with Mesenteric Ectopic Tissues e 97

atic, it can be complicated by intussusception' '

and gastroin-
testinal bleeding.'® Ulceration in MD is thought to occur mostly
because of acid secretion by the heterotopic gastric mucosa." In
the presented case, ulceration and gastrointestinal bleeding were
associated with antral-type ectopic gastric tissue in the MD.

MD can invert into the intestinal lumen, but the exact mech-
anism of this inversion is not clearly understood. One theory is
that abnormal peristaltic movement derived from the ulcer or
ectopic tissue causes the diverticulum to become inverted.” Once
inverted, the diverticulum can serve as a site of intestinal obstruc-
tion or the leading point for an intussusception. In our case, the
patient’s inverted MD contained several aberrant displaced
smooth muscle bundles (Fig. 2C, D). We propose that these aber-
rant smooth muscle bundles produced abnormal peristaltic
movement.

HP is common in the upper gastrointestinal tract.**” Other
possible locations include the gallbladder, bile duct, or omen-
tum.* In descending order of frequency, the involved histologic

15 muscularis propria,’ and serosa.®’

layers are the submucosa,
HP located in the mesentery of the small intestine is very rare.*’
In our case, the HP was found within the entrapped mesenteric
fat tissue of the ileum. These displaced pancreatic tissues and ab-
errant smooth muscle bundles were associated with MD, which
can act as a leading point for intussusception.

In summary, mesenteric HP and smooth muscle tissue can act
clinically as a leading point for inverted MD and ileoileal intus-

susception.

Fig. 2. The gross specimen and a schematic drawing of a hematoxylin and eosin (H&E)-stained slide. The tip of the pedunculated polypoid
mass shows a mucosal ulcer (A, arrow) and mesenteric heterotopic pancreatic tissue (B, arrow). The entire image of the H&E slide (C) and
its schematic diagram (D) reveal mesenteric heterotopic pancreatic tissue (D, light green area) and smooth muscle tissue (D, black area).

https://doi.org/10.4132/jptm.2016.06.15

http://jpatholtm.org/



98 e eeS§ etal

g

s { FS

Fig. 3. Histologic features of the ectopic gastric mucosa and heterotopic pancreatic tissues. The inverted Meckel’s diverticulum contains ec-
topic, antral-type gastric tissues (A, arrow) and mesenteric, heterotopic tissues such as acinar (B, arrow), islet (B, star), duct (C, arrow), and

smooth muscle bundle (D, arrow).
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Plasmablastic Microlymphoma Arising in Multicentric Castleman’s
Disease of an Inmunocompetent Patient
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Castleman’s disease is a lymphoproliferative disorder charac-
terized by expanded germinal centers with B-cell proliferation
and vascular proliferation. When infected with human herpes
virus 8 (HHVS), it may develop multicentric Castleman’s disease
(MCD) from polyclonal isolated HHV8-positive plasmablasts
to monoclonal microlymphomas and frank plasmablastic lym-
phomas." In MCD-associated plasmablastic microlymphomas, a
few cases of HHV8/Epstein-Barr virus (EBV) coinfection to
human immunodeficiency virus (HIV)—positive patients have
been known.” Here, we describe a plasmablastic microlymphoma
arising in MCD showing HHV8/EBV co-positivity especially in
HIV-seronegative patient.

CASE REPORT

A 53-year-old man was referred to Chungnam National Uni-
versity Hospital complaining of abdominal distention with epi-
gastric discomfort. He denied weight loss, fever, malaise, or any
systemic symptoms, and had no remarkable previous medical
history. His laboratory test results were within normal ranges
and anti-HIV antibody was negative. Computed tomographic
scans revealed enlargement of multiple intraabdominal lymph
nodes (Fig. 1A). Exploratory laparotomy was done and a huge
retroperitoneal lymph node was submitted for the pathological
diagnosis (Fig. 1B). The histologic examination demonstrated
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marked lymphoid follicular hyperplasia with vascular hyaliniza-
tion showing classical features of Castleman’s disease (Fig. 2A,
B), and the interfollicular area/sinuses showed a dense infiltrate
of large lymphoplasmablastic cells (Fig. 2C, D). These atypical
cells had the characteristics of large round or oval nuclei with the
irregular nuclear contours similar to plasmablasts, which replaced
the periphery of the follicles making cohesive sheets of micro-
lymphoma (Fig. 2D). The immunohistochemical studies showed
that the large atypical cells were positive for MUM-1/IRF4, epi-
thelial membrane antigen, HHVS, and EBV encoded ribonu-
cleic acids by 7z siu hybridization (Fig. 3), whereas CD45, CD20,
CD79a, PAXS, CD10, Bcl-6, CD4, CD5, CD8, CD138, and
CD30 were negative and did not express immunoglobulin
heavy or light chains. Interestingly, CD3 was expressed aberrantly
throughout the atypical cells, which can occasionally be seen in
HHVS/EBV copositive lymphomas.” Due to these findings, the
plasmablastic microlymphoma arising in multicentric Castleman
disease was made. The patient received cyclophosphamide,
doxorubicin, vincristine and predinisolone mixed chemotherapy,
and has shown to be in a stable state without disease progtession
for 12 months.

DISCUSSION

The MCD, initially separated from the Castleman’s disease by
its multicentric nature, is now considered as a different disease
with different etiology; however, in some cases, the clinical outcome
can be much worse. The patients may present fever, sweats, fatigue,
lymphadenopathy, and splenomegaly which can be often fatal.*

The HHVS is well known as the pathogenesis of Kaposi’s
sarcoma, primary effusion lymphoma (PEL), MCD, and plasma-
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blastic proliferations. Although not in localized Castleman’s
disease, HIV-infected cases of MCD are always accompanied
with HHVS infection, and HIV-negative cases show 40%—50%
of HHVS infection.” This HHVS8-associated MCD, also known
as a plasmablastic variant of MCD, is characterized by the pres-
ence of plasmablasts scattered in the mantle zones of the follicles

and the plasmablasts harbor HHVS with both latent (latency
associated nuclear antigen, LANA +) and lytic (viral homolog of
human interleukin 6, vIL6+) profile. When scattered HHVS-
infected plasmablasts make confluent clusters, sometimes to
form foci or large sheets, the plasmablastic microlymphoma or

frank lymphoma should be considered.’

Fig. 1. Imaging and macroscopic findings of the lymph node. (A) Abdominal computed tomography showing multiple enlarged retroperito-
neal lymph nodes along the axis. (B) A 5.0-cm round and tan to pinkish contexture demonstrated with vague lobulation on cut section.

1’5‘,\“1 "‘:u ' T v - !

Fig. 2. Microscopic findings of the lymph node. (A) Low-magnification showing multiple, well-formed germinal centers. (B) The hyalinized vas-
cular proliferations surrounding follicles characteristic of Castleman'’s disease. (C) The confluent aggregates of plasmablasts in the germinal cen-
ters indicating the germinotrophism. (D) High-magnification showing the invasion of plasmablasts to the interfollicular spaces with sinusoidal

pattern.

http://jpatholtm.org/

https://doi.org/10.4132/jptm.2016.09.30



Certain HHVS elements have been known to show oncogenic
properties, especially vIL6, which is thought to underlie the
pathogenesis of HHV8-associated MCD. When expressed con-
stantly in mice, vIL6 can induce symptoms that resemble
human MCD. These symptoms can be ameliorated by the block-
ade of interleukin 6 (IL-6) signaling with anti—IL-6 receptor
antibodies.” When naive B cells are infected by EBV, they drive
proliferation and expansion of the EBV-infected B-cell pool,
analogous to patterns observed in germinal centers via express-
ing viral latency III or nuclear antigens such as Epstein-Barr
nuclear antigen 1 (EBNA) 1, 2, 3A, 3B, 3C, -LP, and latent
membrane proteins (LMP1, 2A, and 2B).* Interactions among
co-infecting viruses may increase cellular transformation and
oncogenesis especially in lymphomagenesis which is suggested
by the simultaneous detection of co-infecting viruses within the
same neoplastic cells harboring HHVS and EBV infection. In
the majority of PEL, the HHVS8-positive lymphoma cells are
co-infected by EBV; and the analysis of EBV gene expression in
PEL shows expression of EBNA1 but not LMP1. Nevertheless,
the precise oncogenic mechanism of EBV in PEL remains to be

Fig. 3. Immunohistochemical staining results of the lymph node. (A)
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investigated.”

In contrast to PEL, HHV8-associated MCD is usually associ-
ated with HIV but not with EBV infection and, only a few cases
of plasmablastic microlymphoma arising in MCD showing
HHVS/EBV co-positivity to HIV-positive patients have been
known. Our case demonstrates obvious plasmablastic prolifera-
tions in the background of MCD. These infiltrative plasmablasts
composed of confluent clusters and sheets, should be interpretated
as microlymphoma positive for HHVS, and EBV in HIV-sero-
negative patients, has not been reported. The germinotropic
lymphoproliferative disorder has histologic features similar to
those of plasmablastic microlymphoma. In contrast to plasma-
blastic microlymphoma, it affects localized lymphadenopathy
without systemic symptoms and HHVS infected cells are con-
fined to the germinal centers without MCD background showing
a good outcome.'’

In summary, we describe a case of plasmablastic microlym-
phoma arising in MCD showing HHVS/EBV co-positivity, and

occurring in an immunocompetent patient.
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MUM-1/IRF4-stain highlighting sheets of germinotrophic plasmablasts. (B)

Epithelial membrane antigen-stain demonstrating confluent aggregation of plasmablasts with sinusoidal pattern. (C) Human herpes virus 8 en-
coded latency associated nuclear antigen 1 highlighting the atypical plasmablasts. (D) In situ hybridization for Epstein-Barr virus (EBV) encoded

ribonucleic acids showing coinfection of EBV in the atypical plasmablasts.
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