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a Pathologist’s Point of View

Breast cancer staging, in particular N-stage changed most significantly due to the advanced
technique of sentinel lymph node biopsy two decades ago. Pathologists have more thoroughly
examined and scrutinized sentinel lymph node and found increased number of small volume me-
tastases. While pathologists use the strict criteria from the Tumor Lymph Node Metastasis (TNM)
Classification, studies have shown poor reproducibility in the application of American Joint Com-
mittee on Cancer and International Union Against Cancer/TNM guidelines for sentinel lymph
node classification in breast cancer. In this review article, a brief history of TNM with a focus on
N-stage is described, followed by innate problems with the guidelines, and why pathologists may
have difficulties in assessing lymph node metastases uniformly. Finally, clinical significance of
isolated tumor cells, micrometastasis, and macrometastasis is described by reviewing historical
retrospective data and significant prospective clinical trials.
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The management and treatment of the axilla is moving to-
wards conservatism since complete removal of axillary lymph
nodes after sentinel lymph node (SLN) has not been affecting
the overall survival and recurrence free survival. SLN biopsy has
been as effective as axillary lymph node dissection (ALND) in
staging, locoregional control and survival without morbidity
such as lymphedema and swelling. Along with the advance-
ment of SLN biopsy, pathologists have been scrutinizing assess-
ment of SLN findings. Finding metastatic carcinoma in lymph
nodes is a statistical exercise of probability. With more levels of
blocks with hematoxylin and eosin (H&E) and immunohisto-
chemical (THC) stain sections we get, the probability of having
positive lymph node increases. Pathologists have developed a
robust way of detecting metastasis in SLN. In fact, with the ap-
plication of THC stain, negative SLN by a single level routine
H&E slide can convert into positive SLN in 1296-29%,"° most
of them with small volume metastases such as isolated tumor
cells (ITC) and micrometastasis, which are staged as pNO(i+)
and pN1mi.

With the advent of detecting increasing number of small vol-
ume metastases in SLN, the following questions arose: Is ITC a
true metastasis? What is the chance of having positive metastatic
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lymph node when complete ALND is done with ITC in? Why
is ITC considered pNO(i+) and not counted as a positive lymph
node in Tumor Lymph Node Metastasis (TNM) staging? For
that matter, is micrometastasis clinically significant metastasis?
What is the chance of having positive metastatic lymph node
when complete ALND is done? Why micrometastasis is consid-
ered pN1mi and counted as a positive lymph node in TNM
staging? Is the volume or the number of tumor cells between
ITC and micrometastasis so different that we should count as
negative and positive in the N-stage respectively? Who should
decide the cut-off number or size/volume of metastatic cells be-
tween pNO(i+) and pN1mi? Why was complete ALND recom-
mend for pN1mi and macrometastasis in SLN but not for pNO
(i+) traditionally? Are we (pathologists) uniformly and correctly
assigning pNO(@i+), pN1mi and macrometastasis in SLN? And
even if we have accomplished such tasks successfully, is it clini-
cally meaningful, and helpful to breast cancer patients in undet-
standing prognosis? Lymph node staging is the most important
prognostic factor for breast cancer. Is this still true? With nu-
merous clinical trials published in literature suggesting that
conservative management is currently more appropriate regard-
less of the size of metastasis in SLN, do we still need to split our

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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hairs dividing pNO(i+), pN1mi and pN1 in N-stage?

In this article, review of SLN in breast cancer is listed in the
following order: Brief history of SLN staging, problems in de-
termining metastatic SLN size in pathology, clinical significance
of positive SLN, along with personal commentary and a plea to
use evidence based practice to develop new and relevant standard
criteria in SLN in the 8th edition of the American Joint Com-
mittee of Cancer (AJCC) staging systems.

BRIEF HISTORY OF SENTINEL LYMPH
NODE STAGING

The TNM staging system was initially devised more than 50
years ago by Pierre Denoix in France.” From then on, many revi-
sions were made in advent of changes in breast cancer manage-
ment and treatment.

In 1987, the International Union Against Cancer (UICC) and
the AJCC staging systems were unified into a single TNM
staging system to be able to communicate clinical information
without ambiguity. “T is for the size or direct extent of the pri-
mary tumor, N is for the spread of regional lymph nodes and M
is for the presence of distant metastasis.” Since the first publica-
tion in 1977, currently AJCC/UICC system revised and pub-
lished the 7th edition.*’

It is arguable that N part of the staging changed most signif-
icantly since the SLN, biopsy first described by Giuliano et a/."
in 1994 in breast cancer as a potential altering the role of
ALND by using intraoperative lymphatic mapping.

Along with SLN biopsy advancement by surgical oncolo-
gists, pathology assessment of SLN biopsy sample led to signifi-
cant changes in N-stage by the AJCC Staging Manual. Starting
from the Sth edition in 1997 when the first SLN was reported,
the 6th edition in 2003 and the 7th edition in 2010 had some
changes regarding SLN reporting. As SLN biopsy became more
a standard treatment in the management of breast cancer, the
AJCC Staging Manual needed revision to reflect the continual
development and knowledge in this field. The 6th edition of
the AJCC Cancer Staging Manual when compared to the previ-
ous one contains some of the most extensive and significant re-
visions pertaining to SLN related to the growing knowledge of
new technology such as IHC staining and reverse transcriptase-
polymerase chain reaction (RT-PCR). The principal changes are
related to the size, number, location, and method of detection
of regional metastases to the lymph nodes. A Breast Task Force
was constituted to serve in an advisory role to the AJCC in the
fall of 2001 and the 6th edition reflected the significant changes.

http://jpatholtm.org/

The Breast Task Force used the guideline to recommend chang-
es and additions based on evidence-based findings in published
clinical outcome data, reflecting a wide-spread clinical consensus
and changes in nomenclature and coding system which support
the uniform accrual of outcome information in national data-
banks.'""?

In the AJCC 5th edition, micrometastases were defined as
metastatic lesions no larger than 2 mm in greatest dimension and
classified as pN1. The terminology “occult metastases” was in-
terchangeably used to describe a small metastatic carcinoma in
the lymph node in the literature. The upper limit of 2 mm cut-
off for separating micro- and macrometastases was determined
by two studies 30 years ago.”"

The major change in the AJCC 6th edition was to define the
lower limit for micrometastasis defined as a metastatic lesion
larger than 0.2 mm in diameter and the upper limit was kept in
2 mm and ITC (single cells or cell deposits) no larger than 0.2
mm and classified as pNO. This lower limit of > 0.2 mm (10
times smaller than the upper limit) had been tested in only one
retrospective study.”

With the advent of more sensitive technique, such as ITHC
stains, it was easier to detect ITC that were not readily visible
from the H&E stain slides which was the gold standard for de-
tection of metastatic carcinoma in the axillary lymph nodes. For
example, when H&E stain shows no metastatic carcinoma but
THC stain with ITC, then the classifier became pNO(i+) for
positive IHC, no cluster > 0.2 mm. The designation of pN1mi
(i+) was used when H&E stain negative but IHC stain detected
micrometastasis. So, “1” stands for IHC stain in the 6th edition
AJCC.'

Separating the upper and lower limits of cutoff for ITC and
micrometastatic lymph node is not an easy task since there is no
“pure” study that has evaluated differences in overall survival
compounding factors such as with or without tumor size, chemo-
therapy and radiation therapy.

The pNO(mol-) and pNO(mol+) classifiers were also added in
the 6th edition of AJCC based on the molecular findings using
RT-PCR.

The additional designation of (sn) for “sentinel node” was
used in the classification of TNM staging system when only the
SLN was excised without the full ALND. See Table 1.

With the advent of SLN biopsy, knowing sentinel nodes are
more likely to contain metastases than non-SLNs, pathologists
began to perform much more thorough and comprehensive ex-
aminations which included grossing by submitting the entire
node by sectioning 2.0 mm thickness in a longest axis, serial

http://dx.doi.org/10.4132/jptm.2015.11.23



Table 1. AJCC 6th edition

Sentinel Lymph Node in Breast Cancer ® 85

Table 2. AJCC 7th edition

pNO(sn) No metastasis-sentinel lymph node

pNO(i+) Isolated tumor cells (single cells or cell deposits) no larger
than 0.2 mm

pN1mi Metastatic lesion larger than 0.2-2.0 mm

pN1mi(i+) H&E stain negative but IHC stain detected micrometastasis

pNO(mol-)  Negative molecular findings using RT-PCR

pNO(mol+)  Positive molecular findings using RT-PCR

AJCC, American Joint Committee of Cancer; H&E, hematoxylin and eosin;
IHC, immunohistochemical; RT-PCR, reverse transcriptase-polymerase
chain reaction.

sections for H&E stains instead of just one section, and adding
IHC stains which deviated from the reference population assay
in which lymph node examination was much simpler- one
H&E section per node for pathologic examination before 1990s.
Previously, grossly negative large lymph nodes were not neces-
sarily entirely submitted for histologic examination.

Introduction of ITC was to prevent overtreatment of low-
volume nodal involvement since some of the ITC is caused by
passive tumor cell transport to the SLN after pre-operative fine
needle aspiration (FNA) and/or core needle biopsy procedures
and iatrogenic displacement due to breast massage causing be-
nign epithelial elements in lymph node resulting false positive
especially in papillary lesions."”

As we all know, finding metastatic carcinoma in lymph nodes
is a statistical exercise of probability. With more H&E and THC
stain sections we get from the block, the probability of having
positive node increases. We have the capability to detect even
one cell in the SLN if this is clinically meaningful but first, we
need to figure out whether this effort is paid off by clinical sig-
nificance.

Also, there are differences in terminology in literature. Prior to
AJCC 2003 and 2006, the term “isolated tumor cells” and “mi-
crometastasis” were not clearly defined. Some studies referred to
these as “occult metastasis.”

Later on the AJCC definition of SLN tumor deposits were
measured using a micrometer and placed in one of three catego-
ries:’ macrometastasis, micrometastasis, or ITC. A macrometas-
tasis was classified as “one or more tumor deposits greater than 2
mm.” A micrometastasis was classified as a tumor deposit “great-
er than 0.2 mm but not greater than 2.0 mm in largest dimen-
sion.” ITC were “defined as single cells or small cluster of cells
not greater than 0.2 mm in largest dimension.” A cluster was
defined as “a confluent focus of tumor cells touching other tu-
mor cells.” The single largest cluster was measured by microm-
eter. Single dispersed cells throughout the lymph node were re-
garded as ITC if the largest cluster measured less than or equal

http://dx.doi.org/10.4132/jptm.2015.11.23

pNO(i+)  Isolated tumor cells (single cells or cell deposits) no larger than
0.2 mm or fewer than 200 cells

pN1mi  Metastasis greater than 0.2 mm and/or more than 200 cells,
but none greater than 2.0 mm

pNia Macrometastasis in 1 to 3 axillary lymph nodes, at least
1 metastasis greater than 2.0 mm

pN2a Metastases in 4 to 9 axillary lymph nodes (at least 1 tumor
deposit greater than 2.0 mm)

pN3a Metastases in 10 or more axillary lymph nodes (at least 1 tumor
deposit greater than 2.0 mm)

AJCC, American Joint Committee of Cancer.

to 0.2 mm.” The presence of metastatic disease is measured by
the size of the largest contiguous metastasis for multiple foci in
SLN. The main differences between the AJCC 6th edition to the
AJCC 7th edition in regards to SLN is to count the number of
metastatic cells; if it is less than 200 cells versus over 200 cells
for ITC and micrometastasis respectively. The label “i” stands
for isolated tumor cells and not THC stain for the 7th edition
AJCC.

The main reason for a 200 cell cutoff was to have better repro-
ducibility between pathologists. The arbitrary cutoff of the exact
size and number was listed for improvement of agreement be-
tween pathologists without any clinical trial of the significance
in prognosis and clinical validation. In fact, this was incorporat-
ed into the 7th edition for large dishesive, non-confluent tumor
cells throughout the lymph node typically seen in metastatic
lobular carcinoma. In addition, the 7th edition of AJCC states
“these thresholds are meant to be guidelines, and not absolute
cutoffs, to help pathologists determine if the tumor burden in a
given lymph nodes is likely to be clinically important or not.
The pathologist should use judgment and not an absolute cut-
off of 0.2 mm or exact 200 cells, in determining the likelihood
of whether the cluster of cells is an I'TC or a true micrometasta-
sis”. See Table 2.

According to the 7th edition AJCC, a positive node is defined
as a metastasis measuring at least 0.2 mm, or > 200 tumor cells
(pPN1mi). Whenever there is a positive lymph node, the pathol-
ogist also needs to desctibe the following: the size of metastasis
(or number of tumor cells), the anatomical node involved such as
axilla, internal mammary, intramammary, infraclavicular or su-
praclavicular lymph node, the total number of positive nodes,
and the method of detection such as clinical, FNA or tissue biopsy.

Positive intramammary lymph nodes are count in the total
axillary lymph node count. Positive internal mammary SLN af-
fects pN stage depending on status of other nodes (metastasis in
clinically apparent ipsilateral internal mammary lymph nodes
in the presence of 1 or more positive axillary lymph nodes; or in

http://jpatholtm.org/
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more than 3 axillary lymph nodes and in internal mammary
nodes with microscopic disease detected by SLN dissection but
not clinically apparent). Positive infraclavicular node is staged
as pN3a and supraclavicular node is staged as pN3c.

In addition, there is a troubling statement in the AJCC 2010
“Data elements with asterisks (small clusters of cells not greater
than 0.2 mm o single tumor cells, or a cluster of fewer than 200
cells in a single histologic cross-section) are not required. How-
ever, these elements may be clinically important but are not yet
validated or regularly used in patient management.”

Further disclaimer statements in the 7th edition of AJCC are
as follows: “Approximately 1,000 tumor cells are contained in a
3-dimensional 0.2-mm cluster. Thus, if more than 200 individu-
al tumor cells are identified as single dispersed tumor cells or as
a nearly confluent elliptical or spherical focus in a single histo-
logic section of a lymph node, thete is a high probability that
more than 1,000 cells are present in the node. In these situa-
tions, the node should be classified as containing a micrometas-
tasis (pN1mi). Cells in different lymph node cross sections or
longitudinal sections or levels of the block are not added togeth-
er; the 200 cells must be in a single node profile even if the node
has been thinly sectioned into multiple slices. It is recognized
that there is substantial overlap between the upper limit of the
ITC and the lower limit of the micrometastasis categories be-
cause of inherent limitations in pathologic nodal evaluation and
detection of minimal tumor burden in lymph nodes. Thus, the
threshold of 200 cells in a single cross-section is a guideline to
help pathologists distinguish between these 2 categories.” And
final statement is as follows: “The pathologist should use judg-
ment regarding whether it is likely that the cluster of cells rep-
resents a true micrometastasis or is simply a small group of iso-
lated tumor cells.”

In 2010, both the UICC and TNM joined in the provision in
guidelines for SLN classification, however, studies have shown
poor reproducibility in the application of in both invasive duc-
tal and invasive lobular carcinomas.

Furthermore, previous studies have shown that application of
IHC stain on H&E negative lymph node can detect small vol-
ume metastatic carcinoma in 129%—29% of cases. However, all
the previous data of prognosis based on lymph node status has
been from one H&E section evaluation. Therefore due to more
thorough examination of SLN, more cases of ITC have been re-
ported."

For this reason, the College of American Pathologists (CAP)
published a consensus statement in July 2000 recommending a
single H&E slide section from each lymph node block without

http://jpatholtm.org/

gross evidence of metastasis without routine cytokeratin THC
stain or routine serial sectioning based on the preliminary study
from John Wayne Cancer Center which found no differences in
five-year disease-free survival rate between node negative by
H&E negative, IHC negative versus H&E negative, IHC posi-
tive groups.'*?

Although CAP guidelines and recommendations for SLN bi-
opsy for pathologists did not include serial sectioning with mul-
tiple H&E slides and IHC stains, many pathologists reported
and continued to perform comprehensive evaluation on SLN
including our institution to this date. With the advent of the
comprehensive SLN evaluation, probability of finding small
metastasis increased and the natural question is whether to pet-
form completion ALND on these cases. It is reported that among
patients with a positive SLN by H&E stain were found to have
additional nodal metastasis in ALND in 48.3% of cases.”' In ad-
dition, metastatic carcinoma is found in non-sentinel nodes dur-
ing ALND in 9%-15% and 15%-35% of patients with ITC
and micrometastasis in the SLN respectively.””

Traditionally, complete ALND was done for SLN with pN1mi
and macrometastasis but not for pNO(i+). Also adjuvant che-
motherapy may have been added to pN1mi and macrometasta-
sis. This was true in many practices including our institution.
And therefore, it would be important to distinguish an accurate
size of metastatic tumor deposits in the SLN.

PROBLEMS IN DETERMINING METASTATIC
SENTINEL LYMPH NODE SIZE IN PATHOLOGY

Grossing axillary SLN

How best to gross SLN is not stated in the AJCC Staging
Manuals. Most pathologists submit clinically negative SLN en-
tirely for microscopic examination by slicing lymph node in a
longest axis into 0.2 cm thickness based on CAP guideline. CAP
states that a single H&E section from each block is sufficient and
multiple level sections and IHC stain for keratin are not neces-
sary. However, there are many institutions performing multiple
levels and IHC stains for each block for SLN. The “correct”
method is still a matter of debate. In our institution, we get 3
multiple levels for H&E stain and 2 intervening keratin IHC
stains for entirely submitted each SLN blocks. The reason for this
is that IHC stain highlights small metastatic cells easier than
H&E stain, especially for the metastatic lobular carcinoma cases.

Microscopic examination of SLN
While the 7th edition AJCC criteria and definition are fairly

http://dx.doi.org/10.4132/jptm.2015.11.23



straightforward, its” application may be difficult in reality for
pathologists to uniformly classify N-stage correctly. Initially, in
2006, Dr. Connolly* described some of the most practical chal-
lenges in the classification in the assessment of SLN biopsy sep-
arating I'TC, micrometastases, and macrometastases.

Cserni et al.” reported that there is 24% discordance in their
review of 512 cases of low-volume nodal metastasis and a plea
for better formulated supplemented TNM definition.

Literature reported the kappa values for pathologist’s agree-
ment is at best moderate to substantial reproducibilicy.”*** The
kappa value for interobserver agreement was reported moderate
(0.55 and 0.56) for pNO(i+) and substantial (0.62) for pN1mi.
This is an improvement from the previous interobserver agree-
ment amongst expert breast pathologists (kappa: 0.49) and com-
munity hospital-based pathologists (kappa: 0.47) based on Euro-
pean Working Group for Breast Screening Pathology (EWGBSP).
Despite the intent for the better interpretation of metastatic tu-
mor cells in lymph node in the 7th edition AJCC, many issues
have not been resolved. In 2012, Netherlands group published
the discrepancy rate between central to local pathologists in
which changed pN status in 24% with kappa value of 0.69.”

This is stating that one of four cases in breast cancer, patholo-
gists do not agree with N-stage even though the descriptor for
N-stage is easily understandable in the AJCC Staging Manual.
There are still some circumstances pathologists have difficulties
knowing how to accurately assign N- stage based on the 7th edi-
tion AJCC. Here are some of the examples:

1. Multiple discontinuous foci of metastatic carcinoma as seen
in Figs. 1 and 2. The entire area of metastatic carcinoma is > 2
mm but the largest contiguous metastatic carcinoma measures
<0.2 mm. Is this macrometastasis or micrometastasis? The
AJCC staging criteria states that we should not add these non-
contiguous metastatic foci but shouldn’t there be an upper lim-
it to number of foci of micrometastases to upgrade to macrome-
tastasis based on the sheer volume of tumor deposits? Does this
actually make a common sense to classify as pN1mi? All the
other organs in pathology staging would classify this kind of
scenario as “metastatic carcinoma.” Using the best pathologist’s
“judgment,” macrometastasis may be best for this case although
by strict criteria, it is pN1mi.

2. Multiple discontinuous foci of metastatic carcinoma as seen
in Fig. 3. The entire area will be classified as micrometastasis
but one of the longest contiguous areas will be classified as I'TC.
Counting the number of metastatic carcinoma may be < 200
cells. Is this micrometastasis (pN1mi) or ITC [pNO(i+)]? How
should we best judge?

http://dx.doi.org/10.4132/jptm.2015.11.23

Sentinel Lymph Node in Breast Cancer ¢ 87

3. Metastatic carcinoma seen in axillary adipose or fibrous tis-
sue without any residual and apparent lymph node structure.
Should this be counted as positive lymph node or a carcinoma
arising in axillary breast tissue? Based on the 6th edition, can-
cerous nodules in the axillary fat without evidence of residual
lymph node tissue should be classified as positive axillary lymph
nodes. But what if these cancerous nodules in the axilla are can-

Fig. 1. Keratin immunohistochemical stain. Multiple discontinuous
foci of keratin positive metastatic tumor deposits are noted. The larg-
est cluster seen on the lower left corner is <2 mm. Is this macrome-
tastasis or micrometastasis? The American Joint Committee of Can-
cer (AJCC) staging criteria states that we should not add these non-
contiguous metastatic foci but shouldn’t there be an upper limit to
number of foci of micrometastases to upgrade to macrometastasis
based on the sheer volume of tumor deposits? Does this actually
make common sense to classify as pN1mi as the criteria written in
the 7th edition AJCC? All the other organs in pathological N staging
would classify this kind of scenario as “metastatic carcinoma.”

Fig. 2. Keratin immunohistochemical stain. Most pathologists would
classify this image as macrometastatic lymph node but technically
each cluster or group of cells are not touching each other in a conflu-
ent or contiguously, and therefore, each cluster should be considered
independent and measured independently.
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cer cells from the axillary breast tissue? Should it be classified as
extensive extracapsular extension? Many pathologists do not
classify cancerous nodules in axilla without apparent lymph node
structure as lymph node metastasis (unpublished personal ob-
servation). The dimension of the tumor from this scenario may
end up in T-stage rather than in N-stage. See Fig. 4.

4. When there is pericapsular lymph-vascular invasion (LVI)
in which tumor cells are not in the parenchyma or subcapsular
part of lymph node, is that considered metastatic or LVI? Deep-
er sections still did not show intracapsular or intraparenchymal
involvement. Anecdotally, this kind of the case was sent out to
other breast pathology experts and came back with different
opinions; some considered metastatic carcinoma pNO(i+) or
pN1mi depending on the size of the largest contiguous dimen-
sion of metastatic focus and some just LVI. See Figs. 5 and 6.
Based on CAP guidelines, capsular LVI is considered metastatic
carcinoma and the largest dimension is measured as the size of
metastasis. However the 7th edition AJCC does not specify this
scenario.

5. When most of the metastatic carcinoma is seen outside the
lymph node capsule (in this case by metastatic lobular carcino-
ma) with only one ITC within the lymph node parenchyma, is
it considered extracapsular invasion with ITC or is it microme-
tastasis based on the total number of cells of >200 or >0.2
mm? See Figs. 7 and 8. Should the extracapsular extension be
included as a maximum linear dimension of metastasis?

6. Matted lymph nodes with metastatic carcinoma; how

should we count? One matted lymph node or identifiable appar-

o 2

Fig. 3. Keratin immunohistochemical stain. Multiple discontinuous
foci of metastatic carcinoma each cluster measuring no larger than
0.2 mm and fewer than 200 cells. Is this micrometastasis (pN1mi)
or isolated tumor cells [pNO(i+)]? There is even extracapsular inva-
sion seen on the upper left corner.
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ent lymph nodes involved with metastatic tumor? This may al-
ter pN1a or above in some cases.

7. Invasive lobular carcinoma often has loss of E-cadherin

Fig. 4. Low grade invasive tumor is seen from axillary fat without
adjacent residual and apparent lymph node structure. Should this
be counted as positive lymph node or a carcinoma arising in axillary
breast tissue? Based on the 6th edition, cancerous nodules in the
axillary fat without evidence of residual lymph node tissue should be
classified as positive axillary lymph nodes. There is no normal breast
tissue or ductal carcinoma in situ around this tumor. Is this axillary
breast tissue with carcinoma, totally effaced lymph node with meta-
static carcinoma or extensive extracapsular invasion? Many pathol-
ogists do not classify cancerous nodules in axilla as lymph node
metastases.

Fig. 5. Pericapsular lymph-vascular invasion (LVI) in which tumor
cells is not seen in the parenchyma or subcapsular part of lymph
node. Should this be classified as metastatic [either pNO(i+) or pN1mi
depending on the maximum linear dimension] or LVI? Tumor depos-
its seen in afferent vessel and not intracapsular or intraparenchymal
involvement is technically LVI, a transient step before metastasis
into lymph node. Based on College of American Pathologists (CAP)
guidelines, capsular LVl is considered metastatic carcinoma and the
largest dimension is measured as the size of metastasis. However
the 7th edition American Joint Committee of Cancer (AJCC) does
not specify this scenario.
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Fig. 7. Metastatic lobular carcinoma is seen mostly outside the
lymph node capsule with only one isolated tumor cell within the
lymph node parenchyma. Should the extracapsular extension in-
cluded as maximum linear dimension of metastasis or is it consid-
ered extracapsular invasion with isolated tumor cells?

which results in individual cell pattern in both breast and lymph

node. This scenario was written by Turner e 2/

who reported
inconsistence in nodal metastases by breast pathologists with
the initial kappa before the training program was 0.575 and
post-test was 0.947. We reported that strict adherence of the
6th edition AJCC criteria will result in down staging N in
many lobular carcinoma cases.”*

The 7th edition AJCC was bit more helpful in this situation
because one needs to count the number of metastatic cells in
SLN;; if it is less than 200 cells versus over 200 cells for isolated
tumor cells and micrometastasis respectively. However, the num-
ber 200 cells is arbitrarily chosen without any background pub-
lished research data with clinical follow-up. Although some

metastatic lobular carcinoma cases have obvious macrometasta-
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Fig. 9. Keratin stain. Dispersed pattern of multiple and numerous
foci metastatic lobular carcinoma to lymph node is commonly seen.
If these cells are more than 200 cells or less than 200 cells, then, it is
classified as micrometastasis (pN1mi) and ITC [pNO(i+)] respectively.
All cases such as this will be classified as pN1mi based on >200
cells but why can't it be macrometastasis? Is there an upper limit
such as 500 cells or 1,000 cells to qualify as macrometastasis?

sis, diffuse single or few cell clusters of infiltrating pattern is typi-
cal for invasive lobular carcinoma metastatic to lymph node (Fig. 9).
All cases such as this will be classified as pN1mi based on > 200
cells but why can’t it be macrometastasis? Is there an upper limit
such as 500 cells or 1,000 cells to qualify as macrometastasis?

8. For N-stage, if there is stromal desmoplasia or stromal
proliferation around small volume metastasis, the 6th edition
AJCC states that the size of the tumor deposit should include
the stromal reaction. The 7th edition AJCC recognized that
this distinction is highly subjective. In general, after neoadju-
vant chemotherapy, the classification of lymph nodes should be
the same as the patients who did not have neoadjuvant chemo-
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Fig. 10. Keratin stain. Isolated tumor cells are seen (< 200) within the
parenchyma of the lymph node. Most American pathologists will
classify this is pNO(i+) but many of European pathologists may clas-
sify this as micrometastasis based on previous International Union
Against Cancer (UICC) related publications.

therapy. Lymph nodes after neoadjuvant chemotherapy more
frequently show stromal fibrosis without “typical desmoplasia,”
foamy histiocytes with multinucleated giant cell reaction, elas-
tosis and small clusters of non-confluent residual and viable
metastatic tumor cells. How should we classified- is this ypNO
(i+) or ypN1? After all, even small residual metastatic deposits
after neoadjuvant chemotherapy is probably not true ITC but a
remnant of macrometastasis prior to therapy and hence, it should
be classified as pN1. Currently, the AJCC Staging Manual is
not clear about this scenario and hence, pathologists are stating
in their report how they measured the size of metastatic deposit
with a long explanation.

9. Location of metastatic tumor cells whether it is subcapsu-
lar or intraparenchymal is not specified in the 7th edition AJCC,
however, many European pathologists based on previous UICC
related publications, tumor cells located within the parenchyma
measuring even less than 0.2 mm is considered micrometastasis
and not considered as ITC. Regardless of the location, most of
American pathologists would consider ITC purely depending
on the size of metastasis. See Fig. 10.

The above stated scenarios are difficult to resolve and ulti-
mately depends on the pathologists to make appropriate judg-
ments resulting high subjectivity and inconsistence in N-stage.
Finally, we need to ask ourselves, is this distinction between pNO
(i+) and pN1mi useful for patient’s prognosis, treatment plans
and overall survival? For that matter, is macrometastasis differ-
ent in prognosis and overall survival when compared to pNOGi+)
and pN1mi? Our goal is to determine the significance of these
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findings, albeit that there is difficulty in interobserver reproduc-
ibility among the pathologists. Also we should keep in mind
that both retrospective and prospective studies in literature
composed of variability in interpretation of N-stages; pNO(i+),
pN1mi and pNla even with the best intention of adhering to
AJCC criterion. Also the mode of detection of metastatic SLN
has been different in literature.

CLINICAL SIGNIFICANCE OF
SENTINEL LYMPH NODE

In 2005, an American Society of Clinical Oncology (ASCO)
guideline recommendation for SLN biopsy in early-breast cancer
was published. The recommendation and guideline were based
on the literature review from one prospective randomized con-
trolled trial, four limited meta-analysis, 69 published single-in-
stitution and multicenter trials. SLN biopsy alone without com-
plete ALND is considered standard of care for SLN negative
patients. Completion ALND was standard treatment for patients
who had macro- and micrometastasis in SLN for T1 and T2 tu-
mors. “For large or locally advanced inflammatory breast cancer
(T3 and T4), ductal carcinoma 7n situ, when breast-conserving
surgery is to be done, pregnancy, in the setting of prior non-on-
cologic breast surgery or axillary surgery, and in the presence of
clinically suspicious axillary lymph node, SLN biopsy was not
recommended.””’

Survival data on pNO(i+), pN1mi and pN1 showed mixed re-
sults. Survival benefit of preforming ALND after ITC and/or
micrometastasis in SLN was not clear cut. Some reported an ad-
verse effect on survival and others have shown no effect. Again,
the mixed results may have been due to the variable definitions
of micrometastases and ITC in literature and different mode of
detection.

Retrospective clinical data

The Surveillance Epidemiology and End Results (SEER) da-
tabase reported that micrometastasis represents a significant
prognostic marker. Their data consists of 209,720 patient num-
bers between 1992 and 2003 and the 10 year survival among
pN1, pN1mi and pNO(i+) is 73%, 77%, and 78%, respectively.
Also, N1mi diagnoses increased from 2.3% to 7%.%

de Boer et al.”’ published MIRROR (Micrometastasis and Iso-
lated Tumor Cells: Relevant and Robust Or Rubbish?) study in
Netherlands which included three cohorts with the median fol-
low-up of 5.1 years: 865 patient with negative regional lymph
nodes who did not receive adjuvant chemotherapy, 865 patients
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with either ITC or micrometastasis in lymph nodes who did
not receive adjuvant chemotherapy and 994 with either I'TC or
micrometastasis in lymph nodes who did receive adjuvant che-
motherapy. The authors found ITC or micrometastases in re-
gional lymph nodes were associated with a reduced disease-free
survival who did not receive adjuvant chemotherapy and those
who received adjuvant chemotherapy had improved disease-free
survival rate.”’

Pugliese ¢t al.”® studied a total of 954 SLN biopsies consist of
491 NO(i-), 86 NO(i+), 73 N1mi, 146 Nla, 29 N2a, and 11
N3a patients with a median follow-up of 45.4 months and found
no differences in overall survival (OS) and relapse-free survival
(RFS) between pNO(i-) and pNO(i+) or pN1mi but worse prog-
nosis was noted when the size of the metastases reached the
pNla.

Hansen ¢ al.” reported no difference in disease-free survival
and OS with a median follow up of 8 years between pNO, pNO
(i+) and pN1mi in their study cohort of 790 with patients. Their
cohort consisted >90% who had received adjuvant chemother-
apy. Only patients with macrometastasis had a statistical signif-
icant decrease in disease-free survival and OS.

Bilimoria e #/.** reported a retrospective study from the Na-
tional Cancer Data Base on 97,314 SLN positive patients
from1998-2006 subdivided into those who had ALND and
those who did not have ALND had a similar axillary local recur-
rence and 5 year relative survival; 23% macrometastases (pN1)
and 55% with SLN micrometastases (pN1mi).

The SEER Database by Yi & 4/.*" reported a total of 26,986
composed of 11% pN1 and 33% pN1mi from 1998-2004 had
no difference in OS at a median follow-up of 50 months.

In addition, there are nine smaller studies comprising a total
of 1,035 patients with positive SLN without ALND and report-
ed low axillary local recurrence rate, in the range of 0% to 2% at
28-82 months follow-up.*

Our institution also supported that SLN biopsy alone as ade-
quate intervention in 302 patients with an average clinical fol-
low-up of 24 months.* Even for the mastectomy cases with pN1
disease in SLN did not affect OS and RES between the radiation
therapy without ALND and complete ALND surgery.*

Prospective clinical data

There are three significant prospective randomized studies rel-
evant to SLN metastasis: the National Surgical Adjuvant Breast
and Bowel Project (NSABP) trial-32, the American College of
Surgeons Oncology Group (ACOSOG) trial Z0011, and the In-
ternational Breast Cancer Study Group (IBCSG 23-01)."
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The NSABP B-32 was a randomized controlled phase 3 trial
composed of 5,611 patient sample divided into group 1 (SLN
and ALND) and group 2 (SLN alone if no metastasis SLN with
ALND if metastatic carcinoma was present in SLN). The adju-
vant chemotherapy and radiation therapy was relatively equally
divided in between these groups: 85% in group 1 and 84.1% in
group 2. The clinical follow-up was 95.6 months and the end-
point was overall survival. The authors found no differences in
OS, disease-free survival and regional control between two
groups. NSABP B-32 also looked into clinical significance in
“occult metastasis” comparing pNO, pNO(i+) and pN1mi
groups and found no difference in overall survival among these
groups during 5-year follow-up period. The authors concluded
that additional evaluation including IHC stains and multiple
levels of SLN are not indicated because a clinical benefit was
not significant.**

The ACOSOG Z0011 trial 2 is a landmark article that changed
paradigm shifts in 2011. ACOSOG Z0011 is a randomized trial,
non-inferiority study which suggested that completion ALND
is not necessary in T1 and T2 breast cancer patients who re-
ceived whole-breast radiation since disease-free survival and re-
currence rates did not appear to differ between the patients who
had completion ALND versus those who had SLN biopsy alone
and had up to two positive SLNs. All patients in this study re-
ceived adjuvant radiation therapy. The study consisted of 813
positive SLN patients randomized to 388 patients who had
ALND and 425 patients without ALND. Criticisms of ACOSOG
70011 study have been that the case selection was biased toward
older women, predominantly estrogen receptor (ER) positive
tumors (younger women with ER negative tumors were under-
represented), lost to follow-up was significant (21% in the com-
plete ALND and 17% in the SLN alone groups) and short clin-
ical follow-up of 6.3 years.

The IBCSG 23-01 was a multicenter randomized phase 3 trial
in breast cancer size of less or equal to 5 cm, separating pNOG +)
and pN1mi without extracapsular invasion of SLN based on
H&E slide to 464 patients who had ALND and 467 patients
who did not have ALND with a median follow-up of 5 years. The
result was similar to the ACOSOG Z0011 trial stating that ALND
was not necessary since there is no adverse effect on survival.”

Additionally, the European Organization for Research and
Treatment of Cancer (EORTC) 10981-22023, the After Map-
ping of the Axilla: Radiotherapy or Surgery (AMAROS) which
is a randomized, multicentric, phase 3 non-inferiority trial also
supported ACOSOG Z0011 findings that there are no differenc-
es when complete ALND verses axillary radiation therapy from
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positive SLN patients in early breast cancer when the usage of
chemotherapy, or hormone therapy was factored in. Traditionally
ALND has been a guide to adjuvant chemotherapy and based
on this study, the information provided by complete ALND is
no longer useful.”"”

Another prospective clinical trial study, the POSNOC (Posi-
tive Sentinel Node: Adjuvant Therapy Alone versus Adjuvant
Therapy Plus Clearance or Axillary Radiotherapy) trial is still
open and recruiting patients till 3/31/18 in the United King-
dom which is a pragmatic, randomized, multicentric and non-in-
feriority trial for early breast cancer with one or two SLN mac-
rometastases.

CONCLUSION AND COMMENTARY

The growing body of literature from both retrospective and
prospective studies advocates conservatism. Completion ALND
is not providing benefit of OS and disease-free survival in mi-
croscopic metastatic SLN [pNO(i+) and pN1mi]. Even macro-
metastasis in one or two SLN(s) in ACOSOG Z0011 did not
affect OS. There is mounting evidence to support that SLN bi-
opsy alone can be a standard practice demonstrating its efficacy,
accuracy in staging and equivalent survival outcome when com-
pared to complete ALND and SLNB alone in T1-T2 breast
cancer, >’

Recently, Danish Breast Cancer Cooperative Group (DBCG)
looked into 2,074 patients who had wither ITC or micrometas-
tasis in SLN and found no significant difference in OS and axil-
lary recurrence rate between patients who had completion ALND
or no ALND. The study add growing literature that it is safe to
omit ALND in minimal metastatic disease in the SLN.*®

From a pathologists’ point of view, we need to ask the follow-
ing questions: Are we reporting small volume metastasis in vain?
Is separating pNO(i+) or pN1mi really necessary? While most
of the cases N-staging are straightforward, we do still face am-
biguous cases. When we perform tedious work by counting
metastatic tumor cells, we want to make sure this work has val-
ue in clinical contribution. The evidence shows that separating
small volume N-stage or even macrometastasis is not affecting
clinical management to perform completion ALND or OS in
early stage breast cancers. Also all other organ systems in the
same AJCC Staging Manual for colon cancer, gynecologic can-
cer, even melanoma which the technique of SLN was first de-
scribed do not practice as in breast N-staging; there is no pNO
(i+) or pN1mi. Metastatic carcinoma when seen by either HXE
or IHC stain slide is called metastatic carcinoma. IHC stain is
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used discretionally by pathologists to confirm the presence of
metastasis as needed if there is suspicious area by H&E slide.
Why should breast cancer N-stage be any different from other
organs?

As we understand that ALND dissection is no longer needed
or necessary in many early breast cancers, the necessity of pet-
forming multiple levels, IHC stain, frozen section and molecu-
lar studies on SLN needs to be revisited.

Recently the AJCC Executive Committee announced a mid-
2016 publication date for the 8th edition AJCC Cancer Staging
System during its September 2013 Annual Meeting held in Chi-
cago. The 8th edition will be effective for all cancer cases record-
ed on or after January 1, 2017. Key activities prior to the 2016
publication data are 1. Analysis of data collected since the 7th
edition’s release in 2010, 2. Validation of prognostic and predic-
tive factors for incorporation in the staging system and 3. Col-
laboration with the cancer care and surveillance community to
set the standard to anticipate, communicate, and help incorpo-
rate staging system changes. Breast Expert Panel leaders are
Gabriel N. Hortobagyi, MD, Breast Medical Oncologist and
Armando Giuliano, MD, Breast Surgical Oncologist.

As a pathologist, I hope to see the 8th edition AJCC Cancer
Staging System for N-stage to be clinically relevant with simple
and practical application without further arbitrary cutoffs to re-
duce subjective interpretation and to enhance agreement between
both academic and community based pathologists all over the
world.
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Background: Immunohistochemical demonstration of CD20 in diffuse large B-cell lymphoma
(DLBCL) is prerequisite not only for the diagnosis but also for assigning patients to rituximab-
containing chemotherapy. However, little is known about the impact of abundance of CD20 ex-
pression assessed by immunohistochemistry on the clinical outcome of DLBCL. We performed a
semi-quantitative immunohistochemical analysis of CD20 expression in DLBCL to examine the
prognostic implication of the level of CD20 expression. Methods: Pre-treatment diagnostic tissue
samples from 48 DLBCL patients who were treated with rituximab, cyclophosphamide, doxorubi-
cin, vincristine, and prednisone (R-CHOP) regimen were represented in a tissue microarray and
immunostained for CD20. The relative abundance of CD20 expression was semi-quantitatively
scored using a web-based ImmunoMembrane plug-in. Receiver operating characteristic curve
analysis was used to determine a prognostically relevant cut-off score in order to dichotomize the
patients into CD20-high versus CD20-low groups. Results: The levels of CD20 expression were
heterogeneous among the patients, with a wide and linear distribution of scores. Patients in
CD20-low group showed significantly poor clinical outcome. Conclusions: The levels of CD20 ex-
pression in DLBCL are heterogeneous among the patients with DLBCL. A subgroup of the pa-
tients with CD20 expression levels below the cut-off score showed poor clinical outcome.

Key Words: Antigen, CD20; Lymphoma, large B-cell; Immunohistochemistry; Tissue array analysis

Diffuse large B-cell lymphoma (DLBCL) is the most aggressive
non-Hodgkin lymphoma that is potentially curable with conven-
tional cyclophosphamide, doxorubicin, vincristine, and predni-
sone (CHOP) chemotherapy.l Even though the addition of ritux-
imab to standard CHOP chemotherapy dramatically improved
the survival of the patients, some patients fail to respond to ritux-
imab, cyclophosphamide, doxorubicin, vincristine, and predni-
sone (R-CHOP) regimen. Furthermore, relapse of disease after
standard chemoimmunotherapy has been documented to be
roughly up to 50%.” In rituximab-era, immunohistochemical
demonstration of CD20 in the cell membrane of the lympho-
ma-cells is prerequisite not only for histopathologic diagnosis of
DLBCL but also for assignment of the patients to front-line

rituximab-containing immunochemotherapy. However, the

© 2016 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/
96 by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

prognostic significance of relative abundance of immunohisto-
chemically assessed CD20 expression on the formalin-fixed par-
affin-embedded tissue (FFPET) sections of the diagnostic tissue
samples has not yet been investigated.

Rituximab is a CD20-directed chimeric monoclonal antibody
that depletes the tumor cells with CD20 expression in their cy-
toplasmic membrane through mechanisms including inhibition
of cell proliferation, induction of apoptosis, and antibody/com-
plement-dependent cytotoxicity.” Accordingly, the relative ab-
undance of CD20 in tumor cells could be implicated in the clin-
ical outcome of the patients treated with R-CHOP regimen.
However, there is no immunohistochemical marker that can
discriminate patients who are beyond the benefits of the addi-
tion of rituximab to conventional standard chemotherapy. We
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hypothesized the relative abundance of CD20, the target mole-
cules of rituximab on the cell membrane of the tumor cells, could
be implicated in the prognosis of DLBCL patients treated with
standard R-CHOP therapy. In this study, we performed a semi-
quantitative immunohistochemical analysis of CD20 expression
in a tissue microarray (TMA) cohort of DLBCL tumor tissues and
correlated the CD20 level with clinical outcome.

MATERIALS AND METHODS

TMA cohort

We searched the surgical pathology archives for cases diag-
nosed with de novo DLBCL in Inha University Hospital between
January 2006 and December 2013. Among them, we included
the patients who received six to eight cycles of standard R-CHOP
chemotherapy. Having excluded the primary central nervous

O
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system lymphomas and cases diagnosed based on small biopsy
specimens such as endoscopic biopsy or needle biopsy, a total of
48 patients with complete outcome data were eligible for the
preparation of TMA cohort, including 27 male and 21 female
with a median age of 58.5 years (range, 20 to 81 years). Two
1-mm duplicate cores from the diagnostic FFPET samples were
represented on a TMA by using a self-made TMA and a home-
made recipient block as described previously.’

Immunohistochemical staining of TMA sections

Using an automated immunohistochemical stainer (Bench-
MarkXT, Ventana, Tucson, AZ, USA), sections of the TMA cut
in 4-pm thickness were routinely processed for immunohisto-
chemical stains for CD20 (1:500, H1, heat-induced antigen re-
trieval, BD Pharmingen, San Jose, CA, USA), BCL2 (1:100, 124,

Fig. 1. Visual heterogeneity in the intensity of CD20 staining in large B-cell lymphoma tumor tissues represented in a tissue microarray. The
levels of CD20 expression is visually heterogeneous among tumor tissues (A), ranging from weak (B), intermediate (C), to strong (D) intensity

of the 3,3’-diaminobenzidine (DAB) signal.
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BCL6 (1:30, PG-B6p, heat-induced antigen retrieval, Dako),
CD10 (pre-diluted, SP67, heat-induced antigen retrieval, Ven-
tana), and MUM1 (1:100, MUMI1p, heat-induced antigen re-
trieval, Dako). Cases were designated as positive when >30% of
the tumor cells were immuoreactive for all antibodies except for
CD20.’ Cases were classified into germinal center B-cell versus
non-germinal center B-cell type according to Hans classification.’

Quantification of CD20 levels

The whole image of CD20-stained TMA section was digitaliz-
ed using a digital slide scanner (VM600, Motic, Ximen, China)
using a X 20 objective (Fig. 1). Then, representative JPEG images
were acquired from each tissue sample (Fig. 1). CD20 immuno-
reactivity within each JPEG image was semi-quantitatively as-
sessed using Image] software (http:/rsbweb.nih.gov/ij/) coupled
with ImmunoMembrane plug-in (http://imtmicroscope.uta.fi/
immunomembrane).’ Completeness (0-10 points) and intensity
(0~10 points) of membrane staining was added for a score (020
points) (Fig. 2). Then, we used the average of the duplicates in
analysis as the arbitrary level of CD20 for each case.

Statistical analysis

The primary outcomes of interest in this study were overall
survival (OS) and event-free survival (EFS). OS was defined as the
time interval between the date of diagnosis and the date of death
by any cause. EFS was estimated from the date of diagnosis to the

ImmunoMembrane
Sample ID: CASE40
Date: 25.4.2015 17:46
Suggested classification: 0/1+ Suggested classification: 3+
Completeness score (0-10): 1 pts. Completeness score (0-10): 5 pts
Intensity score (0-10): 1 pts Intensity score (0-10): 4 pts
IM-score: 2 pts IM-sc ts

ImmunoMembrane
Sample ID: CASE17
Date: 25.4.2015 17:50

20 o -

[l = complete and strong [0 = incomplete or weak m- o-

date of disease progression, relapse, last contact, or death. Com-
plete response (CR) was determined according to the conven-
tional response criteria. Receiver operating characteristic (ROC)
curve analysis was used to select a prognostically relevant cut-off
score of CD20 expression that can dichotomize the patients in
terms of clinical otucome.*” Kaplan-Meier analysis was used to
estimate cumulative survivals and the differences between surviv-
al curves were analyzed using log-rank test. Chi-square test or
Fisher exact test were used to compare the differences in frequen-
¢y of categorical variables between two groups. Mann-Whitney
U test and Kruskal-Wallis test were used to assess mean differ-
ences between the groups. Multivariate regression analysis us-
ing the Cox proportional hazards model was performed to de-
termine the hazard ratios (HRs) of the clinicopathologic factors
and CD20 levels. All p-values presented were two-sided, and p
<.05 was considered statistically significant. All statistical analy-
ses were performed using SPSS ver. 19.0 (IBM Co., Armonk,
NY, USA).

RESULTS

Heterogeneity in CD20 levels among patients with DLBCL
The TMA section immunostained for CD20 exhibited het-
erogeneous CD20 levels among patients, with a high degree of
reproducibility in scores between duplicate tissue cores to dupli-
cate runs (Fig. 3). As indicated by a wide and linear range of the

ImmunoMembrane

Sample ID: CASE8

Date: 25.4.2015 17:35
Suggested classification: 3+
Completeness score (0-10): 10 pts
Intensity score (0-10): 10 pts
IM-score: 20 pts

[l = complete and strong  [I] = incomplete or weak

Fig. 2. Semi-quantitative immunohistochemical scoring of CD20 expression. The images of weak and incomplete (A, upper), weak and
complete (B, upper), and strong and complete (C, upper) staining for CD20 are digitally analyzed using the free web-based ImmunoMem-
brane (IM) plug-in that produces a combined score of 2 (A, lower), 9 (B, lower), and 20 (C, lower) in its pseudo-color image, respectively.
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semi-quantitative scores with a negatively skewed distribution
of data on the frequency histogram (Fig. 4), the level of CD20
expression was significantly lower in patients who died of disease
compared to those survived (p=.012) (Fig. ).

Association between CD20 level and clinical outcome

The median follow-up period was 58.5 months (range, 11 to
125 months). Overall, there were 27 male (56.3%) and 21 female
(43.7%) patients, and the median age was 58.5 years (range, 20
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Fig. 3. Reproducibility of the immunohistochemical scoring. The
combined scores of CD20 expression obtained from the first run of
semi-quantitative immunohistochemical scoring are reproducible in
the second run. Yellow triangle, CD20-low group; blue triangle, CD20-
high group; red rhombus, germinal center of the tonsil as control
tissue.
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Fig. 4. Negatively skewed distribution of the combined scores of
CD20 expression. The frequency histogram of the scores illustrates
a wide and linear range of the semi-quantitative scores with nega-
tively skewed distribution.
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to 81 years). After six to eight cycles of R-CHOP chemotherapy,
CR was achieved in 41 patients (85.4%) and 11 (11/41, 26.8%)
of them experienced relapse.

The outcome-based ROC curve analysis produced a predictive
cut-off score of 11.75 in CD20 levels (with an area under the

20.00 |- ]
15.00
[70]
8
(e}
[6)
(2]
S 1000 |
()
(@]
500 |
00

T T
Patient survived Patient died of disease

Fig. 5. High inter- and intra-group variation in the levels of CD20
expression between patients who survived and those died. The
mean of combined scores of CD20 expression was significantly
lower in patients who died of disease compared to those who sur-
vived (Mann-Whitney test, “p=.012).

1.0
Cut-off score of CD20
0.8 - \
> 0.6
=
:‘%
3
D gy AUC=0.751
' Sensitivity 73%, Specificity 70%
95% CI (0.571-0.930)
p=.012
0.2
0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0
1-specificity

Fig. 6. Determination of a cut-off score of CD20 expression level
for poor survival outcome. Receiver operating characteristic (ROC)
curve analysis was used to determine a statically optimal cut-off
score of CD20 expression level for prediction of disease-associat-
ed deaths. The cut-off score of 11.75 derived from the ROC curve
analysis maximized the sum of sensitivity and specificity (sensitivity,
72.7%; specificity, 70.3%; p=.012). AUC, area under the ROC
curve; Cl, confidence interval.
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ROC curve of 0.751; 95% confidence interval [CI], 0.571 to
0.930; sensitivity, 72.7%; specificity, 70.3%; p = .012) that could
predict poor prognosis in terms of OS (Fig. 6). Based on the pre-
dictive cut-off score, the overall patients in our cohort were di-
chotomized into the CD20-low (n = 20, 41.7%) and CD20-high
(n=28,58.3%).

Table 1 shows the distribution of the clinical background ch-
aracteristics of the patients in the two groups divided according
to the CD20 expression level. There were no significant differ-
ences in clinicopathologic parameters between the two groups.
CR was achieved in 15 patients (75%) in the CD20-low group
and 26 patients (92.9%) in the CD20-high group, with no sig-

nificant difference in CR rate between these two groups (p =
.197). Eventually, disease relapse was experienced by four out of
15 patients (26.7%) in the CD20-low group and by seven out
of 26 patients (26.9%) in CD20-high group, with no signifi-
cant difference in relapse rate between these two groups. Clini-
cal events including disease progression were mote frequently
observed in CD20-low group (14/20, 70%) compared to CD20-
high group (13/28, 46.4%), with a significant difference in EFS
(median, 37 months [range, 4 to 100 month] vs 96 months [range,
6 to 100 months]) for the CD20-high group (p =.032) (Fig.
7A). The S-year EFS were 39.4% in CD20-low group and 66.5%
in CD20-high group, respectively. Overall, nine patients died,

Table 1. Clinical and pathologic parameters in patients according to CD20 level

Characteristic CD20 level above the cut-off score CD20 level below the cut-off score p-value

No. of patients 28 20

Age, median (range, yr) 54 (20-75) 61 (34-81) 446
>60 yr 11 (45.8) 11(57.9) 175

Sex 169
Male 13 (46.4) 14 (70)
Female 15 (63.6) 6 (30)

ECOG PS 212
<2 18 (64.3) 10 (50)
>2 10(35.7) 10 (50)

Stage 583
] 16 (57.1) 13 (65)
nav 12 (42.9) 7(35)

Serum LDH level 299
Normal 4(14.93) 1(5)
Elevated 24 (85.7) 19 (95)

No. of extranodal sites 1
<2 24 (85.7) 17 (85)
>2 4(14.3) 3(15)

IPI risk stratification .269
Low/Low-intermediate 21 (75) 12 (60)
High-intermediate/High 7(25) 8 (40)

Presence of B symptom 176
Yes 5(17.9) 7(35)
No 23 (82.1) 13 (65)

BM involvement .369
Negative 25 (89.3) 16 (80)
Positive 3(10.7) 4(20)

Subtype by IHC 175
GCB-like 9(32.1) 3(15)
Non-GCB-like 19(67.9) 17 (85)

BCL2 HC 212
Negative 9(32.1) 10 (50)
Positive 19(67.9) 10 (50)

Response 197
CR 26 (92.9) 15 (75)
No CR 2(7.1) 5 (25)

Values are presented as number (%).

ECOG PS, Eastern Cooperative Oncology Group Performance status; LDH, lactate dehydrogenase; IPI, International Prognostic Index; BM, bone marrow;

IHC, immunohistochemistry; GCB, germinal center B cell; CR, complete response.
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including six deaths in the CD20-low group and three deaths in
the CD20-high group. Median OS was 50 months (range, 11 to
100 months) for the CD20-low group and 71 months (range, 15
to 125 months) for the CD20-high group, with a significantly
shorter 5-year EFS (39.4% vs 66.5%) and OS (59.9% vs
90.6%) in CD20-low group (Fig. 7B).

Event-free survival
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Semi-quantitative Assessment of CD20 in DLBCL ¢ 101

Prognostic factor analyses

In the univariate analysis of prognostic factors, following pa-
rameters were significantly associated with worse prognosis in
terms of both EFS and OS: CD20 level lower than the cut-off
score (p=.039 and p=.035) and two or more sites of extranodal
involvement (p = .034 and p = .044). In addition, poor perfor-

Overall survival
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Fig. 7. Event-free survival (A) and overall survival (B) of the patients with diffuse large B-cell lymphoma according to the relative abundance of

CD20 expression.

Table 2. Univariate and multivariate analysis of clinicopathologic parameters for event-free survival and overall survival

Event-free survival

Overall survival

Variable Univariate Multivariate Univariate Multivariate
HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Age
<60 yrvs >60 yr 0.884 (0.413-1.890)  .750 - - 0.599(0.150-2.397)  .464 - -

Serum LDH level

Elevated vs normal 1.698 (0.268-3.699)  .562 =

ECOG PS

>2vs <2 2228 (1.030-4.819) .042  1.421(0.598-3.581)
Stage

AV vs I/ 1.372 (0.633-2.976)  .423 =
Extranodal site

>2vs <2 2.953(1.087-8.024) .034  2.768 (1.028-7.571)
IPI score

>3vs<3 1.943 (0.883-4.276)  .099 =
B symptoms

Positive vs negative 3.090 (1.404-6.810) .023  2.255 (0.825-4.287)
BCL2

Positive vs negative 0.612 (0.284-1.321)  .204 =
BCL6

Negative vs positive
Subtype by IHC

Non-GCB vs GCB
CD20 level

Below vs above
the cut-off

1128 (0.515-2.472) 763 -
1.324 (0.569-3.080) 509 -

2.261 (1.047-4.875)  .039

2.187 (1.016-4.745)

- 1487(0.258-5614) 658 - -
125 2.802(0.730-10.752) 071 - -
- 1453(0.389-5422) 576 - -
047  358(1.485-20.974) 044  2.35(0.798-12.257) .098
- 1560(0.385-6.318) 530 - -
095 2268 (0.892-17.258) .085 - -
- 1.036(0.257-4.169) 960 - -
- 0969(0.259-3624) 962 - -
- 1208(0.326-5218 712 - -
043

048  4.89(1.043-17.857) .035 4.291 (1.012-17.724)
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mance status with Eastern Cooperative Oncology Group (ECOG)
score 22 (p =.042) and presence of B symptoms (p =.023) were
significantly associated with a poor prognosis in terms of EFS,
but not in terms of OS. The stage at diagnosis and International
Prognostic Index score were not significantly associated with EFS
(p=423 and p=.099) and OS (p=.576 and p=.530). When all
the parameters significant in univariate analysis were included in
multivariate analysis, lower CD20 level remained an independent
prognostic factor for EFS (HR, 2.187; 95% CI, 1.015 to 4.745;
p=.048) and for OS (HR, 4.291; 95% CI, 1.012 to 17.724; p =
.043) (Table 2). Two or more sites of extranodal involvement was
an independent prognostic factor (HR, 2.768; 95% CI, 1.028
t0 7.571; p=.047) for EFS but it was not of prognostic relevance
with regard to OS (p =.098). ECOG performance status (ECOG
PS) 22 (p=.125) and presence of B symptoms (p =.095) were not
found to be in correlation with OS in multivariate analysis.

DISCUSSION

The prognostic significance of the traditional clinicopatholog-
ic parameters of DLBCL seems to be overshadowed by the intro-
duction of R-CHOP as a standard regimen for DLBCL.*"° Bcl-
2 expression assessed by immunohistochemical staining seems
to be no longer associated with a poor outcome in DLBCL pa-
tients treated with R-CHOP." In addition, the prognostic value
of immunophenotypic subtype determined by immunohisto-
chemistry for CD10, Bcl-6, and MUMLI is questioned in ritux-
imab era.'>" Furthermore, the predictive significance of Inter-
national Prognostic Index that has been the most important
prognostic factor for DLBCL in pre-rituximab era also seems to
be overridden by the addition of rituximab to CHOP regimen."

When assessed semi-quantitatively using flow cytometry
(FCM) analysis, the levels of CD20 expression in the fresh tissue
sample were quite heterogeneous both among and within dif-
ferent types of non-Hodgkin B-cell lymphomas."'® In addition,
the level of CD20 expression at the onset of disease seems to be
an independent predictor for poor outcomes in patients treated
with R-CHOP."”'"'® FCM analysis of fresh tissue sample, how-
ever, is not a routine practice in many institutions with limited
resources. Furthermore, fresh tissue samples for FCM analysis
are not always available. Accordingly, immunohistochemical as-
sessment of CD20 expression in diagnostic tissue samples in
forms of paraffin blocks should be a more feasible method both
in terms of low cost and convenience in sample recruitment.

There has been no previous literature specific to the distribu-
tion of immunohistochemical levels of CD20 expression in the
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diagnostic FFPET samples of DLBCL and their association with
the prognosis of the patients. In this study, we used a free web-
based image analysis tool that enabled us to acquire objective
semi-quantitative scotes of CD20 expression levels based on in-
tensity and completeness of CD20-immunostaining of the FF-
PET sections. As indicated by the previous investigations using
FCM analysis of fresh tissue samples, the levels of CD20 expres-
sion assessed by semi-quantitative immunohistochemistry were
quite heterogeneous among the patients, with scores spread over
a wide and linear range. By correlating the expression level of
CD20 with the clinical outcomes, we were able to identify a sub-
group of DLBCL patients with CD20 expression levels below the
cut-off score, who showed poor EFS and OS independent of other
known clinical and pathologic parameters. Further studies are
warranted to validate the prognostic role of the relative abun-
dance of CD20 expression in a larger cohort.

Interestingly, Shimizu e /" recently reported that histone
deacetylase (HDAC) inhibitors augment cytotoxic effect of ritux-
imab by increasing the level of CD20 in the cell lines of DLB-
CL. Accordingly, the patients with lower levels of CD20 expres-
sion who could be less amenable to rituximab therapy could pro-
bably benefit from pretreatment of HDAC inhibitors such as
valproic acid prior to the standard R-CHOP treatment.” Alter-
natively, they could more likely benefit from the treatment with
novel anti-CD20 monoclonal antibodies which show more anti-
cancer activity in CD20 low-expression B-cell lymphomas. For
example, ofatumumab (a fully human anti-CD20 monoclonal
antibody) and obinutuzumab (a humanized type II antibody tar-
geted against CD20) have been shown to be active and safe in
clinical trials that had included patients with chronic lympho-
cytic leukemia which is known to have relatively lower levels of
CD20 expression.”

In conclusion, a level of CD20 expression is heterogeneous in
DLBCL and lower level of CD20 expression is a poor prognostic
marker for survival in patients with DLBCL who are treated with
R-CHOP chemotherapy. Semi-quantitative immunohisto-
chemical estimation of CD20 expression can be used to identify
a subgroup of DLBCL patients with poor outcome who might
possibly benefit from the pretreatment with agents that can in-
crease the level of CD20 expression in the cell membranes of the
tumor cells.
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Background: Recent studies have revealed that the splicing factor neuro-oncological ventral anti-
gen 1 (NOVA1) is enriched in fibroblasts and accumulated T cells of tertiary lymphoid structures.
In the present study, we investigated NOVA1 expression in various subtypes of mature and im-
mature T- and natural killer (NK)-cell lymphomas as well as in various B-cell lymphoma subtypes.
Methods: NOVA1 immunoexpression was evaluated in hyperplastic palatine tonsils (n =20), T-
and NK-cell lymphomas (n=177), diffuse large B-cell lymphomas (n=151), and other types of B
cell lymphomas (n=31). Nuclear staining intensity and percentage of positive tumor cells were
graded. NOVAT mRNA expression was analyzed in various lymphoma cell lines. Results: Tumor
cells of T- and NK-cell lymphomas showed higher expression levels of NOVA1 than did normal
paracortical T cells, and 56.5% of T- and NK-cell lymphoma cases showed diffuse and strong
expression. The NOVA1 expression level varied according to the subtype; it was higher in angio-
immunoblastic T-cell lymphoma, anaplastic lymphoma kinase (ALK)-negative anaplastic large cell
lymphoma (ALCL), and T lymphoblastic leukemia/lymphoma (T-LBL), but it was lower in ALK-
positive ALCL. In almost all B-cell lymphomas, NOVA1 expression was very low or negative.
NOVAT mRNA was also expressed in Jurkat, a T-LBL cell line. Conclusions: The present findings
suggest that NOVA1 upregulation may be involved in certain subtypes of T- and NK-cell lympho-
mas, but not in B-cell lymphomas. Upregulated NOVA1 expression seems to be a specific bio-
logical feature of activated T cells such as T- and NK-cell lymphomas.

Key Words: NOVAT; Lymphoma, T-cell; NK cell lymphoma; Splicing factor

Neuro-oncological ventral antigen 1 (NOVA1) is known to
play a role in the neuronal splicing program.'™ A recent study
revealed that the splicing programs of epithelial cells, fibro-
blasts, and endothelial cells are specifically regulated by the epi-
thelial splicing regulatory protein 1 (ESRP1) and ESRP2, muscle
blind-like splicing regulator 1 (MBNLI1), NOVA1, and polypy-
rimidine tract binding protein 1 (PTBP1). Furthermore, RNA
binding protein, fox-1 homolog 2 (RBFOX2) splicing factors,
and NOVAL are found enriched in fibroblasts.” In our recent
study,’ we also confirmed that NOVA1 is highly expressed in
fibroblasts/stromal spindle cells in normal tissues.

In addition, we observed that NOVAL is frequently upregu-
lated in accumulated T lymphocytes in tertiary lymphoid struc-
tures formed by chronic inflammation, whereas only small num-
bers of T lymphocytes express NOVAL in the secondary lymphoid
organs, such as hyperplastic palatine tonsils.”® These findings
suggest that NOVA1 upregulation may be involved in T cell ac-
tivation and proliferation.® Given that fibroblasts/stromal spin-
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dle cells actively regulate immune cells within the tissue micro-
environment through direct interaction with immune B cells or
T cells,”"* NOVA1-related regulation in stromal fibroblasts/spin-
dle cells may also occur in immune cells.

We hypothesized that NOVA1 upregulation could be involved
in the pathogenesis of malignant lymphoma, which is a neo-
plasm of activated or transformed immune cells. In our previous
study, peripheral T-cell lymphoma cases frequently showed
strong NOVA1 expression while mature B-cell lymphoma cases
did not,’ although the investigation was done on a small scale.
In the present study, we extended our study to confirm the role
of NOVAL in the pathogenesis of malignant lymphoma. We
thoroughly investigated NOVALI expression in a large number of
various subtypes of mature and immature T- and natural killer
(T/NK)-cell lymphomas, and the expression of NOVAL was
also compared in various subtypes of B-cell lymphomas.
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MATERIALS AND METHODS

Patients and clinical data

Archival tissues of formalin-fixed, paraffin-embedded (FFPE)
tumor blocks were retrieved from consecutively archived speci-
mens. A set of 177 T/NK-cell lymphomas diagnosed in Sever-
ance Hospital from 1999 to 2013 were included. The subtypes
of T/NK-cell lymphomas were as follows: extranodal NK/T-cell
lymphoma, nasal type (NKTL; n = 60), peripheral T-cell lym-
phoma, not otherwise specified (PTCL-NOS; n = 44), angioim-
munoblastic T-cell lymphoma (AITL; n = 16), anaplastic large
cell lymphoma (ALCL; anaplastic lymphoma kinase [ALK]-
positive, n = 16; ALK-negative, n = 17), T lymphoblastic leuke-
mia/lymphoma (T-LBL; n = 20) and other types (n = 4; hepato-
splenic T-cell lymphoma, n = 2; subcutaneous panniculitis-like
T-cell lymphoma, n = 1; cutaneous gamma-delta T-cell lympho-
ma, n = 1). Clinical information was obtained from patient
medical records and 139 had clinical data available. The clini-
copathological characteristics are summarized in Appendix 1.

A setof 151 diffuse large B cell lymphoma (DLBCL) and other
types of 31 B-cell lymphomas, which were diagnosed in Sever-
ance Hospital from 2005 to 2011, were included. Other types of
B-cell lymphomas were as follows: follicular lymphoma (n = 14),
mantle cell lymphoma (n = 5), marginal zone B-cell lymphoma
(n=7), and Burkitt lymphoma (n = 5). Hyperplastic palatine
tonsil tissues of cancer-free individuals (n = 20) were randomly
retrieved. All tumor samples were reviewed by hematopatholo-
gists based on the current World Health Organization (WHO)
criteria."' The institutional review board approved this study.

Tissue microarray preparation and immunohistochemistry

Sections of FFPE tissues wete prepared and stained with he-
matoxylin and eosin. Under the microscope, the representative
area was confirmed and selected for a 3-mm-core sized tissue
microarray (TMA). One or two different representative areas per
case were selected and 29 cores were embedded in a TMA block.

Immunohistochemistry of NOVAL (1:500, Abcam, Cam-
bridge, UK) was performed on 4-pm tissue sections using the
Ventana BenchMark XT Autostainer (Ventana Medical Systems,
Tucson, AZ, USA). Immunohistochemistry with other primary
antibodies was performed for diagnostic purposes and the tested
antibodies are listed in Appendix 2.

Analysis of immunohistochemistry
NOVAL expression was semiquantitatively determined accord-
ing to the H-score method with a total score range of 0-300."
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The dominant intensity score of nuclear staining (0, absent; 1,
weak or barely detectable; 2, distinct brown; and 3, strong dark
brown) was multiplied by the percentage of positive tumor cell
nuclei. The NOVAL1 protein expression score ranged from 0 to
300, as high (200 < H-score <300), intermediate (100 < H-score
<200), or low (0<H-score<100) expression.

Cell lines and reagents

Jurkat, a T-LBL cell line, was maintained in RPMI1640 medi-
um (22400-089, Gibco, Life Technologies, Carlsbad, CA, USA)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS; 6000-044, Gibco, Life Technologies). HH, a cell line de-
rived from CD30-positive cutaneous T-cell lymphoma, and
MACI, a cell line derived from CD30-positive ALK-negative
ALCL, were maintained in RPMI1640 medium supplemented
with 20% heat-inactivated FBS. SNKG6, derived from Epstein-
Barr virus (EBV)-positive NKTL, was cultured in RPMI1640
medium supplemented with 10% heat-inactivated human plas-
ma and 700 U/mL of recombinant interleukin 2. YT, an EBV-
positive human NK-like leukemic cell line, was cultured in Is-
cove’s modified Dulbecco’s medium (12440-046, Gibco)
supplemented with 209% heat-inactivated FBS. All the cell lines
derived from T- or NK-cell lymphomas were kindly provided
by Prof. Jeon YK (Seoul National University College of Medi-
cine, Seoul, Korea). Toledo, a DLBCL cell line, was purchased
from the American Type Culture Collection (ATCC, Manassas,
VA, USA) and maintained in RPMI1640 supplemented with
10% heat-inactivated FBS.

RNA isolation and quantitative polymerase chain reaction

RNA isolation was performed using an RNeasy plus mini kit
(74134, Qiagen, Hilden, Germany), and cDNA was constructed
using a cDNA synthesis kit (11754-050, Invitrogen, Carlsbad,
CA, USA). The TagMan probes used were as follows: GAPDH
(Hs99999905-m1, AB, Life Technologies) and NOVA1
(Hs00359592-m1, AB, Life Technologies). Quantitative poly-
merase chain reaction was performed using ABI StepOnePlus
under the following conditions: 50°C for 2 minutes, 95°C for 5
minutes, 40 cycles of 95°C for 15 seconds, and 60°C for min-
utes. Relative mRNA expression levels of NOVAI were detet-
mined by the comparative method (2““) against the reference
GAPDH.

Statistical analysis
The Kruskal-Wallis (K-W), Mann-Whitney U (M-W), t and

X tests were used to analyze differences between the variables ex-
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amined. Survival rates were analyzed with the Kaplan-Meier
method, and differences were compared using the log-rank test.
Two-sided p-values less than .05 were considered statistically
significant. Statistical analyses were done using the IBM SPSS
ver. 22 (IBM Corp., Armonk, NY, USA).

RESULTS

Expression of NOVA1 in the palatine tonsils

The NOVALI expression patterns in the cell nuclei were simi-
lar to those reported in a previous study.® Stromal spindle cells/
fibroblasts showed strong and constant expression of NOVAL.
Endothelial cells variably expressed NOVA1 with negative to
moderate intensity. Almost all B cells of the germinal centers or
outside the germinal centers were negative for NOVAL. As for
T cells, occasional expression of NOVA1 (intensity grade 2-3
with 5% or less percentage of T cells) was noted in the paracor-
tical area (Table 1).

Expression of NOVA1 in T/NK-cell ymphomas

T/NK-cell lymphomas showed low to high NOVAL expres-
sion and 99 (56.5%) showed high NOVA1 expression (Table 1,
Fig. 1). The expression level (score) of NOVA1 was higher in tu-
mor cells of T/NK-cell lymphomas when compared to normal
T cells of tonsil tissues (mean score, 209 vs. 7; p <.001; non-
parametric M-W) (Fig. 2A). Within T/NK-cell lymphomas,

precursor T-LBL showed a relatively higher level of NOVAL
expression than did NKTL or mature (peripheral) T-cell lym-
phomas, although a statistically significant difference was not
noted (p = .226; K-W) (Fig. 2B). According to the specific sub-
types of T/NK-cell lymphomas, the exptession level of NOVA1
in tumor cells varied (p=.011; K-W). AITL, ALK-negative
ALCL, and T-LBL showed relatively higher NOVA1 expression
levels when compared to other subtypes (Table 1, Fig. 2C). Spe-
cifically, ALK-positive ALCL revealed a lower level of NOVAL
expression when compared to ALK-negative ALCL (mean score,
156 vs. 259; p =.027; M-W) and ALK-positive ALCL showed
the lowest expression level among subtypes of T/NK-cell lym-
phomas (Table 1, Fig. 2C). The rate of high, intermediate, or low
expression of NOVAL1 was also different according to subtype (p
<.001); high expression was relatively more frequent in AITL,
ALK-negative ALCL, and T-LBL cells, while low expression was
relatively more frequent in NKTL and ALK-positive ALCL
(Table 1, Fig. 2D).

Expression of NOVA1 in DLBCLs

In DLBCL, high NOVA1 exptession was not noted in any cas-
es. The tested 151 DLBCL cases revealed an expression pattern
with a score less than 10. Furthermore, in the various types of
other B-cell lymphomas, high NOVA1 expression was not not-
ed (Table 1, Fig. 3).

Table 1. NOVA1 expression in several types of normal and tumor immune cells

NOVA1 expression

Tissue category Case No. Frequency of expression category (%) H-score
General pattern - -

High Intermediate Low (mean)
Palatine tonsils 20 Small numbers of T cells 0 0 100 7
T- and NK-cell lymphomas 177 Strong and diffuse 56.5 18.6 24.9 209
NKTL 60 Lower 54.2 13.6 322 195
PTCL-NOS 44 Diverse 38.6 40.9 20.5 194
AITL 16 Higher 81.2 6.2 125 255
ALK-negative ALCL 17 Higher 82.4 5.9 11.8 259
ALK-positive ALCL 16 Lower 40 13.3 46.7 156
T-LBL 20 Higher 75 5 20 237
Other types® 4 NA 25 50 25 175
B-Cell lymphomas 182 Almost negative 0 0 100 7
DLBCL 161 Almost negative 0 0 100 8
Other types® 31 Almost negative 0 0 100 5

NOVAT1, neuro-oncological ventral antigen 1; NK; natural killer; NKTL, extranodal natural killer/T-cell ymphoma, nasal type; PTCL-NOS, peripheral T-cell lym-
phoma, not otherwise specified; AITL, angioimmunoblastic T-cell lymphoma; ALK, anaplastic lymphoma kinase; ALCL, anaplastic large cell lymphoma; T-LBL,

T lymphoblastic leukemia/lymphoma; DLBCL, diffuse large B-cell ymphoma.

aThe T- or NK-cell lymphomas of the “other type” category included hepatosplenic T-cell lymphoma (n=2), subcutaneous panniculitis-like T-cell ymphoma (n=
1), and cutaneous gamma-delta T-cell lymphoma (n=1). The case number for this category was too small (only 4 cases), and therefore NOVA1 expression
may not be representative for this category; ®The set of “other type” B-cell lymphomas was composed of follicular lymphoma (n=14), mantle cell lymphoma (n

=5), marginal zone B-cell lymphoma (n=7), and Burkitt lymphoma (n=5).
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Fig. 1. Representative cases of T- and natural killer (NK)-cell lymphoma. Representative cases of extranodal NK/T-cell lymphoma, nasal type
(NKTL) are presented, which show low (A), intermediate (B), and high (C) levels of neuro-oncological ventral antigen 1 (NOVAT1) expression.
Among mature (peripheral) T-cell ymphoma cases, low to high expression of NOVA1 is variably observed (D-G). (D) A case of peripheral T cell
lymphoma, not otherwise specified (PTCL-NOS), reveals low NOVAT expression. A case of angioimmunoblastic T-cell lymphoma (AITL) (E)
and a case of anaplastic lymphoma kinase (ALK)-negative anaplastic large cell ymphoma (ALCL) (F) exhibits high NOVAT expression. A case
of ALK-positive ALCL (G) demonstrates low NOVA1 expression. A case of precursor T lymphoblastic lymphoma/leukemia (T-LBL) (H) shows
high NOVA1 expression while a case of T-LBL shows low NOVA1 expression. Endothelial cells exhibit high or low NOVA1 expression in accor-
dance with the NOVAT status of tumor T cells (white arrow in panels in C and D). In cases where most tumor cells showed negative NOVAT
expression, stromal fibroblasts (black arrow in panel I) and endothelial cells (white arrow in panel I) demonstrate positive NOVAT expression.

NOVAT gene expression in human lymphoma cell lines

NOVAI mRNA was expressed only in the Jurkat cell line,
which corresponds to T-LBL. NOVAI mRNA was not detected
in other tested cell lines of HH (correspondent to peripheral,
mature T cell lymphoma), MAC1 (peripheral, mature T-cell
lymphoma), SNK6 (NKTL), YT (NK cell leukemia), or Toledo
(DLBCL) (Fig. 4).

NOVA1 expression and its clinicopathologic correlation in

T/NK-cell lymphomas

The NOVALI expression level in tumor cells was not different

http://dx.doi.org/10.4132/jptm.2016.02.08

according to the organ/sites where lymphomas were growing
(Appendix 3). The known clinicopathological prognostic fac-
tors such as age, lactate dehydrogenase level, Ann-Arbor stage,
or International Prognostic Index (IPI) risk scores showed no
correlation with NOVAI expression. In cases of mature (pe-
ripheral) T-cell lymphomas, high expression of NOVAL1 tended
to be related to shorter overall survival rate in comparison to
low or intermediate NOVAL1 expression, although statistical
significance was not observed (Fig. SA, B). In other subtypes,
such as NKTL and T-LBL, no correlation was noted between
NOVAL1 expression and overall survival rate.

http://jpatholtm.org/



108 e KimEK, etal.

250 250
S 200 - S 200}
? ?
== ==
§ 150 |- § 150 |-
g g
S S
% 100 |- % 100 |-
S S
> 50 > 50
0 0
Normal T cells T or NK cell lymphomas Q NKTL PTCL T-LBL e
Q0 r
300 |- [ Low . * *
g0 | [ Intermediate *
° I High
8 70
?
z 60
= 200 % o
2 g
o o
S 5 40
X o
)
= 100 30
<
(@) 20
b4
10
0 0
NKTL PTCL, AITL ALK- ALK+ T-LBL Others NKTL PTCL, AITL ALK- ALK+ TLBL Others
NOS ALCL ALCL e NOS ALCL ALCL 0

Fig. 2. Expression level of neuro-oncological ventral antigen 1 (NOVAT1) in T- and natural killer (NK) cell ymphomas and normal T cells. (A) Ex-
pression level (score) of NOVAT s higher in tumor cells of T/NK-cell lymphomas when compared to normal T cells of tonsil tissues (mean
score, 7 vs 209; p<.001). (B) Within T/NK-cell ymphomas, T lymphoblastic leukemia/lymphoma (T-LBL) shows relatively higher levels of
NOVAT1 expression than do extranodal NK/T-cell lymphoma, nasal type (NKTL) or mature (peripheral) T-cell ymphomas, although a statisti-
cally significant difference is not noted (p=.226). (C) According to the specific subtypes of T/NK-cell ymphomas, the expression levels of tu-
mor cells are different (p=.012). Angioimmunoblastic T-cell lymphoma (AITL), anaplastic lymphoma kinase (ALK)-negative anaplastic large
cell lymphoma (ALCL), and T-LBL shows a relatively higher level of NOVA1 expression (arrow) when compared to other subtypes. ALK-posi-
tive ALCL reveals lower NOVAT expression (dotted arrow) when compared to ALK-negative ALCL (mean score, 159 vs 256; p=.027) and
ALK-positive ALCL shows the lowest expression among subtypes of T/NK cell ymphomas. (D) The rates of high, intermediate, and low ex-
pression of NOVA1 are different according to subtype (p<.001); high expression is relatively more frequent in AITL, ALK-negative ALCL, and
T-LBL (solid arrow), while low expression is relatively more frequent in ALK-positive ALCL and NKTL (dotted arrow). The case number in the
“others” category is too small (only 4 cases), and therefore, the NOVA1 expression may not be representative of this category. PTCL, periph-
eral T-cell ymphoma; PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified.

DISCUSSION

In this study, we found that NOVA1 was frequently and high-
ly expressed in various subtypes of T/NK-cell lymphomas, with
about 60% of T/NK-cell lymphoma cases showing high NOVA1
expression, whereas only a small number of T cells expressed
NOVAL in the hyperplastic palatine tonsils. As for B-cell lym-

http://jpatholtm.org/

phomas, NOVA1 was negative in various types of B-cell lym-
phomas other than DLBCL, or normal B cells. In DLBCL, NOVA1
was expressed in a few cases; however, high expression was not
noted in any cases.

Our previous study® revealed high expression of NOVA1 in
activated T cells and the present study also confirmed that find-
ing. Moreover, NOVA1 was upregulated in lymphomas derived

http://dx.doi.org/10.4132/jptm.2016.02.08
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Fig. 3. Neuro-oncological ventral antigen 1 (NOVA1) expression in B-cell lymphomas. (A, B) In the representative cases of diffuse large B-cell
lymphoma (DLBCL), almost all tumor cells are negative for NOVA1. In some DLBCL cases, NOVA1-expressing fibroblasts/stromal support
cells are occasionally found throughout the microenvironment (arrow in panel B). (C, D) In cases of mantle cell lymphoma (MCL) or follicular
lymphoma (FL), tumor cells are negative for NOVA1, and fibroblasts/stromal support cells are positive for NOVAT (arrow).

from immature T cells such as precursor T-LBL and NKTL. How-
ever, in contrast to T/NK cells, NOVA1 might not be involved
in B cell lesions, either malignant lymphomas or non-neoplastic
B cells, as shown in our studies.

Among subtypes of T/NK-cell lymphomas, the expression
level in tumor cells was different. Regarding the different bio-
logical characteristics and pathogenesis of each subtype of T/NK-
cell lymphoma, NOVAI expression may be affected by various
intrinsic biological factors related to each subtype. The AITL,
ALK-negative ALCL, and T-LBL subtypes, which showed dis-
tinctively high NOVAL expression, are biologically characteris-
tic entities.'" Interestingly, the NOVAL1 expression pattern was
different even within ALCL specimens, according to ALK ex-
pression status. ALK-negative ALCL showed distinctively high
NOVAL expression while ALK-positive ALCL exhibited low
NOVAL expression. Both types of ALCL share common mor-
phologic features of CD30 positivity, large anaplastic “hallmark”
cells, frequent loss of pan-T-cell antigens, and expression of cyto-
toxic molecules, and are classified as the same disease. However,
ALK-positive ALCL and ALK-negative ALCL are thought to be

http://dx.doi.org/10.4132/jptm.2016.02.08

NOVAT mRNA expression (2-44)

Jarkat HH MAC1  SNK-6 YT Toledo

Fig. 4. Neuro-oncological ventral antigen 1 (NOVAT) mRNA ex-
pression in various cell lines. NOVAT mRNA are expressed only in
Jurkat cell lines, which correspond to T lymphoblastic leukemia/
lymphoma. NOVAT mRNA are not detected in other tested cell
lines of HH, MAC1, SNK®, YT, or Toledo.

different entities; the clinical features, prognosis, and gene ex-
pression signatures have been noted to be different.'" Therefore,
the differences in NOVAL expression may be related to the in-
trinsic biologic characteristics of these two types. There are no
known studies that can explain the distinctively low NOVAL
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Fig. 5. Patient overall survival according to neuro-oncological ventral antigen 1 (NOVAT) expression in peripheral T-cell lymphoma, not other-
wise specified; three-tiered (A) and two-tiered (B) analysis by Kaplan-Meier with log-rank test. High expression of NOVAT tends to be related
to shorter overall survival than low or intermediate expression, although statistical significance is not observed.

expression in ALK-positive ALCL. We thought that nucleo-
phosmin (NPM), the fusion partner of ALK-NPM translocation/
t(2;5) in ALK-positive ALCLs, may be associated. NPM is a
putative ribosome assembly factor involved in processing pre-
RNA molecules.” Mutated NPM molecules are abnormally lo-
calized in the cytoplasm because of impaired nuclear localiza-
tion, and this abnormal localization of NPM is thought to be
associated with abnormal ribosome biogenesis."” The aberrant
function of mutated NPM may be related to inhibiting
NOVAL function in the splicing process of pre-RNA molecules
via abnormal ribosome biogenesis. PTCL-NOS showed a rela-
tively diverse pattern of NOVA1 expression. The proportion of
cases showing an intermediate level of NOVA1 expression was
relatively higher than that in other subtypes. This difference
may be because PTCL-NOS is a disease group of heterogeneous
entities of mature (peripheral) T-cell lymphomas.

NOVA1 expression did not vary according to the organ site
where the lymphoma developed. These findings indicate that
NOVALI expression may be primarily dependent on the intrin-
sic characteristics of the tumor cell itself rather than extrinsic
factors such as the organ-specific microenvironment, which is
pre-formed before tumor growth. In association with patient
prognosis, NOVAL1 expression showed no statistical significance.
However, in mature (petipheral) T-cell lymphomas, high NOVA1
expression tended to be related to an inferior overall survival rate.
In our previous study, high NOVAL1 expression levels in reactive,
non-neoplastic (mature) T cells, which accumulate within the
tertiary lymphoid structures of gastric carcinoma microenviron-
ment, were associated with favorable patient prognosis. Sup-
pression of NOVAL in such reactive T cells was related with poor
patient prognosis, and this effect is thought to be related to the

http://jpatholtm.org/

suppression of regulatory T cell functions.® From these findings,
the role of NOVA1 in tumor T cells of malignant lymphomas and
non-tumor T cells of tissues seems to be different. In normal
physiologic conditions, NOVAL upregulation seems to be in-
volved in normal immune regulation. In neoplastic T cells, how-
ever, NOVA1 upregulation seems to be involved in tumor pro-
gression.

Alternative splicing of pre-mRNA is the main mechanism of
transcriptome and proteome diversity,"* and the splicing pro-
gram relies on the action of splicing factors" like NOVA1. The
action of splicing factors is cell type-specific and independent of
organ origin.””’ Previous studies have suggested or shown that
normal and tumorous hematopoietic cells are regulated by spe-
cific alternative splicing programs and alternative transcript vari-
ants such as c-myb, a transcription factor of hematopoietic cells;
CD45, a transmembrane protein tyrosine phosphatase of T cells,
B cells, and other hematopoietic cells; and CD20, a surface mark-
er of mature B cells.”"” Likewise, NOVA1 may work as an alter-
native splicing factor in the lymphoreticular system and in lym-
phomagenesis of T/NK-cell lineage.

Among the tested cell lines, only Jurkat cells, which corre-
sponded to immature T cells, expressed the NOVAI gene. These
findings could partially support the findings observed in clinical
patient samples. The functional role of NOVAL in lymphoid
cells and target genes regulated by NOVAL1 in lymphomagene-
sis should be identified through further studies.

In summary, NOVAI was frequently upregulated in various
subtypes of T/NK-cell lymphomas. NOVAL1 expression may be
a new biomarker for T/NK-cell lymphomas and should be stud-
ied as a possible therapeutic target for this type of lymphoma.

http://dx.doi.org/10.4132/jptm.2016.02.08
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Appendix 1. Clinicopathological characteristics of T/NK-cell lymphoma cases

Characteristic No. (%) (n=139)
Sex (male vs female) 94 (67.1):45 (32.9)
Age (<60 yrvs >60 yr) 91 (65.0):49 (35.0)
Subtype

NKTL 45 (32.4)

PTCL 38(27.3)

AITL 14 (10.1)

ALCL, ALK-negative 12 (8.6)

ALCL, ALK-positive 12 (8.6)

T-LBL 15(10.8)

Others 3(2.2)

Primary site of tumor

H&N vs LN vs Gl vs soft tissue and bone vs others (solid organs) 37 (26.4):72 (51.4):9 (6.4):14 (10.0):8 (5.7)
Ann Arbor stage (| & Il vs llI&IV vs not evaluable) 29 (27.9):77 (65.0):34 (24.3)
LLDH level (normal vs elevated vs not evaluable) 39 (27.9):60 (42.9):41 (29.3)
BM involvement (absent vs present vs not evaluable) 77 (65.0):33 (23.6):30 (21.4)
IPI score (0-2 vs 3-5 vs not evaluable) 65 (46.4):43 (30.7):32 (22.9)
Initial treatment modality
CTx alone vs CTx with RTx vs RTx alone vs no Tx vs not evaluable 63 (45.0):27 (19.3):1 (0.7):1 (0.7):48 (34.3)

NK;, natural killer; NKTL, extranodal natural killer/T-cell lymphoma, nasal type; PTCL, peripheral T-cell ymphoma; AITL, angioimmunoblastic T-cell lymphoma;
ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; T-LBL, T lymphoblastic leukemia/lymphoma; H&N, head and neck; LN, lymph node;
Gl, gastrointestinal tract; LDH, lactate dehydrogenase; BM, bone marrow; IPI, International Prognostic Index; CTx, chemotherapy; RTx, radiotherapy; Tx,
treatment.

Appendix 2. List of primary antibodies and their dilutions

Antibody Dilution Type Company
CD20 1:1600 Mouse DAKO, Glostrup, Denmark
CD3 1:200 Rabbit LabVision, Fremont, CA, USA
CDh4 1:200 Rabbit Cell Marque, Rocklin, CA, USA
CD8 1:100 Mouse Cell Marque, Rocklin, CA, USA
CD56 1:200 Rabbit Cell Marque, Rocklin, CA, USA
250 -
200

—_

w

o
T

NOVA1 expression (H-score)
g 8

0 T T T T

Lymph  Gltract Headand Softtissue Others

node neck  andbone
Appendix 3. Neuro-oncological ventral antigen 1 (NOVA1). NOVA1 protein expression in various organ/sites of lymphomas. NOVA1 expres-
sion level in tumor cells does not vary according to the organ/sites where lymphomas were growing. Gl, gastrointestinal.
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Background: The term solitary fibrous tumor (SFT) is preferred over meningeal hemangiopericy-
toma (HPC), because NAB2-STAT6 gene fusion has been observed in both intracranial and ex-
tracranial HPCs. HPCs are now considered cellular variants of SFTs. Methods: This study analyz-
es 19 patients with STAT6-confirmed SFTs, who were followed for over 11 years in a single
institution. Ten patients (10/19, 56.2%) had extracranial metastases (metastatic group), while the
remainder (9/19) did not (non-metastatic group). These two groups were compared clinicopatho-
logically. Results: In the metastatic group, the primary metastatic sites were the lungs (n=6),
bone (n=4), and liver (n=3). There was a mean lag time of 14.2 years between the diagnosis of
the initial meningeal tumor to that of systemic metastasis. The median age at initial tumor onset
was 37.1 years in the metastatic group and 52.5 in the non-metastatic group. The 10-year surviv-
al rates of the metastatic- and non-metastatic groups were 100% and 33%, respectively. The
significant prognostic factors for poor outcomes on univariate analysis included advanced age (>
45 years) and large initial tumor size (>5 cm). In contrast, the patients with higher tumor grade,
high mitotic rate (>5/10 high-power fields), high Ki-67 index (>5%), and the presence of necrosis
or CD34 positivity showed tendency of poor prognosis but these parameters were not statistically
significant poor prognostic markers. Conclusions: Among patients with SFTs, younger patients (<
45 years) experienced longer survival times and paradoxically had more frequent extracranial me-
tastases after long latent periods than did older patients. Therefore, young patients with SFTs re-
quire careful surveillance and follow-up for early detection of systemic metastases.

Key Words: Central nervous system; Hemangiopericytoma; Neoplasm metastases; NAB2-STAT6
gene fusion; Solitary fibrous tumors

Solitary fibrous tumors (SFTS), first described in 1931 by Kl-
emperer and Coleman,' are rare spindle-cell mesenchymal tumors
that often arise in the pleural cavity. However, SFTs can arise in
the extrapleural sites such as thoracic wall, mediastinum, peri-
cardium, retroperitoneum, and abdominal cavity. They can also
occur in the subcutaneous and deep soft tissues of the extremities
and extracompartmentally in the head and neck."” More than
100 cases of intracranial SFTs have been reported to date. How-
ever, the exact incidence of intracranial SFTs is unknown. The
current consensus is that extracranial hemangiopericytomas
(HPCs) and SFTs are synonymous. Such tumors should be called
SFTS (rather than HPCs), because HPCs do not originate from
or differentiate into pericytes.” The prototypical pericytic neo-
plasms are myopericytomas and sinonasal HPCs.> However, in

pISSN 2383-7837
elSSN 2383-7845

the central nervous system (CNS), HPCs and SFTs exhibit dis-
tinct biological behavior, and are therefore considered separate
entities. For instance, intracranial HPCs tend to be aggressive,
while intracranial SFTs are typically relatively benign.’

Recently, NAB2-STATG gene fusions have been identified us-
ing whole-exome sequencing in intracranial and extracranial soft
tissue HPCs and SFTs.* Therefore, the use of a single, unifying
term to describe intracranial SFTs is preferred than HPCs with
the HPC morphology implies a “cellular and aggressive variant,”
and SFT morphology a “fibrous and benign variant” of the same
disease.”

Meningeal HPCs commonly occur around the same age as do
meningiomas (range, 26 to 73 years; mean, 48 years). However,
compared to meningiomas, HPCs are more common in men

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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than in women.® According to Pistolesi ¢ a/.’s report,’ the mean
time to the first local recurrence and to the appearance of extra-
neural metastases of meningeal HPCs were 3.9 years and 8.3
years, respectively. The 10-year survival rate was 83.9%.°

This study was designed to clarify the clinicopathological char-
acteristics of metastatic and non-metastatic meningeal SFTs.
We analyzed meningeal SFTs (cellular variant) displaying extra-
cranial dissemination, and compared them with non-metastatic
meningeal SFTs. Patients with metastatic meningeal SFTs (met-
astatic group) were significantly younger than were those with
non-metastatic tumors (non-metastatic group). Interestingly, the
metastatic group exhibited better long-term survival than did
the non-metastatic group.

MATERIALS AND METHODS

All cases of meningeal SFTs/HPCs between January 1995 and

January 2013 were retrieved from the pathology archives at the
Seoul National University Hospital (SNUH). We selected cases
that matched the search term “solitary fibrous tumor” or “heman-
giopericytoma,” and 48 cases of meningeal HPCs/SFTs were se-
lected from this 18-year period. There was no sex predominance.
The mean patient age was 48.1 years (range, 21 to 77 years). We
selected 19 cases of pathologically and STAT6 immunohisto-
chemically confirmed meningeal SFTs that were followed up for
more than 11 years. Ten cases presented with systematic extra-
cranial metastases (metastatic group), while nine had no extra-
cranial metastases (non-metastatic group). The medical and path-
ological records of thel9 cases are summarized in Table 1.

Two pathologists (N.H and S.-H.P) petformed all of the path-
ological reviews. A Ventana autostainer was used for immuno-
histochemical staining, according to the manufacturer guide-
lines. Primary antibodies against STAT6 (1:1,000, clone Sc-621,
Santa Cruz Biotechnology, Santa Cruz, CA, USA), CD34 (1:200,

Table 1. Summary of the patients with and without meningeal SFT/HPC and extracranial metastasis, treated in Seoul National University

Hospital (SNUH)

Age at first Site of Initial Local Time for Mortality
No.  diagnosis Sex Dx Site . Symptoms Adjuvant Tx metastasis  and cause
metastasis Tx recurrence
(yr) (yn) of death
1 26 F HPC  Cerebellum Bone, lung Headache GTR RT No 1.3 DBD
2 56 F HPC Rt frontal Lung L/E weakness GTR CT (VIP #1) Yes 11.0 DBD
3 24 F HPC  Lt. occipital Liver Headache GTR GKS, CT Yes 17.6 Alive
(ifosfamide #1)
4 36 M HPC Lt sagittal Bone Headache STR RT Yes 1.7 Alive
5 52 F HPC Rt. temporal Bone, EAC Headache GTR GKS, RT Yes 5.7 DBD
6 30 M HPC Rt. CPA Lung, liver, Dizziness GTR  Cyberknife Yes 5.6 DBD
orbit, spinal
cords
7 32 M HPC Lt T-P-O Lung Headache GTR GKS Yes 22.8 Alive
8 44 M HPC  Cerebellum Bone, lung Headache, GTR GKS, RT Yes 24.2 DBD
L/E weakness
9 29 F HPC  Lt. frontal Lung Incidental GTR None No 221 Alive
10 43 F SFT  RtLF-T Liver, breast,  Double vision GTR  Preop-RT No 10.3 Alive
lung
11 73 F HPC Rt fronto- NA L/E weakness GTR Re-GTR Yes NA Alive
parietal
12 47 F HPC  Lt. frontal NA Thyroid cancer GTR None Unknown NA Death
work up
13 34 M HPC  Cerebellum NA Headache GTR RT No NA Alive
14 61 F HPC  Lt. occipital NA Headache GTR GKS, RT Yes NA DBD
15 62 F HPC Medial parietal  NA L/E weakness GTR GKS, RT Yes NA DBD
16 58 B HPC  Parasagittal NA Unknown GTR  Unknown Unknown NA Death
17 50 M HPC  Lt. parietal NA Unknown GTR  Unknown Unknown NA Death
18 53 F SFT Rt parietal NA Visual GTR None No NA Alive
disturbance
19 35 F HPC  Falx NA Headache GTR None Unknown NA Death

SFT, solitary fibrous tumor; HPC, hemangiopericytoma; Tx, therapy; F, female; HPC, hemangiopericytoma; GTR, gross total resection; RT, radiotherapy; DBD,
death by disease; Rt., right; L/E, lower extremity; CT, chemotherapy; VIP, VP-16, ifosfamide, cisplatin; Lt., left; GKS, gamma knife surgery; M, male; STR, sub-
total resection; EAC, external auditory canal; CPA, cerebellopontine angle; T-P-O, temporoparietooccipital lobe; SFT, solitary fibrous tumor; F-T, frontotempo-
ral; NA, not applicable.
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Dako, Glostrup, Denmark), epithelial membrane antigen
(EMA; Dako, 1:200), and MIB-1 (Ki-67) (Dako, 1:1,000) were
used. A verified SFT or antibody-specific known positive control
was used as a positive control. The primary antibodies were omit-
ted in the negative control. For STATG, robust nuclear positivity
in >90% of the tumor cells was considered positive. For CD34,
cytoplasmic staining in > 10%, and for EMA, membranous
staining in > 10% of the tumor cells were considered positive.
A nuclear algorithm of the Aperio ScanScope image analysis
program (Aperio Technologies, Vista, CA, USA) was used to
calculate the nuclear positivity in hot spots for the Ki-67 label-
ing index.

Statistical analyses were performed using Fisher exact tests.
Kaplan-Meier survival analysis was performed to compate over-
all survival according to the patients’ age, tumor grade, mitoses,
necrosis, Ki-67 labeling index, CD34 expression, and the oc-
currence of systemic metastasis. All statistical analyses were car-
ried out using SPSS ver. 22 (IBM Co., Armonk, NY, USA).

The mean patient ages in the metastatic and non-metastatic
groups were 37.1 years (range, 26.1 to 55.9 years) and 52.5 years
(range, 34 to 76.2 years), respectively (Table 2). The mean follow-
up petiods for the metastatic and non-metastatic groups were
215 months (range, 124 to 351 months) and 99 months (range,
33 to 174 months), respectively. This study was designed to clar-
ify the clinicopathological characteristics of metastatic and non-
metastatic meningeal SFTS. In order to identify prognostic factors,
several parameters were compared between the two groups, in-
cluding Ki-67 labeling indices, mitotic rates, initial meningeal
tumor size, and the presence or absence of necrosis.

This study abides by the World Medical Association Declara-
tion of Helsinki recommendations. It was approved by the Insti-
tutional Review Board of Seoul National University Hospital
(IRB No. 1501-046-639).

RESULTS

Six of the ten patients in the metastatic group were women,
and four were men. There was an average age of 37.1 years
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(range, 24 to 56 years). The initial symptoms included head-
ache (6 patients), lower extremity weakness (2), double vision
(1), and dizziness (1). In one patient, the diagnosis was an inci-
dental finding. The disease originated in the supratentorial re-
gion in eight patients, and in the posterior fossa in the other two.
There was no intracranial predilection site. Nine patients un-
derwent gross total resections (GTR) of their tumors, while one
(case 4) had a partial resection.

Radiologically, the tumors were large, well-enhanced, solid,
and cystic masses attached to the dura. Typically, they had intra-
tumoral vessels, and exhibited a severe mass effect. One patient
(case 10) underwent preoperative radiotherapy (RT; 54 Gy) due
to the tumor’s excessive size (6.5 x 5.8 x 5.5 ¢cm) (Fig. 1A). The
solid and cystic tumor decreased in size, as evidenced by a post-
RT brain magnetic resonance imaging (Fig. 1B). Nine of the 10
patients in this group were treated with adjuvant therapies fol-
lowing GTR (Table 1). The types of adjuvant therapy included
gamma knife surgery (GKS) in four patients, RT in three, Cy-
berknife RT in one, and chemotherapy in one.

In the non-metastatic group, all patients underwent GTR.
During the follow-up period, one patient received RT and two
received RT + GKS (Table 1).

In the metastatic group, seven patients (70%) had extracranial
metastases after local recurrence was detected. In the remaining
three, the tumors metastasized without local recurrence. Com-
mon extracranial metastatic sites included the lungs (6 patients),
bone (4), and liver (3). Other less frequent metastatic sites in-
cluded the breast (1 patient), orbit (1), and external auditory ca-
nal (1). When the disease was metastatic to the bone, common
sites included the vertebrae, femur, and ischium. When the tu-
mor invaded the lungs and bone, multiple metastases were ob-
served. In contrast, metastatic foci in the liver and breast were
usually single masses (Fig. 2). However, lymph node enlarge-
ment or lymph node metastases were not present. The average
time from the initial diagnosis of a meningeal tumor to system-
ic metastasis was 14.2 years (range, 5.6 to 24.2 years). The find-
ings of these 10 cases with systemic metastasis are summarized
in Table 1.

Table 2. The differences between the meningeal SFTs according to the presence or absence of systemic metastases

[tem SFT with systemic metastases (metastatic group, n=10)  SFT without systemic metastases (non-metastatic group, n=9)
Age (yr) 37 (24.1-55.9) 51(33.9-76.4)

Median mitotic rate 7/10 HPF (1-27) 7/10 HPF (1-26)

Median Ki-67 labeling index (%) 5.0 6.0

Median tumor size (cm) 3.5 (2.2-6.0) 5.0 (1.5-7.5)

Median survival 202 mo (16.8 yr) 56 mo (4.7 yr)

SFT, solitary fibrous tumor; HPF, high-power field.
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Fig. 1. Representative brain magnetic resonance images and h|stopathology of the primary brain tumor from case 10. (A) Prior to radiation
therapy. A large, solid and cystic mass is observed in the right frontoparietal lobe with strong enhancement. There was severe mass effect.
Intratumoral vessels were identified. (B) After preoperative radiation therapy. The tumor decreased in the size after radiation therapy. (C) The
tumor demonstrates low cellular and edematous areas with staghorn-shaped vasculature. The tumor cells may have been ablated by radio-
therapy. (D) Aberrant STAT6 nuclear positivity is observed in the primary brain tumor.

Histopathologically, the initial meningeal and metastatic tu-
mors are identical to cellular SFTs (previously called intracranial
HPC-like tumors of a cellular nature) (Figs. 1 and 2 are from the
same patient, case 10). Interestingly, multinucleated osteoclast-
type giant cells (OGCs) were widely present in one metastatic
tumor to the liver (Fig. 2C). There was necrosis in 30% and 28%
of tumors with and without systemic metastases, respectively.
All of the tumors exhibited robust, but heterogeneous STAT6
immunopositivity. In most cases, the STAT6 immunostaining
was stronger at the periphery of the tumor or in the perivascular
areas (Figs. 1, 2). However, 40% of systemically metastatic tu-
mors had positive CD34 immunostaining, while 85% of non-
metastatic tumors showed at least focal CD34 positivity. EMA
immunostaining was focally positive in two cases. The mean
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Ki-67 indices were 8.7% and 8.8% (1.0% to 27.3%) in the tu-
mors of metastatic and non-metastatic groups, respectively. There
were no differences in the Ki-67 labeling indices, mitoses, ne-
crosis, or tumor size based on the presence or absence of system-
ic metastasis (Table 2).

Ultrastructural studies were carried out in three patients from
the metastatic group and seven from the non-metastatic group.
There were no differences between the two groups. Ultrastruc-
tural examination revealed sheets of oval to elongated cells around
the small capillaries. The tumor nuclei were oval or indented in
appearance. The nuclear chromatin was fine and granular, with
skein-like nucleoli. The individual tumor cells were surrounded
by thick, electron-dense external laminar material (Fig. 2F).

Over the 10-29-year (average, 17.2 years) follow-up period,
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Fig. 2. Computed tomography (CT) and pathology of a metastatic solitary fibrous tumor from case 10. (A) Liver CT scan showing a large, 12-
cm soft tissue mass in the right lobe with prominent feeding vessels. (B) The cut surface of a hepatic tumor specimen showing a well-cir-
cumscribed, yellowish-tan-colored, solid tumor with multifocal necrosis, and hemorrhage with dilated vessels. (C) Microscopic examination
of the liver mass reveals small, discohesive tumor cells with oval nuclei and fine chromatin. Staghorn-shaped hyalinized vessels and osteo-
clast-like multinucleated giant cells are identified. (D) Tumor cells are focally positive for CD34 on immunohistochemical staining. (E) Aberrant
STAT6 nuclear positivity is observed in the metastatic tumor cells in the liver. (F) Ultrastructurally, the tumor is composed of sheets of oval to
elongate cells around small capillaries. The tumor cells have nuclei with an oval or indented appearance, and fine, granular chromatin. Skein-
like nuclei are also present. The individual tumor cells are surrounded by a thick, electron-dense, amorphous, external laminar material (ar-
rowheads; uranyl acetate and lead citrate, x5,000).

five patients (50%) in the metastatic group died of their disease.
The 10-year survival rate was 100%, but by 15 years, this rate
dropped to 60%. In the non-metastatic group, the 10-year su-
vival rate was 33%. This rate was sustained for 14.5 years of fol-
low-up.

Paradoxically, the Kaplan-Meier survival analysis revealed
that patients with metastatic disease had significantly better over-
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all survival times than did those without systemic metastases (p
=.04) (Fig. 3). The mean survival of patients with systemic me-
tastases was 215 + 79 months, and that of patients without sys-
temic metastases was 99 + 47 months. The median survival time
was 202 months and 99 months for patients with and without
systemic metastases, respectively.

Both univariate and multivariate analyses revealed that an
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Kaplan-Meier survival analysis
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Fig. 3. Kaplan-Meier survival curves of patients with solitary fibrous tumors according to the presence or absence of systemic metastases.
(A) Paradoxically, the patients with systemic metastases had better prognosis than did those without metastasis. Metastases usually arose
approximately 10 years after the initial tumor development. Therefore, only longer survivors developed systemic metastases. (B) Younger pa-
tients lived longer and had better survival. The age cut-off to demonstrate a meaningful survival difference is 45 years. (C) Patients with an
initial tumor size >5 cm have poorer survival than did those with smaller tumors. (D) The age of tumor onset is significantly younger in pa-
tients with systemic metastases than it is in patients without metastases. The median ages of onset in patients with and without systemic

metastases are 37.1 years and 52.5 years, respectively.

age of onset >45 years and an initial tumor size > 5 cm were sig-
nificant markers of poor prognosis. There was no prognostic
significance of increased mitoses (= 5/10 high-power fields), high
Ki-67 index (> 5%), necrosis, high tumor grade, or the absence
of CD34 expression on univariate and multivariate analyses.
However, these factors did suggest a poor prognosis on multi-
variate analysis (Table 3).

DISCUSSION

A SFT is an uncommon type of spindle-cell mesenchymal tu-
mor. It is most commonly found in the visceral pleura, but also
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has been reported in virtually all extrapleural soft tissues.”” Re-
cently, SFTs and HPC:s in soft tissue have been reclassified as a
single entity.” Gengler and Guillou’ introduced the concept of
an SFT spectrum. They recommend that a conventional SFT is
designated as a fibrous variant of an SFT, while a conventional
HPC is considered a cellular variant of an SFT.

Regardless of where they develop in the CNS, there is mor-
phological, immunohistochemical, and genetic overlap between
SFTs and HPCs." However, in the CNS, HPCs are still consid-
ered separate entities from SFT5."" The so-called meningeal SFTs
have generally been regarded as indolent, non-aggressive tu-
mors.>'"” Conversely, meningeal HPCs have a high tendency to
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Univariate analysis

Multivariate analysis

Variable
p-value Hazard ratio 95% Cl p-value

Age (<45 yrvs >45 yr) 022 0.172 0.009-3.277 241
Systemic metastasis .040 0.126 0.01-1.675 A17
Tumor size (<5 cmvs =5 cm) 377 2.815 0.364-21.796 322
Necrosis .352 1.28 0.225-7.291 781
Mitoses (< 5/10HPF vs >5/10HPF) or grade 603 6.602 0.12-362.385 .356
Ki-67 labeling index (<5/10HPF vs >5/10HPF) 377 0.261 0.009-7.773 438
CD34 (positive vs negative) .983 0.246 0.26-2.319 22
Cl, confidence interval; HPF, high-power field.
Table 4. Summary of the patients with meningeal SFT/HPC with extracranial metastasis in the literature
Reference Age (yr)/Sex Diagnosis Metastatic location Time for metastasis (yr)
Ng et al. (2000)" 55/F SFT Lung and neck 9
Someya et al. (2001)' 42/F HPC Bone, lung, and liver 12

37/F HPC Bone 7
Dufour et al. (2001)'® 23/M HPC Bone 12

22/F HPC Extracranial site 13

30/M HPC Extracranial site 14
Ogawa et al. (2004)'® 44/F SFT Lung 25
Pistolesi et al. (2004)" 42/F HPC Bone, lung and adrenal gland 13
Chang et al. (2004)" 43/F HPC C2-C3 vertebrates, lung, liver and kidney 5
Metellus et al. (2007)'° 34/M SFT Systemic metastasis 10.5
Hayashi et al. (2009)*® 45/M HPC Extracranial site NM

30/M HPC Extracranial site NM

47/F HPC Extracranial site NM

35/M HPC Extracranial site NM
Ambrosini-Spaltro and Eusebi (2010)'" 51/F HPC Hip 13
Robinson et al. (2013)° 40/M Malignant SFT Lung NM

33/F Malignant SFT Kidney NM

29/M Malignant SFT Pancreas NM

32/M Malignant SFT Small bowel NM

SFT, solitary fibrous tumor; HPC, hemangiopericytoma; F, female; M, male; NM, not metastasized.

recur and to metastasize outside of the CNS; therefore, these are
classified as World Health Organization grade II or III lesions."
Histopathologically, meningeal HPCs tend to have higher rates
of mitosis and a higher Ki-67 index than do HPCs/SFTs in soft
tissues. They also stain less intensely for CD34 and B-cell lym-
phoma 2 (BCL2) proteins." However, two previous studies re-
ported that several cases of SFTs progressed to HPCs at recur-
rence.”'’ There have also been reports of extracranial metastases
of conventional SFTs."

In the English-language literature, we identified 19 reports
of meningeal SFTS/HPCs with extracranial metastasis (Table
4),"1% The median age of tumor onset of these cases was 37 years,
and there was no sex dominance (male:female = 9:10). The me-
dian time between the initial tumor development and extracra-
nial metastasis was 14.2 years (range, 5.6 to 24.2 years).

In our series, patients with metastatic meningeal SFTs were a
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mean of 15 years younger than were those in the non-metastatic
group. There was a female sex predominance (male:female =
2:3). Similar to the prior report, the mean time between the ini-
tial tumor development and extracranial metastasis was 14.2
years in our study."” Hoshi e a/."” reported that two cases had
metastasized to the bone, 17 and 19 years after resection of pri-
mary leptomeningeal HPCs and introduced that median time
from primary tumor to the occurrence of systemic metastases
was 149 years from literature review. The most common meta-
static sites were the lungs, bone, and liver, but rarely, the breast,
orbit, and external auditory canal were the metastatic site. There
were no lymph node metastases. Therefore, the meningeal SFTs
studied here present with very similar clinical features to those
previously reported.

Two recent studies found that the NAB2-STATG gene fusion
was a distinct molecular feature of SFTs and HPCs, in both men-
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ingeal and extracranial tumors.**" Schweizer ez #/.*' also found
that nuclei stained positive for anti-STATG in 35 of 37 menin-
geal HPCs and in all 25 meningeal SFTs, but not in 87 menin-
giomas. This provided additional evidence in support of unify-
ing the terms SFT and HPC. Robinson ez #/.*” noted that
overexpression of the fusion protein NAB2-STATG induces the
proliferation of cultured cells and activates early growth response
genes. These findings suggest that the NAB2-STATG fusion is
adriver mutation of SFT.”

In this study, strong aberrant nuclear expression of STAT6
was detected in all meningeal and extracranial metastatic SFTs
(including the cases previously diagnosed as HPCs). This sug-
gests that these tumors had the same pathogenesis. Verifying nu-
clear STAT6 immunoexpression or NAB2-STATG gene fusion
may be useful to confirm the diagnosis, especially when only
small biopsies are available for pathology, or in cases that are
CD34-negative. Although CD34 is a good marker of SFTs/HPC,
its sensitivity is < 100%. Overall, there is 95% CD34 positivity
in SFTs.” However, the CD34 positivity is lower in meningeal
SFTs, as mentioned above."!

To our knowledge, this is the first report of prominent OGCs
described in an SFT/HPC (case 9). Previously, OGCs have been
reported in various malignancies including breast, pancreatic,

22 gastrointestinal stromal tumors,”

and gastric carcinomas,
clear cell sarcoma-like tumors,” squamous cell carcinoma of the
skin,” and malignant melanoma.” It is thought that OGCs re-
sult from a host reaction to degeneration and necrosis of the tu-
mor. However, it is not well understood why OGCs are so exag-
gerated in non-histiocytic tumors.

Kaplan-Meier survival analysis revealed that patients with
metastatic disease had significantly better survival than did those
without systemic metastasis (p =.04) (Fig. 3). The mean age of
the metastatic group was younger than that of the non-metastat-
ic group (37.1 years vs 52.5 years, respectively), suggesting that
the age might be the most important prognostic factor (Fig. 3).
Younger patients lived longer, but also had a higher risk of me-
tastasis than did older patients. The Ki-67 labeling index (>5%),
presence of necrosis, and absence of CD34 expression were not
significant prognostic factors on univariate and multivariate anal-
yses. The statistical insignificance of these latter factors may re-
flect the small number of cases involved.

In this study, two patients received adjuvant chemotherapy,
one patient received a single cycle of VIP (VP-16, ifosfamide,
cisplatin) chemotherapy and one received a single cycle of ifos-
famide. There is no optimal chemotherapy regimen that has
been established for SFTs/HPCs to date.” There are limited case
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reports describing chemotherapy use. One case report described
a patient with meningeal SFTS/HPCs who received two cycles
of ICE (ifosfamide, carboplatin, and etoposide) chemotherapy
and lived at least 151 months.® Another study reported the rel-
ative success of various chemoregimens in 15 patients.”' In that
study, only two patients were treated with adjuvant chemother-
apy, but the treatment was stopped after one cycle in one pa-
tient due to a severe adverse effect.

In conclusion, we have reported 10 cases of meningeal SFTs
with delayed extracranial metastasis. Systemic metastases devel-
oped after a long latent period, a mean of 14.2 years after the
initial surgery. Metastases were associated with younger patient
age and longer survival. Leptomeningeal SFTs can be divided
into two groups by prognosis. The poor prognostic group is
characterized by an initially locally aggressive tumor and eatly
death. The better prognostic group is characterized by younger
age of tumor onset, successful control of local recurrence, and a
life expectancy > 10 years. However, despite intensive treatment,
this group eventually developed delayed systemic metastases.
The median survival rates of patients with and without systemic
metastases were 202 months and 99 months, respectively. The
age of onset was the most important prognostic factor. The best
prognostic group was <45 years old on Kaplan-Meier survival
analysis. Therefore, meningeal SFTs arising in young patients (<
45 years) require careful surveillance for the early detection of
systemic metastases, especially because extracranial metastases
usually occur after a latency period of > 10 years.
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Lung cancer is a leading cause of cancer-related morbidity and

in Non-small Cell Lung Cancer

Background: Aquaporins are water channel proteins that play a major role in the movement of
water in various human tissues. Recently, it has been found that aquaporins have influence in the
carcinogenesis of human malignancies. We analyzed the prognostic impact of aquaporin 5
(AQP5) in non-small lung cancer (NSCLC). Methods: Seventy-six cases of NSCLC were studied,
including 44 cases of adenocarcinoma (ADC) and 32 cases of squamous cell carcinoma (SQCC).
Tissue microarray was constructed and immunohistochemical staining for AQP5 was performed.
Results: AQP5 was positive in 59.2% of the total enrolled NSCLCs (63.7% in ADC and 53.1% in
SQCQ). The difference in expression of AQP5 according to the histologic grade of the tumor was
significant (p<.047), but not in a serial order. When ADC and SQCC were separately evaluated,
no significant difference was observed according to the histologic grade of the tumor (p=.076 in
ADC and p=.631 in SQCC). No difference was observed between AQP5 expression and other
demographic data and tumor characteristics. Disease-free survival (DFS) was higher in AQP5 neg-
ative cases than positive cases in ADC (p=.047), but no significance was found in SQCC (p=.068).
We were unable to find a significance between AQP5 overexpression and overall survival in either
ADC (p=.210) or SQCC (p=.533). Conclusions: AQP5 expression is associated with DFS in ADC
of the lung and tumor grade of NSCLC. The present study suggests that AQP5 can be a prognos-
tic factor of NSCLC.

Key Words: Aquaporin 5; Carcinoma, non-small cell lung; Adenocarcinoma; Carcinoma, squamous
cell

subtypes of AQPs play a role in carcinogenesis and tumor pro-

mortality worldwide, and non-small cell lung cancer (NSCLC),
which includes adenocarcinoma (ADC) and squamous cell car-
cinoma (SQCQ), is the most prevalent subtype.' Despite the dis-
covery of molecular mutations and advances in diagnosis and
treatment, the prognosis for patients with NSCLC remains poor,
and a considerable number of patients experience recurrence of
their disease. Therefore, there is a strong need for reliable bio-
markers associated with various characteristics of patients with
tumors that can predict the prognosis of NSCLCs.

In recent years, molecules expected to reflect the prognosis of
patients with NSCLCs have been studied worldwide. Aquapo-
rin (AQP) is one of such molecules. AQP is a water channel pro-
tein and plays a major role in transcellular water movement and
homeostasis in various human tissues.>” It is a family of trans-
membrane proteins, and about 10 distinct subtypes of AQPs
have been discovered.” Recent studies have reported that certain
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gression in many human malignancies including colon cancer,
pancreatic cancer, brain tumors, and renal cell carcinoma.*” Al-
though the role of AQPs in carcinogenesis has not been clearly
defined, an ectopic overexpression of AQPs is known to promote
the phosphorylation of a cAMP-protein kinase consensus site in
the cytoplasmic area of AQP, which is the transcellular protein.
This phosphorylation is also preferentially found in tumors.”
AQPs are also thought to be related to angiogenesis, an essential
step in the growth, invasion, and metastasis of a tumor. Vacca ¢t
al? reported that AQPs are expressed in higher levels in the bone
marrow tissues in active multiple myeloma than in non-active
multiple myeloma tissues. In this study, immunohistochemical
staining for AQP1 revealed significantly greater microvessel
staining patterns in active multiple myeloma tissues compared
to non-active multiple myeloma tissues. In view of the functional
role of AQPs, AQP1 is one of the delayed response genes, and it
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is thought to be involved in cell migration and angiogenesis.'”""

AQP3 and AQPS, other members of transmembrane channel
proteins, are known to induce the process of lymphocyte activa-
tion."” Notably, a few studies have been conducted regarding
AQPs in lung cancer. In one study, Chae ¢ /.” reported that the
ectopic expression of AQPS in the NIH3T3 cell, the murine fi-
broblast cell line, and BEAS-SB cell, the normal lung cell line,
resulted in a phenotypic change both iz vive and in vitro. This
change seemed to be caused by the signaling pathway activated
by Ras. In another study, Guo and Jin' reported that the nucle-
ar factor of activated T-cells 5 (NFATS), which is an osmoregu-
lated transcription factor, and AQPS are upregulated in ADC
of the lung. In addition, knockdown of each NFATS or AQP5
gene inhibits proliferation and migration of ADC cells.

Laboratories worldwide are studying the molecules and path-
ways associated with the carcinogenesis of lung cancer, looking
for a correlation with prognostic significance in these patients.
In our study, we evaluated the expression of AQPS in NSCLC
and its relationship with various clinicopathologic features. We
also examined the prognostic impact of AQPS in NSCLC.

MATERIALS AND METHODS

Patients and tissue selection

All tissues used in this study were formalin-fixed and paraffin-
embedded NSCLC tissues obtained from the Kyungpook Na-
tional University Hospital between 1998 and 2008. Clinico-
pathologic information was obtained from electronic medical
records. Two pathologists examined the slides of selected cases
and reconfirmed the diagnoses of ADC and SQCC according to
the World Health Organization classifications. The pathologic
TNM stages were evaluated based on the seventh edition of the
American Joint Committee on Cancer (AJCC) cancer staging
system. A total of 385 cases of NSCLC were identified, of which
338 cases were ADC and SQCC. Other types of NSCLC such as
large cell neuroendocrine carcinoma were excluded due to their
rare incidence. However, only 76 cases were used in this study;
cases with loss of tissue due to other experiments, cases lost to
follow-up, and cases that lacked certain clinicopathologic data
were all excluded. Consequently, 44 cases of ADC and 32 cases
of SQCC were enrolled in the study. This study has been approv-
ed by the Institutional Review Board of Kyungpook National
University.

Tissue microarray and immunohistochemical staining

Tissue microarrays were constructed from the representative
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tumor areas, each core measuring 3 mm in diameter. Normal
human lung tissues were used as controls. Immunohistochemi-
cal staining was performed using the BenchMark automated
staining instrument (Ventana Medical System, Tucson, AZ,
USA). The AQPS antibody was an affinity-purified goat anti-
body, used at a dilution of 1:50. Tissue sections were cut in 4 pm
thickness and deparaffinized in xylene, rehydrated in three grad-
ed alcohol chambers, and treated with 3% hydrogen peroxide in
methanol. The avidin-biotin-peroxidase technique was used for
visualization (DAKO LSAB Kit, DAKO Cytomation, Carpin-
teria, CA, USA). All the stained slides were examined by two
pathologists who were blinded from all clinicopathologic data.

Scoring of AQP5 immunohistochemistry

For semi-quantitative analysis of the AQPS immunoreactivi-
ty, we used H-score method.” All cells had cytoplasmic staining
pattern. We counted 100 tumor cells in the hot spot, and the H-
score was calculated by adding the percentages of strongly st-
ained (3 x), moderately stained (2 x), and weakly stained (1 X)
nuclei, resulting in a possible range of 0-300. Two pathologists
evaluated and obtained this score. We divided the H-score inter-
val into 0—15 (less than 5% of the maximum score, AQPS neg-
ative), 15-75 (5%-25%, AQPS weak positivity, 1 +), 75-150
(25%-50%, AQP5 moderate positivity, 2 +), and over 151
(50%-100%, AQPS strong positivity, 3 +). The median values
of H-score for each interval were 4 for negative cases, 53 for weak,
108 for moderate, and 267 for strong staining. We considered

over 1 + immunohistochemical staining as positive.

Statistical analysis

Statistical analysis was performed using SAS ver. 9.4 (SAS In-
stitute Inc., Cary, NC, USA) and R ver. 3.2.1 (R Foundation for
Statistical Computing, Vienna, Austria), and the t test and log-
rank test were used. Patient’s mean age, histologic grade, and tu-
mor stage were evaluated by t test. Survival curves were produced
by log-rank test to evaluate the disease-free survival (DFS) status
and overall survival (OS) status. Age, sex, histological grade, and
tumor stage were accounted. All p-values were two-sided, and
differences at p <.05 were considered statistically significant.

RESULTS

Patient characteristics

Patient characteristics are shown in Table 1. Of the 76 cases,
52 were men and 24 were women. The mean age was 64 years
(range, 41 to 82 years). All cases were diagnosed as either ADC
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Table 1. Association between AQP5 expression, demographic data, and tumor characteristics

AQP5 status in NSCLC

Clinical and tumor characteristic p-value
AQP5 () (n=31, 40.8%) AQP5 (+) (n=45, 59.2%)
Age, mean +SD (range, yr) 64+8.3 (41-78) 64+8.1(49-82) .985
Sex
Male 22 (42.3) 30(57.7) .692
Female 9(37.5) 15 (62.5)
Histologic subtype
Adenocarcinoma 16 (36.4) 28 (63.6) .357
Squamous cell carcinoma 15 (47) 17 (53)
Grade
Well differentiated 7(36.9) 12 (63.1) .047
Moderately differentiated 22 (51.2) 21(48.8)
Poorly differentiated 2(14.9) 12 (85.7)
Grade among ADCs
Well differentiated 5(38.5) 8(61.5) 076
Moderately differentiated 10 (50) 10 (50)
Poorly differentiated 1(09.1) 10(90.9)
Grade among SQCCs
Well differentiated 2(33.3) 4(66.7) .631
Moderately differentiated 12 (52.2) 11 (47.9)
Poorly differentiated 1(33.3 2 (66.7)
T stage
T 7(43.7) 9 (66.3) .305
T2 16 (38.1) 26 (61.9)
T3 4(36.4) 7 (63.6)
T4 4(57.2) 3(42.8)
N stage
NO 20 (40.8) 29 (59.2) 479
N1 4(30.8) 9(69.2)
N2 4 (40) 6 (60)
N3 3(79) 1(25)
TNM stage
I 18 (50) 18 (50) .094
I 7(28) 18 (72)
I 4(30.8) 9(69.2)
\% 0 0

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

AQPS5, aquaporin 5; NSCLC, non-small lung cancer; SD, standard deviation; ADC, adenocarcinoma; SQCC, squamous cell carcinoma.

(n=44) or SQCC (n = 32). The most prevalent histologic grade
was moderately differentiated, with 43 cases (56.6%). The patho-
logic stages were as follows: stage I (n =36, 47.3%), stage 11 (25,
32.9%), stage 111 (15, 19.8%), and stage IV (0, 0%). AQPS sh-
owed significantly different expressions depending on the histo-
logic grade (p <.047), but not in a serial order. When ADC and
SQCC were separately evaluated, there was no significance re-
garding the histologic grade (in ADC, p=.076 and in SQCC, p=
.631). No difference was identified between AQPS expression
and other clinical and tumor characteristics. We included N3
patients who underwent surgery due to tumor burden. In all cas-
es, complete resection was performed, and resection margins
were free from tumor in all cases.

http://jpatholtm.org/

AQP5 immunoexpression

Following immunohistochemical staining, AQPS expression
was evaluated by H-score with staining intensity in the hot spot
and categorized into the following: no staining (), weak or mild
staining (1 +), moderate staining (2 +), and strong staining (3 +).
The representative images of each score are shown in Fig. 1 and
the results are shown in Table 2. The positive cases totaled 28
(57.9%) in ADC and 17 (42.1%) in SQCC. Specifically, 1 +, 2 +,
and 3 + were scored in six ADC and three SQCC cases (total
nine), seven ADC and six SQCC cases (total 13), and 15 ADC
and eight SQCC cases (total 23), respectively.
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Fig. 1. Immunohistochemical staining with aquaporin 5. (A) No staining (0). (B) Weak, mild staining (1+). (C) Moderate staining (2 +). (D) Strong
staining (3+).

Table 2. Histologic subtype of non-small cell lung cancer and aquaporin 5 immunohistochemical staining status

Aquaporin 5 immunohistochemical staining status 0 1+ 2+ 3+ Total

Adenocarcinoma 16 (36.3) 6(13.6) 7(15.9) 15(34.2) 44 (57.9)
Squamous cell carcinoma 15 (46.9) 3(9.3) 6(18.8) 8 (25) 32 (42.1)
Total 31(40.8) 9(11.8) 13(17.1) 23(30.3) 76 (100)

Values are presented as number (%).

Prognostic impact of AQP5 in NSCLC

We had long-term follow-up data for all patients included in
this study, ranging from 1 year to 9 years. Within that period, 31
patients died of primary lung cancer or related complications.
Eighteen of the 44 patients with ADC and 13 of the 32 patients
with SQCC died. Seven cases of death in ADC were due to the
primary disease and others deaths were due to complications
including pneumonia, cachexia and treatment related death. In
SQCC, five cases were died due to the primary disease and oth-
ers were due to complications. The number of patients with re-

http://dx.doi.org/10.4132/jptm.2015.10.31

current lung cancer was 21 in ADC and 12 in SQCC. DFS and
OS along with AQPS positive and negative cases are shown in
Fig. 2 for ADC and in Fig. 3 for SQCC. In the log-rank test
graph, AQPS positive cases are represented with a dotted line
and AQPS negative cases are represented with a solid line in
both ADC and SQCC with 95% confidence interval.

In the DES graph, the p-value of AQPS positive patients is
.047 in ADC, which shows the significance in terms of prognos-
tic impact. However, the other parameters were not significant,
as shown in Figs. 2 and 3. We did find more correlation with
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Overall survival K-M estimate é(t) with 95% Cl for histology = AC

1.0
0.8
(0] -
8 0.6
©
=
5
@ 04
|
0.2
—— AQPS5 negative
—-— AQPS5 positive
Log-rank test: p=.210
0.0 T T T T T T T
0 1 2 3 4 5 6 7

Survival (yr) (A)

Desease-free survival K-M estimate S(t) with 95% Cl for histology = AC

1.0

0.8

0.6

Survival rate

0.4

0.2
—— AQP5 negative
—-—AQP5 positive
Log-rank test: p=.047
0.0 T T T T T T T
0 1 2 3 4 5 6 7
Survival (yr) (B)

Fig. 2. Overall survival (A) and disease-free survival (B) graphs with log-rank test in adenocarcinoma. Aquaporin 5 (AQP5) positive and nega-
tive cases are illustrated with bold dotted and solid lines, respectively. A 95% confidence interval (Cl) is included in this graph and illustrated
with fine dotted and solid lines. KM, Kaplan-Meier; AC, adenocarcinoma.
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Fig. 3. Overall survival (A) and disease-free survival (B) graph with log-rank test in squamous cell carcinoma. Aquaporin 5 (AQP5) positive and
negative cases are illustrated with bold dotted and solid lines, respectively. A 95% confidence interval (Cl) is included in this graph and illus-
trated with fine dotted and solid lines. KM, Kaplan-Meier; SQ, squamous cell carcinoma.

AQPS positive status in the earlier stage (stage I) than in the
higher stages in the DFS, but statistical correlation was not sig-
nificant (p=.152 vs. p=.929). Meanwhile, recurrence rate, stage
at the time of diagnosis and the cause of patient death (primary
disease vs. other complications) did not correlate with the AQPS
status.

http://jpatholtm.org/

DISCUSSION

Although the role of AQPS in both normal control and tumor
tissue has not been clarified, few studies have reported the effect
of AQPs in carcinogenesis and tumor progression. Some studies
reported that expression of AQP1 was frequently involved in the
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development of colon cancer, pancreatic cancer, brain tumors,
and renal cell carcinoma with paralleling angiogenesis.”® Addi-
tionally, AQPS expression in various human cancers has been
studied. Burghardt ez a/.” reported the expression of AQPS in
pancreatic cancer and ovarian cancer. In another study conducted
by Kang et al.," AQPS5 showed a good correlation with lymph
node metastasis in patients with colon cancer, but the OS or DFS
was not found to be significant. Lee e #/."” showed that the AQPS
upregulation led to unfavorable prognoses in patients with es-
trogen receptor positive breast cancer, and it led to significantly
worse prognosis especially in the case of early breast cancer. In
lung cancer, Guo and Jin'* showed that NFATS promotes pro-
liferation and migration of ADC partly via regulation of AQP5
expression. However, very few studies have been conducted in
this field until recently. Based on these observations, we hypoth-
esized that the NSCLCs with AQP5 positive staining would have
more frequent tumor recurrence, shorter DES, and poorer OS.

In our study, APQ5 was expressed in the portion of the lung
cancer patients in both ADC and SQCC. Among various clini-
copathologic features, tumor grade was significantly correlated
with p-value of .047. This is suggestive of a prognostic implica-
tion of AQPS in NSCLCs. Although the percentage of AQPS
positive cases is not serially ordered as the degree of differentiation
in our results, more extensive study should be conducted to veri-
fy the exact significance. In addition, when we separately evaluat-
ed the tumor grade with AQP5 in both ADC and SQCC, no sig-
nificant correlation was identified. For the other variables, we
could not find any significant correlation with AQPS expression.

AQP) positive cases showed a poorer DFS rate than the neg-
ative ones (p =.047) in ADC. However, the AQPS positive status
was not significantly correlated with OS in ADC cases (p =.210).
The crude hazard ratio (HR) and 95% confidence interval of
ADC in DES were 2.291 (0.97-8.75) and the HR and 95%
confidence interval after adjustment for smoking status, age,
tumor stage, etc. were 2.95 (0.98-8.92). Median survival rate in
AQP5 positive cases was 1.94 year. While median survival rate
in AQP5 negative cases was not evaluated. Its level was not fall
below the 0.75. In the DES graph for SQCC, the p-value of
AQPS positive patients is .068, and the prognostic impact was
not significant for OS between AQPS positive and negative
cases (p =.533). Additionally, neither recurrence rate nor tumor
stage correlated with the AQPS status. That is, no parameter cor-
related with AQP5 positivity in SQCC cases. This may be ex-
plained by the small number of cases involved in the study, and
perhaps a study with a large number of cases can demonstrate its
significance as a prognostic marker.
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In addition to the relatively small sample size, our study had
several limitations. We originally sought to determine the clin-
ical usefulness of immunohistochemical staining for AQPS pro-
tein for determining prognosis in NSCLC. We examined earlier
studies for the significance of AQPS in detecting and predict-
ing prognosis in patients with ADC or SQCC. In addition, we
focused on correlating DFS rate, OS rate, recurrence rate, and his-
tological stage with AQPS. However, the correlation of immu-
noexpression of AQPS in malignant tissue with poor prognosis
has already been reported. However, to date, only a few studies
on this topic have been published, and our study will provide an
additional evidence to support the correlation of AQPS with sut-
vival rates in ADC.

We examined the usefulness of immunohistochemical staining
of AQPS for clinical significance. However, we did not evaluate
the molecular pathogenesis, molecular pathway, or carcinogenetic
mechanisms. Many such pathways and molecules were unknown
until recently. More molecules and carcinogenetic processes re-
lated to invasion, adhesion, migration, and motility should be
identified and studied.

Lung cancer subtypes may have distinct carcinogenetic path-
ways. Although ADC and SQCC are the predominant subtypes,
others such as large cell neuroendocrine carcinoma and small
cell carcinoma do exist. Even though they are rare, they should
be included when studying carcinogenetic molecules and path-
ways in NSCLC. Lastly, many studies referenced in our study
had been performed using a single cell line. More studies using
other cell lines and subtypes of NSCLC can be the basis for fu-
ture research.

In conclusion, the results of the current study show a correla-
tion between AQPS expression and poorer DFES in the ADC sub-
type of NSCLC. We believe that AQPS can be a potential novel
prognostic biomarker in ADC. Further research is needed to
determine its utility in other subtypes of lung cancer.
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Background: As measurement of Ki-67 proliferation index is an important part of breast cancer
diagnostics, we conducted a multicenter study to examine the degree of concordance in Ki-67
counting and to find factors that lead to its variability. Methods: Thirty observers from thirty differ-
ent institutions reviewed Ki-67-stained slides of 20 different breast cancers on whole sections
and tissue microarray (TMA) by online system. Ten of the 20 breast cancers had hot spots of Ki-
67 expression. Each observer scored Ki-67 in two different ways: direct counting (average vs. hot
spot method) and categorical estimation. Intraclass correlation coefficient (ICC) of Ki-67 index
was calculated for comparative analysis. Results: For direct counting, ICC of TMA was slightly
higher than that of whole sections using average method (0.895 vs 0.858). The ICC of tumors
with hot spots was lower than that of tumors without (0.736 vs 0.874). In tumors with hot spots,
observers took an additional counting from the hot spot; the ICC of whole sections using hot
spot method was still lower than that of TMA (0.737 vs 0.895). In categorical estimation, Ki-67 in-
dex showed a wide distribution in some cases. Nevertheless, in tumors with hot spots, the range
of distribution in Ki-67 categories was decreased with hot spot method and in TMA platform.
Conclusions: Interobserver variability of Ki-67 index for direct counting and categorical estimation
was relatively high. Tumors with hot spots showed greater interobserver variability as opposed to
those without, and restricting the measurement area yielded lower interobserver variability.

Key Words: Ki-67; Observer variation; Multicenter; Breast neoplasms

Breast cancer is a heterogeneous group of diseases with differ-
ent molecular bases, histologies, and prognoses.' Current classi-
fication is based on molecular subtyping with cDNA microar-
rays into five categories: luminal A, luminal B, human epidermal
growth factor receptor 2 (HER2)—positive, basal-like, and normal
breast-like.>” In daily practice, however, immunohistochemis-
try is a simple and economic method that provides as much valu-
able information as gene expression profiling. Thus, breast can-
cer subtyping using immunohistochemical surrogates has been
proposed.“® Cheang ¢t 21.° classified breast cancers into luminal
A, luminal B, HER2-positive, and triple negative using estro-
gen receptor, progesterone receptor, HER2, and Ki-67. They
used a 14% cutoff value for Ki-67 with hormone receptor—posi-
tive breast cancer having Ki-67 < 14% as luminal A and those
with >149% as luminal B. The St. Gallen Consensus for treat-
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ment of early breast cancer adopted the surrogate definitions of
breast cancer subtypes proposed by Cheang ez #/.° and estab-
lished guidelines according to each subtype, which are now
held standard of treatment in breast cancer.”* Because classifica-
tion of luminal A and luminal B subtypes depends on Ki-67
index, its accurate measurement is a critical factor in deciding
therapeutic modalities.

Ki-67 is a protein expressed in all phases of the cell cycle (ex-
cept for resting Go) used as a tumor proliferation marker.” Ki-
67 index is defined by the percentage of tumor cells with positive
nuclear staining out of all tumor cells within a given histologi-
cal field. Several studies have shown the prognostic and predic-
tive value of Ki-67 with a high Ki-67 index having higher risks
of recurrence and treatment response in breast cancer."" Fur-
thermore, a more recent study has shown that for neoadjuvant
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endocrine therapy, Ki-67 indices before treatment and 2 weeks
after treatment are strongly associated with time to relapse as
well as response to endocrine treatment.'* Despite such critical
role of Ki-67 index in breast cancer treatment, there exist dilem-
ma in using it as a standard prognostic or predictive marker ow-
ing to the lack of standard methodologies in its measurement.

There are some methodological issues concerning Ki-67 in-
dex interpretation, which can cause variabilities in its measure-
ment. First, the number of tumor cells counted and the areas
selected for counting may be different for each observer. Second,
as with other tumors, breast cancers may exhibit intratumoral
heterogeneity in cell proliferation with areas of higher prolifera-
tion indicated by more intense staining of Ki-67 known as “hot
spots.” In tumors with such hot spots, an observer may decide to
measure Ki-67 index from the hot spot or take the average of a
few different fields in the same section. Third, some may pro-
ceed with manual counting while others may utilize digital im-
age analysis (DIA). Fourth, some may record Ki-67 index in con-
tinuous numbers while others may record it in categorical values.
Together, these various factors inevitably lead to interobserver
variability in Ki-67 measurement, the degree of which is un-
known. Thus, suggestions have been put forth by the Interna-
tional Ki-67 in Breast Cancer Working Group in an attempt to
standardize Ki-67 measurement.” The need for standard crite-
ria regarding the number of tumor cells and the area of the field
to be counted, as well as the method of counting is becoming
all the more urgent.

In this study, we chose 20 samples of invasive breast cancer,
of which 10 had hot spots and performed a multicenter study
with participation from 30 institutions to assess the degree of

interobserver variability in Ki-67 index measurement and clarify
the factors affecting its measurement by comparing whole sec-
tions versus tissue microarray (TMA) platforms, average count-
ing versus hot spot counting, and continuous versus categorical
counting.

MATERIALS AND METHODS

Case selection and TMA construction

Twenty cases (T1-T20) of invasive ductal carcinoma (IDC)
were selected from the pathologic archives of Seoul National
University Bundang Hospital after reviewing the Ki-67 immu-
nostained slides upon diagnosis. All cases were surgically re-
sected tissue specimens fixed in 10% formalin and paraffin-em-
bedded in 2012. To analyze the effect of the presence of hot
spots in Ki-67 measurement, we purposely chose 10 IDCs (T11-
T20) which had localized high Ki-67 staining areas (Fig. 1).
The remaining (T1-T10) showed a relatively even distribution
of positive tumor cells. All twenty cases were arranged into a 2
mm, single-core TMA to set limits for the area of analysis, as
opposed to whole section slides. TMA was constructed using a
trephine apparatus (Superbiochips Laboratories, Seoul, Korea).
Hot spot areas were selected to be incorporated into the TMA
in 10 IDCs (T11-T20) while areas most representative of the
tumor were selected for the remaining 10 cases (T1-T10) for
TMA construction. This study was exempt from Institutional
Review Board (IRB) deliberation (IRB No. X-1508/312-901).

Immunohistochemical staining and measurement of Ki-67
Immunohistochemical staining of Ki-67 was re-petformed

(B)

Fig. 1. A representative case with hot spots in Ki-67 immunohistochemistry. (A) Scan power view of Ki-67 immunostained slides with a hot

spot in right lower corner. (B) High power view of the hot spot.
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using MIB-1 clone (1:500; DAKO, Carpinteria, CA, USA) in
whole sections and a TMA section. Four-micrometer-thick tis-
sue sections were cut, dried, deparaffinized, and rehydrated fol-
lowing standard procedures. All sections were subjected to heat-
induced antigen retrieval. Immunohistochemical staining was
carried out in a BenchMark XT autostainer (Ventana Medical
Systems, Tucson, AZ, USA) using an UltraView detection kit.
All immunostained slides were scanned using ScanScope CS sys-
tem (Aperio, Vista, CA, USA) and the files of such scanned slides
wete uploaded to an online system. Thirty different pathologists
(01-030) from thirty different institutions (25 of which are
academic teaching hospitals including all of the major hospitals
in the country) participated in this study and examined the
scanned slides using ImageScope viewing software with specific
guidelines for Ki-67 measurement.

All observers measured Ki-67 index in two different ways for
both whole section slides and a TMA slide. First, direct count-
ing method consisted of counting at least 500 tumor cells in
each of three representative areas in whole sections and count-
ing of at least 500 tumor cells or all of the tumor cells (if the
number of tumor cells were less than 500) in a TMA, either
manually or digitally using an image analyzer, and the positive
percentage was calculated; two out of 30 participants utilized
DIA for direct counting. Second, rough estimation method con-
sisted of visual estimation of Ki-67 index into five categories: 0
(<5%),1 (5% to <10%), 2 (10% to <20%), 3 (20% to <50%), and 4

Direct
counting

Whole
section

Rough
categorical —
estimation

20IDCs
(10 without hot spots, T1-T10;
10 with hot spots, T11-T20
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(250%). In tumors with hot spot areas (T'11-T20), direct count-
ing on whole section slides consisted of two different methods.
The first was to count the number of positive tumor cells in one
representative hot spot area which we designated as the “hot spot
method.” The other method was counting in three representa-
tive areas including the hot spot and then calculating its aver-
age, which we named as the “average method.” For rough estima-
tion, the observers made separate categorical estimations of Ki-
67 from the hot spot and the entire field in whole section slides
in tumors with hot spot areas (T11-T20). The schematic repre-
sentation of study design and counting methods is provided in
Fig. 2.

Statistical analyses

To assess interobserver variability in the 20 cases, we calculat-
ed intraclass correlation coefficient (ICC) with a 95% confidence
interval (CI). Since there is no consensus on standard criteria for
ICC, we used this value only for comparison of interobserver
variabilities of different Ki-67 measurement methods. The ICC
has a range of 0 to 1, withl defining perfect agreement. To
evaluate the distribution of Ki-67 proliferation indices measured
by different observers for each case, we calculated the mean,
median, standard error of mean, and standard deviation of each
case, for every method. We drew a side by side box plot for Ki-
67 indices. All data analyses were performed using IBM SPSS
ver. 21.0.0 (IBM Co., Armonk, NY, USA).

— T-T10 |—

At least 500 cells in each of 3 fields ‘

At least 500 cells in each of 3 fields including hot spot ‘

At least 500 cells from hot spot ‘

— T-T10 |—

1 Category from entire field ‘

1 Category from entire fleid ‘

1 Category from hot spot ‘

Direct
counting

T1-T10 |——

At least 500 cells or entire field if <500 cells ‘

T11-T20 [——

At least 500 cells or entire field if <500 cells ‘

T™MA

Rough
categorical
estimation

T1-T10 |——

1 Category from entire field ‘

T11-T20 |——|

1 Category from entire field ‘

Fig. 2. A schematic diagram of study design and counting methods. Twenty cases of invasive ductal carcinoma (IDC) were prepared in two
platforms-whole sections and a tissue microarray (TMA), and then digitally scanned for analysis in online system. Each observer was in-
structed to measure Ki-67 index in two platforms in two different ways (direct counting or rough categorical estimation) employing the aver-

age method and hot spot method.
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RESULTS

Direct counting

The Ki-67 indices in each tumor calculated by direct count-
ing in whole sections and a TMA are presented in Fig. 3. The
mean and median values of Ki-67 indices were relatively lower

Whole sections
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in T1-T10 than in T11-T20 for both whole sections and TMA.
To evaluate the effect of restricting area of measurement on Ki-
67 counting, we compared the ICCs of Ki-67 indices in whole
sections and TMA. The ICC of 20 cases among 30 observers was
0.802 (95% CI, 0.696 to 0.897) for whole sections by the aver-
age method. The ICC of Ki-67 indices measured in TMA was

Tissue microarray
100 +
80 |
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£
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7
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Fig. 3. Side-by-side box plots of Ki-67 distribution using whole sections (A) and tissue microarray slides (B) in direct counting method. The box
shows the first to third quartiles, the horizontal line inside the box represents the median, the whiskers extend to minimum and maximum values
within 1.5 times the interquartile range (IQR) from the first and third quartiles. Outliers are represented by small circles and extreme values
(more than 3 times IQR) by asterisks. The Ki-67 indices measured in whole section show wider distribution than those in tissue microarray.

Table 1. Comparison of Ki-67 assessment in whole sections and tissue microarray in T11-T20

T11 T12 T13 T14 T15 T16 T17 T18 T19 T20
Whole section, average method
Minimum 10.00 12.00 4.00 15.00 6.00 11.00 10.00 4.00 15.00 30.00
Maximum 56.00 41.00 58.00 64.00 48.00 61.00 56.00 56.00 73.00 88.00
Mean 28.20 24.43 20.50 37.20 2497 31.30 29.27 21.93 37.13 59.90
Median 26.00 25.00 19.00 38.00 24,00 27.00 28.50 21.00 35.50 59.00
SD 12.50 712 11.77 10.09 10.24 13.08 12.76 10.58 12.74 14.68
SE 2.28 1.30 2.15 1.84 1.87 2.39 2.33 1.938 2.33 2.68
Whole section, hot spot method
Minimum 24.80 23.50 13.50 20.60 17.50 27.00 15.80 16.50 33.30 62.50
Maximum 62.20 56.00 36.50 59.50 61.00 79.30 54.50 49.00 72.50 94.00
Mean 44.59 35.74 26.73 41.71 34.40 56.43 37.03 29.38 51.58 82.50
Median 46.00 34.00 26.85 41.75 35.80 55.85 39.00 28.45 49.75 83.35
SD 9.65 8.71 6.14 8.42 9.26 11.46 9.60 7.81 9.35 7.86
SE 1.76 1.59 1.12 1.54 1.69 2.09 1.75 1.43 1.71 1.44
Tissue microarray
Minimum 17.50 11.60 8.00 15.80 13.00 37.00 8.00 11.00 29.00 68.00
Maximum 60.00 49.00 37.00 55.00 49.00 80.00 46.00 40.00 75.00 96.00
Mean 45.62 32.99 18.19 31.46 28.42 59.07 26.83 24,09 50.33 83.97
Median 47.00 33.00 17.50 31.00 25.50 57.50 27.00 22.00 47.50 83.50
SD 10.78 9.11 6.98 8.38 8.97 10.11 9.61 714 10.72 7.40
SE 1.97 1.66 1.27 1.58 1.64 1.85 1.76 1.30 1.96 1.35

Values are presented as percentage.
SD, standard deviation; SE, standard error of mean.
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0.895 (95% CI, 0.829 to 0.948). Because the TMA was con-
structed from the hot spot areas in T11-T20, we also compared
the Ki-67 indices acquired by hot spot method in whole sec-
tions with those in TMA (Table 1). In T11-T20, the ICC of TMA
was higher than that of whole sections using hot spot method
(TMA: ICC, 0.895 [95% CI, 0.798 to 0.966]; whole section:
ICC, 0.737 [95% CI, 0.561 to 0.905)).

To assess the effect of the presence of hot spots on direct count-
ing, we compared the ICC of tumors without hot spots (T1-
T10) with that of tumors with hot spots (T11-T20). Ki-67 in-
dices using the average method were used for analysis in both
T1-T10 and T11-T20. The ICC of T1-T10 was 0.874 with a
95% CI of 0.761-0.959, and the ICC of T11-T20 was 0.736
with 2 95% CI of 0.559-0.904 in whole sections. The ICC of
tumors with hot spots was significantly lower than that of tu-
mors without hot spots using the same method of counting.

We also compared the ICC of two different counting meth-
ods applied in T11-T20: hot spot method versus average meth-
od (Table 1). In general, the mean Ki-67 indices resulting from
the hot spot method was higher than those yielded using the av-
erage method. However, there was no difference between the
ICC value of the former (ICC, 0.737 [95% CI, 0.561 to 0.905]
and latter ICC, 0.736 [95% CI, 0.559 to 0.904]).

Categorical estimation

The Ki-67 indices in each tumor calculated by rough estima-
tion for whole sections and TMAs are presented in Fig. 4. In
whole sections, Ki-67 indices belonged to two categories in six

Whole sections
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cases, three categories in six cases, four categories in seven cases,
and five categories in the remaining one case. In TMAs, they
were assigned to one category in one case, two in six, three in
eight, and four in the remaining five cases. Ki-67 for T15 in pat-
ticular, showed a poor concordance between observers in the
whole section. One observer assessed Ki-67 index as less than
5% while another assessed it as more than 50%. Rough estima-
tion in TMA resulted in a narrower distribution of Ki-67 cate-
gories in six cases (T11 and T15 through 20) and a wider dis-
tribution of Ki-67 in three cases (T7, T10, and T14) compared
with that in whole sections. Based on the distribution of Ki-67
indices, the rough estimation method was not better than the
direct counting method.

Additionally, we compared the Ki-67 indices acquired by
rough estimation in whole section using hot spot method with
those in TMA for T11-T20 (Table 2). The distribution of Ki-67
categories was mainly restricted to two continuous categories in
both platforms. In T11-T20, we also compared the Ki-67 indi-
ces acquired by categorical estimation in two different ways:
hot spot method versus average method (Table 2). We observed
that tumors tended to be categorized into higher categories and
the range of distribution was decreased using the hot spot
method compared with the average method.

DISCUSSION

Although Ki-67 index in breast cancer has predictive and
prognostic values, it has not been accepted as a standard predic-

Tissue microarray
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Fig. 4. Distribution of Ki-67 indices in whole sections (A) and tissue microarray slides (B) in categorical estimation. The Ki-67 indices mea-
sured by categorical estimation in whole sections and TMAs show a wide distribution in some cases.
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Table 2. Ki-67 index assessment by rough estimation method in whole sections and tissue microarray in T11-T20

T11 T12 T13

T14 T16 T16 T17 T18 T19 T20

Whole section, average method

<5% 0 0 1
5t0<10% 0 1 7
10to <20% 156 16 16
20 to <50% 3 13 6
>50% 2 0 0
Whole section, hot spot method
<5% 0 0 0
510 <10% 0 0 1
10 to <20% 0 4 8
200 <50% 22 24 20
>50% 8 2 1
Tissue microarray
<5% 0 0 1
510 <10% 0 0 10
10to <20% 0 7 15
200 <50% 12 23 4
>50% 18 0 0

0 1 1 0 0 0 0
0 2 0 1 4 0 0
0 19 11 15 15 2 0
28 7 16 13 10 21 3
2 1 2 1 1 7 27
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 6 1 0 6 0 0
15 22 8 20 22 8 0
15 2 21 10 2 22 30
0 0 0 0 0 0 0
1 1 0 1 0 0 0
6 1 2 13 8 0 0
22 18 12 16 22 12 0
1 0 16 0 0 18 30

The numbers presented indicate the number of cases that belong to each category.

tive or prognostic biomarker due to variability in its measure-
ment. Thus, in this study, we performed a multicenter study to
assess the degree of interobserver variability in Ki-67 index mea-
surement and to find factors that contribute to its variability.

As there is no statistical criterion defining “high” concordance,
one study assumed it to be having an ICC of approximately
0.9." The ICCs for various measurements taken in our study
wete in the range of 0.7-0.8. Thus, interobsetver concordance
in Ki-67 measurement was moderately good at best for all set-
tings. We were, however, able to deduce some important con-
clusions from our study. With the participation of thirty differ-
ent institutions, we evaluated interobserver variability in Ki-67
index measurement specifically depending on the area of selec-
tion, intratumoral heterogeneity, and counting method, which
we held especially important among several factors that are
known to influence Ki-67 measurement variability.

Previous studies evaluating interobserver variability of Ki-67
measurement have used either core biopsy samples or TMAs.
However, this study is the first one, to our best knowledge, to
have made direct comparisons between the whole section and
TMA preparations from the same tumor sample. While restrict-
ing the area of counting increased concordance between the ob-
servers by a small amount (TMA: ICC, 0.895 [95% CI, 0.829 to
0.948]; whole section: ICC, 0.858 [95% CI, 0.774 to 0.929]),
the difference was not significantly large. However, in tumors
with hot spots (T11-T20), the ICC of TMA was much higher
than that of whole sections using either average method or hot

http://jpatholtm.org/

spot method (TMA: ICC, 0.895 [95% CI, 0.798 to 0.966];
whole section, average method: ICC, 0.736 [95% CI, 0.559 to
0.904]; whole section, hot spot method: ICC, 0.737 [95% CI,
0.561 to 0.905]). Similarly, in categorical estimation, the range
of distribution in Ki-67 categories was decreased when count-
ing in TMA in the cases with hot spots. Thus, restricting the area
of counting seems to be a critical factor affecting concordance in
Ki-67 measurement.

Because some breast cancers possess intratumoral heterogene-
ity in tumor cell proliferation, a manifestation of which is the
presence of hot spots in Ki-67 expression, we attempted to ana-
lyze the degree of difference in Ki-67 measurement between ob-
servers in two ways. Dividing those cancers with and without hot
spots and measuring ICCs of the two groups for the average
counting method yielded an ICC of 0.874 for T1-T10 (95%
CI, 0.761 to 0.959) and 0.736 (95% CI, 0.559 to 0.904) for
T11-T20 in whole sections. Thus, the ICC of tumors with hot
spots was much lower than that of tumors without hot spots;
such finding that tumors with hot spots exhibit greater interob-
server variability is not counterintuitive. A more interesting
finding is that within this subset of tumors with hotspots, when
we measured the degree of difference in Ki-67 measurement with
regards to counting an average of the entire field or taking a
single count from the hot spot only, there was no difference be-
tween the ICC value of the former (ICC, 0.736 [95% CI, 0.559
to 0.904]) and latter (ICC, 0.737 [95% CI, 0.561 to 0.905]).
We expected that the ICC for whole section using hot spot

http://dx.doi.org/10.4132/jptm.2015.12.24



method would be higher than that for whole section using aver-
age method. However, even within the hot spots, it was likely
that observers chose different areas for counting, and the distri-
bution of Ki-67—stained tumor nuclei was variable.
Interpretation of the weakly stained nuclei as either positive
or negative staining may be an important factor contributing to
variability in Ki-67 measurement. However, we did not inves-
tigate this interpretative issue in the current study. We used a
mouse monoclonal antibody MIB-1 for Ki-67 immunostaining.
It yielded similar yet less intense staining results compared with
rabbit monoclonal antibody SP6 using the central laboratory
equipment (data not shown). SP6 was employed in many previ-

ous pivotal studies®'”*

and showed increased sensitivity com-
pared to mouse monoclonal antibodies."”'*** However, the cur-
rent recommendations from the International Ki-67 in Breast
Cancer Working Group states only MIB-1 as the antibody en-
dorsed in Ki-67 measurement."””" Further comparative studies
using different clones for Ki-67 and interpretation of weakly
stained nuclei will be needed.

In order to assess interobserver variability depending on the
counting method (in categories or direct numbers), each observer
was instructed to take these two counting methods for each sam-
ple: for direct counting, more than five hundred cells were count-
ed from at least three representative areas. For categorical count-
ing, the observers made an estimate of the percentage of positive
tumor cells into five categories (category 0, < 5%; category 1,
5%-10%; category 2, 10%-20%; category 3, 20%—50%; and
category 4, 250%). Although Ki-67 indices belonged to two
categories in six cases on whole section and TMA (one case on
TMA belonged to only one category), they had a wide distribu-
tion belonging to more than three categories in the remaining
cases. Moreover, the cases with Ki-67 index within 10%—-20%,
which includes the cutoff value of 14% used for distinction of
luminal A and luminal B subtypes in breast cancer, showed wide
distribution in rough estimation from category 0 to 4. There-
fore, rough estimation methods may be worse than direct count-
ing method in terms of interobserver concordance.

A limitation of our study includes a small number of tumor
samples. Although each tumor sample was presented in two
platforms of whole section and TMA, and each observer made
at least a few countings for each sample for various settings, the
absolute sample number was only twenty, which is the major
reason we restricted our statistical analysis to evaluating ICCs.

Finally, all of the observers were given the liberty of using ei-
ther manual or digital counting, and two observers made direct
counting via DIA. However, we were not able to make direct
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comparisons between the two methods due to the small sample
size. DIA enables a much quicker measurement, and its clinical
utility seems promising. One group has reported that automat-
ed Ki-67 measurement was almost as comparable as visual esti-
mation in precision and prognostic ability,”> and Laurinavicius
et al.” have suggested specific methodologies in using DIA for
Ki-67 measurement. Standardization of DIA techniques may
offer more consistent results between observers in the future, and
its application using standard protocols should be studied in
further studies.

In conclusion, our nationwide thirty-center study of Ki-67 in-
terobserver variability showed that interobserver variability in
measuring this critical biomarker is high. Although direct com-
parison between direct counting and rough estimation into cat-
egories was impossible due to statistical issues, direct counting
seems to result in less interobserver variability. Thus, we recom-
mend that Ki-67 measurement be performed by direct count-
ing rather than by rough categorical estimation. Tumors with
hot spots generally showed greater interobserver variability than
those without hot spots. However, restricting the area of mea-
surement to TMA platform resulted in decreased interobserver
variability, even in tumors with hot spots. At this point, we can-
not put down a specific number for the area of selection, and fur-
ther studies are needed; however, we can propose that the area
of selection should be confined to a specific area, such as the pe-
riphery of the tumor or hot spots (in cases with hot spots). Lastly,
we urge future analyses comparing manual counting versus DIA
in Ki-67 measurement since DIA seems to reduce not only in-
traobserver variability but also interobserver variability so that
this critical biomarker can be used with a greater confidence in
clinical practice.
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in Gervicovaginal Swabs

Background: Human papillomavirus (HPV) infection can be detected by using several molecular
methods, including Hybrid-Capture Il (HC2) assay and variable HPV DNA chip tests, although
each method has different sensitivities and specificities. Methods: We performed HPV 9G DNA
Chip (9G) and PANArray HPV Genotyping Chip (PANArray) tests on 118 cervicovaginal swabs and
compared the results with HC2, cytology, histology, and direct sequencing results. Results: The
overall and high-risk HPV (HR-HPV) positivity rates were 62.7% and 44.9% using 9G, and 61.0%
and 30.5% using PANArray, respectively. The positivity rates for HR-HPV with these two chips
were significantly lower than 55.1% when HC2 was used. The sensitivity of overall HPV positivity
in detecting histologically confirmed low-grade cervical squamous intraepithelial lesions or higher
was 88.7% for all three tests. The specificity was 58.5% for 9G and 61.5% for PANArray, which
was significantly lower than the 72.3% for HC2. With the HR-HPV* genotype threshold, the sen-
sitivity decreased to 75.5% for 9G and 52.8% for PANArray, which was significantly lower than
the 88.7% for HC2. Comparison of the two chips showed concordant results in 55.1% of the sam-
ples, compatible results in 16.9%, and discordant results in 28.0%, exhibiting poor agreement in
detecting certain HPV genotypes. Compared with direct sequencing, 9G yielded no discordant re-
sults, whereas PANArray yielded 31 discordant results (26.7%). Conclusions: Compared with HC2,
the HPV genotyping tests showed lower sensitivity in histologic correlation. When the two chips
were compared, the 9G was more sensitive and accurate for detecting HR-HPV than the PANArray.

Key Words: Human papillomavirus; Hybrid-Capture Il assay; Oligonucleotide array sequence analysis;
Cervix uteri

The causal role of human papillomavirus (HPV) infection has
been well established in the pathogenesis of cervical cancer and
precancerous lesions." Among the large number of HPV geno-
types identified to date, about 40 genotypes infect the mucosal
lining of the human body, including the anogenital tract. Based
on their epidemiological association with cervical lesions, the
mucosal HPV strains are classified into high-risk (HR) and low-
risk (LR) genotypes.”” The HR-HPV genotypes are detected
more frequently in precancerous or cancerous cervical lesions,
whereas the LR-HPV genotypes cause genital warts and are rare-
ly associated with premalignant or malignant cervical lesions.**
Although most LR- or HR-HPV infections are transient and
successfully controlled by the host immune system, persistent
infection with HR-HPV was highly associated with the devel-
opment of high-grade dysplasia or invasive cervical cancers.”®
Overall, 14 HR-HPV genotypes (HPV 16, 18, 31, 33, 35, 39,
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45,51, 52, 56, 58, 59, 66, and 68) have been identified in al-
most all cervical cancers worldwide.* Among these types, HPV
16 is the most important genotype that causes more than 50%
of cervical carcinomas, followed by HPV 18 that causes 10%—
15% and HPV 45 that causes approximately 7%.” HPV 18 is
also identified in more than 35% of cervical adenocarcinomas.”
Therefore, detecting HR-HPV in cervical samples is an impor-
tant ancillary test for screening cervical lesions.” Furthermore,
HPV testing has been shown to have a high negative predictive
value (NPV) close to 100% for high-grade squamous intraepi-
thelial lesions (HSILs) and invasive cancers, thereby emphasiz-
ing the usefulness of HPV tests in the triage of equivocal or low-
grade cytological smears.'™"'

HPV infection can be detected by many molecular methods,
including Hybrid-Capture II assay (HC2; Qiagen, Gaithersburg,
MD, USA) and variable HPV genotyping tests, although these
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methods have different sensitivities and specificities. HC2 de-
tects 13 types of HR-HPV by means of an RNA cocktail probe
and provides pooled data about HR-HPV infection, but does
not indicate individual HPV types; further, it is the most widely
used screening test with proven clinical performance.'*** Howev-
er, because a few HPV types, including HPV 16 and 18 among
the many types of HPV, are responsible for most HPV-related
cancers, a clinical necessity for HPV genotyping that can distin-
guish individual types has arisen. Genotyping for specific onco-
genic HPV types has also been shown to improve the positive
predictive value (PPV) and specificity in predicting HSIL and
carcinoma in women with atypical squamous cells of undeter-
mined significance (ASCUS) and low-grade cervical squamous
intraepithelial lesions (LSIL)."” In addition, in vaccinated women,
type-specific HPV testing can be useful to assess the prevalence
of specific HPV types, including HPV types that do not have
vaccines available.” Reflecting this trend, the recently introduced
Cobas HPV test (Roche Molecular Systems Inc., Branchburg,
NJ, USA) provides specific genotyping data about HPV 16 and
18 in conjunction with pooled HR-HPV results.'

In Korea, several HPV genotyping tests that use polymerase
chain reaction (PCR)-based microarray methods are commer-
cially available, but they lack standardization compared to HC2
and show variable clinical efficacy. We therefore selected two
widely used DNA chips, the HPV 9G DNA Chip (9G; Diatech
Korea Co. Ltd., Seoul, Korea) and PANArray HPV Genotyping
Chip (PANAtrray; Panagene, Daejeon, Korea), and compared their
results with the results from HC2, cytological diagnoses, and
histological diagnoses in terms of clinical efficacy. Additionally,
genotyping results of these two chips were further validated by
direct sequencing.

MATERIALS AND METHODS

Selection of study samples

A total of 118 histologically confirmed cervicovaginal swab
specimens in which HPV infection status was examined by HC2,
between January 2015 and March 2015 at Konkuk University
Medical Center, were collected. Cytological diagnosis was ob-
tained in 109 patients using liquid-based cervical cytology (Sure-

Table 1. HPV genotypes identified by the 9G and PANArray
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Path, TriPath Imaging Inc., Burlington, NC, USA) according to
the Bethesda System for reporting cervical cytology.'” Histolog-
ical confirmation was available in all 118 cases using cervical bi-
opsy, loop electrosurgical excision procedure, and hysterectomy
within one month from HC2. In total, nine cases have not been
sent for cytological examination, but were submitted for histo-
logical examination. The cytological and histological diagnoses
were reviewed and confirmed by two pathologists (H.S.H. and
W.Y.K.). This study was approved by the Institutional Review
Board (KUH 1210039).

HC2

Cervical specimens were collected using brush samplers and
placed in a collection tube containing a preservative solution
(Qiagen). A 200-pL aliquot of each sample was removed and
stored for DNA extraction and subsequent testing for HPV ge-
notyping assays. The HC2 assay method was performed using
residual sample materials with the automated HC2 assay sys-
tem, according to the manufacturer’s protocol (Qiagen). The
samples were analyzed for the presence of 13 HR-HPV types
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68). Posi-
tive and negative controls (provided by the manufacturer) were
included in each run. The relative light unit for all the samples
was set to the degree of relative brightness compared to the posi-
tive control group. This ratio was considered positive when it
was > 1.0 and negative when it was < 1.0.

DNA extraction
DNA was extracted from the above-mentioned 200-pL ali-
quots of samples, as previously described.®

HPV genotype assay using the 9G

The 9G test detected 14 HR- and 5 LR-HPV types (Table 1).
Analyses were performed according to the manufacturer’s in-
structions.'? Briefly, the PCR mixture consisted of 10 pL of the
extracted target DNA, 10 pL of the primer set (provided by the
manufacturer), and PCR premix (provided by the manufacturer)
that contained deoxyribonucleotide triphosphate and Tag DNA
polymerase in an amplification buffer. Amplification was pet-
formed using the following steps: predenaturation for 5 minutes

Risk level Detection by both 9G and PANArray Detection by PANArray only
High 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 26, 69, 70, 73
Low 6, 11, 34, 40, 42 32,43, 44,54 , 55, 62, 81, 83

HPV types in bold corresponds to the 13 high-risk genotypes detected by Hybrid-Capture Il assay.
HPV, human papillomavirus; 9G, HPV 9G DNA Chip; PANArray, PANArray HPV Genotyping Chip.
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at 94°C, 40 cycles of 30 seconds each for denaturation at 94°C,
40 cycles of 30 seconds each for annealing at 45°C, 40 cycles of
30 seconds each for elongation at 72°C, and a final elongation
step of 5 minutes at 72°C. The PCR products were electropho-
resed in a 2% agarose gel to confirm successful amplification of
the PCR product. Each hybridization chamber of the 9G was
covered with a mixture of 35 pL of the hybridization reaction
mixture and 15 pL of the PCR product and incubated at 25°C
for 30 minutes. After washing, array images were scanned and
taken using a fluorescent scanner (EasyScan-100, Xillux Co. Ltd.,
Seoul, Korea).

HPV genotype assay using the PANArray

The PANArray test detected 19 HR- and 13 LR-HPV types
(Table 1). Analyses were performed according to the manufac-
turer’s instructions.” Briefly, one PCR mix contained 5 pL of
target DNA, 3 pL of PCR primer No. 1, and 17 pL of reaction
mixture No. 1 supplied by the manufacturer (containing Taq
DNA polymerase, PCR buffer, and deoxynucleoside triphos-
phate mixture) for a total volume of 25 pL. Another PCR mix
contained 5 pL of the same target DNA, 3 pL of PCR primer
No. 2, and 17 pL of reaction mixture No. 2. All tubes were incu-
bated for 2 minutes at 50°C before PCR was started. Ten cycles
of 30 seconds at 94°C, 30 seconds at 60°C, and 30 seconds at
72°C were performed, including predenaturation for 15 minutes
at 94°C at the first step, followed by 40 cycles of 30 seconds at
94°C, 1 minute at 47°C, and 30 seconds at 72°C. The PCR
products were electrophoresed in a 2% agarose gel to confirm
successful amplification of the PCR product. A mixture of hy-
bridization buffer No. 1 and No. 2 (70 L) was mixed with 5 pL
of PCR product No. 1 and 5 pL of PCR product No. 2 and then
applied to the PANArray chip and incubated for 1 hour at 50°C.
After washing, array images were scanned and taken using a flu-
orescent scanner (EasyScan-100, Xillux Co. Ltd.).

Direct sequencing

Genotyping results were confirmed by direct sequencing, as
previously described."” Direct sequencing was performed by an
outside laboratory (Fammed Co. Ltd., Seongnam, Korea) using a
universal HPV primer set (MY 09/11) that detects a wide range
of HPV types. The primer sequences were as follows: MY 09
(reverse) 5'-CGTCCMARRGGAWACTGATC-3"; MY 11 (for-
ward) 5'-GCMCAGGGWCATAAYAATGG-3'. In samples with
multiple infections that were identified by the two HPV geno-
typing assays, type-specific primers were used to obtain specific
PCR products, which were analyzed again by direct sequencing.

http://jpatholtm.org/

Gene accession numbers of type-specific primers for each HPV
genotype were as follows: HPV 6 (HG793922), 16 (KP874716),
18 (KT070102), 31 (KF700156), 33 (KF700164), 34 (X74476),
35 (JX129488), 39 (KC470245), 40 (HE793074), 42
(GQA472847), 45 (KC470255), 51 (M62877), 52 (KF700237), 53
(JN393901), 56 (JX912947), 58 (AB819279), 59 (KC470266),
66 (JN122292), 68 (KC70283), and 70 (KC470291). Sequences
of type-specific primers are shown in Table 2. A total of 116 cases
were available by direct sequencing, with the exception of two
cases.

Statistical analysis

We defined true-positive, true-negative, false-positive, and

Table 2. Type-specific primer sets used in direct sequencing

HPV type Primer sequence
6 F: 5'-CAC CTA AAG GTC CTG TTT CGA GGC GGC TAT-3'
R: 5'-CTG AAT CGT CCG CCA TCG TTG TTA GGT CTT-3'
16 F: 5'-TTT ATA CAT TAA AGG CTC TGG GTC TAC TGC-3',
R: 5'-TAA GGT TTA TTG AAT ATT TGG GCA TCA GAG-3'
18 F: 5'-CAG TCT CCT GTA CCT GGG CAA TAT GAT GCT-3'
R: 5'-CTATGG TGG GCT TGC GAC GCA ATC CAG CCT-3'
31 F: 5'-TGC AAA GGT CAG TTA ACA GAA ACA GAG GTA-3'
R: 5'-ACA GCT CTT GCA ATA TGC GAAA TAT CTA CTT-3'
33 F: 5'-AAC TAT ACA CAA CAT TGA ACT ACA GTG CGT-3'
R: 5'-ATC TAA AAC ATA TTC CTT TAA CGT TGG CTT-3'
34 F: 5'-GGG TAT GTC AAC CGT GTT TAC TGT TTT ACT-3'
R: 5'-ATT ATC AAT AAA ATC CCC CAT TTC AGA ATC-3'
35 F: 5'-AGA AGT GGA CAG ACA TTG TAA GGT GCG GTA T-3'
R: 5'-GTC ATC TTC ATT TTC GTC CTC TAC ACT GGA-3'
39 F: 5'-AAG TAT GTA TGA CAG TTT CAT GTG TGA TTG-3'
R: 5'-ACA AAA TGG CGA AGT ATA AAA TGT AGA AAC-3'
40 F: 5'-TTT AAT AAA GCT ATATGT GTG GTG TGG TGT-3'
R: 5'-TGC CAA AAC TGC TAT TAG CTA ACT TTT TAT-3'
42 F: 5'-CAG CTA AAC GTA AGA AAA CAC ACA AAT AGA-3'
R: 5'-CTT ATT TTT CAA AGC CAG GAT TGT AGT TTA-3'
45 F: 5'-ATT GTATAA TTG GCG TGT AGA ACC ACT TTC-3'
R: 5'-TTT GCA ATA TAC ACA GGC AAT AGA TAC GTC-3'
51 F: 5'-TTC GGT TCG TGT ACT TTT AGT ATATTT GCC-3'
R: 5'-TTA AAT TAT TAT AGG GCG GAA AAC AGT GTG-3'
52 F: 5'-ATA CAG TTG CTC CTA ATC TAT TGC ATC TCC-3'
R: 5'-GCA GGA CCT GTG AGT CAG CAA GAA GTC AGT-3'
53 F: 5'-GGA GTG TGC AAATTC TGT TTG CTA TTT TAT-3'
R: 5'-ATA AGC ATT TGT TGT AAA ATA CGC AGC TCT-3'
56 F: 5'-AGA AGC ACA GCT ATA ACA TGT CAA CGG GAA C-3'
R: 5'-CTT ACA AAA CAA AAG CCA CAA TAA TGA CAC-3'
58 F: 5'-CAG ACT AAA ACG TTC GGC CCC TAC TAC CCG-3'
R: 5'-GGA GGT AAA GTA AAA TGG AGGG CAG TAC TGT-3'
59 F: 5'-AAA CTA CTG TGC AAT CCA AGA ATG TGT CTA-3'
R: 5'-ATA TCA TGC AGA GGA ATA TTC AAT GTT GTG-3'
66 F: 5'-TTG ATT GTA AAC AAA CCC AGT TAT GTATTG-3'
R: 5'-GGG CAT CAT ATT TAG TTA ATG TGC TTT TAG-3'
68 F: 5'-TTG TAT ATT AAG GGC ACT GAC ATA CGT GAC-3'
R: 5'-TAC AAC CAC ACA TAC AAC CAA CAT ACA AAA-3'
70 F: 5'-AAG TAT GGA GGG AGC AAT CTA AAT AAA AGT-3'

R: 6'-CTG TAATAC TGT TTT TAG CTG TGC AGT AGG-3'

HPV, human papillomavirus.
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false-negative results of each detection method to compare with
the histological diagnosis as the gold standard. Sensitivity, speci-
ficity, PPV, and NPV were calculated according to the defini-
tions. The McNemar test was used to compare the diagnostic sen-
sitivity and specificity between HPV DNA tests, and to test the
difference between paired proportions. Agreement between tests
was assessed using Cohen’s kappa statistic, where values in the
range of 0.00-0.20 indicated poor agreement, 0.21-0.40 indi-
cated fair agreement, 0.41-0.60 indicated moderate agreement,
0.61-0.80 indicated good agreement, and 0.81-1.00 indicated
very good agreement. Two-sided p <.05 were considered statisti-
cally significant. The SPSS ver. 17.0 statistical software (SPSS
Inc., Chicago, IL, USA) was used for the statistical evaluation.

RESULTS

Cytological and histological diagnoses

Of the 109 cases with cytological diagnoses, 47 cases were di-
agnosed as negative for intraepithelial lesion, 24 cases were di-
agnosed as ASCUS, 24 cases were diagnosed as LSIL, 10 cases
were diagnosed as HSIL, two cases were diagnosed as atypical
squamous cells—cannot exclude HSIL, and two cases were diag-
nosed as invasive squamous cell carcinomas (Table 3). Histolog-
ical diagnosis was obtained in 118 cases, which included 65 cases
of cervicitis, 24 cases of LSIL, 25 cases of HSIL, and four cases of
cancers, including three cases of invasive squamous cell carcino-
mas, and one case of adenocarcinoma. The cytology was normal,
but the histological findings indicated LSIL in four patients and
cancer (adenocarcinoma) in one patient. Among the 24 patients
with ASCUS, 15 patients had LSIL or HSIL. Although cytology
indicated LSIL, the histological findings indicated HSIL in seven
patients.

HPV positivity by HC2 and two genotyping assays

The overall HPV positivity rate was 62.7% for 9G and 61.0%
for PANArray. The HR-HPV positivity rate was 44.9% using

Table 3. Diagnostic comparison between histology and cytology
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the 9G and 30.5% with the PANArray, which was significantly
lower than the HR-HPV positivity rate of 55.1% by HC2 (p =
.002 and p =.000, respectively) (Table 4).

The rates of HPV positivity using the HC2 and two DNA
chips according to the histological diagnosis are summarized in
Table 4. LSIL or higher lesions (n = 53) showed significantly high-
er rates of HPV positivity compared to cervicitis by HC2 and
two chips. The positivity rates for HR-HPV by PANArray in
LSIL (41.7%) and HSIL (72.0%) were significantly lower than
those by HC2: 79.2% and 100%, respectively (p=.004 and p =
016, respectively), but the positivity rates for HR-HPV using
9G in LSIL (58.3%) and HSIL (96.0%) did not show any statis-
tically significant differences from those by HC2 (p =.063 and
p=1.000, respectively).

In comparison according to the cytological diagnoses, the
prevalence of HR-HPV detected by PANArray in cases of AS-
CUS (50.0%) was significantly lower than that of HR-HPV de-
tected by HC2 (83.3%) and that of HR-HPV detected by 9G
(79.2%) (p = .008 and p =.016, respectively) (Table 4). The
PANArray also showed lower positivity rates for HR-HPV in
cases of LSIL (54.2%) or HSIL (30.0%) compared to HC2,
which were 91.7% and 100%, respectively (p=.004 and p =
016, respectively).

Comparative evaluation of 9G and PANArray

All HPV genotypes detected by two chips were genotypes
detectable by both 9G and PANArray, with the exception of
one case. This case showed HPV type 70 (detectable by PAN-
Array only) using PANArray and other type HPV by 9G.

Among the HPV" cases detected using two chips, the fre-
quency of multiple infections detected by 9G (23/74, 31.1%)
was significantly higher compared to that detected by PANAr-
ray (5/72, 6.9%) (p = .000) (Table 4). This difference occurred
because the majority of multiple infections detected by 9G
(16/23, 69.5%) were identified as a single infection by PANAr-
ray. The pattern of mixed infection was mostly the combination

Cytology
Histology : Total
Negative ASCUS ASC-H LSIL HSIL Cancer Not done
Cervicitis 42 9 0 7 0 0 7 65
LSIL 4 8 0 10 1 0 1 24
HSIL 0 7 1 7 9 0 1 25
Cancer 1 0 1 0 0 2 0 4
Total 47 24 2 24 10 2 9 118

ASCUS, atypical squamous cells of undetermined significance; ASC-H, atypical squamous cells-cannot exclude HSIL; LSIL, low-grade squamous intra-epi-

thelial lesion; HSIL, high-grade squamous intraepithelial lesion.
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Table 4. Prevalence of HPV and its distribution according to histological and cytological diagnosis

9G PANArray
Total HC2
Overall HR Other Overall HR LR Other
Total 118 65 (55.1) 74 (62.7) 53 (44.9) 6 (5.1 15(12.7) 72 (61.0) 36 (30.5) 8(6.8) 28 (23.7)
Single - - 36 30 6 - 39 31 8 -
Multiple - - 23 23° 0 5 5° 0
Histology
Cervicitis 65 18 (27.7) 27 (41.5) 13 (20) 3(4.6) 11 (16. 25 (38.5) 8(12.3) 4(6.2) 13 (20)
LSIL 24 19 (79.2) 20 (83.3) 14 (58.3) 3(12.5) (12 21 (87.5) 10 (41.7) 4(16.7) 7(29.2)
HSIL 25 25(100.0)  24(96.0) 24 (96.0) 0 0 24 (96.0) 18 (72.0) 6 (24.0)
Cancer 4 3(75.0) 3(75.0) 2 (50.0) 0 1(25.0) 2 (50.0) 0 0 2 (50.0)
Cytology
Negative 47 6(12.8) 12 (25.5) 6(12.8) 2 (4.3 4(8.5) 12 (25.5) 5(10.6) 2 (4.3 5(10.6)
ASCUS 24 20 (83.3) 21(87.5) 19(79.2) 0 2(8.3) 20 (83.3) 12 (50.0) 1(4.2 7(29.2)
ASC-H 2 1(50.0) 2(100.0) 1(50.0) 0 1(50.0) 1(50.0) 1(50.0) 0 0
LSIL 24 22 (91.7) 23(958) 16(66.7) 3 4(16.7)  24(100.0) 13(54.2) 4(1 7(29.2)
HSIL 10 10 (100.0) 9(90.0) 8(80.0) 1( 0 9(90.0) 3(30.0) 1 5 (50.0)
Cancer 2 2(100.0) 1(50.0) 1(50.0) 0 0 1(50.0) 0 0 1(50.0)
Total 109 61 (56.0) 68 (62.4) 51 (46.8) 6 (5.5) 11 (10.1) 67 (61.5) 34(31.2) 8(7.3) 25 (22.9)

Values are presented as number (%).

HPV, human papillomavirus; HC2, Hybrid-Capture Il assay; 9G, HPV 9G DNA Chip; PANArray, PANArray HPV Genotyping Chip; HR, high-risk HPV; LR, low-
risk HPV; Other, other-type HPV; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intragpithelial lesion; ASCUS, atypical squa-
mous cells of undetermined significance; ASC-H, atypical squamous cells-cannot exclude HSIL.

*The combination of HR and LR HPV types was interpreted as HR HPV infection in the classification of multiple infection.

of HR- and LR-HPV types, followed by co-infection with two
or more HR-HPV types, but rarely presented as co-infection
with LR types.

When the two chips were compared, the detection rate of
HR-HPV by 9G (44.9%) was significantly higher than that of
PANArray (30.5%) (p = .000), whereas the positivity rate for
the other type HPV with 9G (12.7%) was lower than that with
PANATrray (23.7%) (Table 4). When the genotyping results
were classified as negative, LR-, HR-, or other type HPYV, the two
chip comparison showed that a substantial proportion of HR-
HPV" cases detected by 9G were detected as other type (18/53,
34.0%) by PANArray, which caused lower detection rates of
HR-HPV by PANArray (Table 5). As a result, the overall st-
rength of agreement between the two assays was considered to
be moderate in risk-stratified comparison (k= 0.579).

Overall frequency of detection of each HPV genotype was
compared in assay-common genotypes using both chip tests, and
the results are shown in Table 6. The highest kappa values were
observed for HPV 6,45, 51, and 58 (very good agreement), fol-
lowed by HPV 16, 34, 39, and 40 (good agreement), HPV 18
and 42 (moderate agreement), and HPV 33 and 56 (fair agree-
ment). The lowest kappa values were observed for HPV types
11, 31, 35, 52, 66, and 68, which showed no agreement between
the two chips.

http://jpatholtm.org/

Table 5. Comparison of two HPV genotyping assays according to
risk-stratified results

%G
P (R HR Other
Negatve  39(886) 0 119 6(400)
(R 1029 5839 10.9 16.7)
HR 123 10167 33623  167)
Other 368) 0 18340)  7(46.7)

Values are presented as number (%).

HPV, human papillomavirus; PANArray, PANArray HPV Genotyping Chip;
9G, HPV 9G DNA Chip; LR, low-risk HPV; HR, high-risk HPV; Other, other-
type HPV.

Comparative evaluation of 9G and PANArray by direct
sequencing

When genotyping results were classified as concordant (com-
plete agreement in genotypes detected by two assays), compati-
ble (partial agreement), or discordant (no same genotype result),
the two chips showed concordant results in 55.1% of the sam-
ples, compatible results in 16.9%, and discordant results in
28.0% (Table 7).

Comparisons of two genotyping assays and direct sequencing
were also classified as concordant, compatible, or discordant
(Table 7). The 9G yielded no discordant results, whereas PAN-
Array yielded 31 discordant results (26.7%). Twenty-three cases
with multiple HPV infection by 9G were identified as a concor-
dant multiple infection in 15 cases, a compatible multiple infec-

http://dx.doi.org/10.4132/jptm.2015.10.21
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Table 6. Type-specific agreement for each HPV type, detected by both the 9G and the PANArray in 118 samples

HPV genotype 9G PANArray

No. of cases positive

Kappa value (95% Cl) Strength of agreement

by either test
LR6 3 3 3 1.000 Very good
LR 11 1 0 0 0.000 Poor
HR 16 13 9 9 0.800 (0.612 to 0.989) Good
HR 18 8 8 5) 0.598 (0.305 to 0.891) Moderate
HR 31 4 0 0 0.000 Poor
HR 33 5 1 1 0.324 (-0.156 to 0.804) Fair
LR34 3 2 2 0.796 (0.406 to 1.000) Good
HR 35 5 0 0 0.000 Poor
HR 39 1 2 1 0.663 (0.043 to 1.000) Good
LR 40 8 8 2 0.658 (0.214 to 1.000) Good
LR 42 3 1 1 0.494 (-0.107 to 1.000) Moderate
HR 45 2 2 2 1.000 Very good
HR 51 8 6 6 0.848 (0.642 to 1.000) Very good
HR 52 5 0 0 0.000 Poor
HR 56 5 1 1 0.324 (-0.156 to 0.804) Fair
HR 58 8 8 7 0.866 (0.683 to 1.000) Very good
HR 59 0 0 0 - -
HR 66 2 0 0 0.000 Poor
HR 68 9 0 0 0.000 Poor

HPV, human papillomavirus; 9G, HPV 9G DNA Chip; PANArray, PANArray HPV Genotyping Chip; Cl, confidence interval; LR, low-risk HPV; HR, high-risk HPV.

Table 7. Agreement for HPV genotype, detected by the 9G, PAN-
Array, and direct sequencing in 118 samples

Variable 9G vs PANArray - v PANArray Vs

Sequencing Sequencing
Concordant 65/118 (65.1) 88/116 (75.9) 59/116 (50.9)
Compatible 20/118 (16.9) 28/116 (24.1) 26/116 (22.4)
Discordant 33/118(28.0) 0 31/116 (26.7)

Values are presented as number (%).
HPV, human papillomavirus; 9G, HPV 9G DNA Chip; PANArray, PANArray
HPV Genotyping Chip.

tion in six cases, and a compatible single infection in two cases by
direct sequencing. Five cases with multiple HPV infection by
PANArray were identified as a compatible multiple infection in
three cases and a compatible single infection in one case by direct
sequencing, with the exception of one case, which was not avail-
able by direct sequencing.

Clinical performance of 9G, PANArray, and HC2

To evaluate the diagnostic value of each method for HPV de-
tection, we compared the results of each method with the histo-
logical diagnosis as the gold standard (Table 8). The sensitivity
of overall HPV positivity in detecting LSIL or higher was 88.7%
for all three tests. The specificity was 58.5% for 9G and 61.5%
for PANArray, which was significantly lower than the specificity
of 72.3% for HC2 (p=.002 and p = .03, respectively). The PPV
of HC2 (72.3%) was higher than that of the two genotyping
assays (63.5% and 65.2%).

http://dx.doi.org/10.4132/jptm.2015.10.21

Table 8. Diagnostic accuracies of HPV DNA tests
High-risk HPV positivity

Overall HPV positivity

Variable HC2

9G PANArray 9G PANArray
Sensitivity ~ 88.7 88.7 88.7 75.5 52.8
Specificity ~ 72.3 58.5 61.5 80.0 87.7
PPV 72.3 63.5 65.2 755 77.8
NPV 88.7 86.4 87.0 80.0 69.5

Values are presented as percentage.

HPV, human papillomavirus; HC2, Hybrid-Capture Il assay; 9G, HPV 9G
DNA Chip; PANArray, PANArray HPV Genotyping Chip; PPV, positive pre-
dictive value; NPV, negative predictive value.

With the HR-HPV" genotype threshold, the sensitivity de-
creased to 75.5% for 9G and 52.8% for PANArray, which was
significantly lower than the sensitivity of 88.7% for HC2 (p =
.008 and p =.000, respectively). The PANArray also had lower
sensitivity than 9G (p=.0005). The NPV of PANArray (69.5%)
was lower than both the HC2 (88.7%) and 9G (80.0%). In con-
trast, the specificity of PANAtray (87.7%) was significantly high-
er than that of HC2 (72.3%) (p = .003).

DISCUSSION

In this study, we performed 9G and PANArray tests on 118
cervicovaginal swabs and compared their clinical performance
with HC2 through histological correlation. Genotyping results
of the two DNA chips were further validated by direct sequenc-
ing. The detection rates of HR-HPV by the two genotyping as-
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says were significantly lower than HC2 detection rates. The lower
HR-HPV positivity rates also caused lower sensitivity of the two
DNA chips in detecting LSIL or higher lesions in histologic cor-
relation compared to that of HC2, which could limit their clin-
ical applicability, considering the importance of HR-HPV detec-
tion in screening cervical lesions.

The PANATrray, in particular, showed lowest positivity rates
for HR-HPV among the three tests and it did not detect a sub-
stantial portion of HR-HPV" cases identified by HC2. The PAN-
Array also showed a distinctly lower prevalence of HR-HPV
than HC2 in each group, according to the histological or cyto-
logical diagnosis. In contrast, this assay had higher detection
rates of other-type HPV infection compared to 9G, because a
substantial proportion of HR-HPV" cases identified by the two
other tests were detected as other-type or negative by PANAr-
ray. Due to the false negative results on PANArray, its sensitivity
for HR-HPV detection showed a much lower value compared
to that of HC2 and 9G, although the sensitivity for overall
HPV detection, including LR- and other-type HPV, was iden-
tical to that of HC2 and 9G. Similarly, the NPV of this assay was
inferior to that of the two tests with HR-HPV" genotype thresh-
old, whereas it showed a similar NPV for overall HPV detection.
The lower sensitivity and NPV of PANArray indicate that it is
not optimal to use as a screening tool for cervicovaginal samples.

There have been conflicting results about the PCR-based
DNA chip method in previous studies in Korea. The majority
of these studies reported that the HPV DNA chip method had
higher or similar sensitivity or detection rates, compared to HC2
or other DNA tests,”* whereas some reports showed that com-
mercial DNA chips had lower sensitivity or detection rates for
HR-HPV.>* Specifically, there were contradictory reports about
comparative results of the PANArray method in the respective
studies.”*”* These differences may be due to insufficient stan-
dardization of the DNA chip method.

Insufficient standardization was also observed in the differences
in the frequency of multiple infections between the two chips.
The proportion of cases with multiple infections using the 9G
chip was approximately four times higher than when PANAr-
ray was used. These differences between DNA chips were con-
sistently found in previous studies, showing a variable percent-
age of multiple infections that ranged from about 6%-30% in
HPV" cases.”*? The high frequency of multiple infections
may be associated with cross-reactivity due to the similarities in
the DNA sequence between type-specific DNA probes attached
within DNA chips, thereby yielding false-positive results that
affect the sensitivity or specificity of DNA chips. Therefore, well-
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balanced standardization is required during DNA chip manu-
facturing to achieve the desired level of HPV detection.

In this study, the HR-HPV positivity rate in normal cytology
was 10.6%—12.8%, which was similar to those reported in pre-
vious studies, which ranged from 8.3% to 14.5%."*”"* The HR-
HPV positivity rate in ASCUS was 83.3% based on HC2, which
was higher than those described in previous studies, with rang-
es from 33.3% to 55.9%."**"* This difference might occur be-
cause the majority of cases diagnosed with ASCUS, due to in-
sufficient sampling or poor quality in cytology, were determined
to be LSIL or HSIL in histology. In addition, our study popula-
tion, which consisted only of histologically-confirmed cases,
might have an enhanced HPV positivity in ASCUS cases because
histological samples were more frequently taken from patients
with HPV" ASCUS lesions than those that were not related to
HPV.

In this study, HPV 16 was the most frequently identified
HR genotype, followed by HPV 68, 58, 51, 18, 52, 56, 33, and
35 by 9G. In PANArray, HPV 16, 58, 18, and 51 were fre-
quently detected. The prevalence of HR-HPV genotypes is
known to differ according to geographic distribution.” HPV 16,
18, 31, and 45 are frequently detected in Western countries,
whereas HPV 16, 58, 52, and 56 are predominant in Korea.”*?
Considering the number of cases that were HPV 52 and 56 posi-
tive in two tests, 9G showed relatively similar patterns in the dis-
tribution of HPV genotypes compared to the PANArray method.

Comparison of the two chips indicated that the HPV geno-
types showed variable differences in positivity for individual
HPV types. Among the frequently detected genotypes, HPV
68, 35, and 52 were markedly different between the two chips
with no agreement, as the PANArray showed negative results
in HPV 68" (n=9), 35" (n=5), or 52" (n = 5) cases detected by
9G. These differences need to be corrected, especially because
these types are relatively common in Korean women.”*” In con-
trast, the most important HR-HPV types that caused cervical
cancer, HPV 16 and 18, showed relatively better agreement be-
tween the two genotyping assays.

When the results of the two chips were confirmed by direct se-
quencing, 9G yielded concordant or compatible results in all cas-
es. In contrast, the PANArray yielded discordant results in ap-
proximately one fourth of the cases. Most of these discrepancies
were attributable to the erroneous results of PANArray, dis-
cussed above, which detected HR-HPV as other-type. Given
that the frequency of multiple infections was much higher with
the 9G than by PANArray, these results suggest that the thresh-
old value for detecting each HPV type may vary between chips
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and 9G may have a more sensitive threshold for detection com-
pared to PANATrray.

In this study, HC2 was more sensitive with a high NPV, there-
by increasing the possibility of avoiding unnecessary surgical
procedures. However, the HC2 assay has some disadvantages
compared to other HPV genotyping tests. This assay does not
provide specific information about individual HPV genotypes,
and it does not distinguish between persistent infection with
the same genotype and infection with a new HPV genotype.” In
addition, multiple infections also cannot be detected. However,
the two HPV genotyping assays tested in the present study did
not have diagnostic accuracies that were comparable to HC2.
Therefore, it is necessary to improve the quality of HPV DNA
chips, considering the importance of HPV genotyping, espe-
cially for detecting HPV 16 and 18, in clinical practice.

There were some limitations to this study. The present data
included a small number of cases collected over a short time pe-
riod. Furthermore, the number of HSIL or higher lesions in his-
tology (n =29) was too small to generalize the results. A larger
study series conducted over a longer period of time is needed to
confirm the clinical and analytical performance of the DNA
chip method.

In conclusion, the HPV genotyping tests using the PCR-
based DNA chip method showed lower sensitivity in histologic
correlation compared with HC2, limiting their clinical applica-
bility as an HPV screening test. When comparing the two
chips, the 9G was more sensitive and accurate for detecting HR-
HPV than the PANArray. The two DNA chips showed poor
agreement in detecting certain HPV genotypes. These results
indicate the necessity for standardization and validation of the
HPV genotyping assays.
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Background: The cytopathic effects of cytomegalovirus (CMV) infection have been well described
since the virus was first reported; however, the morphology of CMV infection has not been clearly
studied. We examined the difference in detailed cytologic findings in bronchial washing cytology
between liquid-based and conventionally prepared smears. Methods: Bronchial washing cytology
was processed using either the conventional preparation (CP) or liquid-based preparation (LBP).
Sixty-nine cells with typical cytopathic effects of CMV infection were detected on CP slides and
18 cells on LBP slides. Using the image analyzer, area, circumference, major axis, and minor axis
of the cytoplasm, nucleus, and intranuclear inclusion were measured in singly scattered CMV-in-
fected cells, and histiocytes were used as a control. Results: The mean cytoplasmic area of CMV-
infected cells was 1.47 times larger than that of histiocytes in CP and 2.92 times larger in LBP (p
<.05). The mean nuclear area of CMV-infected cells was 2.61 times larger than that of histiocytes
in CP and 4.25 times larger in LBP (p<.05). The nucleus to cytoplasm ratio and intranuclear inclu-
sion to cytoplasm ratio of the mean area, circumference, major axis, and minor axis in CP were
larger than those in LBP (p<.05). Conclusions: The sizes of cytoplasm, nucleus, and intranuclear
inclusion were larger in LBP than in CP, indicating that CMV-infected cells are easily detectable in
LBP. However, the nucleus-to-cytoplasm ratio was larger in CP, suggesting that differentiation
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The morphologic alteration of cytomegalovirus (CMV) in-
fected cells is well described in that they have enlarged cyto-
plasm and nuclei, sharply demarcated nuclear membranes, and
chromatin condensation with a surrounding halo. A distinguish-
ing feature of CMV-infected cells was first described by Ribbert'
in kidney and parotid glands of a syphilitic stillborn in 1904.”
Jesionek and Kiolemenoglou® reported similar unusually large
cells as protozoan-like cells and clearly described the cellular mor-
phology: the cells were 2030 pm in diameter, with large eccen-
trically placed nuclei. Each contained a ‘central nuclear body’
surrounded by two zones, a darker inner zone and a clear outer
zone.” In 1921, Goodpasture and Talbot* suggested that these
cells were similar to Varicella-infected cells of the skin and that
they were products of viral infection, and thus they were named
cytomegalia infantum. Cole and Kuttner’ demonstrated inclu-
sion body formation by viral injection into guinea pig cells. Var-
ious terminologies have been used for CMV, including “salivary
gland virus disease,” “inclusion body disease,” “generalized sali-
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from malignancy or regenerative atypia requires caution in CP.
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vary gland virus infection,” “inclusion disease,” and “cytomegalic
inclusion disease.” In 1957, Weller isolated viral particles from
cells of cytomegalic inclusion disease and suggested CMV as the
etiologic virus.” However, the exact size of enlarged CMV-in-
fected cells has not been studied in detail.

CMV is a common infectious agent in immunocompromised
hosts, and early detection is clinically important. The character-
istic features have been used for pathognomonic diagnostic find-
ings of CMV infections in various cytology specimens, including
urine, sputum, bronchial brushing, and bronchoalveolar la-
vage.”"" In practice, the first diagnosis that used cytologic prep-
aration was made by Fetterman in 1952.” Urine was obtained
from a 2-day-old premature infant; after alcohol fixation and he-
matoxylin and eosin staining, several inclusion containing cells
with enormous cellular hypertrophy and large intranuclear in-
clusions were observed in urine exfoliative cytology. The infant
died of generalized inclusion disease, and typical inclusions were
found in tissue sections of the brain, pituitary gland, thyroid
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gland, lungs, liver, pancreas, and kidneys. In 1964, Warner ¢r
al® described the cellular morphology of CMV-infected cells in
sputum cytology. CMV-infected cells in sputum contained a
spherical nucleus, sharply demarcated nuclear membrane, cen-
trally located chromatin mass surrounded by halo, and an occa-
sional binucleated form that resembled a syncytium. In a tissue
section of lung in this patient, typical cytomegaly with nuclear
inclusion was observed throughout the alveolar spaces and sep-
ta, measuring 15-25 pm in cell size. Round or oval nuclear in-
clusion with halo, sharply delineated nuclear membrane, para-
basal bodies, and occasional clusters of cytoplasmic inclusions
were noted. Although detection of CMV-infected cells in cytol-
ogy specimens is a less sensitive method than virus isolation, it is
quite time saving in terms of effectiveness. Culture for viral iso-
lation requires several weeks, and CMYV titer in serology also re-
quires weeks before diagnosis. Detection of CMV-infected cells
using a cytologic specimen is an easy and widely used approach
in immunocompromised patients and in those with conditions
suspicious for congenital infection.

The application of cytologic specimens associated with respi-
ratory tract infection including sputum, bronchial brushing,
bronchoalveolar lavage, bronchial washing, and fine-needle as-
piration was well-defined in a clinical setting of acquired im-
munodeficiency syndrome, idiopathic pulmonary fibrosis, lung
transplantation, and kidney transplantation.*"” Cytology speci-
mens of other organs described as diagnostic tools for CMV in-
fection including uterine cervical Pap smear,'**' salivary gland

2223

aspiration,”? pleural fluid,”** cerebrospinal fluid,”’ esophagus,?
and thyroid aspiration” have been reported. In cytologic speci-
mens, the individual cellular morphology is well-preserved, and
the diagnostic usability is particularly useful for CMV infection
in which cellular alteration is pathognomonic.

In liquid-based preparation (LBP), the cytologic detail of CMV

infection has not been described except in two gynecologic
samples, which highlighted the difference between CMV and
human papillomavirus infection.'” Several studies that com-
pared the difference between LBP and conventional preparation
(CP) in cytologic specimens focused mainly on neoplastic dis-
eases.” ™ We studied the difference in detailed cytologic findings
between bronchial washing in LBP and CP for cellular morpho-
logic parameters.

MATERIALS AND METHODS

Patient selection

Five cases diagnosed with CMV infection based on bronchial
washing cytology specimens at Gachon University Gil Medical
Center between 2003 and 2014 were selected and reviewed.
This study was approved by the Institutional Review Board (IRB)
of Gachon University Gill Medical Center IRB No. GBIRB
2015-284). Clinical information on the five patients is summa-
rized in Table 1. Each bronchial washing cytology specimen
was treated in CP and LBP.

Cytologic preparations

The obtained samples were treated with both CP and LBP,
simultaneously. The bronchus was washed with normal saline,
and the washing samples were centrifuged for five minutes. The
cytospin technique was used as in the CP method. The sample
was centrifuged (2,000 rpm, 5 minutes), and two cytospins
(1,500 rpm, 4 minutes) were prepared for each bronchial wash-
ing sample. Slides were fixed in 95% alcohol for 60 minutes
and stained with a Papanicolaou stain. For LBP, mucolysis was
performed using dithrothreitol. After rinsing with Cytolyt (Cy-
tyc Co., Boxborough, MA, USA), the sample was centrifuged
for five minutes at 1,500 rpm. The supernatant was discarded,

Table 1. Clinical history of patients with cytomegaloviral infection detected in bronchial washing cytology and the number of cytomegalovirus

infected cells and histiocytes by the cytologic preparation method

No.  Sex A(\ygr)e History Other finding C“é\g”f' C“L"Q"F’]f' H'S“ggyte' H'StL'ECPVte'

1 F 39  Renal transplantation® Serum cytomegalovirus > 1,000 9 0 7 0

2 M 45  Renal transplantation® Acute rejection 1 0 1 0

3 M 18 Bone marrow transplantation” Cytomegalovial retinitis, influenza A 15 5 11 1
virus +

4 F 66  Myasthenia gravis Aspergillus antigen +, gram-positive 27 12 55 21
bacteremia

5 M 71 Acquired immunodeficiency Cytomegalovirus PCR +, tuberculosis 17 1 36 0

syndrome

CMVinf-CP, cytomegalovirus infected-cells in smear processed by conventional preparation; CMVinf-LBP, cytomegalovirus infected-cells in cytology pro-
cessed by liquid-based preparation; Histiocyte-CP, histiocytes in smear processed by conventional preparation; Histiocyte-LBP, histiocytes in cytology pro-

cessed by liquid-based preparation; PCR, polymerase chain reaction.
“Chronic renal failure; "Aplastic anemia.
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and the sample was transferred to a vial containing cytopreser-
vative solution (PreservCyt, Cytyc Co.). PreservCyt solution
mildly fixed the cells for 15 minutes. The sample was run on a
ThinPrep Processor (Cytyc Co.) using sequence 3 (for mucoid
specimen). A single slide was prepared for each sample and was
stained using the Papanicolaou method.

Imaging and analysis

Using a DP70 digital camera (Olympus, Tokyo, Japan) and
BX51 microscope (Olympus), pictures were taken at high pow-
er magnification (x 1,000) for each singly scattered CMV-in-
fected cell and histiocyte. Cells with artifacts such as drying,
squeezing, and overlapping were excluded. Sixty-nine cells with
typical cytopathic effects of CMV infection on CP slides and 18
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cells on LBP slides were selected (patient 1, 9 cells on CP; pa-
tient 2, 1 cell on CP; patient 3, 15 cells on CP and 5 cells on
LBP; patient 4, 27 cells on CP and 12 cells on LBP; patient 5, 17
cells on CP and 1 cell on LBP) (Table 1). The area, circumfer-
ence, major axis, and minor axis of cytoplasm, nucleus, and intra-
nuclear inclusion were measured using the image analyzer soft-
ware package i-Solution ver. 10.1 (IMT i-Solution, Vancouver,
BC, Canada). The major axis was the longest diameter, and the
minor axis was the dimension perpendicular to the major axis
(Fig. 1A, B).

Statistical analysis
SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analysis. Student’s t test was used to compare the area,

®

Cy ic Major Axis

> *
Nuclear Major Axis

Nuclear Circumference

Fig. 1. (A, B) Well-prepared microscopic photographs from the image analyzer program. Specific shape and color are detected by the pro-
gram. The researcher selects an area of interest, and the area, circumference, major axis, and minor axis are automatically calculated by the
image analyzer. The major axis is the longest diameter, and the minor axis is the dimension perpendicular to the major axis. (C) A singly scat-
tered cytomegalovirus infected cell and a histiocyte in a cytology specimen processed by liquid-based preparation are noted with a clean
background. The cytoplasm and nucleus are enlarged and show dense cytoplasm with a well-demarcated cytoplasmic border. (D) In a con-
ventionally-prepared cytology smear, a cytomegalovirus infected cell shows a prominent intranuclear inclusion.
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circumference, major axis, and minor axis results to assess the
differences in CMV-infected cells and histiocytes in each prepa-
ration method and the differences in CMV-infected cell mor-
phology in different preparations. A p-value less than .05 was
considered statistically significant.

RESULTS

CMV-infected cell morphology in bronchial washing cytology

Sixty-nine cells with typical cytopathic effects of CMV infec-
tion were detected on CP slides, and 18 cells were noted on
LBP slides (Fig. 1C, D). Each CMV-infected cell was singly
scattered with an enlarged cytoplasm and nucleus, compared to
histiocytes around the cell. The nuclear membrane was distinct,
and a well-demarcated large intranuclear inclusion was observed

Table 2. Comparison of cellular morphology

with a peri-inclusion halo. Cytoplasmic inclusion was variably
noted.

CMV-infected cells and histiocytes in CP

Details on the morphologic parameter measurements are
shown in Tables 2 and 3. The mean cytoplasmic area of CMV-
infected cells was 189.94 + 49.27 pm’ (t = 8.136, p <.001), and
the mean nuclear area of CMV-infected cells was 73.87 + 19.54
pm? (¢ = 18.021, p <.001). The nucleus to cytoplasm ratio of
the mean area in CMV-infected cells was 0.40 + 0.09 (t=13.817,
p<.001).

CMV-infected cells and histiocytes in LBP
The mean cytoplasmic area of CMV-infected cells was 299.74 +
94.90 pm’ (t = 8.414, p <.001), and the mean nuclear area of

Parameter CMVinf-CP (A) CMVinf-LBP (B) Histiocyte-CP (C)  Histiocyte-LBP (D) p-value
(n=69) (n=18) (n=110) (n=22) AvsB AvsC BvsD CvsD
Cytoplasm
Area (Um?) 189.94+£49.27 299.74+94.90 129.48+47.82 102.64 £50.39 .000* .000* .000* .019*
Circumference (um) 59.26+10.81 74.59+17.56 56.76+15.76 50.55+24.03 .000* .209 .001* 128
Major axis (um) 15.89+2.26 19.87+2.92 13.29+2.62 11.74+2.93 .000* .000* .000* .014*
Minor axis (um) 15.71+£2.27 19.60+3.29 13.35+2.72 11.50+2.70 .000* .000* .000* .004*
Nucleus
Area (Um?) 73.87+19.54 100.89+47.87 28.35+9.64 23.76+8.43 .030* .000* .000* .039*
Circumference (um) 34.92+5.50 40.00+7.99 21.43+3.82 20.15+4.48 .002* .000* .000* 164
Major axis (Um) 9.94+1.53 11.72+2.88 6.18+1.21 5.81+1.44 .020* .000* .000* 201
Minor axis (um) 9.91+1.42 11.58+2.08 6.06+1.15 5.50+1.10 .000* .000* .000* .038*
N/C ratio
Area (Um?) 0.40+0.09 0.33+0.07 0.23+0.07 0.26+0.09 .005* .000* .008* 174
Circumference(um) 0.60+0.09 0.54+0.07 0.40+0.10 0.44+0.13 .021* .000" .002* .092
Major axis (um) 0.63+0.08 0.59+0.07 0.48+0.10 0.51+0.13 .049* .000* .020* 187
Minor axis (um) 0.64+0.08 0.59+0.07 0.46+0.09 0.49+0.10 .053 .000* .001* 217
INI
Area (m?) 29.48+8.46 36.94+14.23 - - 006"
Circumference (um) 22.51+3.23 26.20+4.81 - - .006*
Major axis (Um) 6.27+1.17 7.06+1.41 - - 017"
Minor axis (um) 6.50+1.06 7.28+1.48 - - .013*
INI/N ratio
Area (Um?) 0.41+0.09 0.38+0.09 - - .282
Circumference (um) 0.65+0.08 0.66+0.10 - - 597
Major axis (um) 0.63+0.09 0.61+0.09 - - .345
Minor axis (um) 0.66+0.09 0.63+0.08 - - 199
INI/C ratio
Area (Um?) 0.16+0.04 0.12+0.02 - - .000*
Circumference (um) 0.39+0.07 0.36+0.05 - - .075
Major axis (um) 0.40+0.06 0.35+0.04 - - .002*
Minor axis (um) 0.42+0.07 0.37+0.05 - - .010*

CMVinf-CP, cytomegalovirus infected cells in smear processed by conventional preparation; CMVinf-LBP, cytomegalovirus infected cells in cytology processed
by liquid-based preparation; Histiocyte-CP, histiocytes in smear processed by conventional preparation; Histiocyte-LBP, histiocytes in cytology processed by

liquid-based preparation; N, nucleus; C, cytoplasm; INI, intranuclear inclusion.
*p<.05.
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Parameter CMVinf-CP (n=69) CMVinf-LBP (n=18) CMVinf-CP/Histiocyte-CP CMVinf-LBP/Histiocyte-LBP
Cytoplasm
Area (Um?) 189.94 £49.27 299.74+94.90 1.47* 2.92*
Circumference (um) 59.26+10.81 74.59+17.56 1.04 1.48*
Major axis (um) 15.89+2.26 19.87+2.92 1.20* 1.69*
Minor axis (um) 16.71+£2.27 19.60+£3.29 1.18* 1.70
Nucleus
Area (Um?) 73.87+19.54 100.89+£47.87 2.61* 425
Circumference (um) 34.92+5.50 40.00+7.99 1.63* 1.99*
Major axis (um) 9.94+1.53 11.72+£2.88 1.61* 2.02*
Minor axis (um) 9.91+1.42 11.58+2.08 1.64* 211*
N/C ratio
Area (Um?) 0.40+0.09 0.33+0.07 1.74% 1.27*
Circumference (um) 0.60+0.09 0.54+0.07 1.50* 1.23*
Major axis (um) 0.63+0.08 0.59+0.07 1.31* 1.16*
Minor axis (um) 0.64+0.08 0.569+0.07 1.39 1.20%

CMVinf-CP, cytomegalovirus infected cells in smear processed by conventional preparation; CMVinf-LBP, cytomegalovirus infected cells in cytology processed
by liquid-based preparation; Histiocyte-CP, histiocytes in smear processed by conventional preparation; Histiocyte-LBP, histiocytes in cytology processed by

liquid-based preparation; N, nucleus; C, cytoplasm.
“p<.05.

CMV-infected cells was 100.89 + 47.87 pm* (t = 6.751, p <
.001). The nucleus to cytoplasm ratio of the mean area in CMV-
infected cells was 0.33 + 0.07 (t=2.781, p=.008) (Tables 2, 3).

CMV-infected cell morphology in CP and LBP

The mean area, circumference, major axis, and minor axis of
the cytoplasm, nucleus, and intranuclear inclusion of CMV-in-
fected cells in LBP were larger than those in CP (p <.05) (Table 4).
However, the mean area, circumference, and major axis of the

nucleus to cytoplasm ratio in CP were larger than those in LBP
(p<.05) (Table 4).

Histiocytes in CP and LBP

The mean cytoplasmic area of histiocytes in CP was 129.48 +
47.82 pm’, which was 1.26 times larger than that in LBP (t =
2.382, p=.019). The mean nuclear area of histiocytes in CP was
28.35+9.64 pm’ (¢ = 2.081, p=.039). The nucleus to cytoplasm
ratio of the mean area, circumference, major axis, and minor

axis of histiocytes in CP was not significantly different from that
in LBP.

DISCUSSION

CMV-infected cells are distinguishable by an enlarged mor-
phology compared to normal counterpart cells. However, the
exact numerical measurements of the cytoplasm or nucleus have
not been described. In this study, we clarify the sizes of the cy-
toplasm, nucleus, and intranuclear inclusion in terms of area,

http://dx.doi.org/10.4132/jptm.2015.12.25

circumference, major axis, and minor axis. In CP, the mean cy-
toplasmic area of CMV-infected cells was 1.47 times larger than
that of histiocytes, and the mean nuclear area was 2.61 times
larger. In LBP, the mean cytoplasmic area of CMV-infected cells
was 2.92 times larger than that of histiocytes, and the mean
nuclear area was 4.25 times larger. We measured the size of his-
tiocytes near CMV-infected cells and of those that were singly
scattered and well-preserved. Histiocytes were selected as a con-
trol for the following reasons: (1) the selected CMV-infected
cells were singly scattered with a round cytoplasmic contour,
which mainly appeared to be CMV-infected histiocytes, (2) his-
tiocytes are the most frequently encountered cells in bronchial
washing cytology specimens, and (3) the exact difference be-
tween CMV-infected cells and histiocytes can be easily deter-
mined in daily practice.

The mean nuclear cytoplasmic area ratio of the CMV-infected
cells was 1.74 times larger than that of histiocytes in CP and
1.27 times in LBP. The nuclear cytoplasmic area ratio was 0.83
times smaller in LBP (0.33 = 0.07) than in CP (0.40 = 0.09).
Attention should be paid to the relatively high nuclear cyto-
plasmic ratio in CP for a practical differential diagnosis of other
pathologic cellular alterations, such as neoplastic conditions and
reparative changes.

The results of specimen collections from five patients were
analyzed as CMV-infected cells in CP, CMV-infected cells in
LBP, histiocytes in CP, and histiocytes in LBP. When the four
grouped cells were analyzed separately in each patient, the re-
sult was the same as shown above. Several reports on compari-
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Table 4. Comparison of cytomegalovirus infected cells on cellular morphology in conventional preparation and liquid-based preparation

Parameter CMVinf-LBP (n=18) CMVinf-CP (n=69) CMVinf-LBP/CMVinf-CP p-value
Cytoplasm
Area (Um?) 299.74+94.90 189.94+£49.27 1.58* .000*
Circumference (um) 74.59+17.56 59.26+10.81 1.26* .000*
Major axis (um) 19.87+£2.92 15.89+£2.26 1.25 .000*
Minor axis (um) 19.60+£3.29 15.71+£2.27 1.25% .000*
Nucleus
Area (Um?) 100.89+47.87 73.87+19.54 1.37* .030*
Circumference (um) 40.00+7.99 34.92+5.50 1.15* .002*
Major axis (um) 11.72+£2.88 9.94+1.53 1.18 020"
Minor axis (um) 11.58+2.08 9.91+1.42 1.7 .000*
N/C ratio
Area (Um?) 0.33+0.07 0.40+0.09 0.83* .005*
Circumference (um) 0.54+0.07 0.60+0.09 0.90* 021*
Major axis (um) 0.59+0.07 0.63+0.08 0.94 .049*
Minor axis (um) 0.59+0.07 0.64+0.08 0.92 .053
INI
Area (Um?) 36.94+14.23 20.48+8.46 1.25* .006*
Circumference (um) 26.20+4.81 22.51+3.23 1.16* .006*
Major axis (um) 7.05+1.41 6.27+1.17 112 017"
Minor axis (um) 7.28+1.48 6.50+1.06 1.12" 013"
INI/N ratio
Area (Um?) 0.38+0.09 0.41+0.09 0.93 282
Circumference (um) 0.66+0.10 0.65+0.08 1.02 597
Major axis (um) 0.61+0.09 0.63+0.09 0.97 .345
Minor axis (um) 0.63+0.08 0.66+0.09 0.95 .199
INI/C ratio
Area (Um?) 0.12+0.02 0.16+0.04 0.75 .000*
Circumference (um) 0.36+0.05 0.39+0.07 0.92 075
Major axis (um) 0.35+0.04 0.40+ 0.06 0.88* .002*
Minor axis (um) 0.37+0.05 0.42+0.07 0.88* .010*

CMVinf-LBP, cytomegalovirus infected cells in cytology processed by liquid-based preparation; CMVinf-CP, cytomegalovirus infected cells in smear processed

by conventional preparation; N, nucleus; C, cytoplasm; INI, intranuclear inclusion.

*p<.05.

son of CP with LBP have highlighted the smaller sizes of the

P’37—40

nucleus and cytoplasm in LB clear morphologic detail in

%335 and superior quantity of

LBP,* higher diagnostic accuracy,
diagnostic cells** or infectious organisms.”” Son ¢t a/.’" reported
that, in urine, the cell and nuclear sizes in LBP are larger than in
CP. In this study, CMV-infected cells of LBP were significantly
larger in the nucleus (1.58 times), cytoplasm (1.37 times), and
intranuclear inclusion (1.25 times) areas compared with CP.
Enlargement of cells in CMV infection is characteristic and is
more easily detectable in LBP than in CP, which may help to
increase the diagnostic accuracy. It is unclear why the LBP speci-
men showed larger CMV-infected cells. It is possible that sever-
al factors influenced this result, such as delayed time for the fix-
ative from the moment the specimen was obtained, CMV-infected
cellular characteristics, and degeneration. Additional studies
with a larger number of cases are needed to determine causative

http://jpatholtm.org/

factors for the larger size of histiocytes in CP.

The LBP method has an advantage in detecting CMV-infect-
ed cells in daily practice because of the large cytoplasm and nu-
cleus, which are enhanced by a clean background and a small
field, which emphasize the enlarged cells and cellular details.
However, in this study, the number of CMV-infected cells in LBP
tended to be lower than in CP. The CP slides contained more
CMV-infected cells. However, the CMV-infected cells were
scattered throughout the entire smear slide. In addition, CMV-
infected cells in CP showed a higher nuclear cytoplasmic ratio
than those in LBP, which requires a clearer differentiation from
other conditions that result in a high nuclear cytoplasmic ratio.

To the best of our knowledge, this is the first analysis of the
cytoplasm, nucleus, and intranuclear inclusion of CMV-infected
cells that includes numerical measurements of area, circumfer-
ence, and major and minor axes. The exact extent of CMV-in-

http://dx.doi.org/10.4132/jptm.2015.12.25



fected cell enlargement compared to histiocytes was calibrated,
and it might be helpful in diagnosing CMV infection in bron-
chial washing cytology specimens. The preparation method af-
fects the extent of cellular alteration, specifically the cell size, and
further study is needed to elucidate the mechanism. In addition,
CMV-infected cells in LBP were significantly larger than those
inCP.
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Histological and epidemiological analyses have demonstrated
a close relationship between endometriosis and ovarian clear cell
adenocarcinoma (CCAC)."? Clear cell adenofibroma (CCAF) is
a major benign or borderline type of ovarian clear cell tumor.*
However, benign CCAF is extremely rare.”® One study demon-
strated the coexistence of CCAF components (14 cases) in 21%
of surgically resected ovarian CCACs. Of these 14 CCAF (+)
cases, CCAF with atypia were found adjacent to CCAF without
atypia in 10, and adjacent to obvious CCACs in 13 cases.” There-
fore, we can speculate that both CCAF and endometriosis may
be precursors of CCAC. Several studies have demonstrated that
there is a genetic linkage between CCAF and CCAC,’ as well as
between endometriosis and CCAC.”"!

Here, we report a case of CCAC in a 53-year-old woman with
both benign and borderline ovarian adenofibromas of the clear
cell and endometrioid types, in addition to endometriosis.

CASE REPORT

A 53-year-old woman visited a local obstetrics and gynecolo-
gy clinic for a routine examination. Ultrasonography demon-
strated a right ovarian cystic mass. The patient was referred to
the Department of Obstetrics and Gynecology at Chosun Uni-
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Ovarian clear cell adenocarcinomas (CCACs) are frequently associated with endometriosis and,
less often with clear cell adenofibromas (CCAFs). We encountered a case of ovarian CCAC aris-
ing from benign and borderline adenofibromas of the clear cell and endometrioid types with en-
dometriosis in a 53-year-old woman. Regions of the adenofibromas showed transformation to
CCAC and regions of the endometriosis showed atypical endometriotic cysts. This case demon-
strates that CCAC can arise from CCAF or endometriosis.

Key Words: Adenocarcinoma, clear cell; Adenofibroma; Endometriosis; Ovary

versity Hospital for further evaluation and treatment. The pa-
tient had a history of laparoscopic left salpingo-oophorectomy
and adhesiolysis due to left ovarian teratoma and intestinal ad-
hesion seven years earlier. She had also experienced an intracra-
nial hemorrhage 3 years earlier, and had suffered from medica-
tion-controlled hypothyroidism for 5 years.

Abdominal computed tomography revealed a 5.5-cm cystic
mass in her right ovary (Fig. 1A). The cyst was unilocular with
fluid attenuation, and there was no contrast-enhancing solid
mass. Laparoscopy findings revealed a fluid-containing cystic
mass that had a smooth surface with focal hemorrhage (Fig. 1B).
Laparoscopic right salpingo-oophorectomy and adhesiolysis was
undertaken under the clinical impression of benign cystadenoma.

Gross findings revealed a previously collapsed cystic mass
measuring 5 cm x4.5 cm x 2.5 cm. The mass showed a 2.3 cm x
1.2 cm solid part on one side. Histologic examination revealed
benign and borderline CCAFs, endometriosis, atypical endome-
triotic cysts, and CCAC. The solid portion consisted of benign
and borderline CCAF, CCAC, and endometriosis in descending
order of prevalence. The cystic portion was merged into the solid
portion of CCAF and CCAC, and consisted of benign and atyp-
ical endometriotic cysts.

The benign CCAF constituted a major portion of the tumor
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and demonstrated a compact arrangement of variably sized tu-
bulocystic structures in the cellular stroma with no nuclear atyp-
ia. Flattened indiscernible, flat cuboidal, and polygonal cells with
relatively abundant cytoplasm and no nuclear atypia lined the
mass (Fig. 2). The glands in the borderline CCAF showed a great-
er degree of crowding and variation in size and shape compared
with the benign CCAE Focal nuclear atypia was observed in the
glandular linings. The glands were delineated with one to three
layers of cells with abundant cytoplasm and mildly pleomorphic,
hyperchromatic nuclei. In some areas, stratified epithelium
showed tiny buds with atypical nuclei. However, the glands in
many areas were lined with non-atypical flat to cuboidal epithe-
lium (Fig. 2).

The CCAC had a tubulocystic pattern with hobnail, cuboidal
or flat atypical cell lining, characterized by nuclear enlargement
and hyperchromasia. The glands were separated by fibrous stro-

Fig. 1. Abdominal computed tomography (CT) and laparoscopic
findings. (A) Abdominal computed tomography showing a 5.5-cm
cystic mass in the right ovary. (B) Laparoscopy findings reveal a
fluid containing cystic mass with a smooth surface and focal hem-
orrhage.

http://jpatholtm.org/

ma, and foci of altered stromal responses were noted. There was
crowding of tubules with a slightly haphazard arrangement in
some areas. The borderline CCAF had microinvasion character-
ized by a few cells scattered haphazardly in the surrounding
stroma. The borderline CCAF and CCAC were scattered, and a
histologic continuum between borderline CCAF and CCAC was
found within the same tumor (Fig. 2).

The benign endometriotic cysts had a predominantly cystic
gross appearance. Typical endometriotic cysts showed minimally
stratified tubal-type epithelium overlying the scant endometri-
al-type stroma. This endometriotic epithelium gradually showed
greater nuclear atypia, demonstrating a multilayered epithelium
with hyperchromatic, enlarged and irregular nuclei with prom-
inent nucleoli as it merged with possible intraepithelial carci-
nomatous areas (Fig. 3).

The presence of benign and borderline CCAFs, borderline
CCAF with microinvasion, CCAC, endometriosis, and benign
and atypical endometriotic cysts within this single ovarian mass
suggests a histologic continuum among endometriosis, CCAF
and CCAC.

DISCUSSION

Sampson'? was the first to report malignant transformation
of ovarian endometriosis. Endometrioid adenocarcinoma and
CCAC are the most common types of malignancy arising from
ovarian endometriosis."” Ovarian endometriosis is therefore con-
sidered a precursor lesion to endometrioid adenocarcinoma and
CCAC of the ovary. Sampson'? and Scott'* suggested the follow-
ing criteria for determining whether a tumor has arisen from en-
dometriosis: the presence of both malignant and benign endo-
metrial tissue in the same ovary; cancer arising from ovarian
endometriosis without other invasion; tissue resembling endo-
metrial stroma surrounding characteristic epithelial glands; and
a transition between benign endometriosis and malignant epi-
thelium. In the present case, we found typical endometriosis, be-
nign and atypical endometriotic cysts, and possible intraepithe-
lial carcinomatous areas in the same ovary. CCAC arising in
ovarian endomettiosis or CCAF without other invasion was also
found.

Malignant transformation of ovarian endomettiosis occurs in
more than 1% of the cases.”> CCAC is the most common type of
malignant transformation of ovarian endometriosis, and endo-
metrioid adenocarcinoma is the second most common. "’

Adenofibromas are also usually associated with ovarian endo-
metriosis.”" In the present case, we identified benign and bor-
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Fig. 2. Histopathologic findings of the solid part of the mass. (A) The compact arrangement of variably-sized tubulocystic structures in the
stroma is consistent with adenofibroma. The cell lining consisted of flattened indiscernible cells or flat cuboidal cells (B) and polygonal cells
with abundant clear cytoplasm (C). (D, E) In some areas, stratified epithelium shows tiny buds with atypical nuclei. (F) The transitional zone
from benign (white arrows) to borderline (black open arrows) clear cell adenofibromas to clear cell adenocarcinoma (black arrows). (G) Higher
magnification shows benign (left) and atypical (right) adenofibromas. (H, 1) Area of clear cell adenocarcinoma shows a tubulocystic pattern
with hobnail, cuboidal, or flat atypical lining cells characterized by nuclear enlargement and hyperchromasia, and foci of altered stromal re-
Sponses.
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Fig. 3. Histopathologic findings of adenofioroma, endometriotic cyst, and endometriosis (A). Higher magnification of the inset shows endo-
metriosis (B). (C) Endometriotic cyst with tubal-type epithelium overlying scant endometrial-type stroma. (D) Endometriotic cyst with simple
cuboidal epithelium overlying endometrial stroma with hemosiderin pigmentation (upper) and gradual transition to nuclear atypia demonstrat-
ing stratification with hyperchromatic, enlarged, and irregular nuclei with prominent nucleoli (middle and lower).

derline adenofibromas, and the borderline adenofibromas dem-
onstrated a transition to CCAC. Slow and progtessive transform-
ation of CCAC from benign to borderline to a microinvasive
pattern has been suggested.’ In addition, patients with ovarian
CCAF are younger than those with CCAC.”® This supports the
suggestion of transformation of CCAC from benign to malig-
nant tumors.

CCAC containing CCAFs are occasionally found.*'*'” Accord-
ing to the classification of CCAC into groups with and without
CCAF components, the CCAF (+) group showed a higher fre-
quency of histologically low-grade tumors, a lower Ki-67 label-
ing index, less frequent endometriosis, and better patient prog-
nosis than the CCAF (=) group.’

There are two types of ovarian carcinogenesis, type I and type
II. Type I tumors are usually low grade and in low stage, behave
in an indolent fashion, and develop slowly from precursor le-
sions. However, type II tumors are highly aggressive high grade
tumors characterized by frequent TP53 mutations. They are not
associated with the usual precursor lesions. CCAC is associated
with precursor lesions such as endometriosis, adenofibromas, bor-

http://jpatholtm.org/

derline/atypical adenofibromas and endomettiotic cysts. It is also
found in a low stage, showing a low frequency of TP53 muta-
tions. However, CCAC is high grade and associated with poor
prognosis when it is found in high stage." Zhao et 2/."® speculat-
ed that ovarian CCAC have two pathways. In one, epithelial
atypia arises in an endometriotic cyst and then evolves into
CCAC, and in the other, non-cystic endometriosis induces a fi-
bromatous reaction resulting in the formation of an adenofibro-
ma, which then develops into borderline adenofibroma and sub-
sequently CCAC. Therefore, CCACs with or without adenofi-
bromas are more closely related to type I tumors. Adenofi-
bromatous and cystic types of CCAC appear to be derived from
endomettiosis. Adenofibromatous CCAC develops from non-
cystic endometriosis and is associated with an adenofibromatous
background, while the cystic type of CCAC develops from an
endometriotic cyst and is not associated with an adenofibroma-
tous background."® The two pathways may overlap in some cases.
The present case showed benign and borderline CCAFs, border-
line CCAF with microinvasion, CCAC, endometriosis, and be-
nign and atypical endometriotic cysts. Thus, the two pathways

http://dx.doi.org/10.4132/jptm.2015.08.07



overlapped in the present case. ARIDIA mutation and loss of
the corresponding protein, BAF250a, are common in CCAC.
However, loss of BAF250a expression is significantly more com-
mon in CCAC with endometriosis than in cases with adenofi-
broma."”

There is a common genetic linkage between endometriosis
and ovarian cancers such as CCAC, including losses of heterozy-
gosity (LOHs) and alleles at the PTEN locus.”"' Moreover, there
is also a common genetic linkage between CCAF and ovarian
CCAC, such as LOHs on 5q, 10q, and 22q.” Therefore, possible
alternative ovarian clear cell carcinogenic pathways are endome-
triosis to CCAC, CCAF to CCAC, or endometriosis to CCAF/
adenofibroma to CCAC.

The present case demonstrates that both CCAF and endome-
triosis should be regarded as precursors to CCAC.
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An Adult Case of Bartter Syndrome Type Ill Presenting with Proteinuria
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Bartter syndrome (BS) |-V is a rare autosomal recessive disorder affecting salt reabsorption in
the thick ascending limb of the loop of Henle. This report highlights clinicopathological findings
and genetic studies of classic BS in a 22-year-old female patient who presented with persistent
mild proteinuria for 2 years. A renal biopsy demonstrated a mild to moderate increase in the me-
sangial cells and matrix of most glomeruli, along with marked juxtaglomerular cell hyperplasia.
These findings suggested BS associated with mild IgA nephropathy. Focal tubular atrophy, inter-
stitial fibrosis, and lymphocytic infiltration were also observed. A genetic study of the patient and
her parents revealed a mutation of the CLCNKB genes. The patient was diagnosed with BS, type
IIl. This case represents an atypical presentation of classic BS in an adult patient. Pathologic find-
ings of renal biopsy combined with genetic analysis and clinicolaboratory findings are important

Accepted: August 31,2015

Corresponding Author

Moon Hyang Park, MD

Department of Pathology, Konyang University
Hospital, Konyang University College of Medicine,
158 Gwanjeodong-ro, Seo-gu, Daejeon 35365,
Korea

Tel: +82-42-600-9280

Fax: +82-42-600-9280

E-mail: parkmh@hanyang.ac.kr

Bartter syndrome (BS) is a rare renal tubulopathy that was
first described by Bartter in 1962." The condition is character-
ized by polyuria, hypokalemia, metabolic alkalosis, and hyper-
reninemic-hyperaldosteronism with normal or slightly low
blood pressure due to renal loss of sodium and hyperplasia of the
juxtaglomerular apparatus (JGA). The condition is also referred
to as salt-wasting nephropathy.' The prevalence of BS is 1 in
1,000,000, compared with 1 in 40,000 for Gitelman syndrome
(GS).” The classification depends on the severity of the symp-
toms and type of genetic mutation. Clinically, BS can be classi-
fied into two variants, antenatal/neonatal BS and classic BS, ac-
cording to the onset of age. Genetically, BS can be classified into
five variants according to type of gene mutation.” Type III BS
presents as classic BS, which is characterized by polyuria, poly-
dipsia, and a tendency for dehydration, but with normal or
slightly increased urinary calcium excretion and no tendency to
develop kidney stones. Patients with classic BS might have
symptoms in the first two years of life, but most cases are usually
diagnosed at school age or in adolescence.” However, age of on-
set and clinical severity are highly variable.””

Here, we present a case of late onset BS, with typical hyper-
plasia of juxtaglomerular cells on renal biopsy and molecular di-
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in making an accurate diagnosis.

Key Words: Bartter syndrome; Hypokalemia; Juxtaglomerular cell hyperplasia

agnostic confirmation of a familial chloride channel Kb (CLCNKB)

gene mutation.
CASE REPORT

Mild proteinuria had been incidentally detected in a 22-year-
old woman during a regular health check-up 2 years prior to
presentation. She visited a local clinic for a follow-up check. She
took medication to treat hyperlipidemia for 1 year and did not
take any other drugs including diuretics or laxatives. She was ad-
mitted to our hospital for evaluation of persistent mild proteinuria.

The prenatal course was unremarkable. On physical examina-
tion, her height was 153 cm, her body weight was 49 kg and
her blood pressure was 100/60 mm Hg. No edema was found,
and normal muscle strength and reflexes were noted. The rest of
the physical examination was unremarkable. The laboratory ex-
amination revealed blood urea nitrogen of 10.9 mg/dL, creati-
nine of 0.68 mg/dL, sodium of 137 mmol/L, potassium of 2.59
mmol/L, chloride of 94.7 mmol/L, magnesium of 2.05 mEq/L,
and bicarbonate of 31.2 mEq/L. Serum levels of IgG, IgA, IgM,
C3, and C4 were normal. Anti-nuclear antibody was negative.
Urinalysis showed a specific gravity of 1.007, trace protein, pH
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8.0, and no red blood cells. The spot urine protein/creatinine ra-
tio was 0.95 g/g creatinine. Abdominal sonography revealed not-
mal-sized kidneys, without nephrocalcinosis or stones. Plasma
renin activity was elevated at 27.98 ng/mL/hr (normal range,
0.50 to 1.90 ng/mL/hr in a supine position), but serum aldoste-
rone was 13.2 pg/mL within normal limits (normal range, 1 to
16 pg/mL in a supine position). The urine prostaglandin E2
level was elevated at 2,815 ng/day (normal range, 400 to 620
ng/day). These findings suggested BS or pseudo-BS/GS caused
by vomiting or diuretics.

Light microscopy of renal biopsy demonstrated 14 glomeruli,
two of which were globally sclerotic. Most glomeruli appeared
moderately increased in size and cellularity due to prominence
of the mesangium and JGA. Five glomeruli showed marked
enlargement with hyperplasia (Fig. 1A) and hypergranulosis of
the JGA (Fig. 1B). The mesangium was diffusely expanded due
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to mild to moderate increase in cells and matrix (Fig. 1A). There
was moderate tubular atrophy and interstitial fibrosis with in-
filtration of lymphocytes. The interlobular arteries and arteri-
oles displayed mild to moderate intimal fibrous thickening and
medial sclerosis. Immunofluorescence revealed weak positive
(1+) staining for IgG, IgA, and fibrinogen and trace (+/-) of
staining for C3 and lambda in the mesangium (Fig. 1C). Elec-
tron microscopy revealed mild increase in the mesangial cells and
matrix with rare small mesangial electron-dense deposits and
hyperplastic juxtaglomerular cells with increased electron dense
renin and progranules (Fig. 1D).

Genetic analysis revealed a homozygous deletion of exon
1-14 and heterozygous deletion of exon 15-19 in the CLCNKB
gene (Fig. 2A). Her father had heterozygous deletion of exon
1-14 (Fig. 2B), and her mother had heterozygous deletion of all
examined exons of the CLCNKB gene (Fig. 2C). However, her

Fig. 1. Renal biopsy in a patient with Bartter syndrome with IgA nephropathy. (A) Glomerulus shows hyperplasia of juxtaglomerular cells with
increased mesangial cells and matrix (periodic acid-Schiff). (B) Glomerulus shows hyperplasia and hypergranulosis of juxtaglomerular cells
(Jones” methenamine silver, x 1,000). (C) Immunofluorescence reveals weak (1+) staining for IgA in the mesangium. (D) Electron micrograph
of the juxtraglomerular apparatus shows abundant progranules and mature renin granules (Hitach HT7700 EM, x 6,000).
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Fig. 2. Capillary electrophoretic pattern of the multiplex ligation-dependent probe amplification products of the patient’s family. (A) The pa-
tient has a large homozygous deletion and a large heterozygous deletion. (B) Her father has a heterozygous deletion of exon 1-14. (C) Her
mother has a heterozygous deletion of all examined exons of the CLCNKB gene.

parents displayed no renal symptoms or abnormal renal function.
DISCUSSION

BS is an autosomal recessive genetic disorder whose primary
pathogenic mechanism is defective transepithelial chloride re-
absorption in the thick ascending limb of the loop of Henle. The
disorder is the result of defective function of proteins responsible
for transporting ions to renal cells. Five types of genetic muta-
tions are associated with the five different forms of the disease.
Type I is due to an SLC12A1 mutation encoding the bumeta-
nide-sensitive Na'-K"-2Cl cotransporter (NKCC2), and type
1L is the result of KCNJI encoding the inward rectifying K ch-
annel (ROMK). Type III or classic BS results from a mutation of
CLCNKB, encodes for the kidney-specific basolateral chloride
channel (CIC-Kb). The CIC-Kb protein is required to ensure
the exit of chloride (Cl') on the basolateral side. Impaired CIC-
Kb function reduces Cl” efflux and decreases Na-K-Cl reabsorp-
tion through NKCC2 by modifying the transepithelial voltage

http://jpatholtm.org/

gradient and causing salt loss in urine.” Type IV is due to muta-
tions of BSND encoding barttin (the B-subunit of the basolateral
chloride channel). Finally, type V, with the features of autosomal
dominant hypocalcemia, is caused by gain-of-function mutations
of the calcium-sensing receptor.””*’ Types I, II, and IV are clas-
sified as antenatal BS.

Renal calcium handling can be used to differentiate between
classic BS and GS. Hypomagnesemia is considered a well-defined
characteristic of GS but it also affects a considerable number of
patients with BS. The most definitive diagnostic method of BS is
molecular analysis."”"" The patient in the current case had no
symptoms in the neonatal period or in childhood. This patient
had no symptoms of polyuria, dehydration, or polydipsia except
for nocturia and presented with mild proteinuria and mild hy-
pokalemic metabolic alkalosis at 22 years of age. Clinically, this
patient’s diagnosis raised a suspicion of GS rather than BS, but
deletion of the CLCNKB gene in the genetic analysis confirmed
type III BS.

Although proteinuria is not a classic symptom in BS, it has

http://dx.doi.org/10.4132/jptm.2015.08.31



been a presenting symptom in cases associated with other glo-
merular diseases, such as focal segmental glomerulosclerosis, Clq
nephropathy or immune complex glomerulopathy.”" Our pa-
tient had mild proteinuria for 2 years. The presence of mild to
moderate mesangial proliferation in the renal biopsy, in addi-
tion to the weak positive immunofluorescence staining for IgA in
the mesangium pointed to the possibility of mild IgA nephropa-
thy coexistent with BS. Electron microscopy revealed rare small
paramesangial electron dense deposits.

Renal changes in BS are probably caused by stimulation of the
renin-angiotensin axis and activation of transforming growth
factor B (TGF-B).'® Laboratory studies have suggested that ex-
posure of mesangial cells to angiotensin II results in proliferation,
hypertrophy, and TGF-B production.” Although patients with
BS have high angiotensin II level and activation of the renin-an-
giotensin axis, they also demonstrate normo/hypotension, re-
duced peripheral resistance, and hyporesponsiveness to vasopres-
sor agents. Patients with BS and GS, as well as heterozygous
carriers of both disorders, have lower blood pressure than the
general population.” In addition to volume depletion, another
possible contributor to the lower blood pressure in BS is increased
renal release of vasodilator prostaglandins E2 (PGE2). The in-
creased renal production of PGE2 results from impaired entry
of sodium chloride into the macula densa cells at the end of the
thick ascending limb of the loop of Henle, which increases the
expression of cyclooxygenase 2. Therefore, these patients do
not develop hypertension or associated complications such as
cardiovascular remodeling and atherogenesis.'"® The cause of re-
nal dysfunction in patients with BS is unclear.

The histologic and molecular features of BS have been well
described in the literature,”® and histologic findings of BS con-
sistently show juxtaglomerular hyperplasia, interstitial fibrosis
and nephrocalcinosis. Juxtaglomerular hyperplasia is a charac-
teristic finding but is not a necessary finding for diagnosis. Jux-
taglomerular hyperplasia can be associated with a variety of
causes, such as chronic hypovolemic states with hypokalemia due
to chronic vomiting or laxative abuse, familial chloride diarrhea,
or cystinosis.* The ingestion of diuretics is perhaps the most
common cause of chronic hypokalemic alkalosis. For an accurate
diagnosis, other causes must be rule out through careful history
taking, plasma and urine electrolyte measurement, or various
diuretic screening methods."”

Accounting for the patient’s clinical, laboratory, and pathologi-
cal findings of BS, in conjunction with the results of genetic anal-
ysis of both the patient and her parents, the patient was diag-
nosed with type III BS. This case shows the importance of renal

http://dx.doi.org/10.4132/jptm.2015.08.31
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biopsy and molecular analysis in delineating the cause of an atyp-
ical presentation of classic BS in an adult patient.
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Il BRIEF CASE REPORT W

A Rare Case of Thymic Gangliocytic Paraganglioma

Jung Wook Yang - Joungho Han - Hyun Woo Lee - Soo Youn Cho - Hong Kwan Kim'

Departments of Pathology and "Thoracic Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Gangliocytic paraganglioma (GP) is a rare neuroendocrine
tumor characterized by epithelioid endocrine cells, spindled
schwann-like cells, and ganglion cell-like elements." These tu-
mors almost always arise in the duodenum, particularly in the
periampullary region. Extra-duodenal GPs are extremely unusu-
al,” and we could not find any case of thymic GP in the English
literature. Here, we report a case of thymic GP and describe its
histological and immunohistochemical characteristics.

CASE REPORT

A 1.6-cm-sized anterior mediastinal mass was incidentally
found in a 55-year-old female on computed tomography (CT)
during work-up for thyroid carcinoma (Fig. 1A). During 12
months of follow-up, CT images showed no interval change.
Partial thymectomy was performed, and the cut surface showed
an ovoid, well-circumscribed, gray-tan mass measuring 2 x 1.3
cm. Microscopically, the mass had an expanding border sut-
rounded by normal thymic tissue (Fig. 1B). It was composed of
spindle cells, ganglion-like cells, epithelioid cells, and fibrillary
cells (Fig. 1C), which were haphazardly intermixed in most ar-
eas. The spindle cells were arranged in an intersecting fascicular
pattern. The scattered ganglion-like cells showed large round
nuclei with prominent nucleoli and a large amount of eosino-
philic cytoplasm. The epithelioid cells had medium-sized round
nuclei with indistinct nucleoli and a small or moderate amount
of eosinophilic cytoplasm; they formed vague nests in some areas
(Fig. 1D). The fibrillary cells also formed a vague or confluent

Corresponding Author

Joungho Han, MD

Department of Pathology, Samsung Medical Center, Sungkyunkwan University School
of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 06351, Korea

Tel: +82-2-3410-2800, Fax: +82-2-3410-0025, E-mail: hanjho@skku.edu

Received: June 18,2015 Revised: July 14,2015
Accepted: July 14,2015

pISSN 2383-7837
elSSN 2383-7845

nesting pattern in some areas. These cells had small round to
ovoid dark nuclei with a fine chromatin pattern and fibrillary
cytoplasm. Benign epithelial cells were also observed in approx-
imately half of the cut surface area (Fig. 1F). These cells were
intermixed with other components and showed a branching
pattern (Fig. 1E). In some areas, they were located between
nests of the fibrillary cells. There were several compressed cords
and ducts formed by the epithelial cells. No cellular compo-
nents showed atypia, and no mitosis was seen. On immunohis-
tochemical stains IHC) (Fig. 1G-K), spindle cells were positive
for CD56 (1:200, Leica, Newcastle upon Tyne, UK), synapto-
physin (1:50, Thermo Scientific, Rockford, IL, USA), and S-100
(1:5,000, Dako, Glostrup, Denmark). S-100 staining showed
that some spindle cells were located adjacent to and in the nests
of fibrillary cells. Ganglion-like cells were positive for CD56
and synaptophysin but negative for S-100 and AE1/AE3
(1:500, Dako). The epithelioid and fibrillary cells had the same
results on IHC for CD56, synaptophysin, S-100, and AE1/AE3
as did the ganglion-like cells. However, the epithelial cells were
only positive for AE1/AE3 with a reticular or race-like cytoplas-
mic staining pattern (Fig. 1]). Some of the fibrillary and epithe-
lioid cells were positive (Fig. 1K) for progesterone receptor (PR;
1:800, Leica), but most of them were negative (Fig. 11).

DISCUSSION

The duodenum is the most common site of GP.” Only one
case of GP in the posterior mediastinum has been reported,’
and we could not find any English literature cases of GP involv-
ing the thymus. We hypothesize that the rarity of thymic GP is
due to minimal ganglioneuronal component in the thymus, as
GP seems to be related to the amount of ganglioneuronal con-
tent in the involved organ. According to the World Health Or-
ganization classification, GP is a distinctive triphasic tumor
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consisting of haphazardly distributed epithelioid endocrine cells, nent also show the above three elements;" however, the paragan-
spindled schwann-like cells, and ganglion cell-like elements.' glioma and ganglioneuroma components of the tumor are usu-
Composite paragangliomas with a ganglioneuromatous compo- ally minimally admixed with an abrupt transition. The present

SRR 5 % A

Fig. 1. Thymic gangliocytic paraganglioma. (A) Chest computed tomography reveals a well-circumscribed ovoid mass (white arrow) in the
anterior mediastinum. (B) On low-power view, the mass shows an expanding border surrounded by normal thymic tissue. (C) Spindle cells
show an intersecting fascicular pattern, and fibrillary cells show a vague or confluent nesting pattern (black arrow). Scattered ganglion-like
cells (white thick arrow) and epithelioid cells (black thick arrow) are also noted. (D) Epithelioid cells form a vague nesting pattern. (E) Epithelial
cells show a branching pattern (arrowhead) between the nests of fibrillary cells (black arrow). (F) In focal areas, the epithelial cells form com-
pressed cords and ducts (left upper comner). (G, H) Staining with CD56 (G) and synaptophysin (H) is positive for spindle cells, ganglion-like
cells, epithelioid cells, and fibrillary cells. (I) Only spindle cells are positive for S-100. Spindle cells are located adjacent to and within the nests
of fibrillary cells. (J) On staining for AE1/AES3, the epithelial cells show a reticular or race-like cytoplasmic pattern. (K, L) Some of the fibrillary
cells and epithelioid cells are positive (K) for progesterone receptor, but most of them are negative (L).

http://jpatholtm.org/ http://dx.doi.org/10.4132/jptm.2015.07.15



case is consistent with GP, but there are two unusual compo-
nents: fibrillary cells and epithelial cells. The fibrillary cells ap-
peared similar to neuronal cells at first glance. Though the fibril-
lary cells showed a vague nesting pattern similar to carcinoids
in some areas, the cells did not express AE1/AE3. Weissferdt er
al.’ reported that all of the studied thymic carcinoid tumors were
positive for pancytokeratin. Based on these results, the tumors
seem to be composed of neuronal-like cells rather than carci-
noid-like cells. Okubo ¢ /. reported that epithelioid cells in al-
most all cases of duodenal GP were positive for PR. In the pres-
ent case, some fibrillary and epithelioid cells expressed PR. The
fibrillary cells were most likely derived from the same progeni-
tor cell as the epithelioid cells.

The epithelial cells might be entrapped thymic epithelial
cells. The staining pattern for AE1/AE3 resembles that of thy-
mic epithelial cells; however, the tumor had an expanding bor-
der, and the epithelial component was too extensive to be com-
posed of entrapped thymic cells. Furthermore, the cells formed
ducts in focal areas. Thus, the epithelial cells were probably one
of the tumor components. Ogata ef a/.” reported a case of duo-
denal GP with regional lymph node metastasis and a glandular
component. The duodenal GP had small amounts of distinct
glandular component with mucin. The metastatic tumor depos-
it in the dissected lymph nodes more prevalently exhibited glan-
dular components with mucus compared to the primary site.

In conclusion, this rare case of thymic GP with neuronal-like
and epithelial components shows an extremely unusual site of

involvement and unusual tumor components.
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Neurilemmomas, also known as schwannomas, are benign,
slow-growing tumors that arise from Schwann cells of nerve
roots. They can occur anywhere in the body, but those arising
in the head and neck account for 25% to 45% of the cases." Pri-
mary neurilemmomas of the thyroid gland are very rare. Only
20 cases of primary thyroid neurilemmoma have been document-
ed in the English literature.” They were usually asymptomatic,
and only two cases were found in children.** Here we report this
rare tumor in a 14-year-old girl, which was clinically mistaken
for a malignant thyroid nodule.

CASE REPORT

A 14-year-old girl visited our hospital with a neck mass that
had been present for 3 weeks without any symptoms. Ultraso-
nographic examination showed a lobulated, heterogeneous and
hypoechoic nodule in the right thyroid lobe (Fig. 1A). Comput-
ed tomography with contrast showed a large hypodense mass in
the right thyroid lobe with exophytic extension into the right
strap muscle. The tumor was closely abutting and compressing
the right tracheal wall (Fig. 1B). Fine needle aspiration cytology
(FNACQ) of the tumor showed a paucicellular smear composed
of bland spindle-shaped cells in loosely cohesive aggregates (Fig.
1C). The patient underwent surgical resection. Intraoperative
histological examination of a frozen section favored a benign mes-
enchymal tumor. Total thyroidectomy was performed; however,
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because the lesion was severely adhered to the right tracheal wall,
and the surgeon interpreted it as an invasion.

The entire thyroid gland was submitted for pathologic evalu-
ation. On section, a well-demarcated, gray, firm mass was noted
in the right thyroid lobe, measuring 3.0 x 2.5 x 2.0 cm (Fig. 1D).
The tumor was completely surrounded by the capsule of the
thyroid gland. Microscopic examination revealed a proliferation
of uniformly spindled cells with a thick fibrous capsule (Fig. 2A).
The tumor showed cellular areas with nuclear palisading (An-
toni A) and pauci-cellular areas with myxoid change (Antoni B),
a characteristic histologic feature of a neurilemmoma (Fig. 2B).
There was extensive fibrosis around the tumor, but no perithy-
roidal tumor extension was found. Immunohistochemically, the
tumor cells were positive for S-100 (Fig. 2C), Bcl-2, and fibro-
blast growth factor receptor 1 (FGFR1) (Fig. 2D), but negative
for CD34 and platelet-derived growth factor receptor. Electron
microscopy revealed complex intertwinings of slender cell pro-
cesses outlined by a continuous basal lamina (Fig. 3). Publica-
tion of the case information and materials was approved by the
Institutional Review Board of Yeouido St. Mary’s Catholic Med-
ical Center (SCMC IRB, Project Number SC12ZISE0225).

DISCUSSION

Non-epithelial thyroid tumors, including neurilemmomas,
are very rare, accounting for less than 1% of all thyroid tumors.”
Delaney and Fry in 1964’ first reported a neurilemmoma aris-
ing in the thyroid gland. Only 20 cases of a primary thyroid neu-
rilemmoma have been reported.” All but two cases occurred in
adults, ranging in age from 20 to 57 years. Baglaj ¢ a/. in 2004’
first described a primary neurilemmoma of the thyroid gland in
a child. A 12-year-old girl underwent left thyroid lobectomy due
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Fig. 1. Imaging, cytologic analysis, and gross examination of thyroidal mass. (A) Ultrasonography showing a lobulated, hypoechoic mass (ar-
row) in the subcapsular region of the right thyroid lobe. (B) Postcontrast computed tomography imaging revealing a hypodense right thyroi-
dal mass (arrow) compressing the right tracheal wall. (C) Fine needle aspiration cytology with a loose cluster of bland-looking spindle cells. (D)
The complete thyroidectomy specimen showing an encapsulated, gray, firm mass replacing the right upper lobe.

to an asymptomatic left lower neck swelling that had been pres-
ent for 9 months. Ultrasonography showed a predominantly
hypoechoic solid lesion measuring 1.7 x 1.2 x 2.6 cm within the
left lobe. The second case of a primary thyroid neurilemmoma in
a child was reported by An ¢ al. in 2010." A 14-year-old male
presented with an asymptomatic left intrathyroidal mass. Ra-
diologic studies showed a hypoechoic left thyroid mass measur-
ing 6.0x 4.5 x 3.0 cm with cystic portions that was pushing the
trachea toward the right. Both cases were diagnosed via postop-
erative pathological diagnosis as a neurilemmoma. The present
case is the third occurrence of a primary thyroid neurilemmoma
ina child.

Primary thyroid neurilemmomas should be differentiated
from other benign spindle cell neoplasms of the thyroid glands,
including vascular, smooth muscle, and fibroblastic tumors.® The
diagnosis can be made easily by identifying characteristic histo-
logic features of neurilemmomas: alternating Antoni A and B ar-
eas with Verocay bodies (nuclear palisading around cell process-
es).” Immunohistochemically, diffuse nuclear and cytoplasmic
staining of S-100 protein can be helpful. Neurilemmomas aris-

http://dx.doi.org/10.4132/jptm.2015.08.26

ing from the soft tissues of the neck and secondarily involving the
thyroid gland should also be differentiated.” Features suggest-
ing the possibility of a primary thyroid origin may include a rim
of thyroid tissue around the capsule and the tumor replacing a
major portion of the thyroid gland.

The fibroblast growth factors and their receptors (FGFRs) are
known to have a mitogenic effect on Schwann cells.” In vestibular
neurilemmomas, overexpression of FGFR1 is positively corre-
lated with the incidence and growth rate of the tumor.” More-
over, activation of FGFR1 may promote invasive behavior in
vestibular neurilemmomas through ERK and Akt signaling
pathways." In the present case, FGFR1 expression in tumor cells
was identified by immunohistochemistry. Although there have
been no studies of FGFR1 expression in primary thyroid neuri-
lemmomas, it is suspected that increased expression of FGFR1
in tumor cells might play a role in the rapid growth of the tumor
and its aggressive clinical behavior such as extensive tracheal
adhesion.

In conclusion, it should be noted that primary neurilemmo-
mas of the thyroid gland with marked adhesion can be clinical-

http://jpatholtm.org/
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Fig. 2. Histologic and immunihistochemical analysis of the mass. (A) Low magnification view showing a spindle cell lesion (right) sharply de-
marcated from the adjacent normal thyroid tissue (left) by a thick fibrous capsule. (B) High magnification view revealing both cellular Antoni A
areas (arrows) and loose paucicellular Antoni B areas (asterisks). (C) Tumor cells (asterisk) are positive and fibroblasts (arrowheads) are nega-

tive for S-100 protein on immunohistochemical staining. (D) Both tumor cells (asterisk) and fibroblasts (arrowheads) are positive for fibroblast
growth factor receptor 1 on immunohistochemical staining.
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