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Breast cancer, one of the most common cancers in women, has various treatment modalities.
Neoadjuvant therapy (NAT) has been used in many clinical trials because it is easy to evaluate the
treatment response to therapeutic agents in a short time period; consequently, NAT is currently a
standard treatment modality for large-sized and locally advanced breast cancers, and its use in
early-stage breast cancer is becoming more common. Thus, chances to encounter breast tissue
from patients treated with NAT is increasing. However, systems for handling and evaluating such
specimens have not been established. Several evaluation systems emphasize a multidisciplinary
approach to increase the accuracy of breast cancer assessment. Thus, detailed and systematic
evaluation of clinical, radiologic, and pathologic findings is important. In this review, we compare
the major problems of each evaluation system and discuss important points for handling and
evaluating NAT-treated breast specimens.
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Application of neoadjuvant therapy (NAT) has become a
more common breast cancer treatment due to the diversity and
rapid development of associated therapeutic agents. NAT is
currently established as a standard therapeutic approach for pa-
tients with large (> 2 cm) and locally advanced breast cancer.'
In addition, trials for NAT use in early-stage breast cancer are
gradually increasing.” Although there is no gain in survival ben-
efit from NAT for breast cancer, it does offer several significant
advantages over other modalities: (1) Response efficiency to a new
therapeutic agent can be assessed™ because it is easy to detect a
treatment response in a relatively short time period. In this re-
spect, many clinical trials have been designed to evaluate NAT.®
(2) Patients with large cancers who show a response to NAT can
undergo breast-conservation surgery.”® (3) The degree of re-
sponse to NAT can play a role as a prognostic factor; one study
reported that the rate of local recurrence depends on the extent
of residual tumor after NAT.” Given the potential benefits, ex-
act assessment of breast specimens after NAT is very important.
However, standard guidelines for pathologic evaluation of
breast specimens after NAT have not been established.”'* Here-
in, we offer a concise review of the various standard guidelines

for pathologic assessment of breast cancer specimens after NAT.
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EVALUATION OF BREAST CANCER SPECIMENS
AFTER NEOADJUVANT THERAPY

Specimen handling

Identification of the tumor bed is important for the handling
of breast specimens after NAT. Close examination of fresh speci-
mens cut into 5-mm sections or smaller is required for identifi-
cation of the tumor bed. However, some cases require extensive
sampling because of uncertainty in the gross identification of
tumor bed. There have been attempts to insert metallic clips
while conducting breast core biopsy for easy recognition of the
tumor bed.”"® However, this method cannot locate the tumor
bed accurately because the inserted metallic clip shifts over time."’
Some guidelines suggest that small specimens (<5 cm at the
widest diameter or < 30 g) should be thinly sectioned and sub-
mitted in their entirety so that the specimens can be reintegrat-
ed upon histologic evaluation. However, these methods have lim-
itations in that samples for research use cannot be secured.” It
is crucial to select representative sections when dealing with large
specimens, such as those from a large lumpectomy or mastecto-
my. The important goal in specimen selection is to identify the
area that correlates best with clinical and radiologic findings.
This area, which is known as the pretreatment area, should com-

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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prise grossly identifiable tumor bed, a metallic clip, and peritu-
moral tissue.” After slicing surgical specimens into <5-mm
sections, the cross-section that includes the largest pretreatment
area should be selected for sampling. The extent of tissue sam-
pling varies according to guidelines: one or two tissue blocks
from every 1 cm of pretreatment tumor'>* or 10 blocks at least
from an entire specimen.” Because histologic patterns of residual
post-NAT breast cancer tumors are diverse, different sampling
methods can yield different evaluation results (Fig. 1), potentially
resulting in sampling error. Even so, submission of large surgical
samples in their entirety is not recommended because it is inef-
ficient and offers little information despite the intensive sam-
pling effort required.”’ Thus, the extent of tissue sampling
should be optimized and determined on a case-by-case basis con-
sidering clinical, macroscopic, and radiologic features. However,
it is important, when creating sample specimens, to provide an-
notations and photographs of each tissue block to clarify the or-
igin of tissue sections; this enables the pathologists conducting
evaluations to identify correlations between macroscopic and his-
tologic features.**' Also, exact descriptions, including the size of
any grossly visible tumor beds and distances from resection mar-
gins, should be recorded.

Microscopic pathologic report

Pathologic variables that describe surgical breast cancer spec-
imens that were not exposed to NAT are also important for post-
NAT specimen. However, several factors should be taken into ac-
count, due to the diversity of evaluation systems for post-NAT

Tumor bed

- L L L

e N
\“ “
‘\ \
aw

L A

-

W Invasive cancer cell cluster

Fig. 1. Differences in tumor evaluation results according to tissue
sampling method in breast cancer after neoadjuvant therapy. In
this example, when sampling in the area indicated by the blue rect-
angle, aspects of the residual tumor (e.g., tumor size/extent) are
observed and appear different from the sampling area indicated by
the purple rectangle, where heterogeneity of the residual tumor
and tumor bed is present.

http://jpatholtm.org/

breast cancer, including differences in major variables of each
evaluation system and histologic factors causing post-NAT
changes (Table 1). A summary of the pathologic reports for breast
cancer after NAT is provided in Table 2.

Histologic tumor subtype and grade

In principle, the method to evaluate histologic subtype and
tumor grade in breast cancer patients who received NAT is the
same as that used for patients with non-neoadjuvant cancer. How-
ever, it is necessary to consider that NAT can affect histologic ar-
chitecture, nuclear features, and tumor mitosis.”*** Thus, some
cases require comparison with pretreatment biopsy findings.

Tumor size and extent

There are many potential variables that can be used for as-
sessing tumor size/extent in breast cancer patients who received
NAT. Variable relevance depends on which tumor-response eval-
uation system is being used, because each system offers a differ-
ent definition of significant tumor size. For example, the largest
contiguous focus of the invasive cancer is the most important fac-
tor in determining ypT stage in ypTNM system."’ Contrarily,
the two dimensions of the largest residual area of remaining in-
vasive cancer are most important according to the Residual
Cancer Burden (RCB) system.14 For the RCB system, however,
the residual invasive cancer does not need to be contiguous, lead-
ing to a discrepancy in perceived tumor size between the two
systems."* The largest discrepancies in tumor size/extent due to
the differences in measurement methods were observed when
the tissue response pattern after NAT manifested as a scattered
pattern (Fig. 2).

Tumor cellularity

Though NAT can affect several parameters of breast cancer,
tumor cellularity is one of the most representative factors.” Tu-
mor cellularity is not always recorded in pathologic reports be-
cause it is important in some tumor-response systems'"*'* but
not in others.'"'?*® There are several factors that should always
be considered when evaluating tumor cellularity. The first fac-
tor is the comparison of cellularity in pre- and post-treatment
specimens (Fig. 3). Differences between pre- and post-treatment
cellularity are important for some tumor-response systems;''
however, pretreatment cellularity is not considered in the RCB
system." The second factor is tumor heterogeneity. Because re-
sidual tumor cellularity can appear heterogeneous after NAT,
extensive tissue sampling should be performed. However, the
majority of systems do not specifically include the cellularity of

http://dx.doi.org/10.4132/jptm.2016.02.02
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Table 1. Comparison of pathologic response evaluation system for breast cancer after neoadjuvant therapy

System Included variable Definition of pCR Category status Reference
AJCC (y) Size of invasive carcinoma No invasive carcinoma Stage 0 Boughey
in breast and lymph node etal®
Lymph nose status (the number of Stage 1
metastatic lymph node and size
of metastatic deposit)
Stage 2
Stage 3
B-18 Treatment effect in invasive carcinoma No invasive carcinoma No pathologic response Diaz
in breast and lymph node etal®
Lymph nose status (the number of Pathologic partial response
metastatic lymph node and size
of metastatic deposit)
Pathologic complete response
Miller-Payne Presence of invasive carcinoma No invasive carcinoma Grade 1: no change or some minor alteration in Mamounas
in breast individual malignant cells, but no reduction in etal®
overall cellularity
Tumor cellularity Grade 2: a minor loss of tumor cells, but overall
high cellularity; up to 30% reduction of cellularity
Grade 3: between an estimated 30% and 90%
reduction in tumor cellularity
Grade 4: a marked disappearance of more than
90% of tumor cells such that only small clusters
or widely dispersed individual cells remain
Grade 5: no invasive malignant cells identifiable in
sections from the site of the tumor
MNP Size of invasive carcinoma No invasive carcinoma MNPI=0.2xtumor size+lymph node stage+MSBR  Carey
in breast and lymph node grade etal."®
Tumor grade Lymph node state: 1, node negative; 2, 1-3 positive;
3, >4 positive
Lymph nose status (the number of
metastatic lymph node)
Pinder Tumor proportion (%) in remaining breast ~ No invasive carcinoma Complete pathologic response Ogston
in breast and lymph node etal."
Lymph nose status (presence of Partial response to therapy
evidence of response)
<10% of tumor remaining
10%-50% of tumor remaining
>50% of tumor remaining
No evidence of response
RCB Size of tumor bed in two dimension No invasive carcinoma RCB 0: no residual disease Abrial
in breast and lymph node etal.”?

Tumor cellularity

Lymph node status (the number of
metastatic lymph node and size
of metastatic deposit)

RCB 1: minimal residual disease
RCB 2: moderate residual disease

RCB 3: extensive residual disease

pCR, pathologic complete response; AJCC, American Joint Committee on Cancer; MNPI, Modified scores from Nottingham Prognostic Index; MSBR grade,

Modified Scarff Bloom Richardson grade; RCB, residual cancer burden.

residual heterogeneous tumors, except for the RCB system,
which recommends mentioning the average tumor cellularity."*

Lymphovascular invasion

Lymphovascular invasion (LVI) is documented in most patho-
logic reports because it is a significant prognostic factor in non-
neoadjuvant breast cancer.”””* Though there are insufficient data
on whether IVI is independently significant in neoadjuvant spec-

http://dx.doi.org/10.4132/jptm.2016.02.02

imens, it should still be mentioned in pathologic reports.”” Duc-
tal carcinoma 7z sitn (DCIS) and LVI are defined as resistant breast
cancer components after NAT.** Therefore, in some situations,
the only residual after NAT is tumor emboli in lymphovascular
space, with no residual tumor in the breast parenchyma (Fig. 4).”
According to these guidelines, researchers have recommended
that such cases not be regarded as pathologic complete response
(pCR).* Consequently, several LVI measurement methods have

http://jpatholtm.org/
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Table 2. Example of pathologic report form in breast cancer after
neoadjuvant therapy

Pathologic report form
Gross finding
Residual identified tumor: yes/no
Quadrant of tumor
Multifocality: yes/no
Size of residual tumor: xx mm
|dentified clip of marker: yes/no
Microscopic finding
Histologic diagnosis: invasive carcinoma, NST
Histologic grade: I/II/Ill (tubule score-nuclear grade-mitosis score)
Size of residual tumor bed: x mm
Size of the largest residual invasive carcinoma: x mm
Residual tumor cellularity: %
Lymphovascular invasion: absent/present
DCIS component: yes/no
Total tumor size including DCIS: x mm
Extensive intraductal component: yes/no
Type: cribriform/micropapillary/solid/papillary
Nuclear grade: low/intermediate/high
Necrosis: absent/present (focal/commedo)
ER/PR/HER-2 status: optional
Resection margin
Invasive carcinoma: absent/present; distance to the closest margin
DCIS: absent/present; distance to the closest margin
Tumor bed: absent/present
Lymph node status
Number of sentinel lymph nodes
Number of total axillary lymph nodes
Number of lymph nodes with macrometastasis
Size of largest metastasis: mm
Number of lymph nodes with micrometastasis
Number of lymph nodes with isolated tumor cells

Number of lymph nodes with histologic evidence of treatment
response but no tumor cells
Extracapsular extension: yes/no

NST, no specific type; DCIS, ductal carcinoma in situ; ER, estrogen recep-
tor; PR, progesterone receptor; HER-2, human epidermal growth factor re-
ceptor-2.

been suggested, including measurement according to size™ or
using semi-quantitative methods (focal or extensive).”

Surgical margins

Evaluation of resection margins is identical to that for non-
neoadjuvant breast cancer specimens. Careful examination is re-
quired for evaluation of resection margins in neoadjuvant speci-
mens because grossly invisible residual tumors or multiple sc-
attered microscopic tumor foci are common. Furthermore, when
the resection margin involves the tumor bed, it should be docu-
mented in the pathological report.

http://jpatholtm.org/

Tumor bed

\

Invasive cancer cell cluster

Fig. 2. Comparison of tumor size/extent measurements between
the Residual Cancer Burden (RCB) and ypTNM systems. In the
RCB system, the largest cross-section among areas with invasive
tumors is measured in two dimensions (a). In the ypTNM system,
the largest contiguous invasive carcinoma foci are measured (b).

Evaluation of the axillary lymph node after NAT

The evaluation method for axillary lymph nodes is the same as
that for non-neoadjuvant cases. Generally, all lymph nodes are
sectioned into 2-mm intervals and sampled in their entirety for
microscopic evaluation. Sometimes lymph nodes with complete
treatment response are observed under microscopic evaluation
for characteristic features, such as fibrous scarring, lymphocytic
depletion, or histiocytic aggregation, without any identifiable
tumor cell clusters (Fig. 5). If lymph nodes with these features
are identified during microscopic evaluation, the total number
observed should be noted in the pathologic report.”" When met-
astatic deposits are observed, the size of the largest metastatic
tumor and presence/absence of extranodal extension should be
recorded. It is difficult to measure the size of the largest meta-
static tumor when the treatment response is accompanied by me-
tastasis. In cases with multiple singly scattered tumor cells that
involve the entire lymph node and when the treatment response
is not accompanied by fibrosis, the size of the metastatic tumor
is determined by measuring the size of the largest cell cluster.
Some guidelines recommend measuring the sizes of the tumor
cells and intervening stroma—not the largest cell cluster—when
accompanied by a tumor response; consensus for these measure-
ments has not been established among the various evaluation
systems.”’ Thus, when metastatic deposits are observed during
microscopic evaluation, conditions such as macrometastasis, mi-
crometastasis, and isolated tumor cells can be altered by chang-
es in the sizes of metastatic deposits according to applied systems.
However, residual disease in the lymph nodes are not considered

pCR in most systems.'"*’

http://dx.doi.org/10.4132/jptm.2016.02.02
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Fig. 3. Comparison of tumor cellularity between pre-neocadjuvant therapy (NAT) and post-NAT. In comparison with the tumor cellularity of a
pre-NAT biopsy (A), the tumor cellularity observed in a post-NAT surgical specimen (B) is significantly low.

Fig. 4. Residual tumor emboli in lymphovascular space after neoadjuvant therapy (NAT) (A, B). There are only tumor emboli in the lympho-
vascular space after NAT.

Pathologic complete response

Though each system that evaluates treatment responses to
NAT has a unique definition of pCR, all systems record whether
the patient has invasive carcinoma and whether it is identified in
the breast parenchyma.”'* Significant differences among these
evaluation systems are based on the inclusion or exclusion of
DCIS and axillary lymph node status. Thus, description of DCIS
and axillary lymph node status should always be included in
pathologic reports because the treatment response evaluation sys-
tems differ across institutions.

Re-evaluation of biomarkers in breast cancer after NAT
Estrogen receptor (ER), progesterone receptor (PR), and hu-

man epidermal growth factor receptor-2 (HER-2), which are rep-

resentative biomarkers of breast cancer, should be used for eval-

http://dx.doi.org/10.4132/jptm.2016.02.02

uating invasive breast cancer; however, there is no consensus on
whether ER, PR, and HER-2 status should be re-evaluated in
breast cancer patients who received NAT. Different guidelines
suggest different processes based on core biopsy results, because
ER, PR, and HER-2 statuses after NAT are evaluated based on
the biomarker status of pretreatment core biopsy. If ER, PR, and
HER-2 statuses from pre-treatment core biopsy are all positive,
there will be no changes in status for most patients; thus, re-
evaluation is generally not recommended. However, re-evalua-
tion is considered necessaty in the following circumstances: (1)
negative or equivocal results in core biopsy, (2) only DCIS or
insufficient invasive carcinoma in core biopsy, (3) core biopsy
performed at another institute, and (4) no treatment response.”"
Additionally, re-evaluation should be performed when the pa-
tient is enrolled in a clinical trial protocol or when ER, PR, or

http://jpatholtm.org/
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Fig. 5. Metastatic residual carcinoma in a lymph node with histologic features indicative of tumor regression: in low-power view, an axillary
lymph node shows lymphocyte depletion, fibrosis, and aggregation of foamy histiocytes (green circle, A), which we suggest are histologic
features indicative of tumor regression due to neoadjuvant therapy. In high-power view, metastatic tumor cell clusters are identified in a re-
gressed lymph node (arrows, B). Immunohistochemistry for cytokeratin is helpful to identify metastatic tumor cell clusters in a regressed
lymph node (C, D).

HER-2 status is unknown.
CONCLUSIONS

The number of existing post-NAT breast cancer specimens
has recently increased because NAT is now established as an ef-
fective treatment approach for patients with large or locally ad-
vanced breast cancer and for cases of early-stage breast cancer.
However, guidelines for pathologic evaluation of breast cancer
after NAT have not been established; instead, there are several
evaluation systems, each with different major main-effect vari-
ables. Moreover, from macroscopic examination to microscopic
evaluation, there are several obstacles to pathologic evaluation
of neoadjuvant breast cancer because there is a diverse range of
histologic responses to NAT. Pathologic evaluation of residual

http://jpatholtm.org/

disease is the most essential component of post-NAT breast can-
cer evaluation. Thus, the evaluation should be conducted based
on close comparisons and correlations between clinical, radio-
logic, and pathologic findings.
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Background: Hepatitis B virus (HBV) plays well-known roles in tumorigenesis of hepatocellular
carcinoma (HCC) in infected patients. However, HBV-associated protein status in tumor tissues
and the relevance to tumor behavior has not been reported. Our study aimed to examine the ex-
pression of HBV-associated proteins in HCC and adjacent nontumorous tissue and their clinico-
pathologic implication in HCC patients. Methods: HBV surface antigen (HBsAg), HBV core anti-
gen (HBcAg), and HBV X protein (HBx) were assessed in 328 HBV-associated HCCs and in 155
matched nontumorous tissues by immunohistochemistry staining. Results: The positive rates of
HBsAg and cytoplasmic HBx staining in tumor tissue were lower than those in nontumorous tis-
sue (7.3% vs. 57.4%, p<.001; 43.4% vs. 81.3%, p<.001). Conversely, nuclear HBx was detected
more frequently in tumors than in nontumorous tissue (52.1% vs. 30.3%, p<.001). HCCs express-
ing HBsAg, HBcAg, or cytoplasmic HBx had smaller size; lower Edmondson-Steiner (ES) nuclear
grade, pT stage, and serum alpha-fetoprotein, and less angioinvasion than HCCs not expressing
HBV-associated proteins. Exceptionally, nuclear HBx-positive HCCs showed higher ES nuclear
grade and more frequent large-vessel invasion than did nuclear HBx-negative HCCs. In survival
analysis, only nuclear HBx-positive HCCs had shorter disease-free survival than nuclear HBx-neg-
ative HCCs in pT1 and ES nuclear grade 1-2 HCC subgroup (median, 126 months vs. 35 months;
p =.015). Conclusions: Our data confirmed that expression of normal HBV-associated proteins
generally decreases in tumor cells in comparison to nontumorous hepatocytes, with the excep-
tion of nuclear HBx, which suggests that nuclear HBx plays a role in recurrence of well-differenti-
ated and early-stage HCCs.

Key Words: Hepatitis B X protein; Hepatitis B surface antigens; Hepatitis B core antigens; Carcino-
ma, hepatocellular

Hepatocellular carcinoma (HCC) is the third most fatal can-
cer worldwide and poses a major burden to the healthcare sys-
tem.' More than 50% of HCC cases overall and 70%-80% of
HCC cases in hepatitic B virus (HBV)-endemic regions are at-
tributable to chronic HBV infection.” The mechanism of viral
hepatitis-mediated induction of HCC involves the direct muta-
genic effect of the virus on the host genome and the indirect ef-
fect of the inflammation-necrosis regeneration cycle in the setting
of chronic hepatitis.”

HBV is a member of the Hepadnaviridae family and has four
important viral proteins: hepatitis B virus surface antigen (HB-
sAg), hepatitis B virus core antigen (HBcAg), hepatitis B virus
X protein (HBx), and viral DNA polymerase. HBsAg and HB-
cAg are structural proteins that are the main components of the
viral capsule and core. These proteins induce an immune re-
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sponse in infected hosts and can be used for the assessment of
viral replication activity. Thus, they serve as clinical markers for
diagnosis and follow-up of viral hepatitis patients via serum
tests." HBx is a key regulatory nonstructural protein of the virus
that is at the intersection of HBV infection, replication, patho-
genesis, and carcinogenesis.’

Integration of viral genomes in the host genome is considered
a possible mechanism of hepatocarcinogenesis, and this notion
is supported by the observation that a large portion of HCC
have integrated HBV sequence encoding HBx and a truncated
pre-S2/S protein.® HBx protein regulates the cell cycle and
DNA repair genes of host cells and induces cellular transforma-
tion via transactivation (protein interactions) in the nucleus and
cytoplasm.’

Clinically, a high viral load of HBV is associated with HCC
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recurrence, and early antiviral treatment can increase disease-
free survival (DFS) and overall survival of HCC patients.”® A
specific mutated form of HBV known as genotype C was report-
ed to be associated with HCC occurrence in cirrhotic patients.’
HBsAg positivity in non-neoplastic liver tissue was reported as
arisk factor for HCC recurrence."”

HBsAg expression is generally lower in tumor cells compared
with adjacent non-neoplastic hepatocytes, and the HBx protein
expression in non-neoplastic hepatic parenchyma is associated
with the development of HCC in patients with chronic viral
hepatitis.'""* Previous studies of the expression of HBV genes
and HBx protein in HCC and adjacent non-neoplastic hepatic
parenchyma generally focused on the mechanisms underlying
the HBV-related hepatocarcinogenesis.

The aim of this study was to assess the expression of the HB-
sAg, HBcAg, and HBx proteins in HCC and nontumorous liv-
er tissue and to examine the histologic features of HCCs, possi-
ble correlations with hepatitis serum markers, and their influence

on cancer prognosis.

MATERIALS AND METHODS

Patients and clinicopathologic parameters

We enrolled 328 HBV hepatitis patients who had been diag-
nosed with HCC based on a resected specimen and whose med-
ical records and formalin-fixed paraffin blocks of tumor tissue
were available from the archives of the Department of Pathology
at Seoul National University Hospital (SNUH) from 1998 to
2004. We excluded co-infected hepatitis C virus hepatitis pa-
tients and patients who had neither serologic nor clinical evi-
dence of HBV infection. The matched non-neoplastic hepatic
parenchyma was available for 155 of the 328 patients. Clinical
information, such as age, sex, surgical procedure, underlying
etiology of liver disease, preoperative serum 0-fetoprotein (AFP,
pg/mL), preoperative treatment, and postoperative tumor recur-
rence, was collected from the medical records. Serological results
of HBsAg, anti-HBs (HBsAb), IgG anti-HBc (HBcAb), hepati-
tis B virus e antigen (HBeAg), and anti-HBe (HBeAb) were based
on the most recent preoperative tests from medical records. De-
pending on the state of the serum viral marker, liver function
test, and clinical symptom of hepatic failure or portal hyperten-
sion (e.g., hypoalbuminemia, prolonged prothrombin time, as-
cites, hyperbilirubinemia, or hepatic encephalopathy), “asymp-
tomatic carriers” had positive serum viral markers, but a normal
liver function test and no clinical symptom of hepatic failure,
while “noncirrhotic” patients had positive serum viral marker
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with abnormal liver function test, but no symptom of hepatic
failure. Patients with symptom of hepatic failure were assigned
to the cirrhotic patient group. Disease recurrence was defined as
newly appearing lesions diagnosed by radiologic examinations
such as ultrasonography and X-ray computed tomography, or
based on serum tumor markers such as AFP, after an operation.
Pathologic information, such as tumor size, number of tumors,
gross type (vaguely nodular, expanding nodular, nodular with
perinodal extension, and multinodular confluent), angioinvasion,
large vessel invasion, Edmondson-Steiner (ES) nuclear grade,
histologic pattern of the tumor, cellular type of tumor cells (he-
patic vs. non-hepatic including giant, pleomorphic, spindle,
and clear cell types), and extent of tumor invasion, was collected
from pathology reports and review of the slides. Criteria for
pathologic T stage (pT) followed the liver tumor staging of the
American Joint Committee on Cancer, seventh edition." Clini-
copathologic parameters were assessed according to the general
rules for examining primary liver cancer.”

Of the 328 patients, 283 were male and 45 were female (M:F
ratio of 6.3:1), with a median age of 55 years (range, 25 to 80
years). The mean size of a tumor was 5.44 cm (range, 0.8 to 24.0
cm). Most patients (92.1%, 302/328) had undergone partial
hepatectomy, such as right or left lobectomy, caudate lobecto-
my, or segmentectomy, whereas the remaining patients (7.9%,
26/328) had undergone total hepatectomy for transplantation.
Follow-up periods ranged from 0 to 161 months (median, 51
months). This study was approved by the Institutional Review
Board of Seoul National University Hospital (H-1011-046-339).

Tissue microarray construction

Hematoxylin and eosin slides were reviewed, and one repre-
sentative formalin-fixed paraffin-embedded (FFPE) archival block
was selected for each case. Each core tissue biopsy (2 mm in di-
ameter) was taken from individual FFPE blocks (donor blocks)
and arranged in recipient paraffin blocks (tissue array blocks) us-
ing a trephine. Immunohistochemical studies were performed on
13 array blocks containing 328 HCC samples and on six array
blocks containing 155 samples of HCC-adjacent non-neoplastic
tissue as a healthy control (Superbiochips Laboratories, Seoul,
Korea). Each tissue microarray had four cores of normal liver,
normal bile duct, and normal gastrointestinal tract mucosa as a
negative control.

Immunohistochemistry and interpretation
Sections (4 pm) were stained for HBcAg (1:800, hepatitis B
core antigen rabbit polyclonal antibody, Cat. No. B0586, DAKO,
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Copenhagen, Denmark), HBsAg (1:200, HBsAg mouse mono-
clonal antibody, clone number S1-210, Cell Marque, Rocklin,
CA, USA), and HBx (1:100, HBx mouse monoclonal antibody,
clone number 3F6-G10, Thermo, Rockford, IL, USA) after an-
tigen retrieval using a microwave and pH 6.0 citrate buffer. The
slides were stained according to methods specified in the Ultra-
vision LP kit (Lab Vision, Fremont, CA, USA) or the Envision
kit (Dako, Glostrup, Denmark) using the Bond polymer Refine
Detection kit (Leica, Wetzlar, Germany). Unequivocal cytoplas-
mic staining for HBsAg in more than 5% of tumor cells was
considered positive, and unequivocal nuclear and cytoplasmic
staining for HBcAg in more than 5% of tumor cells was con-
sidered positive as described in a previous study.” For HBx,
both cytoplasmic and nuclear staining were observed in tumor-
ous and nontumorous liver tissue; thus, we separately assessed the
cytoplasmic and nuclear expression of HBx. The intensity of
cytoplasmic staining was graded as weak, moderate, or strong by
two pathologist (H.Y.Jung and K.-B.Lee), and a grade higher
than moderate was considered as positive criteria. Nuclear stain-
ing was assessed by image analysis of digitally scanned slides (Nu-
clear V9 algorithm, ScanScope, Aperio Technologies, Vista, CA,
USA). The intensity of nuclear staining was graded as 1+ (inten-
sity range, 230 to 210), 2+ (intensity range, 210 to 188), or 3+
(intensity range, 188 to 162), and more than 5% of tumor cells
with more than 2+ intensity were considered as positive criteria.

Statistical analysis

Comparative analysis of HBsAg, HBcAg, and HBx expression
with clinicopathologic parameters was assessed using the chi-
sqaure test. Survival analysis was performed using the Kaplan-
Meier method. The results were considered statistically signifi-
cant when p-values were <.035. All calculations were performed us-
ing the PASW statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA).

Role of Viral Protein in Tumor Recurrence ® 183

RESULTS

Positive rates of HBsAg, HBcAg, and HBx expression in
HCC

The representative immunohistochemical stainings and ex-
pression rates of HBsAg, HBcAg, and HBx in the nucleus and
cytoplasm are summarized in Table 1 and Fig. 1, respectively.
Among the 328 patients with HBV, the positive rate for HBsAg
was significantly lower in HCC than in nontumorous tissue
(7.3% vs 57.4%, respectively; p <.001), and the positive rate for
nuclear HBx was higher in HCC than in nontumorous tissue
(52.1% [171/328] vs 30.3% [47/155], respectively; p <.001).
Cytoplasmic HBx expression was less frequent in HCC samples
than in nontumorous tissue (43.3% [142/328] vs 81.3% [126/
155], respectively; p <.001).

Clinicopathologic characteristics of HBsAg-, HBcAg-, and
HBx-expressing HCC

The clinicopathologic features and expression of HBsAg, HB-
cAg, and HBx are summarized in Table 2. HBsAg-expressing
HCCs had lower ES nuclear grade and lower pT stage than
HCCs without HBsAg expression (p <.001 and p =.013, respec-
tively). HBcAg was more frequently expressed in well-differenti-
ated HCC:s (lower ES grade) and in HCCs without preoperative
treatment, such as transarterial chemoembolization, radiofrequen-
cy ablation, or percutaneous ethanol injection, as well as in pa-
tients who had lower serum AFP (p=.018, p=.037,and p=.015,
respectively). Cytoplasmic expression of HBx was associated with
similar features: lower ES nuclear grade, smaller tumor size, less
frequent angioinvasion, lower pT stage, and a lower serum AFP
level compared to HCCs not expressing cytoplasmic HBx (p <.05)
(Table 2). Compared to HBsAg and HBcAg, nuclear HBx was
more frequently expressed in HCCs with higher ES grade and
with large-vessel invasion (p =.008, and p =.017, respectively).

Table 1. The percentage of patients positive for HBV proteins in the hepatocellular carcinoma and non-tumorous liver

Tumor (n=328) Non-tumor (n=155) p-value
HBsAg Negative 804 (92.7) 66 (42.6) <.001*
Positive 24.(7.3) 89 (57.4)
HBCcAg Negative 292 (89.0) 141 (91.0) 632
Positive 36 (11.0) 4(9.0)
HBx_nu Negative 157 (47.9) 108 (69.7) <.001*
Positive 171 (52.1) 47 (30.3)
HBx_cyto Negative 186 (56.7) 29 (18.7) <.001*
Positive 142 (43.3) 126 (81.3)

Values are presented as number (%).

HBV, hepatitis B virus; HBsAg, HBV surface antigen; HBcAg, HBV core antigen; HBX, HBV X protein; nu, nuclear staining; cyto, cytoplasmic staining.

*p<.05.
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teins in hepatocellular carcinoma. Positive HBsAg (A), positive HBcAg (B), positive HBx in nuclei (C), and positive HBx (D) in the cytoplasm.

Although nuclear HBx was more frequently expressed in HCCs
with high ES nuclear grade, the histologic pattern of HCCs with
nuclear HBx expression was mostly trabecular and retained the
hepatic cell type (p=.002 and p =.086, respectively) (Table 2).
Age and sex were not different between HBV protein positive
groups and negative groups (data not shown).

Correlation between serum hepatitis B markers and
expression of HBV proteins in HCC

We set out to test whether the serum level of hepatitis B mark-
ers or the expression profile of nontumorous liver tissue showed
any correlation with the expression of HBV proteins in HCCs.
All patients with HBsAg-positive HCCs were HBsAg positive
in serum. Patients with positive serum HBeAb results showed
lower positive rates of HBsAg in HCCs than did patients with
negative serum HBeAb (10.8% [7/65] vs 1.8% [2/108], p =.027).
Expression of HBcAg and expression of nuclear HBx in HCCs

http://jpatholtm.org/

were not significantly concordant with the serum status of HB-
sAg, HBsAb, HBcAb, HBeAg, and HBeAb. As for the clinical
stage of hepatitis, nuclear HBx was more frequently expressed
in HCCs of noncirrhotic chronic hepatitis patients compared to
asymptomatic carriers or cirrhotic patients (noncirrhotic vs as-
ymptomatic vs cirrhosis; 75% [15/20] vs 35% [13/37] vs 43.9%
[54/123], p=.023).

Progression of HBsAg-, HBcAg-, and HBx-expressing HCC

To test whether the HBsAg, HBcAg, or HBx status of tumors
influences cancer progression, we analyzed DFS time after opet-
ation in the 328 patients with HBV-associated HCC using Ka-
plan-Meier analysis. We could not determine any correlation
between DEFS time and the expression status of HBsAg, HBcAg,
and HBx in tumors and nontumorous tissue or the serum levels
of hepatitis markers (data not shown). The size and multiplicity
of the tumor, angioinvasion, ES nuclear grade, and the extent of

http://dx.doi.org/10.4132/jptm.2016.03.18
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Table 2. Clinicopathologic characteristics of hepatocellular carcinomas expressing HBV proteins
HBsAg HBcAg HBx_nu HBx_cyto
Variable No. Negative Positive Negative Positive Negative Positive Negative Positive
(n=328) (h=304) (n=24) (n=292) (h=36) (h=157) (n=171) (h=186) (n=142)

Size (cm)
<3 97 91(29.9)  6(250) 85(9.1)  12(33.3)  43(27.4)  54(316)  44(237)  53(37.3
>3 231 213(70.1)  18(75.0) 207 (70.9)  24(66.7) 114(72.6) 117(68.4) 142(76.3)  89(62.7)
p-value 401 .364 .239 .005*

Angioinvasion
Absent 167 151 (49.7) 16(66.7)  148(50.7)  19(52.8)  82(52.2)  85(49.7)  80(43.0)  87(61.3
Present 161 153(50.3)  8(33.3)  144(49.3)  17(472) 75478  86(03) 106(57.0)  55(38.7)
p-value 109 .813 .648 .001*

Large vessel invasion
Absent 312 288(94.7)  24(1000) 277(94.9)  35(97.2) 154(98.1) 158(92.4) 173(93.0) 139(97.9)
Present 16 16 (5.9) 0(0.0) 15 (5.1) 1(2.8) 3(1.9 13(7.6) 13(7.0) 32.1)
p-value .618 1.000 017" .042¢

ES nuclear grade
1 30 21 (6.9) 9(37.5) 22 (7.5) 8(22.2) 1(13.4) 9(5.9) 10 (5.4) 20 (14.1)
2 170 150(62.3) 11458  151(51.7)  19(52.8) 3(52.9) 87(09  96(51.6)  74(52.1)
3 120 116(382)  4(167)  111(38.0) 9(@250)  47(99)  73(427)  T74(39.8)  46(324)
4 8 8(2.6) 0(0.0) 8(2.7) 0(0.0) (3.9) 2(1.2) 6(3.2) 2(1.4)
p-value <.001 .018 .008* .008*

Histologic pattern
Trabecular 204 272 (89.5) 91.7)  260(89.0)  34(94.4) 132(84.1) 162(94.7) 168(90.3) 126(88.7)
Nontrabecular 34 32 (10.5) 83) 32(11.0) 2(5.6) 25(15.9) 9(5.9) 18(9.7) 16 (11.9)
p-value 734 316 .002* .640

Cellular type
Hepatic 312 289 (95.1)  23(95.8) 280 (95.9) 32(889  146(93.0) 166(97.1) 174(93.5) 138(97.2)
Nonhepatic 16 15(4.9) 1(4.2) 12 (4.1) 4(11.1 11(7.0) 5(2.9) 12 (6.5) 42.8)
p-value .867 .085 .086 130

pT (AJCC 7th ed)
1 132 117 (38.5)  15(62.5) 120 (41.1) 12 (33.3) 62 (39.5) 70 (40.9) 66 (35.5) 66 (46.5)
2 137 129 (42.4)  8(333)  11740.1)  20(556)  68(43.3)  69(40.4) 79425  58(40.8)
3 42 41(135 142 39 (13.4) 383 20(12.7)  22(129)  30(16.1)  12(85)
4 17 17 (5.6) 0(0.0) 16 (5.5) 1(2.8) 74.5) 10(5.8) 11 (6.9 64.2)
p-value 013 334 914 019

Preoperative treatment
Not done 203 189(62.2) 14(58.3)  175(59.9)  28(77.8)  93(59.2) 110(64.3) 106(57.0) 97 (68.3
Done 125 115(37.8)  10@41.7) 117 (40.1) 8(222)  64(408  61(35.7)  80(43.0)  45(31.7)
p-value 709 .037* .343 .036*

Serum AFP (ug/mL)
<20.0 187 170(65.9) 17(70.8)  160(54.8)  27(75.0)  83(52.9) 104(60.8)  92(49.5) 95 (66.9
>20.0 141 134 (441)  7(29.2)  132(45.2) 92500  74(47.1)  67(39.2)  94(505)  47(33.1)
p-value 113 .015* .090 .001*

Values are presented as number (%).

HBV, hepatitis B virus; HBsAg, HBV surface antigen; HBcAg, HBV core antigen; HBX, HBV X protein; nu, nuclear staining; cyto, cytoplasmic staining; ES, Ed-
mondson-Steiner; AJCC, American Joint Committee on Cancer; AFP, a-fetoprotein.

*p<.05.

tumor invasion were statistically significant prognostic factors
for tumor recurrence in the entire sample of 328 patients (data
not shown). The low frequency of positive HBsAg in HCCs and
well-differentiated histology of HBsAg-expressing HCCs may
be a confounder of the above-mentioned negative results in the
entire group, so we stratified the study group and analyzed pro-

http://dx.doi.org/10.4132/jptm.2016.03.18

gression-free survival in 99 patients with early-stage (pT1) and
well-differentiated HCC (ES nuclear grade 1 and 2); these pa-
tients were a relatively low-risk group for HCC recurrence. In
48.5% (48/199) of the patients, the tumor recurred and median
DES time was 84 months, ranging from 2 to 153 months. As sh-
own in Table 3, nuclear HBx in tumors was a statistically sig-
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Table 3. Disease-free survival analysis of 99 pT1 and well-differentiated HBV-related HCCs in relation to the expression of HBV proteins

Recurrence rate Median DFS (mo) p-value
Tumor (n=99)
HBsAg B vs+) 38/84 (45.2%) vs 10/15 (66.7%) 126 vs 35 .095
HBcAg B vs(+) 44/88 (50.0%) vs 4/11 (36.4%) 84 vs NA .619
HBx_nu B vs+) 20/51 (39.2%) vs 28/48 (58.3%) 126 vs 35 .015*
HBx_cyto Hvs+) 22/46 (47.8%) vs 26/53 (49.1%) 126 vs 61 541
Nontumorous tissue (n=45)
HBsAg B vs(+) 8/18 (44.4%) vs 16/27 (59.3%) 135 vs 21 379
HBcAg B vs+) 22/41 (53.7%) vs 2/4 (50.0%) 135vs 7 .805
HBx_nu Hvs#) 17/31 (64.8%) vs 7/14 (50.0%) 135vs 33 .870
HBx_cyto B vs+) 5/10 (560.0%) vs 19/35 (54.3%) 33vs 135 .837
Serum
HBsAg (n=98) B vs+) 3/11 (27.3%) vs 44/87 (50.6%) 126 vs 84 .296
HBsAb (n=94) Hvs#) 32/74 (43.2%) vs 11/20 (65.0%) 126 vs 35 163
HBcADb (n=37) B vs(+) 2/4 (50.0%) vs 13/33 (39.4%) 7vs 84 473
HBeAg (n=55) B vs(+) 19/41 (46.3%) vs 6/14 (42.9%) 84 vs 153 505
HBeAb (n=51) B vs+) 12/21 (57.1%) vs 12/30 (40.0%) 33vs 84 406

HBV, hepatitis B virus; HCC, hepatocellular carcinoma; DFS, disease-free survival; HBsAg, HBV surface antigen; HBcAg, HBV core antigen; NA, not applica-
ble; HBx, HBV X protein; nu, nuclear staining; cyto, cytoplasmic staining; HBsAb, anti-HBs; HBcAb, IgG anti-HBc; HBeAg, hepatitis B virus e antigen; HBeAb,

anti-HBe.
*p<.05.

nificant prognostic factor (p =.015), whereas the presence of HB-
sAg in a tumor showed a tendency for poor prognosis of early-
stage HCCs, but did not reach statistical significance (p =.095).
Cytoplasmic expression of HBx in tumor and nontumorous tis-
sue was not associated with tumor recurrence. In nontumorous
liver tissue, HBsAg-, HBcAg-, and HBx-positive patients had
a relatively lower median DES, but this effect was statistically
insignificant (log-rank p>.05) (Table 3). The presence of HBsAg
in the tumor, serum, and nontumorous tissue was correlated
with shorter DFS and early recurrence compared to HBsAg-neg-
ative patients, as shown in Fig. 2, but this effect was not statis-
tically significant (Table 3). Survival analysis for the high-risk
group (advanced stages, pT2—4) or higher nuclear grade (ES nu-
clear grade 3 and 4) showed no significant difference in DFS ac-
cording to the status of HBV-associated proteins in serum, tu-
mor, and nontumor tissues (data not shown).

DISCUSSION

In this study, we found that the expression of HBsAg, repre-
senting normal viral replication in infected cells, is less frequent
in tumors than nontumorous hepatocytes, and HBx, which is one
of the key proteins in hepatocarcinogenesis, could be preferen-
tially expressed in different subcellular compartments. The nu-
clear expression of HBx occurs more frequently in tumors than in
nontumorous hepatocytes, whereas the cytoplasmic expression
of HBx is less frequent in tumors, according to our results. HCCs

http://jpatholtm.org/

with pronounced expression of HBsAg have well-differentiated
histology, but HCCs with nuclear expression of HBx showed
increased nuclear atypia and aggressive behavior. When the test
group is restricted to well-differentiated and to early-stage tu-
mors to minimize the influence of tumor-related prognostic fac-
tors, then HCCs expressing nuclear HBx proteins show a high-
er risk of early recurrence after operation.

Persistence of HBx is important for the pathogenesis of early
HCC development, and HBx expression in the liver during ch-
ronic HBV infection may be an important prognostic marker for
the development of HCC.”'* Even seronegative HBV patients
have HBx gene and protein expression in HCC, which are con-
sistent with the hepatocarcinogenic properties of HBx."” The
subcellular location of HBx, as assessed by immunohistochem-
istry in previous studies, is generally in the cytoplasm of hepato-
cytes or tumor cells and is consistent with the biological func-
tions of HBx, i.e., protein-protein interactions in cytoplasmic
signaling pathways.” The biological role of HBx in the nucleus
may involve direct interaction with DNA, RNA, or transcription
factors, but the existing data are scarce. Recently, it was shown
in an 7 vitro study using a human cell line that when HBx is tar-
geted to the nucleus by a nuclear localization signal, it can re-
store HBx-deficient HBV replication, whereas HBx containing
a nuclear export signal cannot, suggesting that nuclear localiza-

tion of HBx is required for viral replication.®

In addition, chip-
based chromatin immunoprecipitation with expression microat-

ray profiling for HCCs identified 184 gene targets that might

http://dx.doi.org/10.4132/jptm.2016.03.18
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Fig. 2. Cumulative disease-free survival curves of 99 patients with pT1 and well-differentiated hepatocellular carcinoma in relation to the
presence of hepatitis B virus (HBV) surface antigen (HBsAg) and HBV X protein (HBx) in a tumor, nontumorous tissue, and serum. HBsAg in
tumors (A), HBsAg in nontumorous tissue (B), HBsAg in serum (C), nuclear HBx (HBx nu) in tumors (D), HBX nu in nontumorous tissues (E),

and cytoplasmic HBx (HBx cyto) (F) in tumors. *p<.05.
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be directly deregulated by HBx via targeting from indirect pro-
tein-DNA binding as well as transcriptional factors directly in-
teracting with HBx."”

Our results show that nuclear, not cytoplasmic, HBx expres-
sion correlates with aggressiveness of HCC tumors, such as nu-
clear grade or large vessel invasion, and with eatly recurrence after
an operation. These data suggest that the interaction of HBx
with nuclear proteins might be more important for tumor pro-
gression than for cytoplasmic interactions of HBx. Although
the HBx protein may be involved in metastasis and tumor in-
vasiveness by regulating proteins that control the extracellular
matrix, angiogenesis, or epithelial mesenchymal transition, the
reason for the paucity of clinical evidence regarding the HBx pro-
tein and HCC recurrence or prognosis could be the difficulties
with interpretation of HBx immunohistochemistry.**' In the
majority of the studies on HBx, cytoplasmic staining was con-
sidered positive expression, and nuclear staining was not inves-
tigated."”'*'"** Because we minimized the influence of well-
known prognostic factors, such as vascular invasion, size, mul-
tiplicity, extent of tumor invasion, and differentiation, by selec-
ting HCCs of pT1 stage and ES nuclear grade 1 and 2, we ex-
pected that HBx in nontumorous tissue would be a prognostic
factor, but the results showed that it was not. We tried to find a
link between the pattern of recurrence and the HBx expression,
but the recurrence pattern (presented as a single intrahepatic
mass versus multiple or disseminated intrahepatic or extrahe-
patic masses) was not different depending on the HBx expres-
sion in tumor and non-tumor tissues. However, nuclear HBx (-)
HCCs both in tumor and nontumor were more frequently pre-
sented as a single intrahepatic mass at recurrence time after re-
section (rate of a single intrahepatic mass, HBx_nu[+] in tumor
and non-tumor vs HBx_nu[+] in tumor or non-tumor 59.3%
[16/27] vs 37.0% [27/73], p = .388), but this result was not sta-
tistically significant. Further research is needed to understand
how nuclear expression of HBx promotes tumor recurrence be-
fore pathologic features of tumor aggressiveness have appeared.

The mechanism of HCC recurrence in HBV patients is regr-
owth of microscopically or macroscopically leftover tumor cells
or de novo occurrence of HCC. The viral influence on HCC re-
currence can be explained by the de novo tumor recurrence. Su ez
al” reported that a higher serum HBV DNA load was an impor-
tant risk factor associated with recurrence in patients with HBV-
associated HCC without antiviral therapy after resection, but
this observation was not applicable in advanced stage HCC.
Tsai ¢t al." reported that a ground-glass hepatocyte pattern or
HBsAg expression in nontumorous liver tissues was a prognos-

http://jpatholtm.org/

tic marker for the recurrence of HBV-related HCC after hepatic
resection; these data also support the viral influence on HCC re-
currence. Our finding that HBsAg-expressing HCCs recur eat-
lier than do HBsAg-negative HCCs in patients with early-stage
and well-differentiated HCC is in line with the previous reports
except for the source of HBsAg production, although this find-
ing was not statistically significant.

Last, our results were limited due to the one core-construct of
the tissue microarrays that were used. However, staining on full
sections for preliminary study showed that staining pattern was
relatively patched, but generally weak to moderate areas were al-
ternatively mixed with strongly stained areas, not totally nega-
tive areas, and the size of the study groups (n=483) might be large
enough to compensate this problem.

In summary, we report that nuclear expression of HBx in
HBV-associated HCCs increases in tumors compared to nontu-
morous tissue, and HBsAg-expressing HCCs have a tendency
to recur eatly, even if they are well-differentiated histologically
and the surgical procedure is performed at an early stage. Tissue
expression of HBsAg was correlated with serum HBsAg. Nu-
clear expression of HBx in tumor tissue assessed by immuno-
histochemistry can be a useful prognostic marker for prediction
of tumor recurrence in early-stage HCC patients and may ulti-
mately lead to novel therapeutic strategies for managing HBV-
associated HCC and for researching HBV-associated hepatocat-
cinogenesis.

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

Acknowledgments

This research was supported by a grant of the Korea Health
Technology R&D Project through the Korea Health Industry
Development Institute (KHIDI), funded by the Ministry of
Health & Welfare, Republic of Korea (grant number: HI14C3298).

REFERENCES

1. Ferlay ], Shin HR, Bray E, Forman D, Mathers C, Parkin DM. Esti-
mates of worldwide burden of cancer in 2008: GLOBOCAN 2008.
Int J Cancer 2010; 127: 2893-917.

2. Nordenstedt H, White DL, El-Serag HB. The changing pattern of
epidemiology in hepatocellular carcinoma. Dig Liver Dis 2010; 42
Suppl 3: S206-14.

http://dx.doi.org/10.4132/jptm.2016.03.18



10.

11.

12.

13.

. Brechot C, Jaffredo F, Lagorce D, et al. Impact of HBV, HCV and

GBV-C/HGYV on hepatocellular carcinomas in Europe: results of a

European concerted action. ] Hepatol 1998; 29: 173-83.

. Theise ND, Bodenheimer HC Jr, Ferrell LD. Acute and chronic vi-

ral hepatitis. In: Burt AD, Portmann BC, Ferrell LD, eds. MacSween’s
pathology of the liver. 6th ed. Edinburgh: Churchill Livingstone El-
sevier, 2012; 361-401.

. Ng SA, Lee C. Hepatitis B virus X gene and hepatocarcinogenesis.

] Gastroenterol 2011; 46: 974-90.

. Goodman ZD, Terraciano LM, Wee A. Tumours and tumour-like

lesions of the liver. In: Burt A, Portmann B, Ferrell L, eds. Mac-
Sween's pathology of the liver. 6th ed. Edinburgh: Churchill Living-
stone Elsevier, 2012; 761-851.

. Xia F Lai EC, Lau WY, et al. High serum hyaluronic acid and HBV

viral load are main prognostic factors of local recurrence after com-
plete radiofrequency ablation of hepatitis B-related small hepato-
cellular carcinoma. Ann Surg Oncol 2012; 19: 1284-91.

. Huang G, Yang Y, Shen F, et al. Early viral suppression predicts

good postoperative survivals in patients with hepatocellular carci-
noma with a high baseline HBV-DNA load. Ann Surg Oncol 2013;
20: 1482-90.

. Yin ], Xie ], Liu S, et al. Association between the various mutations

in viral core promoter region to different stages of hepatitis B, rang-
ing of asymptomatic carrier state to hepatocellular carcinoma. Am
] Gastroenterol 2011; 106: 81-92.

Tsai HW, Lin Y], Lin PW, et al. A clustered ground-glass hepatocyte
pattern represents a new prognostic marker for the recurrence of
hepatocellular carcinoma after surgery. Cancer 2011; 117: 2951-60.
Kremsdorf D, Soussan P, Paterlini-Brechot P, Brechot C. Hepatitis B
virus-related hepatocellular carcinoma: paradigms for viral-related
human carcinogenesis. Oncogene 2006; 25: 3823-33.

Zhu M, London WT, Duan LX, Feitelson MA. The value of hepati-
tis B x antigen as a prognostic marker in the development of hepa-
tocellular carcinoma. Int ] Cancer 1993; 55: 571-6.

Edge SB, Compton CC. The American Joint Committee on Cancer:
the 7th edition of the AJCC cancer staging manual and the future
of TNM. Ann Surg Oncol 2010; 17: 1471-4.

http://dx.doi.org/10.4132/jptm.2016.03.18

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Role of Viral Protein in Tumor Recurrence ¢ 189

The general rules for the clinical and pathological study of primary
liver cancer. Liver Cancer Study Group of Japan. Jpn J Surg 1989;
19:98-129.

Shiota G, Oyama K, Udagawa A, et al. Occult hepatitis B virus in-
fection in HBs antigen-negative hepatocellular carcinoma in a Japa-
nese population: involvement of HBx and p53. ] Med Virol 2000;
62:151-8.

Keasler VV, Hodgson AJ, Madden CR, Slagle BL. Hepatitis B virus
HBx protein localized to the nucleus restores HBx-deficient virus
replication in HepG2 cells and in vivo in hydrodynamically-inject-
ed mice. Virology 2009; 390: 122-9.

Sung WK, Lu Y, Lee CW, Zhang D, Ronaghi M, Lee CG. Deregu-
lated direct targets of the hepatitis B virus (HBV) protein, HBx,
identified through chromatin immunoprecipitation and expression
microarray profiling. ] Biol Chem 2009; 284: 21941-54.

Ou DP, Tao YM, Tang FQ, Yang LY. The hepatitis B virus X protein
promotes hepatocellular carcinoma metastasis by upregulation of
matrix metalloproteinases. Int ] Cancer 2007; 120: 1208-14.

Xie H, Song ], Liu K, et al. The expression of hypoxia-inducible fac-
tor-lalpha in hepatitis B virus-related hepatocellular carcinoma:
correlation with patients’ prognosis and hepatitis B virus X protein.
Dig Dis Sci 2008; 53: 3225-33.

Xia L, Huang W, Tian D, et al. Upregulated FoxM1 expression in-
duced by hepatitis B virus X protein promotes tumor metastasis
and indicates poor prognosis in hepatitis B virus-related hepatocel-
lular carcinoma. ] Hepatol 2012; 57: 600-12.

LiuH, Xu L, He H, et al. Hepatitis B virus X protein promotes hep-
atoma cell invasion and metastasis by stabilizing Snail protein.
Cancer Sci 2012; 103: 2072-81.

Zhang X, Dong N, Zhang H, You ], Wang H, Ye L. Effects of hepati-
tis B virus X protein on human telomerase reverse transcriptase ex-
pression and activity in hepatoma cells. ] Lab Clin Med 2005; 145:
98-104.

Su CW, Chiou YW, Tsai YH, et al. The influence of hepatitis B viral
load and pre-S deletion mutations on post-operative recurrence of
hepatocellular carcinoma and the tertiary preventive effects by an-
ti-viral therapy. PLoS One 2013; 8: e66457.

http://jpatholtm.org/



Journal of Pathology and Translational Medicine 2016, 50: 190-196

hitp://dx.doi.org/10.4132/jptm.2016.03.01

H ORIGINAL ARTICLE H

Interobserver Agreement on Pathologic Features of Liver Biopsy Tissue
in Patients with Nonalcoholic Fatty Liver Disease

Eun Sun Jung"’ - Kyoungbun Lee"”
Eunsil Yu"* . Yun Kyung Kang"”’
Mee-Yon Cho"® - Joon Mee Kim'’
Woo Sung Moon"* - Jin Sook Jeong'’
Cheol Keun Park""" - Jae-Bok Park""!
Dae Young Kang"" - Jin Hee Sohn""
So-Young Jin"**

'Gastrointestinal Pathology Study Group of
Korean Society of Pathologist; “Department of
Pathology, Seoul St. Mary’s Hospital, College

of Medicine, The Catholic University of Korea,
Seoul; *Department of Pathology, Seoul National
University College of Medicine, Seoul;
“Department of Pathology, Asan Medical Center,
University of Ulsan College of Medicine, Seoul;
®Department of Pathology, Inje University Seoul
Paik Hospital, Seoul; ®Department of Pathology,
Yonsei University Wonju College of Medicine,
Wonju; "Department of Pathology, Inha University
Hospital, Incheon; Department of Pathology,
Chonbuk National University Medical School,
Jeonju; ®Department of Pathology, Dong-A
University College of Medicine, Busan;
"Department of Pathology, Samsung Medical
Center, Sungkyunkwan University School of
Medicine, Seoul; "'Department of Pathology,
Daegu Catholic University College of Medicine,
Daegu; "?Department of Pathology,

Chungnam National University Hospital,
Chungnam National University School of
Medicine, Daejeon; *Department of Pathology,
Kangbuk Samsung Hospital, Sungkyunkwan
University School of Medicine, Seoul;
Department of Pathology, Soon Chun Hyang
University Seoul Hospital, Seoul, Korea

Received: January 11,2016
Revised: February 25, 2016
Accepted: March 1,2016

Corresponding Author

So-Young Jin, MD

Department of Pathology, Soon Chun Hyang
University Seoul Hospital, 59 Daesagwan-ro,
Yongsan-gu, Seoul 04401, Korea

Tel: +82-2-709-9424

Fax: +82-2-709-9441

E-mail: jin0924@schmc.ac.kr

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

190

Background: The histomorphologic criteria for the pathological features of liver tissue from pa-
tients with non-alcoholic fatty liver disease (NAFLD) remain subjective, causing confusion among
pathologists and clinicians. In this report, we studied interobserver agreement of NAFLD patho-
logic features and analyzed causes of disagreement. Methods: Thirty-one cases of clinicopatho-
logically diagnosed NAFLD from 10 hospitals were selected. One hematoxylin and eosin and one
Masson'’s trichrome-stained virtual slide from each case were blindly reviewed with regard to 12
histological parameters by 13 pathologists in a gastrointestinal study group of the Korean Society
of Pathologists. After the first review, we analyzed the causes of disagreement and defined de-
tailed morphological criteria. The glass slides from each case were reviewed a second time after
a consensus meeting. The degree of interobserver agreement was determined by multi-rater
kappa statistics. Results: Kappa values of the first review ranged from 0.0091-0.7618. Acidophilic
bodies (k=0.7618) and portal inflammation (k=0.5914) showed high levels of agreement, where-
as microgranuloma (k =0.0984) and microvesicular fatty change (k=0.0091) showed low levels of
agreement. After the second review, the kappa values of the four major pathological features in-
creased from 0.3830 to 0.5638 for steatosis grade, from 0.1398 to 0.2815 for lobular inflamma-
tion, from 0.1923 to 0.3362 for ballooning degeneration, and from 0.3303 to 0.4664 for fibrosis.
Conclusions: More detailed histomorphological criteria must be defined for correct diagnosis and
high interobserver agreement of NAFLD.

Key Words: Non-alcoholic fatty liver disease; Pathologic features; Interobserver agreement
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Nonalcoholic fatty liver disease (NAFLD) is a clinicopatho-
logical spectrum characterized by hepatic steatosis without his-
tory of significant alcohol use or other known liver disease. The
commonly associated factors include obesity, insulin resistance
syndrome, and hyperlipidemia. Other associations include jeju-
no-ileal bypass/gastroplasty surgery for morbid obesity, paren-
teral nutrition, forms of malnutrition, bacterial contamination of
the small bowel, certain inherited metabolic disorders, and a
wide range of drugs and environmental toxins.' The natural his-
tory and histological spectrum of NAFLD range from stable sim-
ple steatosis to progressive or advanced disease, such as steato-
hepatitis, cirrhosis, and even hepatocellular carcinoma.”"? A
clinicopathological correlation is needed to diagnose NAFLD,
as clinical assessment, laboratory tests, and imaging techniques
alone provide limited pertinent information. Liver biopsy is the
only reliable diagnostic tool to evaluate a patient with suspected
NAEFLD. Degtee of steatosis, liver injury, and fibrosis associated
with NAFLD can be identified and differentiated from simple
steatosis and nonalcoholic steatohepatitis (NASH), which is the
progressive form of NAFLD."*"” A NAFLD histopathological
grading system was proposed by Brunt ¢f /. in 1999." They
proposed to classify each of steatosis, inflammation, and balloon-
ing degeneration into three grades and fibrosis into four stages.
Since then, Kleiner e 2/." of the NASH Clinical Research Net-
work have proposed a more relevant classification. Other than
steatosis, inflammation, and ballooning degeneration, they pro-
posed the classification of fibrosis around the central area into
three more detailed grades. Also, they scored each finding and
suggested that a score greater than five indicates NASH. How-
ever, until now, classifications for NAFLD or NASH have dif-
fered depending on the researcher, and no NAFLD histopatho-
logical grading system has been standardized, causing confusion
for clinicians and pathologists. Furthermore, the histomorpho-
logical criteria for NAFLD pathologic features in liver tissue re-
main subjective. Thus, in this study, we determined the interob-
server agreement of NAFLD pathologic features between patho-
logists and analyzed the causes of the disagreement in order to
define the histopathological features in more detail as the basis
for a grading system.

MATERIALS AND METHODS

Thirty-one patients with clinically and pathologically diag-
nosed NAFLD from 10 hospitals (Daegu Catholic University
Medical Center, Dong-A University Hospital, Samsung Medical
Center, Seoul National University Hospital, Inje University Seoul

http://dx.doi.org/10.4132/jptm.2016.03.01
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Paik Hospital, Seoul St. Mary’s Hospital, Soon Chun Hyang
University Seoul Hospital, Wonju Severance Christian Hospital,
Inha University Hospital, Chungnam National University Hos-
pital) were selected. Selection criteria were clinical NAFLD (non-
alcoholic, serologically negative for viral and autoimmune mark-
ers, abnormal levels of liver enzymes such as aspartate aminotra-
nsferase and alanine aminotransferase) and age >19 years. Cir-
thosis cases were included, and cases of drug and toxic injury
conditions were excluded. Fifty-one liver biopsies from 10 hos-
pitals were collected. Among them, 31 biopsies (>1.5 cm in leng-
th and >16 G needle size) were selected. One hematoxylin and
eosin (H&E)- and one Masson’s trichrome—stained slide were se-
lected from each of the 31 cases. The biopsy specimens were an-
onymized and randomized by a researcher not involved in the
study. All selected slides were scanned by a virtual slide scanning
system (3DHistotech Ltd., Budapest, Hungary) at Asan Medical
Center in Seoul.

The following 12 NAFLD pathologic features were selected:
steatosis grade, steatosis location, microvesicular steatosis, fibro-
sis stage, lobular inflammation, microgranuloma, large lipogran-
uloma, portal inflammation, ballooning degeneration, acido-
philic bodies, Mallory’s hyaline, and glycogenated nuclei. Each
parameter was reviewed and scored using the detailed scoring
criteria shown in Table 1.

One H&E- and one Masson’s trichrome—stained virtual slide
from each case were reviewed for the 12 parameters. Reviews
were performed blindly by 13 pathologists from a gastrointesti-
nal study group of the Korean Society of Pathologists. The de-
gree of interobserver agreement for the first review was analyzed
by multi-rater Kappa statistics.

The results were shared with all 13 pathologists, and a con-
sensus meeting was held after the first review to analyze the rea-
sons for disagreement and to define the morphologic criteria in
more detail.

After the consensus meeting, a second review of the 12 path-
ological parameters was performed using glass slides from each
of the 31 cases. The degree of interobserver agreement after the
second review was analyzed by multi-rater Kappa statistics and
compared with the results of the first review.

The Institutional Review Board of Seoul St. Mary’s Hospital
approved this study (KIRB-00562_5-001).

RESULTS

Kappa values of interobserver agreement for the first review
ranged from 0.0091 to 0.7618 (Table 2). The order of agreement,

http://jpatholtm.org/
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Table 1. Pathological parameters and detailed scoring criteria of non-alcoholic fatty liver disease

Pathologic parameter

Criteria for scoring

1 Steatosis grade

2 Steatosis location

3 Microvesicular steatosis
4 Fibrosis

5 Lobular inflammation
6 Microgranuloma

7 Large lipogranuloma
8 Portal inflammation
9 Ballooning

10 Acidophilic bodies
11 Mallory’s hyaline

12 Glycogenated nuclei

1: <5%, 2: 5-33%, 3: 34-66%, 4: >66%
1:zone 1, 2: zone 3, 3: azonal, 4: panacinar
0: absent, 1: present

0: none

1A: mild, zone 3, perisinusoidal

1B: moderate, zone 3, perisinusoidal

1C: portal/periportal

: perisinusoidal and portal/periportal

: bridging fibrosis

: cirrhosis

: no foci

1 <2 foci per 200 x field

. 2-4 foci per 200 x field

. >4 foci per 200 x field

: absent, 1: present

: absent, 1: present

none to minimal, 1: greater than minimal
: absent, 1: few, 2: many/prominent

: none to rare, 1: many

: none to rare, 1: many

: none to rare, 1: many

according to the kappa value, was acidophilic bodies (k =0.7618),
portal inflammation (k = 0.5914), large lipogranuloma (k =
0.4822), Mallory’s hyaline (k = 0.4603), steatosis grade (k =
0.3830), steatosis location (k = 0.3388), fibrosis (k = 0.3303),
glycogenated nuclei (0.3218), ballooning degeneration (k =
0.1923), lobular inflammation (0.1398), microgranuloma
(0.0984), and microvesicular fatty change (0.0091). The kappa
values of the four major pathologic features (steatosis grade, por-
tal inflammation, ballooning degeneration, and fibrosis) were
measured as 0.3829, 0.5913, 0.1923, and 0.3303, respectively.
In particular, ballooning degeneration (k = 0.1923), which is an
important feature for diagnosis of NASH, showed a low level of
agreement.

Kappa values of interobserver agreement for the second review
ranged from 0.1199 to 0.7386 (Table 2). The order of kappa val-
ues for interobserver agreement after the second review were
portal inflammation (k = 0.7386), acidophilic bodies (k =
0.6493), steatosis grade (k =0.5638), Mallory’s hyaline (k =
0.5236), large lipogranuloma (k = 0.5004), fibrosis (k = 0.4664),
steatosis location (k = 0.4502), glycogenated nuclei (k = 0.3846),
ballooning degeneration (k = 0.3362), microvesicular facty
change (k = 0.2916), lobular inflammation (k = 0.2815), and
microgranuloma (k =0.1199). The kappa values of interobserv-
er agreement increased for all parameters except acidophilic
bodies. Microvesicular steatosis demonstrated the largest im-
provement (k = 0.0091 to 0.2916), and microgranuloma the

http://jpatholtm.org/

Table 2. Comparison of kappa values after the first and second
reviews of non-alcoholic fatty liver disease pathological features

Pathologic parameters First review Second review
1 Steatosis grade 0.3830 0.5638
2 Steatosis location 0.3388 0.4502
3 Microvesicular steatosis 0.0091 0.2916
4 Fibrosis 0.3303 0.4664
5 Lobular inflammation 0.1398 0.2815
[§ Microgranuloma 0.0984 0.1199
7 Large lipogranuloma 0.4822 0.5004
8 Portal inflammation 0.5914 0.7386
9 Ballooning 0.1923 0.3362
10 Acidophilic bodies 0.7618 0.6493
11 Mallory's hyaline 0.4603 0.5236
12 Glycogenated nuclei 0.3218 0.3846

smallest (k = 0.0984 to 0.1199). All kappa values of the four ma-
jor pathological features increased as follows: steatosis grade from
k =0.3830 to 0.5638, portal inflammation from k =0.5914 to
0.7386, ballooning degeneration from k = 0.1923 to 0.3362, and
fibrosis from k =0.3303 to 0.4664.

DISCUSSION

Since the first description of NASH by Ludwig ez /. in 1980,
several NAFLD scoring schemes have been proposed.'®!"'*%
Among them, the NAFLD activity score (NAS) proposed by

Kleiner ez al."” is the most well-known and popular system. Their

http://dx.doi.org/10.4132/jptm.2016.03.01



proposed NAS system is based on agreement data and a multi-
ple regression analysis of the'* histological features of steatosis
grade, steatosis location, microvesicular steatosis, fibrosis, lobu-
lar inflammation, microgranuloma, large lipogranuloma, portal
inflammation, ballooning degeneration, acidophilic bodies, pig-
mented macrophages, megamitochondria, Mallory’s hyaline,
and glycogenated nuclei. The NAS is defined as the unweighted
sum of the scores for steatosis (0—3), lobular inflammation (0-3),
and ballooning (0-2) and ranges from O to 8. Fibrosis was not
included as an NAS component. Kleiner ¢ /" reported that
the interobserver agreement values for the four major features
were .79 for steatosis grade, 0.45 for lobular inflammation,
0.56 for ballooning degeneration, and 0.84 for fibrosis. The
agreement for other histologic features ranged from k =0.15 to
0.58. However, the histomorphological features of some param-
eters remain ambiguous, contributing to low interobserver agree-
ment. We studied interobserver agreement among 13 patholo-
gists for each of the 12 well-known parameters and analyzed
the reasons for disagreement. At the first circulation of slides, we
reviewed each case without consensus to identify current discrep-
ancies in diagnostic criteria. The kappa values in this review
ranged widely from 0.0091 to 0.7618. Kappa values of the four

Fig. 1. Grading of steatosis. It is determined by fat volume rather than number of fatty hepatocytes. (A) <5%. (B) 5%-33%. (C) 34%-66%. (D) > 66%.

http://dx.doi.org/10.4132/jptm.2016.03.01
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major pathological features at the first review were 0.3830 for
steatosis grade, 0.1398 for lobular inflammation, 0.1923 for
ballooning degeneration, and 0.3303 for fibrosis, lower than
those of Kleiner ¢t al.”

After the first review, we discussed several points of debate
surrounding the definition of each parameter. As a result, we
identified several details regarding steatosis grade, lobular in-
flammation, ballooning degeneration, fibrosis, Mallory’s body,
and microvesicular fatty change and recommend the following:

(1) Steatosis grade: steatosis grade should be determined by
fat volume rather than the number of fatty hepatocytes at 100 x
optical magnification (Fig. 1).

(2) Lobular inflammation: lobular inflammation should be
graded under 200 x magnification throughout the entire biopsy
field, and the mean, not the maximum number in the most ac-
tive field, should be determined. Spotty necrosis of hepatocytes,
lymphocyte aggregations, and acidophilic bodes should be in-
cluded, whereas lipogranuloma resulting from fat phagocytosis
should be excluded as in the histomorphologic criteria for chronic
hepatitis grading (Fig. 2).

(3) Ballooning degeneration: the histomorphological criteria

of ballooning degeneration are enlarged round cells with loss of

L
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polygonal features and cytoplasm showing heterogeneous gran-
ular features (Fig. 3). Hydropic swelling and microvesicular fat-
ty changes should be carefully distinguished from ballooning
degeneration. In cases of hydropic swelling, the hepatocyte has
large, swollen, and homogenously granular cytoplasm with

Fig. 2. Lobular inflammation. A focus spotty necrosis of hepatocytes
(arrows), lymphocyte aggregation (arrowheads), and acidophilic
bodies (asterisk) can be seen.

well-preserved polygonal features. In particular, microvesicular
fatty changes can also be enlarged and can be confused with
ballooning degeneration. Microvesicular fatty changes show cen-
trally located nuclei indented by a small fat droplet with a lipo-
blast-like feature (Fig. 4). When only one or two ballooned cells

>

can be seen throughout the entire field, the term “few” can be
applied.

(4) Fibrosis: mild fibrosis should be carefully distinguished
from the normal framework around the central area. Only obvi-
ous fibrosis with pericellular collagen deposition should be con-
sidered as existence of fibrosis (Fig. 5).

(5) Mallory’s body: Mallory’s body should be defined as a def-
inite eosinophilic lump in the cytoplasm (Fig. 3B).

(6) Microvesicular fatty changes: these are defined as lipo-
blast-like features showing centrally located nucleus and numer-
ous intracytoplasmic micro-fat vacuoles inducing nuclear in-
dentation. Microvesicular fatty changes should be carefully dif-
ferentiated from cells having small- or medium-sized fat vacuoles
without cytoplasmic enlargement and nuclear indentation, as
mentioned by Yeh and Brunt (Fig. 6).”!

All kappa values increased in the second review based on the
above criteria. In particular, kappa values for the four major pa-
rameters increased from 0.3830 to 0.5638 for steatosis grade,
from 0.1398 to 0.2815 for lobular inflammation, from 0.1923
to 0.3362 for ballooning degeneration, and from 0.3303 to
0.4664 for fibrosis.

This increased agreement likely resulted from the consensus

Fig. 3. Ballooning degeneration. (A) Group of enlarged round cells with loss of polygonal features and heterogeneous granular cytoplasm are
noted. (B) Ballooning degeneration with cytoplasmic Mallory’s bodies (arrows) are found.

http://jpatholtm.org/
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meeting and the determination of more detailed histomorpho- uted to increased agreement. Despite the differences in review
logic criteria. However, the method used in the second review is method (virtual vs glass), there is no doubt that the exact histo-
more familiar to most pathologists and may have also contrib- morphologic criteria of NAFLD remain ambiguous and con-

Fig. 5. Fibrosis around the central area (A), normal framework (B), normal range framework without pericelluar collagen deposition (C), and mild
perisinusoidal fibrosis with definite pericellular collagen deposition.

Fig. 6. Microvesicular steatosis. (A) Microvesicular fatty changes including lipoblast-like features showing numerous intracytoplasmic micro-fat vac-
uoles with nuclear indentation (arrows). (B) Excluding small- or medium-sized fat vacuoles without cytoplasmic enlargement and nuclear indentation
should not be confused with microvesicular steatosis.

http://dx.doi.org/10.4132/jptm.2016.03.01 http://jpatholtm.org/
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tribute to low interobserver agreement between pathologists.

Therefore, our more detailed suggestions for NAFLD histo-
morphologic criteria—including steatosis grade, lobular in-
flammation, ballooning degeneration, and fibrosis, as mentioned
above—will increase the accuracy of diagnosis and grading of
NAFLD and improve interobserver agreement. Through this
work and recommendations, we expect that a more exact basis
for research of NAFLD and development of a new grading and
scoring system will follow.
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Background: Although epidermal growth factor receptor (EGFR), v-Ki-ras2 Kirsten rat sarcoma
viral oncogene (KRAS), and anaplastic lymphoma kinase (ALK) mutations in non-small cell lung
cancer (NSCLC) were thought to be mutually exclusive, some tumors harbor concomitant muta-
tions. Discovering a driver mutation on the basis of morphologic features and therapeutic re-
sponses with mutation analysis can be used to understand pathogenesis and predict resistance
in targeted therapy. Methods: In 6,637 patients with NSCLC, 12 patients who had concomitant
mutations were selected and clinicopathologic features were reviewed. Clinical characteristics in-
cluded sex, age, smoking history, previous treatment, and targeted therapy with response and
disease-free survival. Histologic features included dominant patterns, nuclear and cytoplasmic
features. Results: All patients were diagnosed with adenocarcinoma and had an EGFR mutation.
Six patients had concomitant KRAS mutations and the other six had ALK mutations. Five of six
EGFR-KRAS mutation patients showed papillary and acinar histologic patterns with hobnail cells.
Three of six received EGFR tyrosine kinase inhibitor (TKI) and showed partial response for 7-29
months. All six EGFR-ALK mutation patients showed solid or cribriform patterns and three had
signet ring cells. Five of six EGFR-ALK mutation patients received EGFR TKI and/or ALK inhibitor
and four showed partial response or stable disease, except for one patient who had acquired an
EGFR mutation. Gonclusions: EGFR and ALK mutations play an important role as driver muta-
tions in double mutated NSCLC, and morphologic analysis can be used to predict treatment re-
sponse.

Key Words: Carcinoma, non-small-cell lung; Receptor, epidermal growth factor; KRAS; Anaplastic
lymphoma kinase; Targeted therapy

Genetic alterations in non-small cell lung cancer (NSCLC)
have been identified in recent years." Epidermal growth factor
receptor (EGFR), v-Ki-ras2 Kirsten rat sarcoma viral oncogene
(KRAS), and anaplastic lymphoma kinase (ALK) are the most
commonly mutated oncogenes that involve the pathogenesis of
lung cancer as “genetic drivers.” Advanced NSCLC has a dismal
prognosis with a short median overall survival,” but several se-
lective EGFR tyrosine kinase inhibitors (TKIs) and an ALK in-
hibitor show effectiveness as personalized target therapy in pa-

tients who harbor those specific genetic mutations.™

According
to guidelines from the College of American Pathologists, the
International Association for the Study of Lung Cancer (IASLC)
and the Association for Molecular Pathology, mutation analysis
is recommended and recent studies have demonstrated the cost-
effectiveness of genetic screening, especially in Asians, who have
a higher prevalence of EGFR mutations.”

Chromosomal alterations, closely related to unique histologic
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phenotypes through protein expression, determine differentia-
tion, patterns, and cell types. The identification of typical mor-
phological features of certain mutations allows retrospective
speculation on underlying genetic alterations. Although EGFR,
KRAS, and ALK mutations have generally been considered mu-
tually exclusive in NSCLCs,” some cases harbor double muta-

1% Tdentifying driver oncogenes in dou-

tions in a single tumor.
ble-mutated tumors through morphologic differences and com-
paring the responsiveness of targeted therapies can help explain
the pathogenesis of lung cancer and predict resistance to target-
ed therapy. Hence, we explored histologic features and genetic
drivers of tumors with concomitant mutations and discovered

the dominant mutation in carcinogenesis for each.
MATERIALS AND METHODS

A retrospective review was performed of biopsied and/or sur-
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gically resected cases diagnosed as NSCLC and tested for EGFR,
KRAS, and ALK mutations in the Department of Pathology and
Translational Genomics at Samsung Medical Center, Seoul, Ko-
rea from 2006 to 2014. Of 6,637 NSCLC patients, 6,595 EGFR,
5,177 KRAS, and 4,869 ALK mutation tests were performed.
Among them, 2,387 patients (36.2%) had EGFR, 398 (7.7%)
had KRAS, and 281 (5.8%) had ALK mutations. Based on these
tests, we selected 12 patients with concomitant mutations in the
same tumor.

Clinical data, including gender, age, smoking history, and pre-
vious concurrent chemoradiation therapy history were extracted
from electronic medical records. All hematoxylin and eosin st-
ained slides of selected cases were reviewed by two pathologists
(TL. and B.L.). Histologic classification was made according to
the IASLC/American Thoracic Society (ATS)/European Respira-
tory Society (ERS) International Multidisciplinary Classification
of Lung Adenocarcinoma, and typical pathologic features were
re-evaluated, including cell type, nuclear and cytoplasmic char-
acteristics.

We used two methods to evaluate EGFR mutations in the
18th, 19th, 20th, and 21st exon: Sanger sequencing and real time
polymerase chain reaction after peptide nucleic acid (PNA)-
clamping using the PNA clamping EGFR Mutation Detection
Kit (Panagene, Inc., Daejeon, Korea). KRAS mutations were
evaluated with Sanger sequencing in the 12th and 13th exon.
Extracted genomic DNA isolated from formalin-fixed paraffin-
embedded (FFPE) tissue was used for EGFR and KRAS analy-
ses. ALK mutation tests were performed using immunohisto-
chemical (IHC) (1:40, NCL-ALK, clone 5A4, Novocastra,
Newcastle upon Tyne, UK) and fluorescence 7 situ hybridiza-
tion (FISH) analysis (LSI ALK dual color break-apart probe,
Dako, Glostrup, Denmark) with FFPE tissue. Diffuse strong
positivity in the cytoplasm was regarded as positive in ALK IHC.
In the FISH analysis, 50 non-overlapping nuclei were counted
and 15% of break-apart probes were used as a cutoff value for
positivity. Diffuse strong positive ALK THC results were inter-
preted as a surrogate marker of ALK rearrangement.

RESULTS

Clinical characteristics

Clinical data and pathologic features of the 12 patients with
concomitant mutations are summarized in Table 1. The age at
diagnosis of patients ranged from 48 to 78 years old (median, 62
years old) and 75% of patients were female. All three male pa-
tients had a history of smoking (15-57 pack-years) in contrast

http://jpatholtm.org/

to none of female patients. Five surgically resectable patients
underwent lobectomy and seven clinical stage IV patients had a
needle aspiration or biopsy from the lung, bronchus, lymph node,
or adrenal gland.

Patient No. 5 received EGFR TKI targeted therapy for bone
metastasis at 15 months after lobectomy. Patient No. 6 refused
treatment with chemo- or targeted therapy and patient No. 7
had a history of lobectomy at an outside hospital without any
other treatment 9 years prior to the lymph node biopsy. Patient
No. 10 received neoadjuvant concurrent chemoradiation thera-
py prior to surgery. Patient No. 12 previously underwent lobec-
tomy and was treated with gefitinib for 1 month and crizotinib
for 4 months in China. She had no EGFR or KRAS mutation at
the time of diagnosis at China. Aside from this patient, all other
patients had no history of prior targeted therapy before muta-
tion testing.

Mutational and histologic characteristics

All 12 patients were diagnosed with adenocarcinoma and had
an EGFR mutation. EGFR mutations of three patients were
only detected with the PNA clamping method, while nine were
confirmed by Sanger sequencing. Five (41.7%) had the missense
L858R mutation in exon 21, four (33.3%) had the missense
G719X mutation in exon 18, and three (25%) had a deletion in
exon 19. Patient No. 8 had the L858R and G719X mutations
at the same time and patient No. 12 had a missense R803W
mutation at exon 20 that was not identified before targeted ther-
apy at the outside hospital. No patient had a T790M point mu-
tation, which is associated with resistance. Six patients had ad-
ditional KRAS mutations and the other six had an ALK mutation
(referred to as ‘EGFR-KRAS’ and ‘EGFR-ALK hereafter). Three
among the six patients who showed positivity at ALK THC
were confirmed with FISH analysis.

EGFR-KRAS and EGFR-ALK tumors showed distinct mor-
phologic characteristics. Six EGFR-KRAS patients had papil-
lary, acinar, solid, and micropapillary patterns (Fig. 1). Among
them, five patients had typical hobnail cell features with apical
snouts; the remaining patient (patient No. 2) underwent needle
aspiration and did not show any typical cell features. One patient
(patient No. 4) had a focal columnar cell component and intra-
and extracytoplasmic mucin, which are similar morphologic
features of NSCLC with a KRAS mutation. The other five pa-
tients did not show any mucin. Two of the six patients had intra-
nuclear inclusions.

In contrast, six EGFR-ALK patients showed solid, cribriform
and micropapillary patterns. Three of six patients had signet ring

http://dx.doi.org/10.4132/jptm.2016.03.09
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cells and intracytoplasmic mucin with or without extracytoplas-
mic mucin production, which are typical features of ALK-posi-
tive NSCLC. The others did not show any typical cell features or
mucins. One patient had intranuclear inclusions.

EGFR-KRAS mutation
A ' q

Treatment responses and follow-up status

Seven patients had surgical resection and two were alive with-
out targeted therapy and any evidence of relapse or progression,
including one patient who received neoadjuvant concurrent
chemoradiation therapy. One patient who had surgery and de-

: ’ P9 S ¥ ' & : 1 .«» e, ' @

Fig. 1. Histologic features of 12 pulmonary adenocarcinomas with concomitant mutations. (A-F) In the six EGFR-KRAS patients, patients
No. 1 (A), No. 3 (C), No. 5 (E), and No. 6 (F) have papillary, micropapillary and acinar patterns with hobnail cells. (D) Patient No. 4 has an aci-
nar pattern and hobnail cells for the most part but shows focal columnar cells with intra- and extracellular mucin. (B) Patient No. 2 does not
show any typical cell features. (G-L) In the six EGFR-ALK patients, all patients show solid, cribriform or micropapillary patterns rather than
the papillary or acinar patterns that are easily identified as EGFR-KRAS tumors. Patients No. 7 (G), No. 10 (J), and No. 11 (K) have signet
ring cells with intra- or extracytoplasmic mucin. But in the other three patients, No. 8 (H), No. 9 (l), and No. 12 (L), typical cell features are not
identified, as neither signet ring cells nor hobnail cells. EGFR, epidermal growth factor receptor; KRAS, v-Ki-ras2 Kirsten rat sarcoma viral

oncogene; ALK, anaplastic lymphoma kinase.
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cided not to receive targeted therapy due to old age and underly-
ing diabetes mellitus died of disease after 53 months from su-
gery (patient No. 1).

EGFR TKI included gefitinib (250 mg, orally, every day) and
erlotinib (150 mg, orally, every day) and the ALK inhibitor was
crizotinib (250 mg, orally, every day or twice daily). Three am-
ong six EGFR-KRAS patients received targeted therapy with
EGFR TKI. All three patients showed partial responses, but two
also showed disease progression after 7 and 20 months. In the
EGFR-ALK patients, two were treated with EGFR TKI, two
with ALK inhibitor and one received both EGFR TKI and ALK
inhibitor therapy. Most patients treated with ALK inhibitor or
EGFR TKI showed partial response or stable disease, but pa-
tient No. 12 with EGFR TKI showed progressive disease.

DISCUSSION

Concomitant genetic alteration of NSCLC is unusual because
EGFR, KRAS, and ALK mutations are widely known as mutu-
ally exclusive. Most are associated with acquired mutation after
targeted therapy and are related to drug resistance. In previous
studies, two different hypotheses were proposed to explain dual
mutation in NSCLC."” Underlying intratumoral heterogeneity
of EGFR mutations,” different tumor cells may have different
oncogenic driver mutations. Some authors have also suggested
coexistence of mutations in the same tumor cells using IHC ex-
pression and mutation-specific antibodies.'*'¢

EGFR, as a growth factor membrane-bound receptor tyrosine
kinase, controls cell proliferation and survival. Approximately
36% of patients with NSCLC in East Asia have EGFR muta-
tions and 90% of mutations are exon 21 L858R or exon 19 dele-
tion."” These mutations increase tyrosine kinase activity, result-
ing in hyperactivation of the RAS-RAF-MEK-ERK pathway,
which regulates cell proliferation, and the phosphoinositide
3-kinase~AKT-mammalian target of rapamycin pathway, which
is associated with cell survival. RAS proteins are central media-
tors in EGFR tyrosine kinase signaling and also associated with
cell proliferation and differentiation. In particular, KRAS muta-
tions are common in lung cancer but less common in East Asia
than in Western countries.'® ALK is a receptor tyrosine kinase.
ALK fusion with various N-terminal fusion partners stimulates
kinase activity, and signaling of these mutations are involved in
cell growth, proliferation and apoptosis. Among NSCLCs, 3%—
7% harbor ALK fusion®* and the majority of these fusions are
associated with the echinoderm microtubule-associated protein-
like 4 (EML4) gene. EML4-ALK fusions are associated with

http://dx.doi.org/10.4132/jptm.2016.03.09
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EGFR TKI resistance.”

Typical histologic features of lung cancer with EGFR, KRAS,
and ALK mutations have been described.”** All of these muta-
tions are frequent in adenocarcinoma and EGFR mutations are
more common in tumors with papillary, micropapillary, acinar,
and lepidic patterns than in others. Hobnail cell type and intra-
nuclear inclusion are typical nuclear features of EGFR muta-
tion-harboring tumors. A solid pattern and mucinous type are
more frequent in KRAS mutation tumors. Extracellular mucin
production, cribriform patterns, and signet ring cell features are
more common in ALK mutation tumors.

In this study, we analyzed six EGFR-KRAS (1.5%) and six
EGFR-ALK patients (2.1%) among KRAS and ALK mutation-
positive NSCLC patients. The majority of EGFR-KRAS tumors
showed typical histologic features of EGFR mutation, except
one case which had focal morphologic features similar to KRAS
mutation. In a previous study, NSCLC harboring a KRAS mu-
tation showed resistance to EGFR TKI and adjuvant chemo-
therapy.” In our study, however, three patients showed partial
response to gefitinib and erlotinib for 7-29 months. Intratumoral
heterogeneity of the mutation may explain this discordance be-
tween coexistent KRAS mutation and response to EGFR TKI
therapy. Patient No. 2 had short progression-free survival (PFS)
and disease progressed rapidly, while the other two patients had
20-29 months of PFS. Based on the evidence of morphologic ph-
enotypes and responsiveness to targeted therapy, we expected
these two patients to have coexistent mutations in the same tu-
mor cells, and hypothesized that the EGFR mutation was the
dominant driver oncogene in lung cancer, even if the tumor cells
harbored an additional KRAS mutation.

In EGFR-ALK patients, some previous studies have shown
acquired EGFR mutations as a mechanism of resistance to ALK
inhibitor therapy.”*® In our case, patient No. 12 had no EGFR
or KRAS mutation and was treated with crizotinib in an outside
hospital. After 4 months of ALK-targeted therapy, she acquired
an additional EGFR mutation and showed poor response to et-
lotinib, which is consistent with previous studies. In the other
four patients, however, diverse responses were identified with
no resistance to gefitinib or crizotinib. Conflicting results of re-
sponsiveness to EGFR TKI and ALK inhibitor in EGFR-ALK
patients in NSCLC have been reported in a few limited stud-
ies.”? Recently, Yang ¢ a/.'® investigated relationships between
receptor phosphorylation and response to targeted therapy, and
suggested that relative phospho-EGFR and ALK levels can be
used to predict response.

Although the G719X mutation accounts for about 7% of

http://jpatholtm.org/
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EGFR mutated NSCLC in East Asia," three of five EGFR-
ALK patients had the EGFR exon 18 G719X missense muta-
tion in our study. In addition, three of five EGFR-ALK patients
showed typical histologic features of ALK-expressing adenocar-
cinoma. From these findings, we suspect that the ALK muta-
tion determines morphological phenotypes and acts as a driver
oncogene, and the EGFR mutation may also play an important
role in oncogenesis. Accordingly, based on evaluation of the sig-
naling pathway, including phosphorylation of receptor kinase,
the modification or combination of EGFR TKI and ALK inhibi-
tor offer promising treatments.

The small number of cases limited our analysis. Baldi e a/."”
revealed the possibility of more frequent concomitant mutations
than expected and Won e 2/." reported an increased proportion
of NSCLC harboring concomitant EGFR and ALK mutations
from 4.4% to 15.4% using more sensitive methods such as tar-
geted next-generation sequencing (NGS) and mutant-enriched
NGS. Greater numbers of previously undisclosed concomitantly
mutated tumors can be identified using more sensitive and ad-
vanced techniques. Some authors also suggest that tumor bur-
den of each mutation affects responses to targeted therapy. There
may be a limitation to evaluating mutations from biopsy speci-
mens, but the majority of patients who need to receive targeted
therapy might be clinically unresectable and may only be diag-
nosed with biopsy. Thus, the expectation of tumor burden in a
limited biopsy specimen is unfavorable.

To the best of our knowledge, this is the first study to describe
double mutated NSCLC with histologic findings. Morphologic
findings might help predict underlying driver mutations and
further studies are warranted.

In conclusion, we investigated genetic driver mutations in 12
double mutated NSCLCs with analysis of clinical and patho-
logic features. The majority of EGFR-KRAS tumors showed
typical histologic patterns and cell features of EGFR-mutated
tumors and partially responded to EGFR TKI. In EGFR-ALK
tumors, however, some showed ALK-mutated features and par-
tially responded to ALK inhibitor or EGFR TKI. EGFR and
ALK play an important role in the oncogenesis of NSCLC and
tumor morphology can provide important clues to predict treat-
ment response. We suggest that patients with histologic fea-
tures of EGFR mutations can be treated with EGFR TKI, even
with coexistence of a KRAS mutation. We also suggest that EG-
FR-ALK patients should have underlying mutational pathways
evaluated and be treated with a selection and/or combination of
ALK inhibitor and EGFR TKI. Further studies are needed to
support these interesting findings.
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Background: In Korea, medical institutions make claims for insurance reimbursement to the
Health Insurance Review and Assessment Service (HIRA). Thus, HIRA databases reflect the gen-
eral medical services that are provided in Korea. We conducted two pathology-related studies
using a HIRA national patient sample (NPS) data (selection probability, 0.03). First, we evaluated
the current status of general pathologic examination in Korea. Second, we evaluated pathologic
issues associated with endoscopic submucosal dissection (ESD). Methods: The sample data
used in this study was HIRA-NPS-2013-0094. Results: In the NPS dataset, 163,372 pathologic
examinations were performed in 103,528 patients during the year 2013. Considering sampling
weight (33.3), it is estimated that 5,440,288 (163,372 x 33.3) pathologic examinations were per-
formed. Internal medicine and general surgery were the most common departments requesting
pathologic examinations. The region performing pathologic examinations were different accord-
ing to type of medical institution. In total, 490 patients underwent ESD, and 43.4% (213/490) un-
derwent ESD due to gastric carcinoma. The results of the ESD led to a change in disease code
for 10.5% (29/277) of non-gastric carcinoma patients. In addition, 21 patients (4.3%) underwent
surgery following the ESD. The average period between ESD and surgery was 44 days. Conclu-
sions: HIRA sample data provide the nation-wide landscape of specific procedure. However, in
order to reduce the statistical error, further studies using entire HIRA data are needed.
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In Korea, all medical institutions claim insurance reimburse-
ments for services to the Health Insurance Review and Assess-
ment Service (HIRA). Thus, HIRA databases reflect the general
medical services provided in Korea. Since the entire HIRA da-
tabase is too big to analyze, HIRA provides a specific set of data
according to researcher’s requests. HIRA also provides some rel-
atively small sized data sets (statistically extracted, anonymized,
and annualized) for research and public purposes.' These sample
data included national patient sample (NPS), a national inpa-
tient sample, an adult patient sample (65 years or older), and a
pediatric patient sample. To the best of our knowledge, this is
the first pathology-related analysis using HIRA data.

We conducted two pathology-related studies using HIRA-
NPS data. First, we analyzed the rate of surgical pathologic ex-
aminations in Korea. After Kamegoro Inamoto introduced pa-
thology to Korea in 1914, pathologic examinations have played
a major role in medical services for the improvement of overall
care.” However, research on the frequency of pathologic examina-
tions in this nation as a whole have not been performed due to a
restriction on the sharing of personal medical records.

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Next, we analyzed the pathologic results of endoscopic sub-
mucosal dissection (ESD) specimens. ESD is considered as an ini-
tial treatment modality for early and localized gastric carcinoma
or benign epithelial neoplasm.” We evaluated several ESD-re-
lated parameters. After ESD and pathologic examination, surgi-
cal treatment is called for in those cases that show tumor cells in
the resection margins, endolymphatic tumor emboli, or submu-
cosal invasion." Several papers have been published on this sub-
ject, but most of them are from a single institute and so do not
incorporate the data of those patients who later went on to un-
dergo additional surgery in different hospitals.”® One of the ad-
vantageous features of the HIRA database is that patients can be
tracked through several medical institutions, thereby enabling
the study of a more complete data set including those that re-
ceived secondary treatment in one hospital after ESD in another
hospital.

MATERIALS AND METHODS
The sample data used in this study was HIRA-NPS-2013-0094.
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This sample was composed of 26 text files, and the total file size
was 16.6 gigabytes (GB). The HIRA data tables were composed
of five main tables (general specification, healthcare services, di-
agnosis information, prescriptions, and general information about
the medical institutions). Each table was conjoined with proper
claim numbers or medical institution numbers. The disease codes
were based on the Korean Standard Classification of Disease
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the data were as follows: central processing unit (CPU), i3-2120
3.30 GHz (Intel, Santa Clara, CA, USA); 32 GB main memory;
operating system (OS), Ubuntu 14.04.3 long-term support (LTS);
and R 3.2.2 analysis software. The pathologic examination
codes used in this study are summarized in Table 1. The sample
data contained 22,344,536 claims in 1,361,717 patients (selec-
tion probability, 0.03; sampling weight, 33.3).

(KCD). Specifications of the computer that was used to analyze

Table 1. Pathologic examination claim codes using in this study

Histologic examination

Code

Biopsy: 1-3 pieces/4—6 pieces/7-9 pieces/10-12 pieces/more than 13 pieces
Resected specimen requiring gross sectioning (non-malignant): paraffin blocks < 6/paraffin blocks >7
Resected specimen for malignant tumor requiring gross sectioning
With lymph node dissection: paraffin blocks <20/paraffin blocks >21
Without lymph node dissection: paraffin blocks < 15/paraffin blocks > 16
Histologic mapping of tumor: with lymph node dissection/without lymph node dissection

Emergency histopathologic examination during surgery (frozen section): 1-2 specimens/3-6 specimens/
more than 7 specimens
Tissue immunofluorescent microscopic examination: IgG/IgA/IgM/IgE/C3/C4/HbsAg/fibrinogen/others

Tissue electron microscopy

Enzyme histochemistry: ATPase-pH 9.4/ATPase-pH 4.9/NADH/acetylcholinesterase/
chloroacetate esterase/others

Immunohisto(cyto)chemistry

Cervicovaginal smear/Liquid-based cervicovaginal cytology

Body fluid: general/cytospin/cell block after cytopathologic examination/liquid-based body fluid
cytopathology

Aspiration/Aspiration and cell block

Liquid-based aspiration cytopathology/Liquid-based aspiration cytopathology and Cell block

Flurescence in situ hybridization: HER2 gene

Silver in situ hybridization: HER2 gene

C5911/C5912/C5913/C5914/C5915

C5916/C5917

C5918/C5919
C5500/C5504
C5505/C5508
C5511/C5512/C5513

C5541/C5542/C5543/C5544/C5545/C5549/

C5546/C5547/C5548
5550

C5561/C5562/C5563/C5564/C5565/C5566

Cb575/C5575006
C5920/CX541

C5930/C5931/C5940/CZ521

C5941/C5942
C5943/C5944
C5967/C5967006
CZ968/CZ968006

HBsAg, hepatitis B surface antigen.

Table 2. Pathologic examinations claims and requesting medical institutions according to administrative districts (sort based on the total

number of claims)

Administrative district Tertiary hospital General hospital Other institutions Total Total estimates
Seoul 25,547 16,164 12,000 53,711 1,788,576
Gyeonggi-do 1,632 16,203 10,905 28,740 957,042
Busan 3,276 4,877 5,135 13,288 442,490
Daegu 1,164 5,933 5,185 12,282 408,991
Incheon 2,545 2,377 2,465 7,387 245,987
Gyeongsangnam-do 760 3,561 3,053 7,374 245,654
Gwangju 1,211 2,438 1,910 5,559 185,115
Daejeon 970 2,300 1,781 5,051 168,198
Jeollabuk-do 857 1,935 2,162 4,954 164,968
Gyeongsangbuk-do - 2,252 2,638 4,890 162,837
Jeollanam-do - 2,655 1,621 4,276 142,391
Chungcheongnam-do - 2,024 1,861 3,885 129,371
Gangwon-do 850 1,791 1,046 3,687 122,777
Chungcheongbuk-do B8 1,178 1,611 3,362 111,955
Ulsan - 1,561 1,799 3,360 111,888
Jeju - 1,135 380 1,615 50,450
Sejong-si - - 51 51 1,698
Total 39,385 68,384 55,603 163,372 5,440,288
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RESULTS

Pathologic examination statistics in Korea

In the year 2013, 163,372 pathologic examinations were per-
formed in 103,528 patients (45,897 men and 57,631 women).
The mean and median ages of the patients were 51.8 and 53
years, respectively. The skewness and kurtosis of patient age were
—0.251 and 2.775, respectively. The pathologic examination data
and medical institutions according to administrative district are
summarized in Table 2. The total numbers of medical institu-
tions according to administrative district are summarized in Ap-
pendix 1. In total, 43.5% of the tertiary hospitals (10/23), 15.6%
of the general hospitals (48/307), and 23.8% of the other institu-
tions (12,090/50,868) were located in Seoul. In addition, 32.9%
of the surgical pathologic examinations (53,711/163,372) were
requested in medical institutions located in Seoul.

Almost all medical and dental departments requested patho-
logic examinations (Table 3). Internal medicine (74,232, 45.4%),
general surgery (34,808, 21.3%), obstetrics and gynecology
(19,382, 11.9%), and urology (9,951, 6.1%) wete the most com-
mon medical departments (84.7%) requesting pathology ex-
aminations. A small subset (38/17,892, 0.2%) of immunohis-
tochemical (THC) stains were not interpreted by qualified doctors
(not claimed as “C5575006”) (data not shown). Claims for ace-
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tylcholinesterase (C5564) and chloroacetate esterase (C5565)
examinations were not found in our data.

Among pathologic examination-associated claims, 162,002
examinations (99.2%) had proper claim codes (examination codes
09 and sub-code 01 (performed in their own institutions) or 02
(petformed in outside institutions). Among pathologic exami-
nations, 65.8% were performed in tertiary or general hospitals
(39,385 and 67,225 cases, respectively) (Table 4). Almost all ex-
aminations claimed by tertiary hospitals were petformed in their
institute (39,349/39,385, 99.9%), and 85% of examinations
claimed by general hospitals were performed (57,163/67,225)
in their institute. The other medical institutions claimed consid-
erable pathologic examinations performed by outside services
(52,214/55,392, 94.3%).

According to the claims, 76,016 pathologic examinations
(44.7%) were performed due to malignancy (disease code “C”) or
non-malignant tumorous conditions (disease code “D00-D48”)
(Table 5). THC stains were more frequently performed in tu-
morous conditions (15,336/17,892, 85.7%). Pathologic exami-
nation of biopsy specimens was performed more frequently in
non-tumorous conditions (42,661/61,875, 68.9%).

ESD-related statistics
In total, 509 ESDs were performed in 490 patients (341 males

Table 4. Pathologic examination performing places according to medical institutions

Institution Tertiary hospital General hospital Other medical institutions Total
In own hospital 39,349 (99.9) 57,163 (85.0) 3,178 (5.7) 99,690 (61.5)
Outside services 36 (0.1) 10,062 (15.0) 52,214 (94.3) 62,312 (38.5)
Total 39,385 (100) 67,225 (100) 55,392 (100) 162,002 (100)
Values are presented as number (%).
Table 5. Disease codes of patients at time of pathologic examinations requests

Tumorous condition Non-tumorous condition Total
Biopsy 19,214 42,661 61,875
Resection, non-malignant 14,900 24,115 39,015
Resection, malignant (LN/non-LN) 4,333 (3,203/1,130) 66 (30/36) 4,399 (3,233/1,166)
Histologic mapping (LN/non-LN) 1,045 (377/668) 92 (0/92) 1,137 (377/760)
Frozen sections 3,041 281 3,322
IF 213 1,695 1,908
EM 51 227 278
Enzyme 0 40 40
IHC 15,336 2,556 17,892
Uterine cervical examinations (smear/liquid) 3,199 (654/2,645) 3,671 (705/2,966) 6,870 (1,259/5,611)
Body fluid (conventional/liquid) 7,137 (4,118/3,019) 9,097 (6,509/2,588) 16,234 (10,627/5,607)
Aspiration (conventional/liquid) 4,514 (4,234/280) 5,855 (5,638/217) 10,369 (9,872/497)
HER2 (FISH/SISH) 33 (9/24) 0(0/0) 33(9/24)
Total 73,016 90,356 163,372

LN, with lymph node dissection; non-LN, without lymph node dissection; IF, immunofluorescent; EM, electron microscopy; IHC, immunohisto(cyto)chemistry;

FISH, flurescence in situ hybridization; SISH, silver in situ hybridization.
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and 149 females) in 109 medical institutions. The median age
of the patients was 66 years (age, 29 to 89 years; 1st quantile, 58
years; 3rd quantile, 71.75 years). The majority of patients (n=
472) underwent one ESD; 17 patients underwent two ESDs (10
patients underwent simultaneous ESD, while seven patients un-
derwent ESDs at different times), and one patient underwent
three ESDs (two ESDs at the same time).

The disease codes noted when patients underwent ESD were
as follows: C16 (malignant neoplasm of stomach), 213 patients
(43.5%); non-C16, 277 patients (56.5%), D00.2 (carcinoma in
sitn of stomach), 17 patients; D13.1 (benign neoplasm of stom-
ach), 226 patients; D13.9 (benign neoplasm of ill-defined site
within the digestive system), one patient; and other, 33 patients.
Disease codes changed after the ESD in 10.5% of the non-C16
patients (29/277): D00.2 to C16, seven patients; D13.1 to
D00.2, three patients; D13.1 to C16, 18 patients; and D13.9 to
C16, one patient (Table 6).

Twenty-one patients (21/490, 4.3%) underwent gastrectomy
following ESD, and all of these patients underwent ESD for only
once. Fifteen patients received surgery at the same medical insti-

Table 6. Changes of disease codes after endoscopic submucosal
dissections

Disease code Disease code after ESD
atESD Unchanged  Changedto C16  Changed to D00.2
D00.2 10 7 -
D13.1 205 18 8
D13.9 0 1 0
Others 88 0 0
Total 248 26 3

ESD, endoscopic submucosal dissections.

tution where ESD was performed, and six patients received sut-
gery at different medical institutions. The mean time between
ESD and surgery was 44 days. Two patients changed diagnosis
(benign to malignant) after ESD. One patient underwent ESD
and surgery during the same hospitalization period.

For further analysis, 472 patients who underwent ESD for only
once were selected (Table 7) (C16, 202 patients; D00.2, 17 pa-
tients; D13.1, 220 patients; D13.9, one patient; other, 32 pa-
tients). In total, 70.0% of these pathologic examinations (329/
472) were requested for histologic mapping (C5508). IHC studies
were performed in 22.5% of ESDs (106/472). Approximately
one-third of the gastric cancer specimens (66/202, 32.7%) and
15.0% of the gastric benign neoplasm specimens (33/220) were
subject to THC studies.

DISCUSSION

In this study, we examined nation-wide statistics regarding
surgical pathologic examination. Considering sampling weight,
we estimate that 5,440,288 (163,372 x33.3) pathologic exami-
nations were performed in Korea in 2013. We also surveyed
pathologic examinations according to administrative district, re-
questing department, type of medical institutions, and patient
conditions. These data will be useful for future planning and al-
location of resources in the field of pathology and for the Kore-
an Society of Pathologists.

There have been several reports regarding diagnostic discrep-
ancies between endoscopic forceps biopsy and ESD, as well as be-
tween ESD and surgery. Recently, two large, single-center, ret-
rospective studies revealed that 22.8% (465/2,041) and 31.7%

Table 7. Pathologic examination codes and number of immunohistochemical stains according to diseases codes at endoscopic submuco-

sal dissections

C16 D00.2 D13.1 D13.9 Others Total
Pathologic examination codes
C5500 6 0 5) 0 0 11
C5508 158 3 139 1 28 329
C5916 16 8 51 0 2 72
C5917 22 11 25 0 2 60
Total 202 17 220 1 32 472
No. of immunohistochemical stains
0 136 14 187 1 28 366
1 42 1 25 0 1 69
2 12 0 5] 0 2 19
3 2 1 3 0 1 7
4 2 1 0 0 0 3
5 3 0 0 0 0 3
6 5 0 0 0 0 5
Total 202 17 220 1 32 472
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(587/1,850) of cases changed diagnosis after endoscopic resec-
tion in Asan Medical Center (Seoul, Korea) and Samsung Medi-
cal Center (Seoul, Korea), respectively.”® Our HIRA-NPS data
revealed that only 10.9% of nation-wide cases experienced a
change of diagnosis after ESD. HIRA-NPS data does not include
detailed pathologic diagnosis information such as tumor size,
tumor differentiations, dysplastic degrees, etc., so further analysis
for clarifying such differences was limited. Shin e «/.” reported
that complete resection rates were not different according to ab-
solute or expanded ESD indications, though their data were not
HIRA data. Although HIRA-NPS data was not available for a
sufficient number of ESD patients (509 ESDs in 490 patients)
to allow for an accurate assessment, and only limited clinicopath-
ological information was available, the problems associated with
the relatively few number of patients can be overcome through
further research using the raw HIRA data.

Histologic mapping of ESD specimens is recommended by
The Gastrointestinal Pathology Study Group of the Korean So-
ciety of Pathologists.® However, 30.2% (143/472) of ESD speci-
mens were not claimed as “C5508” (histologic mapping without
lymph node dissection). Because precise histologic diagnosis of
the ESD specimen is essential to treat patients, we suggest that
nationwide surveys be conducted in order to assure quality of
pathologic examination of ESD specimens. IHC staining was per-
formed in 22.5% (106/472) of ESD cases. Unlike tissue immu-
nofluorescent microscopic examinations or enzyme histochem-
istries, HIRA data does not list the specific antibodies used for
THC stains. Thus, further analysis of THC studies using HIRA
data was limited.

The main limitations of our analysis are statistical issues based
on probability sampling. Our estimates were calculated from
statistically extracted data from one year. Further analysis using
HIRA raw data will be needed to decrease the statistical errors
and bias and to evaluate changes over time. During our analy-
sis, we experienced many challenges; therefore, we provide ad-
vice and guidance for other researchers who would like to ana-
lyze the HIRA database.

(1) It is essential to understand the framework of the HIRA
database.” The HIRA data is intended for insurance claims and
not for research. Detailed clinicopathological data are not pro-
vided. (2) Sample data are not appropriate for analyses requiring

http://dx.doi.org/10.4132/jptm.2016.03.04

Surgical Pathology Status in HRA Data » 209

long-term follow-up. (3) Some claim codes have sub-codes (in
most cases, additional charges by experts). (4) Disease codes and
claims are not always accurate. (5) The analysis system should
have at least 32 GB of main memory. (6) It is helpful to create
relatively small data tables to decrease operation time. In the usu-
al setting, R should use only one CPU core during calculation.
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Appendix 1. Numbers of medical institutions according to administrative districts

Administrative district Tertiary hospital General hospital Other institutions (clinic)
Seoul 10 48 12,090 (6,952)
Busan 8] 24 3,567 (2,048)
Incheon 2 15 2,376 (1,388)
Daegu 1 11 2,542 (1,5638)
Gwangju 1 22 1,584 (862)
Dagjeon 1 8 1,599 (981)
Ulsan 0 4 1,012 (546)
Gyeonggi-do 1 55 10,424 (5,883)
Gangwon-do 1 14 1,377 (707)
Chungcheongbuk-do 1 10 1,488 (791)
Chungcheongnam-do 0 12 2,019 (1,013)
Jeollabuk-do 1 11 2,197 (1,110)
Jeollanam-do 0 22 2,048 (913)
Gyeongsangbuk-do 0 19 2,558 (1,206)
Gyeongsangnam-do 1 25 2,977 (1,521)
Jeju 0 7 575 (330)
Sejong-si 0 0 105 (57)
Total 23 307 50,868 (27,846)
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Background: Segmental glomerulosclerosis without significant mesangial or endocapillary prolif-
eration is rarely seen in IgA nephropathy (IgAN), which simulates idiopathic focal segmental glo-
merulosclerosis (FSGS). We recently recognized aberrant blood vessels running through the ad-
hesion sites of sclerosed tufts and Bowman’s capsule in IgAN cases with mild glomerular
histologic change. Methods: To characterize aberrant blood vessels in relation to segmental scle-
rosis, we retrospectively reviewed the clinical and histologic features of 51 cases of FSGS-like
IgAN and compared them with 51 age and gender-matched idiopathic FSGS cases. Results: In
FSGS-like IgAN, aberrant blood vessel formation was observed in 15.7% of cases, 1.0% of the
total glomeruli, and 7.3% of the segmentally sclerosed glomeruli, significantly more frequently
than in the idiopathic FSGS cases (p=.009). Aberrant blood vessels occasionally accompanied
mild cellular proliferation surrounding penetrating neovessels. Clinically, all FSGS-like IgAN cases
had hematuria; however, nephrotic range proteinuria was significantly less frequent than idiopath-
ic FSGS. Conclusions: Aberrant blood vessels in IgAN are related to glomerular capillary injury
and may indicate abnormal repair processes in IgAN.
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IgA nephropathy (IgAN) is characterized by dominant or co-
dominant IgA deposits in the mesangial matrix and is usually
accompanied by focal or diffuse mesangial proliferation. How-
ever, IgAN has a variety of histologic features ranging from not-
mal to minimal glomerular alterations to diffuse endocapillary
and crescentic glomerulonephritis.

Glomerular segmental sclerosis is not unusual in biopsy sam-
ples that are diagnosed as [gAN, but it is usually associated with
severe mesangial proliferation and/or advanced tubulointersti-
tial fibrosis."” Haas™ reported a form of segmental sclerosis in
IgAN that did not accompany mesangial proliferation and dem-
onstrated clinical features that were indistinguishable from id-
iopathic focal segmental glomerulosclerosis (FSGS). Of the 18
cases presented in his study, 82% had nephrotic syndrome and
all but one case had favorable prognoses. Another description of
segmental sclerosis without significant mesangial proliferation
was reported by Weber ¢ 2/.” In their series of 26 cases, nephrot-
ic syndrome was present in 24%, diffuse effacement of foot pro-
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Key Words: Glomerulosclerosis, focal segmental; Glomerulonephritis, IgA; Kidney glomerulus; Neo-

cesses in only one case and the clinical outcomes were worse than
in cases without FSGS. These two contrasting studies suggest
that cases of mild IgAN with FSGS that are morphologically
similar but have different pathogeneses may have different clin-
ical outcomes. We recently recognized aberrant blood vessels
running through the adhesion sites of sclerosed tufts and Bow-
man’s capsule in IgAN with FSGS features. Since these vessels
were present away from the glomerular hilum, they were regard-
ed as related to previous glomerular capillary injury. Glomerular
capillary necrosis’ may be the forerunner of this lesion, but there
have been no detailed descriptions of these vessels in IgAN.

To characterize segmental sclerosis in relation to abnormal
vessels in early IgAN, we retrospectively reviewed clinical and
histologic features of FSGS-like IgAN without accompanying
severe glomerular cellular proliferation and/or advanced tubu-
lointerstitial fibrosis. Idiopathic FSGS cases were used for com-

parison.

© 2016 The Korean Society of Pathologists/The Korean Society for Cytopathology
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MATERIALS AND METHODS

Materials

A total of 565 cases with diagnoses of [gAN in native kidneys
were retrieved from the renal biopsy registry of the Department
of Pathology, Yonsei University Health System, between 1999
and 2008. Among these, 92 cases were diagnosed as IgAN, sub-
class 11, according to the Haas classification. We selected 51 [gAN
cases with focal and segmental sclerosis. The exclusion criteria
included (1) significant glomerular mesangial proliferation of
more than three cells in one mesangial area distant from the vas-
cular hilum in 2-3-pm-thick periodic acid-Schiff (PAS)-stained
sections; (2) endocapillary proliferation; (3) global glomerulo-
sclerosis or tubular atrophy of 40% or more; or (4) insufficient
sample size of less than six glomeruli on light microscopy. For
comparison, age- and gender-matched idiopathic FSGS cases
from the same period were collected from our renal biopsy reg-
istry. The same exclusion criteria were applied to these cases.

Tissue processing of renal biopsies

All biopsy samples were examined using light, immunofluo-
rescent, and electron microscopy. For light microscopic exami-
nation, 2-3-pm-thick sections were stained with hematoxylin
and eosin, PAS, aldehyde fuchsin orange G, and methenamine
silver methods. Two to four tissue sections were mounted per
glass slide, and two slides were prepared for each stain, resulting
in eight slides for each biopsy. For immunofluorescence examina-
tion, snap-frozen 3-pm-thick sections were mounted in optimal
cold temperature compound and stained with antibodies against
IgG, IgA, IgM, C3, C4, Clq, and fibrinogen (Dako Cytoma-
tion, Glostrup, Denmark). For electron microscopy, fresh renal tis-
sue was cut at the time of biopsy, and one to three blocks of 1 mm’
renal tissue were double fixed with glutaraldehyde and osmium
tetroxide, routinely processed, and stained with uranyl acetate
and lead citrate.

Assessment of renal histology

An average of 26.7 consecutive sections (range, 18 to 32) were
examined in each case. All glomeruli in each section were traced.
The total glomeruli and glomeruli showing segmental sclerosis
were counted. The segmental sclerosis was subtyped in each case
as classic, perihilar, tip, cellular or collapsing variants and were
numbered.® In segmental sclerosis, capillary adhesion to Bow-
man’s capsule with or without aberrant vessel formation was also
counted. To validate aberrant vessels, we followed afferent and ef-
ferent arterioles in the vascular poles and confirmed that there

http://jpatholtm.org/

were no direct connections between vascular poles and presumed
neovessels.

The other histologic parameters that we evaluated were type
of glomerular crescent, percentage of global glomerulosclerosis,
degree of tubular atrophy, interstitial fibrosis, and interstitial in-
flammation, and presence of arteriolar hyalinosis and arterio-
sclerosis. Crescents were defined as extracapillary proliferations
of at least two layers that occupied at least 10% of the circumfer-
ence. The degrees of tubular atrophy, interstitial fibrosis, intet-
stitial inflammation, and arteriolar hyalinosis wete semi-quanti-
tatively scored according to the Banff 97 criteria.’

Clinical data

Patient age, gender, serum creatinine level, hematuria, and pro-
teinuria level at the time of biopsy were obtained from the pa-
tient medical records and biopsy requisition forms. Proteinuria
was evaluated in 49 FSGS-like [gAN patients and in 45 idiopath-
ic FSGS patients by 24-hour urine collection or random urine

protein to creatinine ratios.

Statistical analysis

Results are expressed as mean + standard deviation. Comparisons
of the frequencies of segmental sclerosis, tuft adhesion to Bow-
man’s capsule, glomerular hyalinosis, and aberrant vessel forma-
tion between FSGS-like IgAN and idiopathic FSGS cases were
performed using the Mann-Whitney U test. Tubulointerstitial
and vascular changes were compared using Pearson’s chi-square
test combined with Fisher exact test. p-values less than .05 were
considered significant.

RESULTS

Morphologic features of segmental sclerosis in FSGS-like
IgAN

We observed an average of 16.3 glomeruli in each case of FSGS-
like IgAN. Of the 829 total glomeruli, 110 (13.3%) showed seg-
mental sclerosis. The most common subtype of segmental scle-
rosis was classic type, followed by tip and perihilar types. Hy-
alinosis was present in one glomerulus. Glomerular capillary tuft
adhesion to Bowman’s capsule was observed in 95 glomeruli
(86.4% of the segmentally sclerosed glomeruli) in 49 cases.
Among them, nine cases (8.2% of the total segmentally scle-
rosed glomeruli) demonstrated capillary-sized blood vessels
connecting the segmentally sclerosed tuft and periglomerular
interstitium. These vessels began in the sclerosed tufts, ran pet-
pendicularly through the gap of Bowman's capsule, and merged

http://dx.doi.org/10.4132/jptm.2016.02.01



into the capillary networks of the interstitium. The vessels were
surrounded by normal-looking glomerular capillary loops in five
glomeruli, but accompanied endocapillary proliferations in four
glomeruli (Fig. 1).

Comparison of segmental sclerosis between FSGS-like
IgAN and idiopathic FSGS

In age and gender-matched idiopathic FSGS cases, segmental
sclerosis was observed in 119 out of 746 glomeruli (16.0%). When
segmental sclerosis of [gAN was compared with that of idiopathic
FSGS, the mean percentages of glomeruli with tuft adhesion, ab-
errant vessel formation, and glomerular crescents were signifi-

Segmental Sclerosis in IgA Nephropathy ¢ 213

cantly higher in the FSGS-like IgAN group. Aberrant blood ves-
sels found in FSGS were similar to those seen in IgAN in
morphology but were identified in only one glomerulus (0.8% of
the segmentally sclerosed glomeruli). The mean percentages of
glomerular hyalinosis, the degrees of interstitial fibrosis, tubular
atrophy, interstitial inflammation, and arteriolar hyalinosis were
not significantly different between the two groups (Table 1).
Clinically, hematuria was present in 100% of the FSGS-like
IgAN patients, whereas 51.0% of the idiopathic FSGS patients
had hematuria. Proteinuria was more prevalent and severe in
idiopathic FSGS: 91.1% of patients had proteinuria and 48.9%
were in the nephrotic range, whereas proteinuria was present in

Fig. 1. Consecutive photos of two glomeruli showing extra-efferent vessel formation in focal segmental glomerulosclerosis-like IgA nephrop-
athy. (A, B) Extra vessels connecting the segmentally sclerosed portions of glomerular tufts and the extraglomerular space through the gap
of Bowman'’s capsule were observed when tracing the serial sections. These vessels were not connected to afferent or efferent arterioles in
the vascular pole (solid arrows, extra vessels; open arrows, vascular poles). (B) Surrounding glomerular tufts showed capillary and endothelial
proliferations in some cases (arrowhead) (periodic acid-Schiff, aldehyde fuchsin orange G, and methenamine silver stain).
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Table 1. Histomorphologic characteristics of FSGS-like IgAN and idiopathic FSGS

Variable FSGS-like IgAN |diopathic FSGS p-value
No. of total glomeruli (per case) 829 (16.3) 746 (14.6) -
Glomeruli with segmental sclerosis, n (%) 110 (13.3) 119 (16.0) -
Classic/Perihilar/Tip/Cellular/Collapsing type 56/14/42/0/0 73/7/33/0/6 -
Segmental sclerosis in each case (%) 14.6+7.3 195+16.4 451°
Glomerular hyalinosis in each case (%) 0.0+0.1 0.8+3.3 A77e
Capillary loop adhesion in each case (%) 132+7.8 6.5+8.7 <.001*
Neovessel formation in each case (%) 1.2+3.1 02+11 .009*
Glomerular crescents <.001°
Absent 39 51
Present 12 0
Interstitial fibrosis >.999°
Absent or mild 49 49
Moderate to severe 2 2
Tubular atrophy 678
Absent or mild 49 47
Moderate to severe 2 4
Interstitial inflammation
Absent or mild 47 47 >.999°
Moderate to severe 4 4
Avrteriolar hyalinosis 463°
Absent 39 42
Present 12 9

FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy.
“Mann-Whitney U test; "Pearson’s chi-square test with Fisher exact test.

Table 2. Clinical characteristics of FSGS-like IgAN and idiopathic
FSGS

Variable FSS il-\l;ke ld?géglo p-value
No. of cases 51 51

Male:Female 25:26 24:27

Age, mean (range, yr) 35.1 (7-65) 35.6 (7-67)
Proteinuria® 39 (79.9) 41 (91.1) 0.124°
Nephrotic range 1(2.0) 22 (48.9) 0.000°
Hematuria® 51 (100) 26(51.00  0.000°
Serum creatinine level (mg/dL) 1.0+£0.2 1.2+0.7 0.099°

Values are presented as number (%) or mean + standard deviation unless
otherwise indicated.

FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy.
*Number of cases; "Pearson’s chi-square test with Fisher exact test; “Mann-
Whitney U test.

79.9% of FSGS-like IgAN patients with nephrotic range in
2.0%. Other clinical parameters including mean serum creati-
nine levels were similar in both groups (Table 2).

DISCUSSION

Aberrant vessels were more frequently observed in cases of
FSGS-like IgAN than in idiopathic FSGS. Otherwise, the mor-
phology of segmental sclerotic glomeruli was indistinguishable
in two diseases, and the most common form was the classic type.

http://jpatholtm.org/

Considering that more than 25 sections were examined, these
features were rare and may be under-recognized or unnoticed in
routine practice. Clinically, our cases were different from those re-
viewed by Haas™ but similar to those reviewed by Weber ¢t a/.”
The frequency of hematuria was higher and that of nephrotic
range proteinuria was lower than observed by Haas.*" Associa-
tions of nephrotic range proteinuria have been reported in [gAN
with normal histology. However, it has not been resolved wheth-
er this entity is a subtype of IgAN or an ovetlap of IgAN and
minimal change disease. Likewise, it is possible that the cases of
FSGS-like IgAN described by Haas** were subtypes of IgAN or
represented the overlap of IgAN and minimal change disease/
FSGS. By contrast, consistent hematuria may suggest the involve-
ment of capillary loop injury in FSGS-like IgAN.

Extra new vessel formation is rarely reported in animal models
or in human diabetic nephropathy. Kriz e #/.* proposed that “ex-
traterritorial glomerular capillaries” that connect the glomeru-
lar space and periglomerular interstitium are responsible for the
development of interstitial fibrosis in a hypertensive rat FSGS
model. The extra vessels were located in the glomerular hilum
in human diabetic nephropathy and did not cause rupture of the
capillary loops, and most were connected to the second- and
third-order branches of the afferent arteriole and drained into the
peritubular capillaries.” The number of extra vessels ranged from

http://dx.doi.org/10.4132/jptm.2016.02.01



several to more than 10 per glomerulus. Rare extra vessels have
been observed in a variety of cases, also localized within the glo-
merular hilum.'®"" However, the aberrant vessels observed in our
study differed from those in diabetic nephropathy in location
and numbers. Extra vessels similar to our cases can be seen in glo-
merulonephritis characterizing small vessel vasculitis’ such as
Henoch-Schonlein purpura nephritis, antineutrophil cytoplasmic
antibody—associated nephritis, and lupus nephritis. In these cas-
es, new vessel formation was observed especially inside or near
crescents.

Glomerular capillary loop sclerosis and adhesion were grouped
together in a proposed Oxford classification of [gAN,"* mainly
to increase reproducibility between observers. However, not only
are they morphologically distinct but they also differ in patho-
mechanisms. Glomerular capillary loop sclerosis is characterized
by capillary loop collapse and accumulation of scleroprotein in-
side the glomerular capillary basement membrane. It can be
caused by ischemia, toxins, or drugs, but the glomerular base-
ment membrane integrity is essentially preserved. In contrast,
glomerular capillary adhesion to Bowman’s capsule produces a
break in glomerular basement membrane integrity and may de-
velop with or without glomerular capillary rupture. Therefore,
adhesions and new vessels in IgAN might be signs of glomeru-
lar capillary injury and rupture. The presence of endocapillary
proliferation and small glomerular crescents surrounding vessels
supports this possibility. Glomerular capillary loop injury may
be triggered by immune deposits along the capillary loops; how-
evet, our cases had localized mesangial deposits without periph-
eral capillary IgA deposits. Glomerular capillary basement mem-
branes may be fragile and likely to break without deposits, since
glomerular basement membrane thinning or attenuation is fre-
quent in IgAN." Mesangial cells have been shown to significant-
ly down regulate vascular endothelial growth factor A mRNA
and increase inducible nitric oxide synthase mRINA when incu-
bated with aberrantly glycosylated IgA. Therefore, these mole-
cules may be involved in the evolution of abnormal repair in [gAN."*
It is unclear how aberrant vessels affect glomerular filtration
and nearby structures, but they may contribute to interstitial in-
flammation and fibrosis by directly delivering pathogenic fil-
trate to the peritubular capillaries and interstitium.*

In conclusion, aberrant blood vessels were observed in segmen-
tally sclerosed glomerular tufts in FSGS-like IgAN. Such struc-
tures indicate aberrant repair processes in glomerular capillaries.
Further clinical and experimental studies may be needed to elu-
cidate this faulty repair mechanism.

http://dx.doi.org/10.4132/jptm.2016.02.01
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Background: This study investigated the appropriate management of thyroid nodules with prior
non-diagnostic or atypia of undetermined significance/follicular lesion of undetermined signifi-
cance (AUS/FLUS) through a systematic review and meta-analysis. Methods: This study included
4,235 thyroid nodules from 26 eligible studies. We investigated the conclusive rate of follow-up
core needle biopsy (CNB) or repeat fine needle aspiration (fFNA) after initial fine needle aspiration
(FNA) with non-diagnostic or AUS/FLUS results. A diagnostic test accuracy (DTA) review was
performed to determine the diagnostic role of the follow-up CNB and to calculate the area under
the curve (AUC) on the summary receiver operating characteristic (SROC) curve. Results: The
conclusive rates of follow-up CNB and rFNA after initial FNA were 0.879 (95% confidence interval
[CI], 0.801 to 0.929) and 0.684 (95% Cl, 0.627 to 0.736), respectively. In comparison of the odds
ratios of CNB and rFNA, CNB had more frequent conclusive results than rFNA (odds ratio, 5.707;
95% Cl, 2.530 to 12.875). Upon subgroup analysis, follow-up CNB showed a higher conclusive
rate than rFNA in both initial non-diagnostic and AUS/FLUS subgroups. In DTA review of follow-
up CNB, the pooled sensitivity and specificity were 0.94 (95% Cl, 0.88 to 0.97) and 0.88 (95% Cl,
0.84 to 0.91), respectively. The AUC for the SROC curve was 0.981, nearing 1. Conclusions: Our
results show that CNB has a higher conclusive rate than rFNA when the initial FNA produced in-
conclusive results. Further prospective studies with more detailed criteria are necessary before
follow-up CNB can be applied in daily practice.

Key Words: Thyroid nodule; Non-diagnostic or atypia of undetermined significance/follicular lesion
of undetermined significance; Follow-up core needle biopsy; Repeat fine-needle aspiration; Meta-
analysis

Papillary thyroid carcinoma, which has recently increased in
incidence, is the most common malignant tumor in endocrine
system." The cause for the increased incidence of papillary thyroid
carcinoma is not fully understood." One possible cause is the im-
provement in ultrasonography and computed tomography.™ In
daily practice, the treatment and follow-up for thyroid nodules
are based on the results of initial fine needle aspiration (FNA). Ac-
cording to current guidelines,*® FNA is recommended as the ini-
tially performed modality, and additional testing is suggested as
indicated by the initial FNA results.

In daily practice, repeat FNA (tfFNA) is recommended for thy-
roid nodules of non-diagnostic or atypia of undetermined sig-
nificance/follicular lesion of undetermined significance (AUS/
FLUS). In addition, for definite diagnosis of thyroid nodules,
BRAF"™ mutation test or diagnostic surgery can also be perform-
ed. In previous studies, the rates of non-diagnostic and AUS/FLUS

pISSN 2383-7837
elSSN 2383-7845

were 5%-17% and 3%-18%, respectively.”” For thyroid nodule
with non-diagnostic result, the possibility of an inconclusive
reading might also be higher with rFNA. Although rFNA is re-
commended for non-diagnostic or AUS/FLUS thyroid nodules
in the current guidelines, other modalities, such as core needle
biopsy (CNB) or combination of FNA and CNB, have been in-
troduced in recent reports.'*"' However, the effectiveness or di-
agnostic role of these follow-up modalities has not been fully
elucidated.

In this study, follow-up CNB was defined as CNB performed
after initial non-diagnostic or AUS/FLUS findings. We investi-
gated the conclusive rates of the follow-up procedures of CNB
and rFNA in thyroid nodule with initial non-diagnostic or AUS/
FLUS finding through a systematic review and meta-analysis. In-
deed, the diagnostic test accuracy (DTA) review was performed
to determine the diagnostic accuracy of follow-up CNB in thy-
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roid nodules with initial inconclusive results.

MATERIALS AND METHODS

Literature search and selection criteria

Relevant articles were obtained from a search of PubMed and
MEDLINE databases through December 31, 2015. The search
was performed using ‘thyroid,” ‘core needle biopsy, and ‘fine nee-
dle aspiration’ as search terms. The titles and abstracts of all re-
turned articles were screened for exclusion. To find additional
eligible studies, review articles were also screened. Search results
wete then reviewed and included if (1) initial FNA for a thyroid
nodule was performed, and (2) there was information about
CNB or FNA as a follow-up study for thyroid nodules with ini-
tial non-diagnostic or AUS/FLUS results. Articles were excluded
if they were (1) non-original articles or case reports or (2) non-
English language publications.

Data extraction

The following information was collected from the full texts
of eligible studies and verified: name of first author, publication
year, study location, number of patients analyzed, and method
and results of initial and follow-up studies. We did not define a
minimal number of patients to be included in a study. Any dis-
agreements were resolved by consensus.

Statistical analysis

Data were analyzed using the Comprehensive Meta-Analysis
software package (Biostat, Englewood, NJ, USA). We evaluated
the conclusive rates of follow-up studies with follow-up CNB or

Studies identified through database
searching (n=356)

\ 4
Primary selection through browsing
the retrieved titles and abstracts

tFNA after initial FNA with non-diagnostic or AUS/FLUS re-
sults. The conclusive results included benign, follicular neoplasm
or suspicious for follicular neoplasm, suspicious for malignancy,
and malignancy categories. The conclusive rates were measured
by dividing the number of conclusive results into the total num-
ber of cases with a follow-up study. The heterogeneity between
eligible studies was assessed using Q and I’ statistics and present-
ed using p-values. A sensitivity analysis was performed to assess
the impact of each study on the combined effect and the hetero-
geneity of eligible studies. To identify any publication bias, Eg-
ger’s test and Begg’s funnel plot were initially performed. When
a significant publication bias was found, the fail-safe N and trim-
fill tests were additionally conducted to confirm the degtee of bias.
The results were considered statistically significant at p < 0.05.

A DTA review was conducted using the Meta-Disc program
ver. 1.4."” The forest plots of pooled sensitivity and specificity
and the summary receiver operating characteristic (SROC) curve
were determined as described previously."” The diagnostic odds
ratio (OR) and the value of the area under the curve (AUC) on
SROC were investigated.

RESULTS

Selection and characteristics of studies

In the current study, 356 reports were identified in the data-
base search. Among the search results, 209 reports were excluded
due to insufficient information. In addition, 121 reports were ex-
cluded for the following reasons: focusing on other diseases (n =
86), non-original articles (n = 17), duplicate articles (n = 13), and
articles in a language other than English (n = 5). Twenty-six eli-

Studies excluded (n=306)
No or insufficient information (n=189)
Studies for other disease (n=86)

5 Duplication (n=13)

4

Full-text articles assessed for eligibility
(n=50)

Non-original article (n=13)
Articles of non-English (n=5)

Studies excluded (n=24)

A4

Studies included in the meta-analysis
(n=26)

Fig. 1. Flow chart of study search and selection methods.
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»  No or insufficient information (n=20)
Non-original article (n=4)
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gible studies and 4,253 thyroid nodules were ultimately includ- Higher conclusive rate in follow-up CNB than in rFNA
ed in the current study (Table 1, Fig. 1)."** The characteristics For initial FNA with non-diagnostic or AUS/FLUS, follow-
of the included studies are shown in Table 1. up studies using CNB or rFNA showed an overall conclusive

Table 1. Main characteristics of eligible studies

Study Location Diagnosis of Follow-up o Results of follow-up study
initial FNA study Conclusive Inconclusive

Anderson et al."* (2014) USA Non-diagnostic FNA 336 263 73
Baloch et al."® (2003) USA Non-diagnostic FNA 123 92 31
Chen et al.™® (2012) USA AUS/FLUS FNA 26 17 9
Choietal.' (2014) Korea Non-diagnostic CNB 128 120 8
FNA 140 40 100
Choi et al.® (2014) Korea AUS/FLUS CNB 107 103 4
Dincer et al.™ (2013) Turkey AUS/FLUS FNA 74 51 23
Gocun et al.?° (2014) Turkey AUS/FLUS FNA 118 73 45
Gweon et al.?" (2013) Korea AUS/FLUS FNA 86 81 5
Ho et al.?? (2014) USA AUS/FLUS FNA 116 74 42
Hyeon et al.® (2014) Korea AUS/FLUS FNA 274 214 60
Jo et al® (2011) USA Non-diagnostic FNA 363 267 96
Lee et al® (2015) Korea AUS/FLUS CNB 34 28 6
FNA 118 74 44
Lee et al.® (2014) Korea Non-diagnostic CNB 121 114 7
FNA 357 239 118
Moon et al.?’ (2015) Korea AUS/FLUS FNA 246 185 61
Moslavac et al.?® (2012) Croatia Non-diagnostic FNA 38 31 7
Na et al.*® (2015) Korea AUS/FLUS CNB 158 110 48
FNA 158 75 83
Na et al.** (2012) Korea Non-diagnostic CNB 45 43 2
FNA 45 32 18
AUS/FLUS CNB 104 82 22
FNA 104 75 29
Nagarkatti et al.*' (2013) USA AUS/FLUS FNA 51 28 23
Qertel et al.% (2007) USA Non-diagnostic FNA 27 23 4
Park et al.* (2011) Korea Non-diagnostic CNB 54 53 1
FNA 142 73 69
Park et al.3* (2015) Korea AUS/FLUS FNA 236 155 81
Samir et al.* (2012) USA Non-diagnostic CNB 69 51 18
FNA 69 36 33
Sullivan et al.*® (2014) USA AUS/FLUS FNA 86 48 38
Trimboli et al.*” (2015) Italy Indeterminate CNB 198 125 73
Yeon et al.*® (2013) Korea Non-diagnostic CNB 116 108 8
Yoon et al.** (2011) Korea Non-diagnostic FNA 99 91 8

FNA, fine needle aspiration; CNB, core needle biopsy; AUS/FLUS, atypia/follicular lesion of undetermined significance.

Table 2. Conclusive rates of second CNB and repeat FNA after prior FNA with non-diagnostic or AUS/FLUS significance in thyroid nodules

No. of No. of Fixed effect model Heterogeneity Random effect model Egger’s
subsets patients (95% Cl) (p-value) (95% Cl) test

Overall 35 4,566 0.690 (0.675-0.704) <.001 0.748 (0.701-0.791) .009
Second CNB 11 1,134 0.775 (0.745-0.802) <.001 0.879 (0.801-0.929) <.001
Non-diagnostic 6 533 0.897 (0.864-0.923) <.001 0.927 (0.847-0.966) 122
AUS/FLUS 5 601 0.712 (0.671-0.749) <.001 0.794 (0.675-0.877) .030
Repeat FNA 24 3,432 0.670 (0.653-0.686) <.001 0.684 (0.627-0.736) 651
Non-diagnostic 11 1,739 0.674 (0.650-0.697) <.001 0.699 (0.596-0.785) 773
AUS/FLUS 13 1,693 0.666 (0.642-0.689) <.001 0.673 (0.608-0.732) 719

CNB, core needle biopsy; FNA, fine needle aspiration; AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; Cl, confi-
dence interval.
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T Sensitivity (95% Cl)
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Fig. 2. The sensitivity (A) and specificity (B) of follow-up core needle biopsy for prediction of papillary thyroid carcinoma after prior fine needle
aspiration with non-diagnostic or atypia/follicular lesion of undetermined significance in thyroid nodules.

rate of 0.690 (95% confidence interval [CI], 0.675 to 0.704) and
0.748 (95% ClI, 0.701 to 0.791) with the fixed and random ef-
fect models, respectively. For follow-up CNB, the conclusive rate
was 0.775 (95% CI, 0.745 t0 0.802) and 0.879 (95% CI, 0.801
t0 0.929) with the fixed and random effect models, respectively.
In rFNA, the conclusive rate was 0.670 (95% CI, 0.653 to
0.686) and 0.684 (95% CI, 0.627 to 0.736) with the fixed and
random effect models, respectively. The ranges of conclusive
rates were 0.631-0.981 and 0.286-0.942 for follow-up CNB
and rFNA, respectively. Follow-up CNB showed a higher con-
clusive rate compared with rFNA (OR, 5.707; 95% CI, 2.530
to 12.875). The heterogeneity of eligible studies was significant
in both follow-up CNB and rFNA groups (I’ = 90.4%, p <
0.001 and I? = 90.3%, p < 0.001, respectively). In sensitivity an-
alysis, no study had an effect on the concordance rates for either
follow-up CNB (range, 0.864 to 0.896) or rENA (range, 0.670
to0 0.697). Subgtroup analysis revealed a significant difference in
conclusive rate between follow-up CNB and rFNA in both
non-diagnostic (0.927; 95% CI, 0.848 to 0.966 vs 0.699; 95%
CI, 0.596 to 0.785) and AUSL/FLUS cases (0.794; 95% CI, 0.675
to 0.877 vs 0.673; 95% CI, 0.608 to 0.732) with the random

http://jpatholtm.org/

effect model (Table 2).

Egger’s test revealed that the follow-up CNB group showed
a significant publication bias (p = .009). Additionally, fail-safe
N and trim-fill tests were performed for confirmation of the de-
gree of publication bias in the CNB group. The number of miss-
ing studies that would produce a p-value higher than alpha was
5,401 on the fail-safe N test. Because there were 11 observed
studies, the publication bias was not large. In addition, the trim
and fill test showed no significant difference between the ob-
served and adjusted values. Therefore, we concluded that the
publication bias in the follow-up CNB group was not signifi-
cant through interpretation of Egger’s test, Begg’s funnel plot, the
fail-safe N test, and the trim-fill test. In the rfFNA group, there
was no significant publication bias according to Egger’s test (p =
.651) or Begg’s funnel plots.

DTA review of follow-up CNB as a follow-up study

For confirmation of the diagnostic accuracy of follow-up CNB,
we conducted a DTA review. The pooled sensitivity and speci-
ficity values were 0.94 (95% CI, 0.88 to 0.97) and 0.88 (95%
CI, 0.84 to 0.91), respectively (Fig. 2). The sensitivity and spe-

http://dx.doi.org/10.4132/jptm.2016.02.15
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Fig. 3. The summary receiver operating characteristics (SROC)
curve of follow-up core needle biopsy for prediction of papillary
thyroid carcinoma after prior fine needle aspiration with non-diag-
nostic or atypia/follicular lesion of undetermined significance in thy-
roid nodules. AUC, area under the curve.

cificity of eligible studies ranged from 0.70 to 0.97 and from 0.45
to 1.00, respectively. On the SROC curve, the value of AUC was
0.981 (Fig. 3). In addition, the diagnostic OR was 448.73 (95%
CI, 36.63 t0 5,497.51).

DISCUSSION

The current guidelines recommend FNA as the initial test for
thyroid nodules.* Although rFNA was applied to thyroid nod-
ules with non-diagnostic and AUS/FLUS findings,** the effec-
tiveness of rFNA has not been fully elucidated. The present study
is the first meta-analysis and DTA review of published studies on
the diagnostic role of follow-up CNB compared with rFNA af-
ter initial FNA with non-diagnostic or AUS/FLUS results.

In the assessment of thyroid nodule, FNA is the most cost-ef-
fective initial test. Recently, FNA using ultrasonography has pro-
duced a higher quality of specimens for more precise diagno-
sis.'” However, some cases were non-diagnostic or AUS/FLUS,
and the rates of inconclusive results ranged from 10%-33.6% in
previous studies.***** Although the current guidelines recom-
mend rFNA as a follow-up study for thyroid nodules with initial
inconclusive results, " rFNA does not ensure conclusive results.
The inconclusive rates of rfENA in previous studies ranged from
9.9% to 72.0%."%%%*% In the current meta-analysis, the rate of
inconclusive results for rFENA was 31.6%. If the cellularity of
initial FNA is low, rFNA can also show low cellularity. In a pre-

http://dx.doi.org/10.4132/jptm.2016.02.15
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vious study, rFNA was the most significant risk factor affecting
repeat non-diagnostic results.' This situation might be caused
by the nature of the thyroid nodule, including factors such as
intratumoral calcification and cystic change.”* In addition, the
quality of the specimen might also be affected by the experience
of the operator. Consequently, diagnostic surgery is recommend-
ed for thyroid nodule with repeat inconclusive results, and the
incidence of diagnostic surgery has been reported as 22.29%—
94.7% **44¢ Therefore, to reduce the inconclusive rate, an al-
ternative follow-up study, such as CNB, could be considered for
thyroid nodules with inconclusive readings in initial FENA.

Considering the results of a previous meta-analysis, histologic
examination using CNB as an initial test might be useful for
obtaining conclusive results.”” Other previous comparative stud-
ies of FNA and CNB as an initial test have reported that CNB
has a suspected higher specificity, higher positive predictive
value, and lower rate of inconclusive results.'**® However, defini-
tive results for the sensitivity and specificity of CNB as a follow-
up study have not yet been obtained.'™""” CNB showed a lower
sensitivity for thyroid glands than for other head and neck le-
sions.”” However, the initial test might be more important for
achieving higher sensitivity and patient safety. Furthermore,
CNB has some limitations, including bleeding, tumor-cell dis-
placement, and difficulty in approaching thyroid nodules in a po-
stetior portion or close to critical structures, including the carotid
artery or trachea; these factors limit its use as an initial test."**
To obtain an adequate specimen for diagnosis, the experience of
the operator may be more important for CNB than for FNA.*
Whether CNB is appropriate as an initial test for thyroid nod-
ules is not fully understood and could not be determined in the
current systematic review. Despite a previous report that found
follow-up CNB to have lower non-diagnostic and inconclusive
rates than rFNA (7.2% vs 72.0%)," many previous studies have
reported that CNB showed lower sensitivity than FNA. How-
ever, the diagnostic accuracy of follow-up CNB has not been
fully elucidated. In the current DTA review, the pooled sensi-
tivity and specificity of follow-up CNB were significantly high.
For this reason, follow-up CNB after initial FNA might be use-
ful for predicting malignancy and reducing the inconclusive
rate in follow-up study.

There were some limitations in the current meta-analysis.
First, most included studies were retrospective rather than pro-
spective evaluations. Many thyroid nodules with initial incon-
clusive results only involved follow-up with ultrasonography.
The conclusive and inconclusive rates of fFNA and follow-up
CNB might have been affected by such cases. Therefore, cumu-
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lative prospective studies are needed to determine the effective-
ness of follow-up procedures. Second, the current study included
both non-diagnostic and AUS/FLUS subgroups, and subgroup
analysis was performed. However, the DTA review could be not
conducted for the rENA subgroup due to insufficient informa-
tion from eligible studies. Thus, a comparison of diagnostic ac-
curacy between follow-up CNB and rFNA could not be per-
formed. Third, because the current guidelines recommend initial
FNA test for thyroid nodules,"® the current meta-analysis was
performed only for studies with initial FNA. An investigation of
the effectiveness of CNB as an initial test was therefore not con-
ducted in the current study. Fourth, the current study was ana-
lyzed for initial non-diagnostic and AUS/FLUS categories.
However, additional evaluations, including subgroup analysis
for AUS and FLUS results, could not be performed due to lack
of information on follow-up CNB from eligible studies.” Fifth,
eligible studies used various criteria for nondiagnostic or inde-
terminate lesion. The rate of inconclusive results of CNB may
have differed from the real value. Further studies are needed to
establish guidelines of pathology reporting for thyroid CNB.

In conclusion, the current study showed that follow-up CNB
had a higher conclusive rate than rFNA after initial FNA with
inconclusive results. In addition, follow-up CNB had greater di-
agnostic accuracy for prediction of malignancy than rFNA. Ad-
ditional prospective studies are required to determine standard-
ized application criteria of follow-up CNB in daily practice.
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Background: The pathogenesis and etiology of endometrial polyps has not been elucidated. In
this study, we aimed to examine the pathogenic mechanisms of endometrial polyp development
using immunohistochemistry. We evaluated the expression of galectin-3 and cyclooxgenase-2
(COX-2) during the menstrual cycle in premenopausal women with endometrial polyps or normal
endometrium. Methods: Thirty-one patients with endometrial polyps and 50 healthy control pa-
tients were included in this study. The levels of expression of COX-2 and galectin-3 were studied
by immunohistochemistry. Results: The percentage of COX-2—positive cells and the intensity of
COX-2 staining in the endometrium did not vary during the menstrual cycle either in the control
group or in patients with endometrial polyps. However, expression of galectin-3 was significantly
lower in endometrial polyps and during the proliferative phase of the endometrium compared
with the secretory phase. Conclusions: Our data suggests that the pathogenesis of endometrial
polyps does not involve expression of COX-2 or galectin-3.
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Focal endometrial projections containing endometrial glands
and stroma are termed endometrial polyps.' The reported prev-
alence of endometrial polyps in premenopausal women with ab-
normal uterine bleeding is 33%, but only 10% in asymptom-
atic women.” While endometrial polyps can occur in women of
all ages, they are more common in women between the ages of
40 and 49.” Because endometrial polyps have not been reported
to occur before the onset of menstruation, estrogenic stimulation
is thought to be associated with endometrial polyp growth.’
However, the pathogenesis and etiology of endometrial polyps
has not been clearly determined. Endometrial polyps are be-
lieved to form due to hormonal factors, e.g., estrogen and pro-
gesterone, which mediate endometrial proliferation and differen-
tiation via steroid receptors;” however, the mechanisms involved
in the development of endometrial polyps are still unclear.

Cyclooxygenase (COX) is a key enzyme involved in the con-
version of arachidonic acid to prostaglandins and other eico-
sanoids. Two isoforms of COX have been identified: COX-1 and
COX-2. COX-1 is constitutively expressed in many tissues,
whereas COX-2 is induced by a variety of factors including cy-
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tokines, growth factors, and tumor promoters. COX-2, which
is involved in inflammatory responses and production of prosta-
glandins mediating uterine contractions, has been shown to in-
duce excessive formation of some pro-angiogenic factors when
overexpressed in colon cancer cell lines iz vitro.* Furthermore,
recent studies have shown the influence of COX-2 in neoplastic
development.” However, the relationship between COX-2 and
endometrial polyps has not been well established.

Galectin-3 is a f-galactoside-binding animal lectin that con-
tains carbohydrate-recognition domains and is involved in a mul-
titude of biological tasks,” including embryogenesis, growth,
cell adhesion, proliferation, differentiation, cell-cycle progression,
apoptosis, mnRNA splicing, and immune system regulation. Ga-
lectin-3 is also involved in tumorigenesis, angiogenesis, and tu-
mor metastasis, and is expressed in various cells and tissues in-
cluding activated macrophages, eosinophils, neutrophils, mast
cells, gastrointestinal and respiratory tract epithelial cells, kid-
neys cells, and some sensory neurons.”® Interestingly, extracel-
lular galectin-3 plays a role in inflammation, while intracellular
galectin-3 participates in cell growth and anti-apoptotic processes
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and modulates cell adhesion and migration.’

Polyps tend to occur when apoptosis is inhibited and there is
unopposed growth.” However, the mechanisms mediating these
endometrial alterations are unknown. Previous studies have sug-
gested that endomectrial polyps are a result of endometrial inflam-
mation, i.e., endometritis, since the vessel axis of polyps has been
shown to develop during endometritis.'’ This finding suggests
that identification of markers of inflammation and tissue growth
may help to elucidate the pathogenic mechanisms of endometti-
al polyps. Indeed, recent studies have shown that the levels of
expression of COX-2 and galectin-3 are increased during the
progtession from hyperplasia to cancer in the endometrial tis-
sue, suggesting that these proteins may play a role in tumor cell
function. However, the association of COX-2 and galectin-3
expression with polyps has not yet been established.

Therefore, in this study, we analyzed the levels of expression of
COX-2 and galectin-3 in endometrial polyps and normal endo-
metrium using immunohistochemistry.

MATERIALS AND METHODS

Patients

We examined a total of 81 cases of endometrial tissues in pa-
tients who were treated in the Department of Obstetrics and
Gynecology of our hospital. Tissues were sampled between 2012
and 2014. All procedures were approved by the Izmir Sifa Uni-
versity Human Ethics Committee and followed the principles
of the Declaration of Helsinki.

All patients were premenopausal (mean age, 37 years; range,
27 to 52 years) and had a recent history of regular menstruation
(cycle of 25-35 days). None of the women included in the study
used nonsteroidal anti-inflammatory drugs, hormone replace-
ment therapy, or any other estrogen-containing pills. Thirty-one
of the 81 patients had endometrial polyps, including 10 who had
undergone hysterectomy and 21 who had undergone polypecto-
my and endometrial curettage. None of the patients had identi-
fiable leiomyoma or adenomyosis by ultrasonography and/or
magnetic resonance imaging. The control group consisted of
samples from a total of 50 additional patients with normal en-
dometrium, and included 23 samples collected during the pro-
liferative phase and 27 samples collected during the secretory
phase. Control patients were recruited from patients with benign
ovarian cysts or a uterine prolapse but no other pathology, and
the endometrial samples in this group were collected during hys-
terectomy procedures. Endometrial samples were grouped ac-
cording to menstrual cycle phases: proliferative (days 1-14 of
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the cycle) and secretory (days 15-28 of the cycle). The day of the
menstrual cycle was established from the women’s menstrual his-
tory and confirmed by endometrial dating using the criteria de-
scribed by Noyes ez al."'

Immunohistochemistry

All tissue samples were fixed in 10% formalin and sent to
pathology for analysis. Routine hematoxylin and eosin staining
was carried out in all samples either to confirm the diagnosis of
polyps or to date the endometrium. Samples were embedded in
paraffin blocks, cut into 4-pm-thick sections, and deparaffinized.
The sections were then stained with primary monoclonal anti-
bodies against COX-2 (1:100, clone CX-294, Dako, Glostrup,
Denmark) and galectin-3 (1:100, NCL-GAL3, clone 9C4, No-
vaCastra, Hamburg, Germany) using a Dako Cytomation Au-
tostainer (Dako). After staining, each sample was evaluated under
a light microscope (200x, Olympus BX53, Olympus, Tokyo,
Japan) to determine the percentage of COX-2—positive cells,
the intensity of COX-2 staining, and the percentage of galec-
tin-3—positive cells. For positive controls, staining of breast car-
cinoma tissue for COX-2 and papillary thyroid carcinoma tis-
sue for galectin-3 were used. Primary monoclonal antibodies
were omitted in negative controls.

Assessment of COX-2 and galectin-3 staining

Semi-quantitative analysis of immunostaining for COX-2 and
galectin-3 was performed as follows based on the percentage of
cells with positive cytoplasmic staining: 0%, 0; < 10%, 1; 10%—
50%, 2; 51%-80%, 3; and >80%, 4. In addition, staining in-
tensity was evaluated as either negative (0), weak (1+), moderate
(2+), or strong (3+). Semi-quantitative and intensity scores were
analyzed separately. Additionally, the positivity of cells was
evaluated as positive or negative.'” COX-2 and galectin-3 ex-
pression was evaluated in glandular epithelial cells and stromal
cells. Assessment of staining results was performed by one ob-
server in a blinded fashion.

Statistical analysis

Statistical analysis was performed using software (Rstudio
software ver. 0.98.501 via R language, R Studio Inc., Boston,
MA, USA). Data describing continuous variables are presented
as the mean + standard deviation. The Kruskal-Wallis and Pear-
son chi-square exact tests were used to compare continuous and
categorical variables, respectively. Differences with p-values less
than .05 were accepted as significant.
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RESULTS

Patient demographics

There was no statistically significant difference between the
ages of healthy control individuals and patients with endome-
trial polyps.

COX-2 expression

Immunoreactivity for COX-2 was observed in glandular epi-
thelial cells and stromal cells. COX-2—positive cells were pre-
dominantly observed in the endometrial glandular epithelium,
where expression peaked during the secretory phase. COX-
2-positive cells were also observed in stromal cells, albeit to a
lesser extent (Table 1, Fig. 1A). The percentage of COX-2—pos-
itive cells and the intensity of COX-2 staining in stromal cells
and glandular epithelial cells did not vary during different peri-
ods of the menstrual cycle in the control group or in patients
with endometrial polyps (Fig. 1B). Mean COX-2 scores in
glandular epithelial cells and stromal cells were not significantly

Cox-2 and Galectin-3 in Endometrial Polyps ¢ 227

different between endometrial polyp specimens and normal en-
dometrium specimens (Table 1).

Galectin-3 expression

Galectin-3 immunoreactivity was present in the endometrial
glandular epithelial cells and stromal cells. Immunostaining was
typically cytoplasmic. Galectin-3—positive cells were predomi-
nantly observed in the endometrial glandular epithelium, where
expression levels peaked during the secretory phase. Galectin-3
expression was also observed to a lesser extent in stromal cells
(Table 2). The mean percentage score of galectin-3 expression
were lower both in endometrial polyps and the proliferative
phase in normal endometrium than in the secretory phase in
normal endometrium (Table 2, Fig. 1C). In glandular epithelial
cells, no statistically significant differences in galectin-3 expres-
sion were found between endometrial polyps and normal endo-
metrium during the proliferative phase. However, in patients
with normal endometrium, galectin-3 expression was higher
during the secretory phase (p =.349) (Fig. 1C). Finally, there

Table 1. Percentages of COX-2—positive cells and intensity of COX-2 staining

Proliferative phase Secretory phase Endometrial polyps p-value
Glandular epithelial tissues ~ COX-2 intensity 2.04+1.02 2.07+0.83 1.77+1.11 489°
0-1 7 6 12 .398°
2-3 16 21 19
COX-2 percentage score 2.35+1.12 2.67+1.04 2.35+1.38 614
0-1 4 3 8 351°
2-4 19 24 23
Endometrial stroma COX-2 intensity 0.65+0.71 0.70+0.67 0.53+0.68 564%
0-1 20 24 27 941°
2-3 3 3 3
COX-2 percentage score 0.61+0.65 0.81+0.78 0.61+0.76 525°
0-1 21 21 26 430°
2-4 2 6 5

Values are presented as mean + standard deviation.
COX, cyclooxgenase.
ap-value for Kruskal-Wallis tests, °p-value for Pearson chi-square test.

S AT RS
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Fig. 1. Expression of cyclooxgenase 2 (COX-2) and galectin-3 in endometrium samples. (A) COX-2 expression in both the glandular epitheli-
um and stroma during the secretory phase. (B) COX-2 expression in both the glandular epithelium and stroma of an endometrial polyp. (C)
Galectin-3 expression in both the glandular epithelium and stroma during the secretory phase.

http://dx.doi.org/10.4132/jptm.2016.03.08

http://jpatholtm.org/



228 o Kasapk, etal

Table 2. Percentages of galectin-3—positive cells

Proliferative phase Secretory phase Endometrial polyp p-value
Galectin-3 glandular epithelial tissues (% score) 1.35+1.19 2.19+1.00 1.71+£1.16 039
Galectin-3 endometrial stroma (% score) 1.43+£1.12 1.63+1.15 1.19+£0.87 349°

Values are presented as mean + standard deviation.
p-value for Kruskal-Wallis tests.

were no differences in galectin-3 expression in stromal cells of en-
dometrial polyps and those of the endometrium at any phase of
the menstrual cycle (Table 2).

DISCUSSION

In this study, we compared galectin-3 and COX-2 expression
and staining patterns using immunohistochemistry in endome-
trial polyps and normal endometrium during the secretory and
proliferative phases. Our data indicated that both galectin-3 and
COX-2 were not associated with the formation of endometrial
polyps.

Estrogen is known to play a pivotal role in the pathogenesis of
endometrial malignant and benign cancers. However, the role
of estrogen biosynthesis from stromal cells of the endometrium
and its impact on malignancies has not been fully elucidated.
Interestingly, estrogens are known to activate COX-2 in endo-
metriosis, which increases levels of estradiol and prostaglandin
above normal in women." Therefore, the pathogenesis of peri-
toneal endometriosis may be a consequence of enhanced prosta-
glandins in the eutopic endometrium that stimulate COX-2 ex-
pression and activity."*" This mechanism may also affect other
endometrial pathologies, although no specific roles have been
described.

COX-2 is expressed at higher levels in the glandular epithelial
cells of the endometrium during the secretory phase of the men-
strual cycle compared with the proliferative phase; however, its
expression is similar during the secretory and proliferative phases
in endometrial stromal cells.' In the present study, we observed
that COX-2 expression tended to be higher during the secteto-
ty phase than in either the proliferative phase or endometrial
polyps in glandular epithelial cells.

Some studies have suggested that endometrial polyps may
originate from endometrial inflammation."” After demonstrating
that COX-2 is expressed in the epithelial lining of postmeno-
pausal polyps, Maia ef a/."® concluded that COX-2 may be in-
volved in the regulation of polyp growth. Nevertheless, COX-2
expression has not been shown to differ significantly between
normal endometrial tissue and endometrial polyps."’

In 2006, Maia and colleagues compared COX-2 expression
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between endometrial polyps and normal endometrium in wom-
en with a regular menstrual cycle and found no significant dif-
ference in COX-2 expression between polyps and the normal
endometrium." In addition, Pinheiro et «/.”* observed higher
COX-2 expression in the glandular epithelium of obese women
than in women of normal weight. This finding indicates that ex-
pression of COX-2 expression may be influenced by metabolic
changes and growth factors associated with obesity.” Here, we
also demonstrated that COX-2 expression in the glandular epi-
thelium and stromal cells in endometrial polyps did not differ
significantly from that of normal endometrium. Thus, our data
suggest that COX-2 expression may not be associated with the
formation of endomettrial polyps.

We previously reported that expression of galectin-3 is aug-
mented during the formation of the receptive endometrium and
the mid-secretory phase of the menstrual cycle.”' In addition,
there is mounting evidence for a strong relationship between
embryo implantation and tumor invasion and metastasis. Inter-
estingly, galectin-3 has been reported to have anti-apoptotic po-
tential in tumor cells, although there is no evidence for the role
of galectin-3 in endometrial cell apoptosis. Thus, we hypothe-
size that galectin-3 functions as an anti-apoptotic factor in the
endometrium and may facilitate the development of endome-
trial polyps.

Chiu ¢ /. found that immunohistochemical analysis of ga-
lectin-3 protein expression is a sensitive, specific, and accurate
marker for the diagnosis of thyroid cancer and certain other can-
cers.” In endometriosis, Noel ¢ #/.** found that galectin-3 pro-
tein expression, as measured using immunohistochemistry, is
higher in endometriosis samples compared to eutopic endome-
trium, and also higher in the eutopic endometrium of women
with endometriosis compared to those without endometriosis.
Together, these data suggest that galectin-3 may have a poten-
tial role in the development of endometriosis.* In a study by
Brustmann ez a/.,” galectin-3 expression was assessed by immu-
nohistochemistty in patients with normal endometrium, simple
hyperplasia, complex hyperplasia without atypia, atypical hy-
perplasia, endometrioid carcinoma, serous papillary carcinoma,
and clear cell carcinoma. They showed that in normal endometri-
um, simple hyperplasia, and complex hyperplasia without atyp-
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ia, the galectin-3 expression did not differ significantly among
these groups. Immunohistochemical expression of galectin-3
for atypical hyperplasia and endometrioid carcinoma were signifi-
cantly higher than those in the aforementioned groups. Serous
papillary carcinoma and clear cell carcinoma, which are known
to have a poorer prognosis than endometrioid carcinoma,” also
demonstrated significantly elevated galectin-3 expression levels
in this study. On the basis of these findings, we assumed that ga-
lectin-3 expression may be related to the different biological be-
haviors of endometrialcarcinomas.” Importantly, while there
was no difference in galectin-3 expression in glandular epitheli-
um and stromal cells of endometrial polyps and normal endo-
metrium, our data demonstrated that galectin-3 expression was
significantly lower in both endometrial polyps and the prolifer-
ative phase of the endometrium than in the secretory phase of
the endometrium. This finding suggests that larger-scale stud-
ies are needed to measure galectin-3 levels in secretory adeno-
carcinomas, a subgroup of endometrioid adenocarcinomas, and
in other endometrial cancers.

In analyzing our results, we wondered whether galectin-3 ex-
pression may be regulated by estrogen and progesterone. Al-
though previous reports have shown that estrogen and/or pro-
gesterone increases galectin-3 expression in endometrial cells at
all concentrations,”” we did not observe any direct effect of these
hormones on galectin-3 expression, suggesting that the rela-
tionship may be indirect. Thus, further studies are needed to de-
termine the exact nature of the relationship of estrogen and pro-
gesterone on galectin-3 expression.

The small sample size was a limitation of the present study.
Therefore, the results of this study must be confirmed in larger
longitudinal population studies.

In summary, our data suggested that endometrial polyps may
form through certain common pathways that do not involve
COX-2 and galectin-3. While COX-2 and galectin-3, in addi-
tion to angiogenesis, are known to be involved in different steps
of carcinogenesis,” these two target proteins may not be involved
in the formation of endometrial polyps. Further large scale stud-
ies comparing adjacent endometrial tissue and healthy women
at specific phases of the menstrual cycle should be performed.
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According to the recent World Health Organization classifi-
cation of the digestive system, patients with mucinous adeno-
carcinoma have a significantly high survival rate compared to
those with signet ring cell carcinoma (SRCC).! By definition,
SRCC has more than 50% intracellular mucin and mucinous
carcinoma has more than 50% extracellular mucin. SRCC can
arise from virtually all organs, including stomach, colon, breasts,
gallbladder, or even urinary bladder.” When an extragastric
SRCC is found in an unusual site, metastasis from other prima-
ry sites should be excluded. Among colorectal SRCCs of the di-
gestive tract, anal canal SRCCs are even rarer.” Only two cases of
anal canal SRCC have been described in the English literature.*

We recently encountered a rare case of anal canal SRCC and
extramammary Paget’s disease. Extramammary Paget’s disease
commonly appears in the vulvar area, followed by the perianal
region, scrotum, penis, and axillae. In most cases, Paget’s dis-
ease is not accompanied by cancer; however, cancer hidden in

pISSN 2383-7837
elSSN 2383-7845

A 61-year-old woman was referred to surgery for incidentally found colonic polyps during a health
examination. Physical examination revealed widespread eczematous skin lesion without pruritus
in the perianal and vulvar area. Abdominopelvic computed tomography showed an approximately
4-cm-sized, soft tissue lesion in the right perianal area. Inguinal lymph node dissection and Mils’
operation extended to perianal and perivulvar skin was performed. Histologically, the anal canal
lesion was composed of mucin-containing signet ring cells, which were similar to those found in
Pagetoid skin lesions. It was diagnosed as an anal canal signet ring cell carcinoma (SRCC) with
perianal and vulvar Pagetoid spread and bilateral inguinal lymph node metastasis. Anal canal
SRCC is rare, and the current case is the third reported case in the English literature. Seven addi-
tional cases were retrieved from the world literature. Here, we describe this rare case of anal ca-
nal SRCC with perianal Pagetoid spread and provide a literature review.

Key Words: Carcinoma, signet ring cell; Anal canal; Paget disease, extramammary

the adjacent organs, including the vulva, vagina, uterus, ovary,
bladder, and colorectal area, should be kept in mind.

Here, we report on a case of anal canal SRCC and Pagetoid
spread, and provide a literature review.

CASE REPORT

A 61-year-old woman visited our hospital for alleged colon
polyps found during a colonoscopy examination as part of a
routine health examination. Endoscopic submucosal dissection
was performed. Four polyps were diagnosed as tubular adeno-
ma. Abdominopelvic computed tomography (CT) showed an
approximately 4-cm-sized, well-enhancing soft tissue lesion in
the right perianal area (Fig. 1A) and a well-enhancing enlarged
lymph node in both inguinal areas, suggesting hypervascular
tumor metastasis such as melanoma in those lymph nodes (Fig.
1B). Upon physical examination, however, a widespread ery-
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thematous lichenified skin lesion, measuring 12 x 9.7 cm, was
noted in the perianal and vulvar area (Fig. 2A), which had de-
veloped over the previous 3 years according to the patient. She
did not complain of pruritus. She had no history of anal fissure,
fistula, or change in bowel habit. Skin biopsy was taken from
the perianal and vulvar area, which showed infiltrating Paget-
oid cells and SRCC cells. There was neither abnormal bowel
wall thickening nor masses in the sigmoid colon. No other le-
sion was observed on upper esophagogastroscopy. The preopera-
tive carcinoembryonic antigen (CEA) level was elevated to
39.75 ng/mL (reference, 0 to 5 ng/mL). Carbohydrate antigen
19-9 was within normal ranges. Inguinal lymph node dissec-
tion with an extended Miles™ operation was petformed; tradi-
tional Miles’ operation with extended resection around bilateral
labium majora, followed by skin reconstruction with gluteal
flap, was performed. The resected specimen was composed of
the anal canal and reccum with skin and soft tissue of the peri-
anal region and vulva (Fig. 2B). Upon sectioning, the anal canal
showed an ulcerative firm mass measuring 4.0 x 3.0 x 2.7 cm,

which invaded the perianal sphincter muscle and subcutaneous
fat of the anal skin (Fig. 2C). Light microscopy showed that the
anal canal was totally replaced by singly scattered intracytoplas-
mic mucin-containing signet ring cells and some extracellular
mucin (Fig. 3A, B). Focally, well-formed glands were also found
in less than 5% of the tumor. Most of the surface epithelium
was denuded. The focal residual transformation zone showed a
focus of adenocarcinoma 7z situ (Fig. 3C), and was not contigu-
ous with the anal glands. Anal canal SRCC was diagnosed. The
erythematous skin around the anus and labium majora showed
linear infiltration of Pagetoid cells as well as infiltration of sig-
net ring cells in the dermis and subcutis (Fig. 3D). Involved
skin area measured 8.2 x 8.0 x 0.5 cm. Lymphatic permeation
was noted in the dermis. Enlarged bilateral inguinal lymph nodes
also showed infiltration of the signet ring cells.
Immunohistochemically, both signet ring cells and Pagetoid
cells were positive for cytokeratin (CK) 20, CEA, MOC-31, and
CK19. Intracellular and extracellular mucin was eosinophilical-
ly stained with mucicarmine. Both signet ring cells and Paget’s

Fig. 1. Radiologic findings. (A) Abdominal computed tomography reveals a well-enhancing lesion (arrow) at the right perianal portion. (B) En-

larged bilateral inguinal lymph nodes (arrows) are found.

Fig. 2. Gross pictures. (A) Perianal and vulvar skin shows elevated erythematous changes. (B) Extended Miles’ operation specimen consists
of distal rectal segment and excision of perianal region and vulva. (C) Cross-section of the resected specimen shows a firm anal canal mass
infiltrating to the perianal skin and levator ani muscle.
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cells were positive for epidermal growth factor receptor and
weakly positive for CK5/6. They were negative for CK7, hu-
man melanoma black 45, $-100 protein, caudal-related homeo-
box gene nuclear transcription factor (CDX2), p53, synapto-
physin, chromogranin, and CD56. These results are shown in
Table 1.

A mutation study of the KRAS gene (codon 12 and codon 13)
was performed by means of the peptide nucleic acid-mediated
real-time polymerase chain reaction clamping method using
genomic DNA isolated from formalin fixed paraffin-embedded
tissue. Mutations in codon 12 and 13 were not detected in anal

Anal Canal Signet Ring Cell Carcinoma ¢ 233

canal SRCC.

Microsatellite instability (MSI) was tested using five Bethes-
da markers (D2S123, D5S346, D17S5250, BAT25, and
BAT26). MSI-high (MSI-H) was defined if they differed in at
least two of the five markers and MSI-low was defined if they
differed in only one of the five markers. Anal canal mass was mic-
rosatellite stable (MSS).

Positron emission tomography CT and chest CT showed no
evidence of systemic metastases. The case was diagnosed as anal
canal SRCC with Pagetoid spread in perianal and vulva skin,
stage IIIB according to the TNM staging system of the Ameri-

Fig. 3. (A) A transmural, yellowish gray firm mass is composed of singly scattered signet ring cells and some extracellular mucin. Note the
surface mucosal erosion. (B) The majority of the mass is infiltrated by signet ring carcinoma cells, and poorly differentiated mucinous glands
are floating in the mucin pool. Inset indicates high magnification of signet ring cells showing intracytoplasmic mucin compressing the hyper-
chromatic nuclei to the periphery. (C) The transformation zone of the anal canal shows infiltration of multifocal signet ring cell carcinoma
(white arrows) and a focus of atypical gland beneath the mucosa (black arrow). Inset shows adenocarcinoma in situ with a gland having en-
larged hyperchromatic nuclei with coarse chromatin and increased nuclear/cytoplasmic ratio. (D) Large Paget cells showing clear cytoplasm
with eccentric hyperchromic nuclei are located along the basal layer of the squamous epithelium. Inset indicates Paget cells in the epidermis.
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Table 1. Immunohistochemical results of anal canal signet ring cell carcinoma and Paget’s disease

Clone, dilution, company

Anal canal signet ring
cell carcinoma

Pagetoid spread of vulvar
and perianal skin

CK7 OV-TL 12/30; 1:100 dilution; Dako, Glostrup, Denmark - -
CK20 Ks20.8; 1:100 dilution; Dako, Glostrup, Denmark + +
CK19 A53-B/A2.26; 1:200 dilution; Thermo Scientific, Fremont, USA + +
CK5/6 D5/16 B4; prediluted; Dako, Glostrup, Denmark + weak -
EGFR SP84; 1:30 dilution; Novocastra, Newcastle upon Tyne, UK + +
CEA Polyclonal; prediluted; Dako, Glostrup, Denmark + +
MOC-31 MOC-31; 1:70 dilution; Novocastra, Newcastle upon Tyne, UK + +
CDX2 AMT28; 1:50 dilution; Novocastra, Newcastle upon Tyne, UK -
S-100 protein Polyclonal; 1:1,200 dilution; Dako, Glostrup, Denmark - -
Synaptophysin DAK-SYNAP; prediluted; Dako, Glostrup, Denmark - -
Chromogranin polyclonal; prediluted; Dako, Glostrup, Denmark - -
CD56 123C3; prediluted; Dako, Glostrup, Denmark - -
HMB45 HMBA45; prediluted; Dako, Glostrup, Denmark - -
p53 DO-7; 1:100 dilution; Dako, Glostrup, Denmark + +

CK, cytokeratin; EGFR, epidermal growth factor receptor; CEA, carcinoembryonic antigen; CDX2, caudal-related homeobox gene nuclear transcription factor;

HMB45, human melanoma black 45.

can Joint Committee on Cancer.

The patient was scheduled to undergo chemotherapy with
mitomycin-C and 5-fluorouracil (5-FU) and subsequent radio-
therapy. The patient’s postoperative course was unremarkable.

Institutional review board (IRB) approval was obtained for
this case report.

DISCUSSION

Colorectal SRCC is a rare histologic subtype of adenocarcino-
ma, accounting for 0.1% to 2.4% of all colorectal malignan-
cies." Anal canal SRCC is even rarer; only two cases of anal canal
SRCCs have been reported in the English literature.”” Seven
additional cases have been retrieved from the Japanese litera-
ture.”"?

The current case showed anal canal SRCC. Anal canal carci-
noma is histologically and pathogenetically divided into squa-
mous cell carcinoma, cloacogenic (basaloid or transitional cell)
carcinoma and adenocarcinoma."” Anal canal squamous cell car-
cinoma originates from the non-keratinizing squamous epithe-
lium below the dentate line of the anal canal, while anal canal
adenocarcinoma is regarded as arising from the upper part lined
by the columnar epithelium. Anal canal adenocarcinomas are
rare. According to the World Health Organization classifica-
tion, anal canal adenocarcinomas are subclassified according to
adenocarcinoma arising from anal mucosa and extramucosa, and
adenocarcinoma arising from anorectal fistula or adenocarcino-
ma of anal glands."* No description of in situ lesion was found
in the previously reported cases of anal canal SRCCs. Based on

http://jpatholtm.org/

the findings of the overlying ulcerated anal surface mucosa,
remnants of anal gland adenocarcinoma 7 situ without continu-
ity to SRCC portion, the present anal canal SRCC belongs to
extramucosal perianal adenocarcinoma with wide Pagetoid
spread along the perianal soft tissues and skin.

We have summarized the clinicopathologic characteristics in
Table 2. Similar to the current case, eight out of 10 anal canal
SRCCs (80%) were accompanied by perianal or vulvar Pagetoid
spread.”>”"'? Extramammary perianal Paget’s disease is a rare and
heterogeneous neoplasm, which is frequently combined with
underlying hidden adenocarcinoma.® Immunohistochemical
panels such as CK7, CK20, CEA, gross cystic disease fluid pro-
tein-15 (GCDFP-15), MUC1, MUC2, MUC5AC, and CDX2
have been used to distinguish primary from secondary Paget’s
disease."” In anal SRCCs with Pagetoid spread, i.e., not primary
extramammary Paget’s disease, the tumor cells were positive for
CK20, MUCI1, or MOC-31, while they were negative for
GCDFP-15, and negative for CK7, whereas primary Paget’s
disease is commonly positive for CK7.'* However, none of these
were a specific and confirmative diagnostic clue; further accu-
mulative data may be needed. SRCC is most commonly en-
countered in the stomach, but it can also arise in various organs,
such as breast, urinary bladder, or colon. Immunohistochemical
profiles for CK7 and CK20 have also been used to differentiate
the sites of origin for SRCCs; CK20 is normally expressed in
the gastrointestinal epithelium, urothelium, and in Merkel’s
cells. While CK7 is uncommonly expressed in the lower gas-
trointestinal tract, it is commonly expressed in lung, ovary, en-

dometrium, and breast.”
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As the term “signetring cells” implies, the tumor cells have
intracellular mucin vacuoles displacing the nucleus to one side
of the cells scattered as single cells or in loose clusters. This is
caused by disrupted cell-to-cell adhesion and diffuse spreading,
and results in more frequent lymphovascular invasion and node
metastasis of SRCC as compared with other mucinous adeno-
carcinoma.

In view of the clinical aspects, colorectal SRCC has a very
high mortality rate compared to mucinous carcinoma and non-
mucinous colorectal adenocarcinomas. Even a minor signet-ring
cell component, i.e., 50% or less, in colorectal carcinomas was
independently associated with a high mortality rate, regardless
of molecular or other clinicopathological factors."” Anal canal
SRCC grows insidiously underneath the mucosa, and thus it
may not be found before the late advanced stage. It is uncertain
whether anal SRCCs have an adverse prognosis like that of
colorectal SRCC." Inguinal nodes should be examined for anal
cancer staging. In a review of 10 cases of anal canal SRCCs, the
ages ranged from 46 to 87 years (mean, 63.4 years).”>""* Two
cases were proven as primary anal canal SRCCs by autopsy.””
SRCC has a shorter patient survival. During the follow-up peri-
od, ranging from 4 to 25 months, death caused by lymphatic or
peritoneal carcinomatosis or distant metastases occurred in 50%
of cases (5/10).”*"”" The five remaining cases were alive with a
follow-up period ranging from 2 months to 6 years. None of
the previous cases underwent moleculocytogenetic application.
For the past decade, molecular prognostic markers in colorectal
carcinoma have been studied; MSI-H is a well-established reli-
able predictive marker for chemotherapeutic efficacy in colorec-
tal carcinoma. However, contrary to colorectal SRCCs that take
an aggressive course, colorectal mucinous carcinoma takes a fa-
vorable course, although both are associated with MSI-H." Data
on anal canal SRCC concerning MSI-H as a predictive factor is
lacking. The current case showed MSS, albeit it is only one case.
Due to the rarity of anal canal SRCCs, the MSI status of anal
canal SRCC relating to prognosis has not been determined.
Further accumulative investigation is required.

Traditional treatment of anal canal carcinoma is surgery in-
cluding abdominopelvic resection with or without chemoradio-
therapy."” Radiation therapy for anal canal carcinoma reaches a
cure rate of up to 70% in selected low-stage patients. However,
there is no general agreement regarding the treatment of anal
canal SRCC due to the extremely rare incidence and limited
data on cancer treatment, as shown in Table 2. In a case report-
ed by Yoshitani ez #/.,'" a patient with distant metastatic foci
achieved complete remission after chemotherapy using bevaci-

http://jpatholtm.org/

zumab/mFOLFOX6, FOLFIRI. Toannidis ¢ al.* reported on a
long-survived stage II patient with no recurrent tumor who un-
derwent chemoradiotherapy using 5-FU for a 6-year follow-up
period.

In summary, anal canal SRCC is extremely rare. If there is
perianal Paget’s disease raising the possibility of underlying
hidden adenocarcinoma, careful evaluation is necessary for early
diagnosis of anal canal SRCC.
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Benign perivascular epithelioid cell tumor (PEComa) of the lung is a rare benign neoplasm, a scle-
rosing variant of which is even rarer. We present a case of 51-year-old man who was diagnosed
with benign sclerosing PEComa by percutaneous fine needle aspiration cytology and biopsy. The
aspirate revealed a few cell clusters composed of bland-looking polygonal or spindle cells with
fine granular or clear cytoplasm. Occasional fine vessel-like structures with surrounding hyalin-
ized materials were seen. The patient later underwent wedge resection of the lung. The histo-
pathological study of the resected specimen revealed sheets of polygonal cells with clear vacuo-
lated cytoplasm, variably sized thin blood vessels, and densely hyalinized stroma. In immunohisto-
chemical studies, reactivity of tumor cells for human melanoma black 45 and Melan-A further
supported the diagnosis of benign sclerosing PEComa. To the best of our knowledge, this is the
first case of benign sclerosing PEComa described in lung.
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Benign perivascular epithelioid cell tumor (PEComa) of the
lung is a rare benign neoplasm. It is also called benign clear cell
“sugar” tumor due to its glycogen content in cytoplasm. Since
initially described by Liebow and Castleman in 1963," about 50
cases have been reported so far in the English literature. Histo-
logically, benign PEComa is composed of sheets of epithelioid
or spindle cells with clear cytoplasm and thin walled vascular
spaces. Cytological findings of benign PEComa include loosely
cohesive clusters of polygonal or spindle cells with fine granular
or clear cytoplasm. To our knowledge, the cytologic findings of
benign PEComa of the lung have been described in only three
reports to date, and benign sclerosing PEComa was not men-
tioned in those reports.” In 2008, a distinctive variant of benign
PEComa with > 50% stromal hyalinization was designated as
benign “sclerosing” PEComa by Hornick and Fletcher.” We pres-
ent cytologic findings of a benign sclerosing PEComa of the lung.

CASE REPORT

We report a case of a 51-year-old male patient diagnosed with
benign PEComa by percutaneous fine needle aspiration of the
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lung. He had hypertension, diabetes mellitus and history of smok-
ing (30 pack-years). He complained no specific symptoms. On
chest X-ray, a well-demarcated mass was incidentally found in
the periphery of the right upper lobe. It measured 1 cm and was
confined to lung parenchyma.

Computed tomography-guided percutaneous aspiration and
gun biopsy was simultaneously performed. The lesion was diag-
nosed as benign sclerosing PEComa on the basis of cytologic and
histologic findings. After the diagnosis, the patient underwent
subsequent wedge resection of the lung. The histologic and im-
munohistochemical findings of the resected specimen confirmed
the diagnosis of benign sclerosing PEComa.

Cytologic findings

Alcohol-fixed liquid-based preparation (ThinPrep, Cytyc Cor-
poration, Boxborough, MA, USA) was performed after percuta-
neous fine needle aspiration. The cytologic preparation was hy-
pocellular with a few cell clusters in a clean background. These
clusters consisted of polygonal to spindle cells with oval nuclei
and small distinct nucleoli. Most of the cells showed abundant
basophilic and granular cytoplasm or clear intracytoplasmic vac-
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uoles (Fig. 1A). Nuclear pleomorphism was minimal. Neither
necrosis nor mitotic figures was observed. Some of the clusters
had thin vessel-like structures within (Fig. 1B). Semitranslucent hya-
linizing material was noted around the vascular structures (Fig. 1C).

Histologic findings of biopsied specimen

Gun-biopsied specimen was also composed of bland-looking
polygonal cells with vacuolated cytoplasm and minimal atypia.
Variable-sized vascular spaces were observed among sheets of
tumor cells. Dilated vessels were surrounded by hyalinized stro-
ma. Focal microcalcification was noted. Tumor cells were posi-
tive for human melanoma black 45 (HMB-45). Intracytoplas-
mic vacuoles were confirmed as glycogen by periodic acid-Schiff
stain and diastase periodic acid—Schiff stain.

Gross findings of resected specimen
Wedge resected specimen of the right upper lobe revealed a

T e
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1.0-cm-sized, well-demarcated, non-encapsulated, and round
mass. It was well confined within the pulmonary parenchyma.
The mass was tan-colored and had a firm texture. The cut surface
of the mass showed multiple tiny cyst-like spaces at the periphery.

Histologic findings of resected specimen

On light microscopy, the histologic findings of the surgical
specimen were similar to those of the gun-biopsied specimen.
The tumor was mainly composed of sheets of polygonal cells
with distinct cell borders. Tumor cells showed clear cytoplasmic
vacuoles and round to oval nuclei with granular chromatin and
distinct nucleoli (Fig. 2A). Numerous dilated, thin walled blood
vessels were present throughout the tumor. Those vessels were
surrounded by pinkish hyalinized stroma (Fig. 2B). A few mi-
crocalcifications were seen. The cytoplasmic vacuoles were re-
vealed to be glycogen on periodic acid-Schiff stain and diastase
periodic acid—Schiff stain (Fig. 3A, B). Those vacuoles were not

Fig. 1. Liquid-based aspiration cytology of benign sclerosing perivascular epithelioid cell tumor. (A) A few cohesive clusters of polygonal to spin-
dle-shaped bland cells in a clean background (Papanicolaou staining). (B) The tumor cells show oval nuclei, small distinct nucleoli and abun-
dant basophilic and granular cytoplasm. Most cells contain clear intracytoplasmic vacuoles (Papanicolaou staining). (C) Thin-walled blood
vessels are occasionally seen. Semitranslucent hyalinizing material was noted around the vascular structure (Papanicolaou staining).

(B)

Fig. 2. Histologic section of benign sclerosing perivascular epithelioid tumor. (A) Dilated vessels surrounded by collagenous stroma and po-
lygonal cells with clear cytoplasm. (B) Sheet-like arrangement of tumor cells around various-sized blood vessels and a focus of microcalcifi-
cation.

http://dx.doi.org/10.4132/jptm.2016.02.19 http://jpatholtm.org/
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Fig. 3. Special stain and immunohistochemical stains (A, B) Periodic acid-Schiff (PAS) (A) stain and diastase-PAS (B) stain show positive re-
action of the clear intracytoplasmic vacuoles in tumor cells. (C, D) Tumor cells show positive reaction to human melanoma black 45 (C) and

to Melan-A (D).

reactive in mucicarmine and alcian blue stainings.

Immunohistochemical findings

Various immunohistochemical studies were performed. The
results are summarized in Table 1. Tumor cells showed positivi-
ty for HMB-45 and Melan-A (Fig. 3C, D). They were negative
for S-100 protein, neuroendocrine markers (CD56, synaptophy-
sin, and chromogranin), pulmonary adenocarcinoma markers
(thyroid transcription factor 1 [TTF-1], surfactant, and napsin),
and cytokeratins. Ki-67 labeling index was low (< 2%).

DISCUSSION

Benign PEComa of the lung was first described in 1963 by
Leiwbow and Castleman." It was termed “sugar tumor” due to the
intracytoplasmic glycogen content. It is a rare benign neoplasm
and about 50 cases have been reported in the English literature
so far.

http://jpatholtm.org/

Table 1. Results of immunohistochemical studies of the benign
sclerosing perivascular epithelioid cell tumor

Test Result

HMB-45 Positive

Melan-A Positive

S-100 Negative

CD56 Negative

Synaptophysin Negative

Chromogranin Negative

Vimentin Positive

TTE-1 Negative

Surfactant Negative

Napsin Negative

Cytokeratin Negative

p63 Negative

Ki-67 Positivity in <2%

CD68 Negative

SMA Positive of intratumoral vasculature
CD34 Positive of intratumoral vasculature

HMB-45, human melanoma black 45; TTF-1, thyroid transcription factor 1;
SMA, smooth muscle antigen.

http://dx.doi.org/10.4132/jptm.2016.02.19



Patients with benign PEComas of the lung are generally as-
ymptomatic.® Our case was similar to most other cases in that the
patient had no symptoms and the tumor was detected inciden-
tally. A few cases presented with hemoptysis.”® One case present-
ed with thrombocytosis which resolved after the removal of the
tumor.”

Typical aspirate specimens of benign PEComas show loosely
cohesive clusters of bland-looking cells of various sizes. The cells
are mostly epithelioid or spindle and have round-to-oval nuclei,
indistinct nucleoli, and vacuolated cytoplasm. Nuclear atypia is
rare and necrosis is not observed. Our findings were generally
similar to the previous cytologic reports of Nguyen in 1989,
Edelweiss ¢z /. in 2007* and Policarpio-Nicolas ¢ /. in 2008.”
Two exceptional findings include small distinct nucleoli and fine
granular basophilic cytoplasm, while others reported indistinct
or inconspicuous nucleoli and clear, vacuolated cytoplasm. Dif-
ferent preparation methods might have contributed to these dif-
ferences. In our case, the aspiration specimen was fixed in alcohol
and prepared according to the liquid-based method. Other re-
ports on cytologic findings of benign PEComa all used conven-
tional smear method.

Histologically, benign PEComas are composed mainly of
sheets of polygonal cells and occasional spindle cells. Those po-
lygonal cells have round to oval nuclei with granular chromatin
and clear cytoplasm with distinct cell borders. The cells look
bland and show low proliferative index. Multiple thin-walled
and dilated vessels throughout the tumor are a characteristic fea-
ture." Tumor cells generally show immunoreactivity with HMB-
45, Melan-A, and vimentin."" They are negative for cytokeratin,
TTEF-1, and neuroendocrine markers. Reactivity for S-100 pro-
tein is variable.*'"?

Our case was generally similar to the typical findings of benign
PEComas of the lung. However, it was different from other cases
in that the thin-walled vessels were surrounded by densely hya-
linized stroma.

In 2008, Hornick and Fletcher’ reported an analysis on scle-
rosing PEComa as a distinctive variant. PEComas showing more
than 50% stromal hyalinization were designated as sclerosing
PEComa. Among the total 70 cases collected from 1996 to 2000,
only 13 cases fulfilled the criterion. Similar to conventional PECo-
mas, those tumors were composed of bland-looking round to
oval cells with clear or eosinophilic cytoplasm. The most distin-
guishable feature that differed from the conventional PEComa
was excessive hyalinization of the stroma. On the basis of this
report, we diagnosed our case as benign sclerosing PEComa.

In the collected cases, stromal hyalinization showed cord-like,

http://dx.doi.org/10.4132/jptm.2016.02.19
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trabecular or rarely, nested growth pattern. Eight out of 13 be-
nign sclerosing PEComas arose in retroperitoneum, while re-
mainders were found in the abdominal wall or pelvis.” Other re-
ports described several cases in female genital tract and pararenal
area.'™" There has been no case depicted as benign sclerosing
PEComa of the lung. In addition, no reports on cytologic findings
of benign sclerosing PEComa of any organs exist to our knowledge.

When considering sclerosing variant of benign PEComa in the
aspiration cytology specimen from the lung, sclerosing pneu-
mocytoma should be included in differential diagnosis. Scleros-
ing pneumocytoma is usually found incidentally on chest X-ray
as a single round mass. Typical cytologic findings of sclerosing
pneumocytoma include blood spaces surrounded by epithelial
cell-like tumor cell aggregates. Tumor cells have round to oval
nuclei, finely distributed chromatin, and small nucleoli. Tumor
cells may aggregate around sclerotic stromal cores."* These find-
ings might be confusing with those of benign sclerosing PECo-
ma of the lung, which may show small blood vessels with sur-
rounding neoplastic cells and hyalinizing material.

Differential diagnosis for typical benign PEComa of the lung
includes primary clear cell adenocarcinoma of the lung and
metastatic clear cell renal cell carcinoma. Primary clear cell ade-
nocarcinoma of the lung shows clusters or single cells with ill-de-
fined cell borders and pale cytoplasm. Nuclei are pleomorphic
and have prominent nucleoli. Metastatic clear cell renal cell car-
cinoma shows round to polygonal cells which make loosely co-
hesive clusters. Tumor cells have abundant pale cytoplasm and
round to oval nuclei. While nuclear atypia is mild in low-grade
clear cell renal cell carcinoma, high-grade tumors show marked
pleomorphism with occasional macronucleoli.

It is difficult to diagnose benign PEComa of the lung by fine
needle aspiration only. If an asymptomatic patient has a coin-
shaped mass in the lung periphery, cytologic features mentioned
above are helpful for the differential diagnosis of other pulmo-
nary tumors with clear cell features. Before diagnosing sclerosing
variant of benign PEComa, the possibility of sclerosing pneumo-
cytoma should always be considered.
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A Rare Case of Pulmonary Arteriovenous Hemangioma Presenting
as a Peribronchial Mass
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Vascular tumors in the lung are unusual. The majority of pre-
vious reports described cases of multiple or solitary lymphangi-
omas or capillary and cavernous hemangiomas.'™ To date, there
has been only one report describing arteriovenous malforma-
tion/hemangioma (AVMH) in the middle mediastinum.” Herein,
we report an unusual case of pulmonary AVMH presenting as a
peribronchial mass.

CASE REPORT

A 62-year-old man presented with a 1-month history of spu-
tum and fatigue. He was afebrile, and routine physical examina-
tions were within normal limits. He is an ex-smoker with a 40-
pack years smoking history and denied any other medical history.
Routine laboratory tests showed no abnormality. Chest com-
puted tomography (CT) identified a 45-mm-sized mass-like le-
sion located centrally in the apical segment of the left upper lobe
(Fig. 1A). Although the CT findings were not diagnostic, the
possibility of infectious condition was favored rather than neo-
plastic. The patient took antibiotics for 45 days, but experienced
no symptom relief, and follow-up chest CT showed no interval
change of the lesion. Additional positron emission tomography
was performed to characterize the lesion. A 55 x 24-mm-sized
soft tissue mass showed mild heterogeneous fludeoxyglucose up-
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take in the lesion, suggesting malignancy (Fig. 1A). Under the
clinical impression of lung cancer, left upper lobectomy was
planned. Although video-assisted thoracoscopic surgery was ini-
tially atctempted during the operation, it was converted to tho-
racotomy due to mediastinal pleural adhesion.

On the cut section of the lobectomy specimen, the dilated lu-
men of the lobar bronchus was packed with necrotic and mucoid
material (Fig. 1B). Bronchiectasis was noted along the bronchi-
al tree. There was no definite endobronchial lesion. Interesting-
ly, serial cut sections of the peribronchial area revealed an ill-de-
fined white-yellow rubbery mass-like lesion that measured
approximately 2.8 cm in total extent and had pinpoint-sized
spaces (Fig. 1B). Microscopically, the lesion consisted of multi-
ple thick and prominent vessels with intervening connective tis-
sue, and it grew between bronchial mucosa and hyaline cartilage
plates (Fig. 1C). The vessels were variably sized, up to 4 mm in
diameter with a thickness of up to 0.8 mm (Fig. 1D). Elastic
stain visualized no definite elastic lamina, which implied the le-
sion to be composed of arterialized vein (Fig. 1E). These histo-
logic findings were characteristic of AVMH. The patient was
discharged without any postoperative complication. This study
was approved by the Institutional Review Board of Samsung
Medical Center (IRB File No. SMC 2015-07-194).

DISCUSSION

Vascular tumors of the lung are extremely rare. We presented
an unusual case of pulmonary AVMH clinically mimicking lung
cancer. This hemangioma presented as a petibronchial mass lead-
ing to post-obstructive bronchiectasis with mucin impaction.

The recent World Health Organization classification intro-
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Fig. 1. Arteriovenous malformation/hemangioma (AVMH) of the lung. (A) Chest computed tomography reveals a mass-like lesion measuring
45 mm, and the lesion shows mild heterogeneous fludeoxyglucose uptake on positron emission tomography scan. (B) On the cut section of
the lobectomy specimen, an ill-defined rubbery mass-like lesion (black arrows) is noted adjacent to dilated bronchial lumen with mucin im-
paction (white arrow). Microscopically, the lesion grows between the bronchial mucosa and cartilage plate (C) and consists of multiple thick
and prominent vessels of various sizes, consistent with the diagnosis of AVMH (D). (E) Elastic stain visualizes no definite elastic lamina.

duces four entities of vascular neoplasm in the mediastinum:
lymphangioma, hemangioma, epithelioid hemangioendothelio-
ma, and angiosarcoma.® Of the benign entities, lymphangioma
is composed of medium- or small-sized lymphatic channels filled
with lymphatic fluid, and hemangioma can be cavernous or cap-
illary. To date, there have been only a few reports of multiple or
solitary lymphangiomas and hemangiomas in the lung." The
present tumor had histologic features of AVMH characterized
by complex thick-walled vessels. To the best of our knowledge,
this is the first report describing AVMH arising in the peribron-
chial soft tissue. Deep-seated AVMH usually arises in the limbs
or head and neck. Mizutani ¢t a/.” previously reported arteriove-
nous hemangioma in the middle mediastinum.

The literature review showed that abnormal communications
between pulmonary arteries and pulmonary veins have been giv-
en various names including pulmonary arteriovenous fistulae,
arteriovenous aneurysm, and AVMH."® Among these, pulmo-
nary arteriovenous fistulae refer to abnormally dilated vessels

http://jpatholtm.org/

that provide a right-to-left shunt between the pulmonary artery
and pulmonary vein, thereby bypassing the pulmonary capillary
bed.® Pulmonary arteriovenous fistulae are mostly congenital,
and the majority of patients have hereditary hemorthagic telangi-
ectasia.” These lesions have been described as pulmonary AVMH
in several reports.”® On the other hand, AVMH is different from
arteriovenous fistulae in that AVMH is an acquired tumor-like
condition characterized by complex thick-walled vessels with
no evidence of fistula formation. In the present case, there was no
evidence of obvious fistula or shunt formation on chest CT. To
avoid misunderstanding and confusion, clarification of termi-
nology for pulmonary vascular lesion is warranted.
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Il BRIEF CASE REPORT W

Soft Tissue Roasi-Dorfman Disease with Features of IgG4-Related Disease
in a Patient with a History of Acute Myeloid Leukemia

Cheol Keun Park - Eun Kyung Kim - Ji-Ye Kim - Hayoung Woo - Mi Jang - Hyang Sook Jeong - Woo Ick Yang - Sang Kyum Kim

Department of Pathology, Yonsei University College of Medicine, Seoul, Korea

Rosai-Dorfman disease (RDD), also known as sinus histiocy-
tosis with massive lymphadenopathy, was first described by Ro-
sai and Dorfman in 1969." A subtype of this disease shows
overlapping features with IgG4-related disease.” Soft tissue in-
volvement of RDD is very rare, and there has been no report of
RDD associated with acute myeloid leukemia to date. Here, we
describe a case of soft tissue RDD (STRDD) with features of
IgG4-related disease in a patient with a history of acute my-
eloid leukemia.

CASE REPORT

Authorization for the use of the case information and materi-
als was obtained from the Institutional Review Board of the
Yonsei University College of Medicine (4-2015-0612).

A 12-year-old male patient presented with a recently devel-
oped, hard, non-tender mass in the right thigh. He had been
diagnosed with acute leukemia 4 years earlier and has been in
complete remission after receiving standard chemotherapy and
bone marrow transplantation. Magnetic resonance imaging
showed a 3.8 x 2.8 cm enhanced soft tissue mass in the subcuta-
neous layer on the posteromedial side of the right mid-thigh
that was suggestive of leukemic infiltration (Fig. 1A). Grossly,
the excised lesion showed an irregular, tan-white appearance
with sclerotic areas (Fig. 1B). Microscopic examination revealed
dense lymphoplasmacytic and histiocytic infiltration into scle-
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rotic stroma involving the subcutaneous layer and deep dermis
(Fig. 2A, B). Dilated sinuses were filled with large histiocytes
containing intact lymphocytes (emperipolesis) (Fig. 2C, D), and
these histiocytes were positive for CD68 and S100 protein (Fig.
3A, B). CD117- and CD34-positive atypical blastic cell infil-
tration was not identified in any of the submitted sections (data
not shown). Up to 70 IgG4-positive plasma cells per high
power field were noted, and the [gG4/IgG ratio was 25% in the
most [gG4-positive area (Fig. 3C, D). No evidence of recur-
rence has been found in imaging workups during a 12-month
follow-up.

DISCUSSION

RDD frequently involves extranodal sites, observed in 43%
of cases. However, isolated extranodal involvement is unusual,
and soft tissue involvement is even more rare.” Aside from a few
case reports, only a few large-scale studies have assessed
STRDD. In a previous study, most STRDD presented as a rap-
idly growing mass and was frequently found in trunk and prox-
imal extremities.* Multicentricity was occasionally demonstrat-
ed in STRDD; however, associated lymphadenopathy was not
common. Other studies have reported female predominance for
STRDD over a wide range of ages with variable-sized masses.”®
A higher recurrence rate has been suggested for STRDD with
multicentric lesions compared to solitary lesions.” The present
case was a solitary lesion at diagnosis, and the patient is receiv-
ing regular follow-up.

Various degrees of sclerosis and IgG4-positive plasma cells
have been noted in the RDD literature.® A recent study report-
ed that about 30% of RDD cases showed stromal sclerosis and
increased number of IgG4-positive plasma cells, sharing similar
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Fig. 1. Imaging and macroscopic findings of soft tissue Rosai-Dorfman disease with features of IgG4-related disease. (A) Magnetic resonance
imaging shows a 3.8 x 2.8 cm enhanced soft tissue mass (arrow) in the subcutaneous layer on the posteromedial side of the right mid-thigh,
suggestive of leukemic infiltration. (B) In the excised specimen, a 3.0-cm irregular tan-white mass-like lesion is observed in the subcutis.
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Fig. 2. Microscopic findings of soft tissue Rosai-Dorfman disease with features of IgG4-related disease. (A) In the scanning view, the infiltra-
tive lesion involving the deep dermis and subcutaneous layer is noted. (B) In the low-power view, dense lymphoplasmacytic infiltration with
scattered histiocytes is noted. (C) Diffuse lymphoplasmacytic infiltration is noted in the sclerotic stroma. (D) Dilated sinuses are filled with his-

tiocytes containing intact lymphocytes (emperipolesis).

histologic features to IgG4-related disease.” These results as-
sumed that RDD with features of IgG4-related disease could
possibly be on the spectrum of IgG4-related disease or the cer-
tain phase of RDD.** However, a general consensus regarding
cut-off values for [gG4-positive plasma cells and the IgG4/IgG

http://dx.doi.org/10.4132/jptm.2015.10.08

ratio has not been established for patients with RDD.*” The
patient described here had dense lymphoplasmacytic infilcra-
tions in a sclerotic stroma with increased number of IgG4-posi-
tive plasma cells.

The differential diagnoses showing similar histologic features
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to RDD include inflammatory myofibroblastic tumor (IMT),
Langerhans cell histiocytosis (LCH), and leukemic infileration.’
Some IMTs show compact spindle cell proliferation with fibro-
sis and diffuse inflammatory cell infiltration, similar histologic
features to RDD. IMTs show membranous expression of ana-
plastic lymphoma kinase (ALK) in immunohistochemistry. We
could not find ALK reactivity in this case (data not shown) and
excluded the possibility of IMT.

LCH shows histiocytic aggregation in the background of
mixed inflammatory cells, a similar morphologic feature to
RDD. However, we could not identify the histologic character-
istics of LCH exhibiting Langerhans cells with elongated nuclei
and occasional nuclear grooves positive for S100 protein and
CDla.

Considering our patient’s clinical history of acute myeloid
leukemia, leukemic infiltration can also be considered as a dif-
ferential diagnosis. Leukemic infiltration shows infiltration of
atypical blastic cells in the fibrotic background, with frequent
subcutaneous involvement.'" We assessed the possibility of leu-
kemic involvement via immunohistochemical staining for
CD117 and CD34, but did not observe immunoreactive atypi-

http://jpatholtm.org/
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Fig. 3. Immunohistochemical staining results of soft tissue Rosai-Dorfman disease with features of IgG4-related disease. (A) Immunohisto-

chemical staining for CD68 demonstrates histiocytes. (B) Immunohistochemical staining for S100 protein demonstrates emperipolesis. (C)
Plasma cell IgG immunoreactivity. (D) Frequently identified IgG4-positive cells.

cal blastic cells.

RDD is a rare disease entity and can have overlapping histo-
logic features with IgG4-related disease. STRDD is even more
rare and presents as a rapidly growing mass, making it difficult
to be differentiated from other malignancies. In this case report,
we described a case of STRDD with characteristic histologic
features of IgG4-related disease in a patient with a history of
acute myeloid leukemia.
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