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REVIEW

Clinicopathological characteristics of BRCA-associated
breast cancer in Asian patients

Eun-Kyu Kim', So Yeon Park’, Sung-Won Kim’

Departments of 'Surgery and ?Pathology, Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam;
*Department of Surgery, Daerim St. Mary’s Hospital, Seoul, Korea

BRCA1/2 germline mutations account for the majority of hereditary breast cancers. Since the identification of the BRCA genes, several
attempts have been made to define the clinicopathological characteristics of BRCA-associated breast cancer in comparison with spo-
radic breast cancer. Asians constitute 60% of the world population, and although the incidence of breast cancer in Asia remains low
compared to the West, breast cancer is the most prevalent female cancer in the region. The epidemiological aspects of breast cancer are
different between Asians and Caucasians. Asian patients present with breast cancer at a younger age than Western patients. The con-
tributions of BRCA1/2 mutations to breast cancer incidence are expected to differ between Asians and Caucasians, and the different
genetic backgrounds among races are likely to influence the breast cancer phenotypes. However, most large-scale studies on the clini-
copathological characteristics of BRCA-associated breast cancer have been on Western patients, while studies on Asian populations
were small and sporadic. In this review, we provide an overview of the clinical and pathological characteristics of BRCA-associated breast

cancer, incorporating findings on Asian patients.
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Breast cancer is the most frequent female cancer that remains
the leading cause of cancer death in women globally, which
amounted to 25% (1.7 million) of all new cancers and 15%
(521,900) of all cancer deaths in year 2012 [1]. Genetic predis-
position is one of the major risk factors in breast cancer which
constitutes 5%—10% of all breast cancers [2]. About 20%—-40%
of inherited breast cancers are attributed to deleterious mutations
in the breast cancer-associated genes BRCA1 and BRCA2 [3].
Women who have BRCA germline mutations are at an increased
risk of developing breast and ovarian cancers [4]. Meta-analyses
indicate that BRCA1 and BRCA2 carriers have a 57%—65%
and 45%-49% probability of developing breast cancer over
lifetime, respectively [5,6]. BRCA1/2 germline mutations are
more common in patients with a family history of breast or ovar-
ian cancer, personal history of breast cancer at young age, or tri-
ple-negative phenotype (for BRCAT only) [7-9]. The prevalence
of these genetic mutations varies among ethnic groups and
countries. However, most studies of hereditary breast cancer

pISSN 2383-7837
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have been on Caucasians in Europe and North America.

Asians make up 60% of the world population. Although the
incidence is low compared with Western countries [10], breast
cancer is the most prevalent female cancer in Asia, and its inci-
dence is continuously increasing [11-14]. Asian patients develop
breast cancer at younger age than their Caucasian counterparts
[13,15]. Thus, the contributions of BRCA1/2 germline muta-
tions to breast cancer incidence are expected to differ between
Asians and Caucasians. In addition to the age of onset, epidemi-
ological aspects of breast cancer are quite different between pa-
tients in Asia and those in the West. The different racial back-
ground leads to different genetic backgrounds, which in turn,
may result in different breast cancer phenotypes.

The reported prevalence of BRCA1/2 germline mutations in
Asian patients with familial breast cancer ranges from 8.0% to
31.8% and in those with early-onset breast cancers from 2.8%
to 21.4% [13]. The prevalence of BRCA1/2 mutations in famil-
ial breast cancer in Asians is similar to that of African and His-

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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panic Americans but lower than Ashkenazi-Jews and North
Americans of Caucasian descent. The prevalence of BRCA1/2
mutations in early-onset breast cancer in Asians is similar to that
of Caucasians and African Americans. It has been reported that
BRCA2 mutations have a higher incidence in Asians with the
exception of Indians and Pakistanis, whereas BRCA 1 mutations
are more prominent in other ethnicities [13,16]. In a recent study
from a Chinese cohort, BRCA mutations were identified in 9.1%
of cases with at least one risk factor for hereditary breast cancer,
3.5% of sporadic patients, and 0.38% of healthy controls [17].
In Western countries, the estimated cumulative risk of breast
cancer to the age of 70 years in BRCA1 and BRCA2 mutation
carriers ranges from 72%-87% and 71%-84%, respectively
[4,18-20]. The estimated cumulative risk of breast cancer to the
age of 70 years is 72.19%-66.3% and 78%-80% for BRCAI
and BRCA2 mutation carriers in Korea and Japan, respectively
[21,22].

Current treatment recommendations for BRCA-associated
breast cancer are similar to sporadic breast cancers, which main-
ly include surgery, radiotherapy, and chemotherapy. However,
as chemotherapeutic regimens are becoming increasingly tu-
mor-specific, it is possible that patients with BRCA mutations
will be treated differently in the future. Recently, for example,
various clinical trials have investigated polyadenosine diphos-
phate-ribose polymerase (PARP) inhibitor treatment for ad-
vanced breast cancer patients with germline BRCA 1/2 mutation.
Among the various PARP inhibitors, olaparib and talazoparib,
which reached phase ITI clinical trials, showed a significant ben-
efit over standard chemotherapy with respect to progression-free
survival [23,24]. Thus, it is important to determine the clinical
characteristics and tumor pathological features of BRCA-associ-
ated cancers that may affect treatment recommendations.

Most studies on Asian patients have focused on the incidence
and prevalence of BRCA mutation in high-risk women and
their families [13,25-28], and few studies have investigated the
clinicopathological features of BRCA-associated breast cancer
[17,26,29,30]. In this review article, we review the literature,
including Asian studies, on clinical and pathological character-
istics of BRCA-associated breast cancers.

CLINICAL CHARACTERISTICS OF
BRCA1/2-ASSOCIATED BREAST CANCER

As opposed to sporadic breast cancers, breast cancers with
mutations in high-penetrance susceptibility genes display dis-
tinctive clinical features: younger age at diagnosis, higher inci-

http://jpatholtm.org/

dence of bilateral breast cancer, and association with other can-
cers including ovarian, colon, prostate, pancreatic, endometrial,
and male breast cancers and sarcomas [31-33].

A patient’s chance of having a BRCAI or BRCA2 germline
mutation is highly dependent on the age and family history of
breast and ovarian cancers [20,34-38]. BRCAI mutations are
observed in 6% to 16% of breast cancers diagnosed before the
age of 36 years [34,36,38-40], while BRCA2 mutations account
for a similar to the smaller or similar percentage in such young
patients [40-42]. These genes may have greater contributions
in early-onset breast cancer in defined populations with founder
mutations. A multicenter study of 457 Ashkenazi-Jewish wom-
en with breast cancer reported that three founder mutations in
BRCAT and BRCA?2 were found in over 40% of breast cancers
diagnosed before age 40 [38]. On the other hand, patients diag-
nosed at the age of 60 or older had mutation rates similar to
that from population studies. A family history of ovarian or
breast cancer, especially the number of first-degree relatives with
breast cancer diagnosed before age 50, was an important predic-
tor of BRCA1 and BRCA2 germline mutations in both affected
and unaffected Ashkenazi-Jewish individuals [43-45].

In Asian patients, BRCA-associated breast cancers tend to
develop at a younger age compared to sporadic breast cancers. It
has been reported that in Korea, approximately 50% of breast
cancer patients with BRCA1/2 mutations were younger than
40 years of age [25]. In a Chinese cohort, the mean age at breast
cancer diagnosis in BRCA1/2 mutation carriers was 39-45 years
[29,46,47], and 56.2% of BRCAI mutation carriers and 33.3%
of BRCA2 mutation carriers were diagnosed with breast cancer
before the age of 40 years compared with only 16.4% of non-
carriers [47]. In a Japanese cohort, BRCA /2 mutation carriers
were significantly younger at the time of diagnosis compared
with non-carriers [26]. A study from the Philippines reported
that two-thirds of the Philippino breast cancer patients with
BRCA1/2 mutations were under 45 years of age [48].

Patients with BRCA1/2 mutations have higher incidences
of contralateral and second ipsilateral primary breast cancers
[18,49-52]. BRCA1/2 mutation carriers diagnosed with breast
cancer have a long-term risk of developing a contralateral tu-
mor as high as 60% to 70% [19,50,51]. However, considering
such clinical feature as an independent predictor of BRCA1/2
germline mutation remains controversial [35,41,53]. BRCA1/2
mutations were found in 22.1% (15/68) of bilateral breast can-
cer patients in Korea [25].

Most studies, including those in Asian patients, have report-
ed that there is no significant difference in tumor size between

https://doi.org/10.4132/jptm.2020.04.07



BRCA1/2-associated and sporadic breast cancers [17,26,47,52,54-
58]. Nonetheless, a few studies have reported a larger tumor size
at presentation in BRCA 1/2-associated breast cancers [51,59,60],
whereas others have reported the association of smaller tumor
size and BRCA-associated tumors [29,61]. An earlier Chinese
study reported that tumor size was significantly smaller in BRCA
carriers than in non-carriers [29]. However, in a recent large study
on Chinese population, there was no difference in tumor size
among BRCAT carriers, BRCA? carriers, and non-carriers [17].

Regarding lymph node status, several studies have shown
that there was a tendency for BRCAI mutation carriers to have
a higher percentage of lymph node-negative tumors compared
with controls [35,49,51,55,61,62]. Earlier Chinese and Japanese
cohort studies reported no differences in nodal status between
BRCA1/2 mutation carriers and non-cartiers [26,29,47]. How-
ever, a recent Chinese study reported a significantly higher rate
of lymph node metastasis in BRCA2 mutation carriers com-
pared with BRCAT carriers and non-carriers [17].

The reported clinical outcomes of BRCA1/2 mutation carri-
ers and non-carriers with breast cancer have been inconsistent.
Some studies observed significantly worse survival in BRCA
mutation cartiers compared with sporadic breast cancer patients
[63-68], whereas other studies have reported similar outcomes
between BRCA mutation carriers and non-carriers [60,69,70].
Some earlier reports even suggested a superior outcome in he-
reditary breast cancer [71,72]. A large population-based study
reported that 10-year survival rates were similar between BRCA
mutation carriers and non-carriers [73]. Bordeleau et al. [74]
also reported that prognosis of BRCA1/2-associated and spo-
radic breast cancers appeared to be similar based on their review
of the literature. However, a meta-analysis assessing the effect of
BRCA1/2 mutations on survival by Lee et al. [75] concluded that
BRCAI, but not BRCA2, mutation decreases short-term and
long-term overall survivals and short-term progression-free sur-
vival. The majority of these results were from Western studies,
and there have been few reports comparing the clinical outcomes
of BRCA mutation carriers and non-carriers in Asian patients.
In a Chinese cohort, BRCA1/2 mutation was not associated
with breast cancer-specific survival, and BRCAI mutation was
not proven as an independent prognostic factor [76]. Another
large Chinese cohort study reported no difference in disease-free
survival among BRCAT carriers, BRCA2 carriers, and non-car-
riers [17]. General opinion seems to be that BRCA1/2 mutation
carriers and non-carriers have a similar prognosis.

It remains inconclusive whether BRCA mutation carriers are
more likely to develop local recurrence than non-carriers. Some

https://doi.org/10.4132/jptm.2020.04.07

BRCA-associated breast cancer inAsian 267

studies have reported similar rates of local recurrence between
BRCA mutation carriers and non-carriers [54,64,77,78] while
others have observed more frequent ipsilateral breast cancer re-
currence among BRCA mutation carriers [29,66,79,80].

PATHOLOGICAL CHARACTERISTICS OF
BRCA-ASSOCIATED BREAST CANCER

Histological features

The most common histological subtype in hereditary breast
cancers is invasive ductal carcinoma-not otherwise specified, and
this type of breast cancer seems to be more frequent in BRCA1/2
mutation carriers than in non-carriers [78]. However, BRCAI-
associated breast cancers have consistently been shown to have a
higher frequency of medullary and atypical medullary carcino-
mas than BRCA2-associated and sporadic breast cancers. In a
report by the Breast Cancer Linkage Consortium (BCLC), which
is the most extensive series on the histological features of BRCA-
associated breast cancer, BRCA1 mutation carriers were found
to have a higher incidence of medullary or atypical medullary
carcinomas (13%) than BRCA?2 carriers (3%) and non-carriers
(2%) [81]. In a report by Eisinger et al. [82], 19% of BRCAI-
associated cases were typical medullary type. Invasive lobular
carcinoma seems to be more frequent in BRCA2-associated breast
cancers [78]. Although the BCLC did not report a higher fre-
quency of lobular cancers in BRCA2-associated breast cancers
[81], Armes et al. [56] found that pleomorphic lobular carcino-
mas and extensive intraductal carcinomas were more frequent
in BRCA2 mutation carriers. Marcus et al. [49] reported a high-
er incidence of the ‘tubular lobular group’ in BRCA2-associated
tumors, which includes invasive lobular, tubular, and cribriform
carcinomas. A lobular phenotype is rarely found in BRCA-as-
sociated breast cancers.

A more detailed examination of the cytological and architec-
tural features of BRCA-associated tumors has been reported in a
complementary collaborative study by the BCLC [83]. BRCAI-
associated breast cancers were associated with pushing margins,
marked nuclear atypia, high mitotic frequency, necrotic foci, and
prominent lymphocytic infiltration, some of which features de-
fine medullary carcinoma (Fig. 1). On the contrary, BRCA2-as-
sociated cancers had less tubular differentiation, some tendency
for pushing margins, and less mitotic activity compared with spo-
radic breast cancers. A multivariate analysis comparing BRCA1-
and BRCA2-associated breast cancers revealed that higher
mitotic count (p <.001) and lymphocytic infiltration (p=.001)
in BRCAI-associated cancers and defective tubule formation

http://jpatholtm.org/
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Fig. 1. A representative example of BRCAT-associated breast cancer diagnosed with invasive carcinoma with medullary features. (A) Low
power view reveals a well-circumscribed tumor with a pushing margin and heavy lymphocytic infiltration. There are no desmoplastic stroma
and no carcinoma in situ component. (B) The tumor shows a syncytial growth pattern with central necrosis. (C) Tumor cells show marked
nuclear pleomorphism and frequent mitoses. Estrogen receptor (D), progesterone receptor (E), and human epidermal growth factor recep-
tor-2 (F) are all negative on immunohistochemistry.

(p<.001) in BRCAZ2-associated cancers were the only statisti-
cally significant features.

A consistent feature of BRCA I -associated tumors is high his-
tologic grade. The incidence of grade III tumors has been re-
ported to range from 66% to 84% in BRCAI mutation carriers
and 30% to 40% in sporadic controls [81,84-86]. A detailed
analysis of the BCLC report showed tumor specimens from BR-
CAl-associated breast cancer patients had less tubule forma-
tion, higher nuclear pleomorphism and higher mitotic activity
compared with tumor specimens from age-matched sporadic
controls [81]. BRCA2-associated tumors also tend to be of high-
er grade compared with sporadic tumors; however, this associa-
tion is weaker than that for BRCAI-associated tumors. In the
BCLC report, 66% of BRCAI tumors, 41% of BRCA2 tumors,
and 36% of sporadic tumors were grade III [81]. Most BRCA2
tumors are grade II or I1I, and in comparison with sporadic tu-
mors, show less tubule formation but similar cellular pleomor-
phism and mitotic counts (Fig. 2) [81]. However, in some series,
nuclear pleomorphism and mitotic rates have been reported to
be higher in BRCA2 tumors than in sporadic tumors [87].

Hormonal receptors and human epidermal growth factor
receptor-2 status
Expression status of estrogen receptor (ER), progesterone re-

http://jpatholtm.org/

ceptor (PR), and human epidermal growth factor receptor-2
(HER?2) have critical clinical implications for breast cancer treat-
ment and prognosis. BRCA I-associated breast cancers have strong
associations with ER and PR expression [17,56,64,85,86,88-91].
The ER status has been reported to be negative in 71% to 90%
of BRCA1-associated breast cancers in different series [17,56,
85,88,89]. Lakhani et al. [88] reported that 90% of BRCA I -as-
sociated breast cancers showed negative ER expression com-
pared with 35% of controls. Lang et al. [17] reported that the
rate of ER negativity in tumors of BRCA1 carriers, BRCA2 car-
riers, and non-carriers among Chinese patients was 71.2%,
27.1%, and 42.8%, respectively. Younger age and higher tumor
grade have been suggested to contribute to the lower rate of ER
expression in BRCA I-associated breast cancers. However, even
taking into account the earlier age of onset of BRCA-associat-
ed breast cancers, ER-positive breast cancers are clearly under-
represented in this group. The likelihood of ER negativity was
reported to be 4.8 times higher in high-grade BRCA I-associat-
ed tumors than in high-grade sporadic tumors [90]. PR expres-
sion has also been reported to be lower in BRCA1-associated
tumors than sporadic tumors [17,56,85,88,89]. Lang et al. [17]
reported the rate of PR negativity in tumors of BRCAI carriers,
BRCA?2 carriers, and non-carriers as 71.2%, 31.8%, and 47.7%,
respectively. In contrast to BRCA I-associated tumors, ER and

https://doi.org/10.4132/jptm.2020.04.07
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Fig. 2. A representative example of BRCA2-associated breast cancer diagnosed as high grade invasive ductal carcinoma (invasive carcino-
ma of no special type). (A) Low power view reveals an ill-defined tumor with an infiltrative margin. The tumor reveals desmoplastic stroma
and ductal carcinoma in situ component on the left. (B, C) The tumor shows less tubule formation, moderate nuclear pleomorphism, and
frequent mitoses. Estrogen receptor (D) is diffuse positive, progesterone receptor (E) is focal positive, and human epidermal growth factor re-
ceptor-2 (F) is 1+/3 on immunohistochemistry.

PR expression is similar between BRCA2-associated and spo-
radic breast cancers; the reported ER and PR expression levels
in BRCA2-associated breast cancers are approximately 65%—
72% and 40%—68%, respectively (Fig. 2) [17,56,64,88].

Data on HER2 expression in BRCA-associated tumors vary
among series and is probably due to technical differences. How-
ever, most studies have reported that the frequency of HER2
overexpression in both BRCAI- and BRCA2-associated tumors
ranges from 0% to 8% [17,55,88,89]. HER2 overexpression is
classically associated with aneuploidy and high grade, which are
two features encountered more frequently in BRCA-associated
tumors. Despite this association, a significantly lower incidence
of HER2 overexpression has been observed among BRCA I -as-
sociated breast cancers [17,55,85,88,89,92-94]. The low inci-
dence of HER2/nen amplification in BRCA I-associated carcino-
mas may be due to physical codeletion of one HER2/neu allele
and nearby sequences during the loss of heterozygosity at the
BRCAT locus as suggested in one study [94]. The reason behind
the low incidence of HER2/nen amplification in BRCA2-associ-
ated tumors remains yet to be elucidated.

Triple-negative breast cancers (TNBCs), which lack expres-
sion of ER, PR, and HER2, comprise 15% to 20% of all spo-
radic breast cancers [9,95]. Most studies have shown a signifi-
cantly higher frequency (57% to 75%) of the triple-negative

https://doi.org/10.4132/jptm.2020.04.07

phenotype among BRCA 1 mutation carriers (Fig. 1) [9,95-97].
The incidence of BRCA I mutations in TNBC patients has been
reported to be 7.5% to 15.6% [9,97,98]. Sharma et al. [98]
evaluated the prevalence of BRCA 1/2 mutations in 207 TNBC
patients and reported that deleterious BRCA1/2 mutations were
present in 15.4% of patients with BRCA1 in 11.1% and BRCA2
in 4.3% of patients. However, the mutation prevalence differed
according to patient age: it was 27.6%, 11.4%, and 4.9% in
patients aged <50 years, 51-60 years, and >61 years, respec-
tively [98]. A higher incidence of the triple-negative phenotype
(50% to 100%) among Asian patients with BRCAI mutations
has also been reported [17,29,30,46,47,58,76,99]. The reported
incidence of BRCA mutation among Asian patients with TNBC
is 9.4% t0 36.8% [29,47,76,99]. A recent Chinese cohort study
reported the rate of triple-negative phenotype in BRCAI catri-
ers, BRCA2 carriers, and non-carriers was 61.6%, 23.9%, and
33.1%, respectively [17]. The rate of BRCAI mutation among
patients with TNBC was 11.1% [17].

Key pathological characteristics of BRCA1- and BRCA2-as-
sociated breast cancers are summarized in Table 1.

Carcinoma in situ
The natural history of hereditary breast cancers from morpho-
logically normal epithelium to invasive cancer is not well known.
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Table 1. Key pathological characteristics of BRCA1- and BRCA2-associated breast cancers [9,55,63,80,82,84,87,88,94-96,103]

BRCA1 BRCA2
Histology Ductal, no special type (75%); medullary or atypical Ductal, no special type (75%); medullary or atypical
medullary (10%-20%); rare lobular medullary (<5%); lobular or ductal with lobular features
more common than in BRCA1 (~10%)
Mitosis High Low
Prominent lymphocytic infiltration  Often Rare

Histologic grade High (grade Ill, 71%-75%)

Intermediate to high (grade Il, 43%-45%; grade |,
45%-50%)

ER Negative (73%-90%) Positive (65%—77%)

PR Negative (79%-81%) Positive (40%-64%)

HER2 Negative (86%-95%) Negative (72%-95%)

Triple-negative phenotype Common (567%-75%) Rare

Associated in situ carcinoma Rare Common

Others p53 positive (50%-53%); CK5 positive (50%); bcl-2, low;  p53 positive (40%-52%); CK5 negative (90%); bcl-2, high;

CDKN2A, low; cyclin D1 negative (90%)

CDKN2A, high; cyclin D1 positive (60%)

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2; CK, cytokeratin; bcl-2, B-cell leukemia/lymphoma-2;

CDKN2A, Cyclin dependent kinase inhibitor 2A.

It is difficult to assess and compare the incidence of in situ car-
cinoma between studies, and the incidence of in situ lesions in
the absence of a concomitant invasive component has not been
established in familial breast cancers.

Ductal carcinoma in situ (DCIS) around the invasive lesion is
reported to be less common in BRCAI mutation cartiers than
in controls [78,81,84]. However, the results for lobular carcino-
ma in situ (LCIS) are uncertain [78]. In the BCLC study, BRCA
mutation carriers showed less DCIS around the invasive cancer
compared to controls (41% vs. 56%, p = .001) [81]. LCIS was
less common in familial cancers (p =.013) with no significant
difference between BRCAI and BRCA2 mutation carriers [81].
BRCA]1 and BRCA2 mutations were found in three (0.8%) and
nine (2.4%) of 369 DCIS cases, respectively [100].

Prophylactic mastectomy specimens have been used to investi-
gate the different stages of breast cancer development in BRCA1/2
mutation carriers [84]. Hoogerbrugge et al. [101] assessed pro-
phylactic mastectomy specimens of 67 women who had an ex-
tremely high genetic risk of breast cancer (66% of patients were
BRCA1 or BRCA2 mutation carriers) and reported that one or
more types of high-risk histopathological lesions, such as DCIS,
LCIS, atypical ductal hyperplasia (ADH), and atypical lobular
hyperplasia (ALH), were present in 57% of the women [101].
Kauff et al. [102] also reported that lesions with risks of devel-
oping subsequent malignancy (DCIS, LCIS, ADH, and ALH)
are more common in prophylactic mastectomy specimens from
women with BRCA mutations than in autopsy specimens from
unaffected women of unknown genetic predisposition.

Adem et al. [103] evaluated therapeutic mastectomy and pro-
phylactic mastectomy specimens from high-risk women with
or without BRCA1/2 mutations. They observed that prolifera-
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tive fibrocystic changes were less prevalent in BRCA1/2 muta-
tion carriers (7%) than controls (25%) and non-carriers with a
family history of breast cancer (22%-33%). However, the prev-
alence of DCIS was not different among the groups (50%—60%),
and invasive carcinomas were of higher grade in the BRCA1/2
mutation carriers compared with controls and non-carriers. Based
on these findings, they suggested that breast cancer progression
is accelerated in BRCA 1/2-mutation carriers.

Pathologic data from the Consortium of Investigators of
Modifiers of BRCA1/2

The comprehensive pathology data of 4,325 BRCAI and
2,568 BRCA2 mutation carriers were reported in 2012 from
the Consortium of Investigators of Modifiers of BRCA1/2 (CIM-
BA), the most extensive collaborative study of BRCAI and
BRCA2 mutation carriers [96]. In both BRCA1 and BRCA2
carriers diagnosed with breast cancer, invasive ductal carcinoma
of no special type was the predominant histologic subtype.
Medullary and atypical medullary carcinomas were more likely
to be BRCAI-related (p = 2.3 x 1077), while lobular carcinomas
were BRCA2-related (p = 4.4 x 10™). As for receptor status,
78%, 79%, 90%, and 69% of tumors diagnosed in BRCAI car-
riers were ER-negative, PR-negative, HER2-negative, and tri-
ple-negative, respectively, whereas 23%, 36%, 87%, and 16%
of tumors from BRCA?2 carriers were ER-negative, PR-negative,
HER2-negative, and triple-negative. The proportion of ER-neg-
ative breast cancers decreased with age among BRCAT carriers
(p=1.2x107) but increased with age among BRCA2 carriers
(p=6.8x10%). As for the proportion of TNBCs, it decreased
with age in BRCAI carriers but increased with age in BRCA2
carriers. In BRCA1 and BRCA?2 carriers alike, ER-negative tu-
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mors had higher histologic grade than ER-positive tumors.

REPORTS ASSESSING THE CHARACTERISTICS
OF BRCA-ASSOCIATED BREAST CANCER
IN ASIAN PATIENTS

To date, few studies have assessed characteristics of BRCA1/2-
associated breast cancer in Asian patients. In 2009, Kwong et
al. [29] reported the clinicopathological characteristics of Chi-
nese patients with BRCA-associated breast cancer. Among 226
high-risk Hong Kong Chinese women, 28 women (12.4%) car-
ried BRCA mutations (BRCAI mutation, 11 patients; BRCA2
mutations, 17 patients), and 55.6% of these carriers were diag-
nosed with breast cancer before age 40 compared with 36.0%
of non-cartiers (p=.05). BRCA mutation cartiers were more like-
ly to have a family history of breast and ovarian cancers, high-
grade cancers, and TNBCs. The prevalence of TNBC was sig-
nificantly higher in BRCAI carriers (67.7%) than in BRCA2
carriers (35.3%) and non-carriers (25.6%). ER-negative cancer
was significantly associated with BRCAI mutations, especially
in patients under 40 years of age.

In 2014, Yu et al. [58] compared the characteristics of breast
cancers from 181 BRCA1/2 mutation carriers cases (80 patients
with BRCAI mutation and 101 patients with BRCA2 muta-
tion) and 55,387 sporadic breast cancers from the Korean Breast
Cancer Registry. In this report, median patient age was signifi-
cantly lower in the BRCAI and BRCA2 mutation groups than
in the registry group (37 years and 41 years vs. 48 years; p <
.001 for both). Tumor size was not different between the BRCA
and BRCA2 groups and the registry group. The proportion of
patients with axillary node metastasis was not significantly dif-
ferent between the BRCAI and registry groups; however, axil-
lary nodal involvement was present more often in the BRCA2
group than in the registry group (45.5% vs. 33.5%, p =.002).
Tumor size and axillary nodal involvement did not have signifi-
cant correlations in the BRCAI and BRCA2 groups. Tumors of
the BRCA1 group were of higher grade compared with those of
the registry group (64.3% vs. 27.5%, p <.001). The BRCA1
group had a higher proportion of hormone receptor-negative
tumors and lower proportion of HER2-overexpressing tumors
compared to the registry group. TNBCs were more prevalent in
the BRCA1 group than in the registry group (61.3% vs. 12.4%,
p<.001). In contrast, hormone receptor expression was not sig-
nificantly different between the BRCA2 group and registry
group. The frequency of DCIS was lower in the BRCAI (3.7%)
and BRCA2 (5%) groups than in the registry group (10.3%).
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Recently, Lang et al. [17] reported the prevalence of BRCA
mutation and features of BRCA-associated breast cancer in Chi-
nese patients by using next-generation sequencing on 2,991
breast cancer patients and 1,043 healthy individuals as controls.
BRCA mutations were present in 9.1% (232/2,560) of patients
with at least one risk factor for hereditary breast cancer com-
pared to 3.5% (15/431) in sporadic patients and 0.38% (4/1,043)
in healthy controls. Family history of breast/ovarian cancer, young
age, negative HER2, high Ki-67 index, and high tumor grade
were associated with BRCA mutations. BRCAI carriers were
more likely to be ER- or PR-negative than BRCAI non-cartiers,
whereas BRCA2-mutated breast cancers were more likely to be
ER- or PR-positive. BRCA-mutated patients also presented a
higher stage at the time of diagnosis, and BRCA2 mutation car-
riers showed more positive lymph nodes. There were no differ-
ences in disease-free survival among BRCAI carriers, BRCA2
carriers, and non-carriers. However, among the non-TNBC pa-
tients, BRCA2 mutation carriers showed decreased disease-free
survival compared to BRCA2 mutation non-carriers (hazard ra-
tio, 1.892; 95% confidence interval, 1.132 t0 3.161; p=.013).

In 2011, the Asian BRCA (ABRCA) Consortium was estab-
lished to share knowledge and conduct collaborative researches
on hereditary breast and ovarian cancer (HBOC) in Asia. To date,
the ABRCA Consortium has members from 14 Asian countries
(Korea, Japan, Malaysia, Singapore, Hong Kong, China, Indo-
nesia, Thailand, the Philippines, India, Bangladesh, Pakistan,
Taiwan, and Vietnam). The ABRCA Consortium has held reg-
ular meetings annually since 2011 and is open to new members
who wish to participate in collaborative researches in Asia. The
ABRCA working groups are conducting studies to assess the
BRCA mutation spectrum and founder mutations in Asia as
well as the status of genetic counseling and genetic testing for
HBOC in Asian countries. Lifestyle modifiers of breast cancer
and estimated penetrance of BRCA mutations in Asians may be-
come clearer with the groups’ efforts. A more comprehensive un-
derstanding of the clinicopathological characteristics of BRCA1/2-
associated breast cancer in Asian populations is expected through
this international collaboration.

CONCLUSION

BRCA1/2 germline mutations account for the majority of
HBOGs. Ever since the BRCA genes were recognized, many
have attempted to define the clinicopathological characteristics
of BRCA-associated breast cancer in relation to sporadic breast
cancer. BRCA1/2-associated breast cancers have certain distinc-
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tive clinical features such as younger age at onset, higher preva-
lence of bilateral breast cancer, male family members with breast
cancer, and association with other cancers in the ovary, colon,
prostate, pancreas, and endometrium. BRCA 1/2-associated breast
cancers seem to have a similar prognosis as sporadic breast can-
cers. BRCAI-associated cancers have characteristic histopatho-
logic features compared with sporadic cases: they are usually
high grade, poorly differentiated, and infiltrating ductal carci-
nomas with a triple-negative phenotype. Medullary carcinomas
are also more frequent in BRCAI mutation carriers. BRCA2-
associated breast cancers seem to share similar pathologic char-
acteristics with non-carriers with the exception of an increased
frequency of high-grade tumors. Evidence to date suggests that
the clinicopathological characteristics of BRCA-associated breast
cancer are not different between Asian and Caucasian patients.
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Evolving pathologic concepts of serrated lesions of the colorectum
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Here, we provide an up-to-date review of the histopathology and molecular pathology of serrated colorectal lesions. First, we introduce
the updated contents of the 2019 World Health Organization classification for serrated lesions. The sessile serrated lesion (SSL) is a new
diagnostic terminology that replaces sessile serrated adenoma and sessile serrated polyp. The diagnostic criteria for SSL were revised
to require only one unequivocal distorted serrated crypt, which is sufficient for diagnosis. Unclassified serrated adenomas have been in-
cluded as a new category of serrated lesions. Second, we review ongoing issues concerning the morphology of serrated lesions. Minor
morphologic variants with distinct molecular features were recently defined, including serrated tubulovillous adenoma, mucin-rich vari-
ant of traditional serrated adenoma (TSA), and superficially serrated adenoma. In addition to intestinal dysplasia and serrated dysplasia,
minimal deviation dysplasia and not otherwise specified dysplasia were newly suggested as dysplasia subtypes of SSLs. Third, we
summarize the molecular features of serrated lesions. The critical determinant of CpG island methylation development in SSLs is patient
age. Interestingly, there may be ethnic differences in BRAF/KRAS mutation frequencies in SSLs. The molecular pathogenesis of TSAs is
divided into KRAS and BRAF mutation pathways. SSLs with MLH1 methylation can progress into favorable prognostic microsatellite in-
stability-positive (MSI+)/CpG island methylator phenotype-positive (CIMP+) carcinomas, whereas MLH7-unmethylated SSLs and
BRAF-mutated TSAs can be precursors of poor-prognostic MSI-/CIMP+ carcinomas. Finally, based on our recent data, we propose an

algorithm for stratifying risk subgroups of non-dysplastic SSLs.
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Serrated lesions and polyps of the colorectum include all non-
malignant epithelial neoplastic lesions showing serrated mor-
phology in the crypt epithelium. Until recently, serrated colorec-
tal lesions were largely classified into three categories: hyperplastic
polyp (HP), sessile serrated adenoma/polyp (SSA/P), and tradi-
tional serrated adenoma (TSA). However, since the publication
of the previous 2010 World Health Organization (WHO) clas-
sification, many studies have improved our knowledge of ser-
rated colorectal lesion pathology. In the recently updated 2019
WHO classification, there have been important changes in classi-
fication, terminology, and diagnostic criteria for serrated colorec-
tal lesions. In this review, we briefly summarize three major
components of the pathology of serrated lesions: (1) updates
on the 2019 WHO classification of serrated lesions, (2) updates
on morphologic variants and dysplasia of serrated lesions, and
(3) the molecular pathology of serrated lesions.
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UPDATES IN THE 2019 WHO CLASSIFICATION
OF SERRATED COLORECTAL LESIONS

Classification, terminology, and diagnostic criteria for serrated
lesions/polyps of the colorectum are being revised, and their
clinical implications and molecular features have also been newly
discovered or modified. The WHO classification of tumors of
the digestive system was recently updated to the 5Sth edition
[1]. Compared to the previous edition, the Sth edition has
demonstrated several notable changes in the section on serrated
colorectal lesions/polyps.

Changes in the terminology and categorization of serrated
colorectal lesions

There are major and minor changes in the terminology and
categorization of serrated colorectal lesions. Alterations in the
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terminology and categorization of serrated colorectal lesions in
the new WHO classification (5th edition) are summarized in
Fig. 1. The most important change in terminology is the adop-
tion of the new diagnostic term “sessile serrated lesion” (SSL),
which refers to serrated premalignant lesions that were formerly
called “sessile serrated adenomas” (SSAs) or “sessile serrated pol-
yps” (SSPs) (Fig. 1) [1]. The rationale for replacing the term
“adenoma” with “lesion” is based on the fact that a considerable
number of SSLs do not show morphologic dysplasia, an essen-
tial component of classical “adenoma” in the colorectum [2].
Moreover, because some SSLs may not show a polypoid appear-
ance, the term “polyp” is unsuitable [1]. There was also a minor
change in the SSL category. Although SSLs (SSA/Ps) with cyto-
logic dysplasia have already been described as an advanced sub-
type of SSL in the previous edition, the new WHO classifica-
tion more clearly categorizes “SSL with dysplasia” (SSLD) as an
established diagnostic terminology (Fig. 1) [1]. Another change
in the new classification is the elimination of mucin-poor HP
(MPHP) among the HP subtypes (Fig. 1) [1]. According to the
previous WHO classification, HPs can be classified into three
subtypes: microvesicular HP (MVHP), goblet cell-rich HP
(GCHP), and a minor subtype, MPHP [3]. However, in the new
WHO classification, only MVHP and GCHP remain among
the HP subtypes. In fact, subtyping of HPs into MVHP or
GCHP is practically unnecessary in pathologic diagnosis because
the clinical significance of HP subtyping has not been proven [4].
The last change in terminology in the new WHO classification
of serrated lesions introduces the new diagnostic entity “unclas-
sified serrated adenoma” (or “serrated adenoma, unclassified”)
(Fig. 1) [1]. In fact, pathologists have occasionally encountered
problematic colorectal polyp cases showing both dysplasia and

2010 WHO 4th edition
classification of serrated colorectal lesions
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e ™
= Hyperplastic polyp (HP)
microvesicular type (MVHP) //
goblet cell-rich type (GCHP)
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= Sessile serrated adenoma/polyp (SSA/P) //
with or without cytological dysplasia
/
= Traditional serrated adenoma (TSA) =
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serrated architecture, but these cannot be clearly classified as
SSL, TSA, or conventional adenoma. Thus, these ambiguous
adenomas with serrated morphology, including the recently
suggested serrated tubulovillous adenoma (sSTVA) category (de-
scribed below), can be diagnosed as unclassified serrated adenoma
(USA) according to the new WHO classification. Terminology and
categorization of TSAs were maintained without revision from
the 4th to the 5th edition of the WHO classification (Fig. 1).

Changes in the diagnostic criteria for SSLs

The diagnostic criteria for SSLs in the Sth WHO classifica-
tion have become clearer than those of the previous edition. Ac-
cording to the 4th WHO classification, two or three typically
distorted serrated crypts in a polyp might be necessary to diag-
nose SSL [3]. Because “two or three” was somewhat unclear for
a cut-off value to establish definitive diagnosis, this suggestion
occasionally induced confusion, especially when there were two
distorted serrated crypts in a non-dysplastic serrated lesion. The
criteria were occasionally interpreted as two contiguous or three
dispersed typical crypts. After the publication of the 4th WHO
classification in 2010, an American expert panel suggested that
only one distorted serrated crypt might be sufficient for the diag-
nosis of SSL [5]. The updated 2019 WHO classification desctibed
this recommendation as the minimum requirement for SSL diag-
nosis [1]. Detailed diagnostic criteria for SSL based on the new
WHO classification are summarized in Table 1. In detail, a serrat-
ed colorectal lesion must show an overall distorted crypt architec-
ture to be diagnosed as an SSL. The architecturally distorted set-
rated crypt pathognomonic for SSL should satisfy one or more
of the following morphologic features: (1) horizontally growing
crypt along the muscularis mucosa, (2) dilated crypt base, (3)

2019 WHO 5th edition
classification of serrated colorectal lesions
"3 ~ ~ I
= Hyperplastic polyp (HP)
Lw microvesicular type (MVHP)
goblet cell-rich type (GCHP)
\ /
s B
= Sessile serrated lesion (SSL) Term changed
"l - Sessile serrated lesion with dysplasia (SSLD)
\. 2

Ly = Traditional serrated adenoma (TSA)
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Fig. 1. Summary of changes in terminology and categorization of serrated colorectal lesions from the 4th to the 5th edition of the World

Health Organization classification.
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Table 1. Summary of the diagnostic criteria for colorectal sessile serrated lesions (SSLs) according to the 2019 WHO classification, 5th edition [1]

Summary

Definition of an “architecturally distorted serrated crypt”
that is typical in SSLs

A crypt showing at least one of the following histologic features:
Horizontal growth along the muscularis mucosa (L-shaped or inverted T-shaped crypt)

Dilation of the crypt base (basal one-third of the crypt)
Serrations extending into the crypt base
Asymmetrical proliferation (shift of the proliferation zone from the base to the lateral side)

Diagnostic criteria of SSL

The presence of at least one unequivocal “architecturally distorted serrated crypt” (defined above)

WHO, World Health Organization; SSL, sessile serrated lesion.

Unequivocal

N T
T e

Equivocal

LR - Prommentdﬂatgtion or
e "= " | horizontal grom’th o"F‘Ihé crypt base

symmetrical

dilata_tion branching

Fig. 2. Histologic features defining sessile serrated lesions (SSLs). Architecturally distorted serrated crypts defining SSLs. Although all five
vertically well-sectioned crypts included in this photomicrograph show extended serration into the lower half of the crypt, crypt base serra-
tion is subtle in all the crypts. Instead, prominent dilatation or horizontal growth of the crypt base is definite in unequivocally distorted serrat-
ed crypts (red square and arrows). Note the equivocally distorted serrated crypts showing crypt branching or mild symmetrical dilatation of
the crypt base (green square and arrows). These equivocal crypts must not be counted for the diagnosis of SSL.

serrated morphology throughout the crypt including the base,
and (4) asymmetrical proliferative features of the crypt (Table 1)
[1]. The 5th WHO classification exclusively introduced the
presence of “one or more” unequivocal distorted serrated crypts
as a diagnostic criterion for SSLs [1], which was suggested by
an American expert panel [5], instead of the “two or three” cri-
teria of the 4th WHO classification [3]. The authors of the new
WHO classification also emphasized that a distorted serrated
crypt should be morphologically “unequivocal” for the diagno-
sis of SSL [1]. Serrated crypts with equivocally distorted archi-
tecture, including crypt branching and mild symmetrical dila-
tation of the crypt base, should not be included in the count of
distorted serrated crypts for SSL diagnosis [1]. Examples of un-
equivocal and equivocal architecturally distorted serrated crypts
in SSLs are shown in Fig. 2.

http://jpatholtm.org/

Changes in the diagnostic criteria for TSAs

As mentioned above, there is no remarkable change in the
terminology or categorization of TSAs. However, there is a minor
revision in the description of essential morphologic components
for the diagnosis of TSAs. Since the 4th edition of the WHO
classification, it has been understood that TSAs have three mot-
phologic characteristics that distinguish them from other ser-
rated lesions or conventional adenomas: (1) unique cytological
features, including intense eosinophilic cytoplasm with pencillate
nuclei, (2) unique serrated morphology, including slit-like ser-
rations, and (3) a unique crypt architecture, including ectopic
crypt foci (ECFs) (Fig. 3A-C). Among these, the cytological and
serration features are still recognized as defining factors of TSAs
(Fig. 3B). Previous references, including the 4th edition of the
WHO classification, described that the presence of ECF could
be pathognomonic for TSAs [3]. However, recent investigations

https://doi.org/10.4132/jptm.2020.04.15
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Fig. 3. Histologic features defining traditional serrated adenomas (TSAs). (A) A low power view of a TSA showing typical histologic features. (B)
Morphologic features defining TSA. Note the centrally arranged, pencillate nuclei with abundant dense eosinophilic cytoplasm. Slit-like serra-
tions indicate sharp invaginations (arrowheads) along the flat-topped, small intestine-like luminal border (asterisks). (C, D) Ectopic crypt forma-
tion (ECF) in a TSA (C) and in a serrated tubulovillous adenoma (D). Note the small, laterally budding crypt-like structures not reaching the
muscularis mucosa (arrowheads). Although ECF is one of the morphologic characteristics of TSAs, it is not exclusive to or essential for TSAs.
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have reported that ECFs can be found not only in TSAs but also
in other adenomas, including tubulovillous adenomas (TVAs),
villous adenomas (VAs), and sTVAs (Fig. 3C, D) [6,7]. Thus,
ECF is currently not considered to be an exclusive feature of
TSAs, and it is recommended that the diagnosis of TSAs based
only on the presence of ECF should be avoided [1,4].

UPDATES ON MORPHOLOGIC VARIANTS
AND DYSPLASTIC PATTERNS
OF SERRATED LESIONS

In recent years, there have been several suggestions for novel
morphologic variants of serrated colorectal lesions. Here, we re-
view recently proposed morphologic variants including sTVA,
mucin-rich variant of TSA (MrTSA), and superficially serrated
adenoma (SuSA). These variants have not been widely accepted
and are not officially included as diagnostic terms in the 2019
WHO classification. However, the molecular features and bio-
logical behaviors of these variants might be somewhat different
from those of classic SSLs and TSAs. Therefore, to establish these
variants as official subtypes of serrated lesions, clinicopathologic
and molecular data of these variants should be further analyzed.

Serrated tubulovillous adenoma (STVA)

sTVA was first defined by Bettington et al. [7], who stated
that sSTVA can be diagnosed when a polyp meets all the follow-
ing criteria: (1) villous component in more than 25% of the
polyp, (2) serrated morphology in more than 50% of the polyp,
and (3) TSA-type cytological features and slit-like serrations in
less than 10% of the polyp. Bettington et al. [7] found that
sTVAs were larger and more likely to be proximal; they were
also molecularly associated with CpG island methylation and
KRAS mutations more than conventional TVAs. In addition,
sTVAs were more likely to be proximal and were associated with
less CpG island methylation and more frequent P-catenin nu-
clear expression than TSAs [7]. There were no cases showing
MLH1 loss or BRAF mutation among the studied sTVAs [7].
These findings collectively indicate that sSTVAs may be precur-
sors of KRAS-mutated, microsatellite-stable (MSS) colorectal
carcinomas (CRCs).

Mucin-rich TSA (MITSA)

MrTSA was first described by Kalimuthu et al. [8]. MfTSA
can be defined as a TSA showing >50% goblet cells or mucin-
rich cells with a goblet cell/eosinophilic absorptive cell ratio of
at least 1:1 [8]. Compared to classic TSAs, MrTSAs are charac-

http://jpatholtm.org/

terized by variable growth patterns, a lower frequency of ECFs,
and more intraepithelial lymphocytes [8]. Furthermore, the
molecular characteristics of MrTSAs were also analyzed by Hi-
romoto et al. [9], who compared KRAS/BRAF mutation pro-
files and immunohistochemical expression statuses of MrTSAs
to those of classic TSAs and sTVAs. In this study, MrTSAs dem-
onstrated retained MLH1 expression, frequent BRAF mutations,
and rare KRAS mutations [9]. These findings suggest that the
majority of MrTSAs may be precursors of BRAF-mutated MSS
CRGCs, an aggressive molecular subtype of CRC.

Superficially serrated adenoma (SuSA)

SuSA was most recently suggested by Hashimoto et al. [10]
as a polyp showing characteristic mixed adenomatous and ser-
rated features, including straight adenomatous glands with set-
rations confined to the superficial portion. Molecularly, SuSAs
display high frequencies of KRAS mutations and RSPO fusions
[10]. Because concurrent KRAS mutations and RSP0 fusions
are distinct molecular features of a subset of TSAs [11], it is
thought that SuSAs may be biologically connected to KRAS-mu-
tated TSAs and, like sSTVAs, may also be precursors of KRAS-
mutated MSS CRC. Consistent with these findings, a case report
recently described that a sigmoid colon carcinoma derived from
SuSA molecularly demonstrated a KRAS mutation and a RSPO2
fusion [12].

Unclassified serrated adenoma (USA)

Based on the updated 2019 WHO classification, both sTVAs
and SuSAs may be included in the newly defined USA category.
As mentioned above, the new WHO classification proposed
that the USA can be defined as an unclassifiable dysplastic polyp
with serrated architecture [1]. However, some of the newly de-
fined serrated lesion variants including sSTVAs and SuSAs dem-
onstrate clinicopathologic and molecular features different from
those of other classic serrated lesions; they may also be associated
with transitional or mixed molecular profiles between serrated
lesions and conventional adenomas. Although both sTVAs and
SuSAs may be common precursors of KRAS-mutated MSS CRCs,
there are also differences in detailed morphologic and molecular
characteristics between sTVAs and SuSAs. These findings indi-
cate that the USA category may need to include fairly heteroge-
neous serrated lesions. Therefore, to avoid using USA as a waste-
basket diagnosis, it is expected that the USA category will be
further subclassified into sSTVA, SuSA, and other new variants
based on their morphologic and molecular differences.

https://doi.org/10.4132/jptm.2020.04.15



Pathologic issues in morphologic dysplasia of serrated
lesions

Although SSLs have been regarded as precursors to CRC,
only a small proportion of overall SSLs show morphologic dys-
plasia (SSLDs). Moreover, some dysplasia patterns found in
SSLDs differ considerably from the typical dysplastic features of
colorectal conventional adenomas. It has been generally recog-
nized that there are two distinct dysplasia subtypes in SSLDs:
intestinal (adenomatous) and serrated [1,3,13]. Intestinal dys-
plasia in dysplastic serrated lesions is morphologically similar
to the low-grade dysplasia found in conventional adenomas. In-
testinal dysplasia in SSLDs is mainly characterized by typical cy-
tological features including elongated, pseudostratified, hyper-
chromatic nuclei, and basophilic cytoplasm [1,3,13]. In contrast,
serrated dysplasia in dysplastic serrated lesions is morphologi-
cally characterized by cuboidal cells, eosinophilic cytoplasm, in-
creased mitoses, and nuclear atypia with vesicular nuclei and
prominent nucleoli [1,3,13]. In both intestinal and serrated
dysplasia, architectural complexity has not been considered as
an essential factor for diagnosis, indicating that SSLDs can be
diagnosed only based on cytological dysplasia within any por-
tion of the crypt epithelium of SSLs. Of course, SSLDs can accom-
pany various levels of architectural abnormalities; however, these
architectural features generally do not change the simple diag-
nostic term “SSLD” because subtyping or grading of SSLDs has not
yet been officially recommended.

In addition to the traditional dichotomous subtyping of dys-
plastic patterns in SSLDs, Liu et al. [14] proposed a novel classi-
fication of four different dysplastic patterns in SSLDs: (1) mini-
mal deviation, (2) serrated, (3) adenomatous, and (4) not otherwise
specified [14]. Minimal deviation dysplasia demonstrates only
minor cytological and architectural changes but is mostly ac-
companied by loss of MLH1 expression (91%) [14]. Serrated
dysplasia is architecturally characterized by tightly packed small
glands with decreased serrations, and cytologically demonstrates
frequent mitoses, atypical vesicular nuclei, and prominent nucleoli.
Adenomatous dysplasia is similar to the dysplasia morphology
of conventional adenomas. Liu et al. [14] reported that loss of
MLHI expression was rare in both serrated and adenomatous
dysplasia (13% and 5%, respectively). Dysplasia not otherwise
specified includes all dysplastic patterns not fulfilling the criteria
of the above three dysplasia patterns and is the most common
dysplasia subtype in SSLDs (79%) [14]. In contrast to serrated
and adenomatous dysplasia, loss of MLHI1 expression was fre-
quently found in dysplasia not otherwise specified (83%) [14].
These four dysplasia subtypes have not yet been officially adopted

https://doi.org/10.4132/jptm.2020.04.15
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by the WHO classification or other guidelines, and currently,
there is little need to classify the four dysplasia patterns in the
practical diagnosis of SSLDs. In future studies, the reproducibil-
ity of this dysplasia classification system should be further eval-
uated, and differential clinicopathologic and molecular implica-
tions of the four dysplasia patterns should be further elucidated.

As briefly mentioned above, grading of dysplasia (low-grade
vs. high-grade), an essential component for the diagnostic de-
scription of conventional adenomas, is not recommended for
dysplastic serrated lesions including SSLD, TSA, and USA [1].
This is because there are various issues related to morphologic
heterogeneity, low reproducibility, and uncertain clinical impli-
cations. However, we believe that if a pathologist observes defi-
nite high-grade dysplastic (HGD) features or intramucosal car-
cinoma (IMC) components in a serrated lesion, based on the
morphologic criteria applied in conventional adenomas, then
this should be described in the diagnostic report. The new WHO
classification also recommends that the HGD component should
be reported separately when it is found in a TSA [1]. There is no
consensus regarding the grading of dysplasia in serrated lesions.
However, determination of HGD based on the traditional criteria
for conventional adenomas may also be acceptable in serrated
lesions because both morphologic characteristics and the risk of
further invasive progression of advanced lesions may not differ
significantly between the two. Conventional adenomas with HGD
are characterized by combined cytological atypia (loss of polarity,
marked enlargement of nuclei, prominent nucleoli, and occa-
sional atypical mitoses) and architectural complexity (crowded,
cribiforming, and irregularly branching glands with or without
intraluminal necrosis) [1]. To determine HGD in conventional
colorectal adenomas, architectural abnormalities are generally
considered to be more critical than cytological features. Accom-
panying IMC can be diagnosed when there are atypical glands
invading the lamina propria without invasion beyond the mus-
cularis mucosa in an adenoma [1,15]. To establish surveillance
and treatment strategies suitable for advanced serrated colorec-
tal lesions, detailed differences in the morphologic, molecular,
and prognostic features of HGD/IMC components between ser-
rated lesions and conventional adenomas should be further in-
vestigated.

UPDATES ON THE MOLECULAR PATHOLOGY
OF SERRATED LESIONS

Molecular pathogenesis of SSLs
It is hypothesized that most CRCs which develop through
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SSLs molecularly display CpG island methylator phenotype-
positivity (CIMP+ or CIMP-high), which is characterized by
silencing of many cancer-related genes by extensive promoter
CpG island hypermethylation [16,17]. The MLHI gene is a
DNA mismatch repair (MMR) gene and is also frequently
methylated under the CIMP+ condition [18]. MLHT silencing
by promoter methylation causes high microsatellite instability
(MSI-high), indicating an MSI-positive (MSI+) status that is
characterized by genome-wide microsatellite sequence altera-
tions and many consequential mutations [18]. CIMP+ with or
without MLH1 methylation is regarded as a major molecular
hallmark of the transformation of SSLs to more advanced lesions

(SSLDs or carcinomas) (Fig. 4A). If MSI-high is induced in an
SSL by MLH1 silencing, then this lesion will almost inevitably
progress into an SSLD, which can rapidly transform into a car-
cinoma due to the high oncogenic pressure of high mutational
burden (Fig. 4A). An interesting case report regarding the rapid
malignant transformation of an SSL was recently published [19].
The rapid progression of SSLDs may explain why the detection
rate of SSLDs among biopsied or resected colorectal polyps is gen-
erally very low; this may be one cause of interval cancers in the
proximal colon [20].

Recent investigations including our previous study suggested
that both MLHI methylation and CIMP+ occur almost exclu-

Rapid progression

MLH1 MLH1
no loss partial loss

MLH1
complete loss

[ Hyperplastic polyp H SSL without dysplasia H SSL with dysplasia H CIMP+ carcinoma ]

Young

CpG island methylation

i MLH1 methylation
' and/or
i CIMP+

W

1
1
1
1
(]
]
]

+ Older age (>50 years)
+ Proximal colon
« Larger size (>5 mm)

MLH1-methylated — MSI+/CIMP+

MLH1-unmethylated — MSI-/CIMP+

Fig. 4. Updated features of CpG island methylation and MLH1 alteration in the sessile serrated neoplasia pathway. (A) A sequence model of
CpG island methylation and MLH1 alteration during the multistep sessile serrated lesion (SSL)-to-carcinoma pathway. Note that both MLH1
promoter methylation and CpG island methylator phenotype-positivity (CIMP+) are late-step epigenetic events during the progression of
non-dysplastic SSLs, and mainly occur in proximal, large (>5 mm) SSLs in older patients (=50 years). (B) Complete loss of MLH1 expression
in an SSL with dysplasia harboring the MLHT methylation. (C) Partial loss of MLH1 expression (involving a few non-dysplastic crypts; red el-
lipse) in a non-dysplastic SSL with MLHT methylation. Modified from Lee et al. J Pathol Transl Med 2019; 53: 225-35.
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sively in proximal, large SSLs in elderly patients (Fig. 4A) [21-23].
Liu et al. [22] examined 448 SSLs and found that the propor-
tion of CIMP+ abruptly increased in SSL patients 51 or older
compared to younger patients. According to the study, CIMP+
SSLs were significantly associated with older age and proximal
colonic location, but were not correlated with patient sex or lesion
size [22]. In our study, we tested 132 non-dysplastic SSLs and de-
fined SSLs with CIMP+ and/or MLH methylation as molecu-
larly high-risk lesions. These high-risk SSLs were found exclusively
in the older age group (250 years; 100%) and in the proximal
colon (100%), which was statistically significant [21]. Although
our findings were similar to the results of Liu et al. [22], we also
found that histologically measured lesion size, but not endoscop-
ically measured size, was significantly associated with CIMP+/
MLH]1 methylation in non-dysplastic SSLs; the high-risk SSLs
were found exclusively in SSLs which were > 5 mm on histology
[21]. Therefore, we concluded that SSLs with CIMP+ and/or
MLH1 methylation are concentrated in a specific subgroup of
SSLs satisfying all the following conditions: older age (=50 years),
proximal colonic location (cecum, ascending colon, or transverse
colon), and histologically larger polyp size (> 5 mm) (Fig. 4A).

Most SSLDs harboring MLH1 promoter methylation typi-
cally show complete loss of MLH1 immunohistochemical ex-
pression in their dysplastic crypts (Fig. 4B) [21,24]. Many non-
dysplastic SSLs are MLHI-unmethylated and display retained
expression of the MLH1 protein. However, we recently found
that partial loss of MLH]1 expression (involving a single or a few
non-dysplastic crypts) can occasionally be observed in non-dys-
plastic SSLs (Fig. 4C) [21]. These unusual non-dysplastic SSLs with
partial MLH1 loss demonstrated MLHI promoter methylation;
however, they had lower levels of MLHI methylation than MLH1-
methylated SSLDs with complete loss of MLH1 expression (Fig.
4B, C) [21]. This novel finding was supported by another re-
cent study, which reported that 71 out of 400 (18%) cases dem-
onstrated loss of MLH1 expression in their non-dysplastic crypts
[25]. Collectively, partial loss of MLH1 expression in non-dys-
plastic SSLs can be a sign of impending dysplastic change and
may be a biomarker to screen for molecularly advanced lesions
among non-dysplastic SSLs.

The BRAF V600E mutation, along with CIMP+, is regarded
as a molecular hallmark in the colorectal sessile serrated neoplasia
pathway [26-28]. It is known that CIMP+ is tightly associated
with the BRAF mutation in CRCs [29], indicating that both
CIMP+ and the BRAF mutation originate from common pre-
malignant lesions (SSLs) in the colon and rectum. Although it
has been strongly suspected that the BRAF mutation and CIMP+
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might synergistically impact carcinogenesis, the detailed mech-
anism underlying their interaction is unclear. Fang et al. [30,31]
previously suggested that the BRAF oncoprotein might pro-
mote CpG island methylation in multiple gene promoters in CRC
cells through increased promoter binding of MAFG, a transcrip-
tional repressor. However, this finding has not yet been validated
by other studies. Recently, Tao et al. [32] reported important
clues for the relationship between the BRAF mutation and CIMP +
in colorectal carcinogenesis. In their experimental study, aging-
related hypermethylation induced sensitivity of mouse colon
organoids to BRAF mutation-induced oncogenic transforma-
tion [32]. This suggests that a BRAF mutation is not a prereq-
uisite for CIMP development in SSLs. The finding is also con-
sistent with the real-world observations that CIMP+ SSLs and
subsequent CIMP+/BRAF-mutated CRCs occur almost exclu-
sively in older patients.

According to data from Western countries including the United
States, Canada, Australia, Germany, Austria, and Switzerland,
frequencies of BRAF V600E mutations in SSLs range from
63% to 100% (Supplementary Table S1) [22,24,33-41]. How-
ever, in East Asian countries, including South Korea, Japan,
and China, BRAF mutation frequencies in SSLs have been re-
ported to be relatively lower, ranging from 14% to 86% (Sup-
plementary Table S1) [42-55]. Using these data, we conducted
a pooled analysis to directly compare the frequencies of BRAF
mutations in SSLs between Western and Eastern countries (Ta-
ble 2). Overall, BRAF mutations were found in 91% (932 of
1,028) of SSLs from Western countries and 76% (798 of 1,048)
of SSLs in Eastern countries (Table 2). Interestingly, KRAS mu-
tations, known to be mutually exclusive with BRAF mutations
in tumors, were more frequently found in SSLs from Eastern
countries (6%, 65 of 1,053 SSLs) compared to Western coun-
tries (2%, 22 of 988 SSLs) (Table 2). These regional differences

Table 2. Comparison of reported frequencies of BRAF/KRAS mu-
tations in colorectal sessile serrated lesions (SSLs) between West-
ern and Eastern countries: a pooled analysis using data published
between 2006 and 20207

SSLs in Western  SSLs in Eastern

countries® countries® gl
BRAF mutation  932/1,028 (91)  798/1,048 (76) <001
KRAS mutation 22/988 (2) 65/1,0583 (6) <.001

Values are presented as number (%).

Detailed frequency data from individual studies are listed in Supplementary
Table S1. "Western countries include United States, Canada, Australia,
Germany, Austria, and Switzerland (total BRAF-tested samples n=1,028;
total KRAS-tested samples n=988). °Eastern countries include South Ko-
rea, Japan, and China (total BRAF-tested samples n=1,048; total KRAS-
tested samples n=1,053).

http://jpatholtm.org/



284 o KimJHetal.

in BRAF and KRAS mutation frequencies in SSLs were all sta-
tistically significant (both p <.001) (Table 2). Although it is
generally accepted that nearly all Western colorectal SSLs have
BRAF mutations, there are likely ethnic differences in BRAF
and KRAS mutation profiles in SSLs, based on the results of our
pooled analysis. Unsurprisingly, the ethnic differences in BRAF
mutation frequency in SSLs can be linked to a similar tendency
in the molecular profiles of CRCs. In fact, we previously reported
that CRCs from East Asian patients have lower BRAF muta-
tion frequencies than those from Western populations [18]. In
brief, it is reasonable to suggest that the lower frequency of

BRAF mutations in SSLs from East Asian patients is directly
reflected in the lower frequency of BRAF mutations in CRCs of
the same regional population because SSLs are major precursors
of BRAF-mutant CRCs (Fig. SA).

Several previous studies analyzed RNA and/or protein ex-
pression profiles of SSLs. Caruso et al. [36] first found upregula-
tion of cathepsin E (CTSE) and trefoil factor 1 in SSLs. It is also
known that gastric-type mucins, including mucin 6 (MUC6)
and mucin SAC (MUCSAC), can be aberrantly expressed in
SSLs and HPs [56-58]. Gonzalo et al. [59] suggested that an-
nexin A10 (ANXA10) could be a potential marker of SSLs.

SSL Distal TSA
Precursor ; USA TA/TVANVA
lesions SSL Pr(im%;)s'l\ (STVA/SuSA) TATVAVA (flat or polypoid)
TA/TVAVA
Phipps’ MSI+/CIMP+/ MSI-/CIMP+/ MSI-/CIMP-/ MSI-/CIMP-/ MSH+/CIMP—/
5 molecular BRAF-mt BRAF-mt KRAS-mt KRAS - BRAF-wt | | KRAS - BRAF-wt
subtypes of
colorectal Type 1 Type 2 Type 3 Type 4 Type 5
carcinomas Best prognosis Worst prognosis Worse prognosis  Intermediate prognosis ~ Better prognosis

Non-dysplastic SSL

* Age: >50 years

« Histologic size: >5 mm

Select SSLs that meet all three clinicopathologic criteria

« Location: cecum, ascending colon or transverse colon

* MLH1 immunohistochemistry

Molecular and immunohistochemical analyses
+ CIMP analysis (including MLH1 promoter)

Z 1 3\

MLH1-methylated
and/or MLH1 partial loss

CIMP+ and
MLH1-unmethylated
and MLH1 no loss

CIMP-and
MLH1-unmethylated
and MLH1 no loss

High-risk for advanced lesion High-risk for advanced lesion Low-risk for advanced lesion

Precursor of type 1 cancer
(good prognosis)

Precursor of type 2 cancer
(poor prognosis) Q

Fig. 5. Serrated lesions as precursors of different molecular subtypes of colorectal carcinoma (CRC). (A) Prognostically implicated molecular
subtypes of CRCs and their conceptually matched precursor lesions. SSL, sessile serrated lesion; TSA, traditional serrated adenoma; MrT-
SA, mucin-rich traditional serrated adenoma; USA, unclassified serrated adenoma; sTVA, serrated tubulovillous adenoma; SuSA, superficial-
ly serrated adenoma; TA, tubular adenoma; TVA, tubulovillous adenoma; VA, villous adenoma; MSI, microsatellite instability; MSI+, MSI-posi-
tive; MSI-, MSI-negative; CIMP, CpG island methylator phenotype; CIMP+, CIMP-positive; CIMP-, CIMP-negative; mt, mutant-type; wt,
wild-type. (B) An example of a two-step screening algorithm to stratify the risk subgroups of non-dysplastic SSLs.
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Various other proteins normally expressed in the gastric mucosa
such as v-set and immunoglobulin domain containing 1
(VSIG1) and trefoil factor 2 (TFF2) were frequently overex-
pressed in SSLs [60,61]. However, the practical utility of these
gastric-type proteins in the diagnosis of SSLs has been limited
because these markers can also be expressed in subsets of other
serrated lesions, including TSAs and HPs [61]. Recently, Rickelt
and colleagues published interesting data regarding a potential
biomarker of SSLs [62]. In their study, agrin (AGRN) expres-
sion in the muscularis mucosa is a specific feature of SSLs, which
contrasts with the absence of AGRN expression in the muscu-
laris mucosa of other types of serrated lesions and conventional
adenomas [62]. The utility of AGRN immunohistochemistry
in the differential diagnosis between SSLs and other colorectal
polyps should be further validated by independent studies using
large-scale samples.

Molecular pathogenesis of TSAs

During the past decade, there has been remarkable progress
in understanding the molecular features of TSAs. The molecular
pathogenesis of TSAs can be largely divided into two pathways:
the KRAS mutation pathway and the BRAF mutation pathway
[63,64]. KRAS or BRAF mutations are found in more than 80%
of TSAs [41,64], and whether KRAS or BRAF mutations occur
ina TSA is mainly dependent on the location of the TSA. Most
KRAS-mutated TSAs are found in the distal colon (descending
and sigmoid colon) and rectum, whereas BRAF-mutated TSAs
are more frequently located in the proximal colon (cecum and
the ascending and transverse colon) [64]. Because TSAs are gen-
erally more prevalent in the distal rather than proximal colon [11],
KRAS mutations are also more prevalent than BRAF mutations
in TSAs. It has been suggested that BRAF-mutated TSAs may
be derived from proximal colonic SSLs or HPs based on mor-
phologic connectivity and molecular similarity. SSLs or HPs are
often found as precursor lesions around TSAs, especially proximal
TSAs, indicating that proximally-located, BRAF-mutated TSAs
can be transformed from preexisting SSLs or HPs [64-67]. In
terms of molecular features, BRAF-mutated TSAs of the proxi-
mal colon frequently show CIMP+, whereas KRAS-mutated
TSAs of the distal colorectum generally display CIMP-low or
CIMP-negative status [63,64]. Because CIMP+ is an epigenetic
hallmark of advanced SSLs as described above, proximal TSAs
commonly share two major molecular features with SSLs,
namely, BRAF mutation and CIMP+, and these findings sup-
port the theory of transition from SSLs to TSAs in the proximal
colon. Although MLHI methylation is a frequent event in
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CIMP+ SSLDs, MLHI methylation or complete loss of MLH1
expression is rarely found in proximal TSAs, even in advanced
TSAs [64]; this suggests that most proximal, BRAF-mutated
TSAs may be precursors of CIMP+/MSI- CRCs but not CIMP+/
MSI+ CRC:s (Fig. 5SA).

APC mutations are an initiating molecular hallmark and a
main cause of Wnt signaling pathway activation in colorectal
conventional adenomas; though these mutations are not frequent
in TSAs, many TSAs show Wnt pathway activation, which can be
confirmed by B-catenin expression in tumor cell nuclei [64,67,68].
Recent studies have identified that Wnt activation in TSAs may
be caused more frequently by RSPO fusions or RNF43 muta-
tions than by APC mutations [69]. Sekine et al. [69] previously
reported that PTPRK-RSPO3 fusions and RNF43 mutations
were found almost exclusively in TSAs compared to other con-
ventional adenomas or serrated lesions. In their study, genetic
alterations associated with Wnt activation including RSPO3 fu-
sions, RNF43 mutations, APC mutations, and CTNNBI mu-
tations were mutually exclusive in TSAs [69]. Subsequent stud-
ies revealed that RSPO fusion-positive TSAs were significantly
associated with distal location, larger size, and KRAS mutations,
whereas RNF43 mutations were frequently found in BRAF-
mutated TSAs [67,70,71]. Although PTPRK-RSPO3 fusions
were a predominant form of RSPO fusions in TSAs, other minor
fusions including NRIP1-RSP02, EIF3E-RSP02, and PIEZ01—
RSPO? fusions were also found in TSAs [70,72]. Interestingly,
in TSAs with adjacent precursor lesions (SSL or HP), Wnt acti-
vation-related genetic alterations including RSPO fusions, RNF43
homozygous mutations, APC mutations, and CI'NNBI muta-
tions were found only in the TSA component but not in the pre-
cursor component, indicating that Wnt activation may be criti-
cal for the development of TSAs from precursor lesions [67].

Like SSLs, TSAs express gastric-type proteins including
ANXAI10, VSIGL, CTSE, TFF2, and MUCS5AC, although their
positivity rates and the intensity or extent of expression are gen-
erally lower than those of SSLs or MVHPs [61]. Specific bio-
markers for the differential diagnosis of TSAs have not been es-
tablished. However, Sohier et al. [73] performed proteomic
analysis using formalin-fixed, paraffin-embedded tissues of vari-
ous types of serrated lesions and conventional adenomas and
found that LEFTY1, an inhibitory protein of the Nodal/trans-
forming growth factor  pathway, was overexpressed specifically
in TSAs. Although this may be promising, more studies will be
necessary to validate whether LEFTY1 immunohistochemistry
is practically useful in the diagnosis of TSAs.
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Serrated lesions as precursors of different molecular
subtypes of CRCs

Because SSLs, TSAs, and their variants are precursor lesions of
CRGs, and each shows unique molecular features, serrated pre-
malignant lesions can be matched to their consequential molec-
ular subtypes of CRCs. Phipps et al. [74,75] recently classified
CRGCs into five molecular subtypes based on combined MSI,
CIMP, and KRAS/BRAF mutation profiles and successfully val-
idated the prognostic significance of CRC molecular subtyping
in large-scale cohorts. The five molecular subtypes were defined
as follows: (1) type 1: MSI+, CIMP+, BRAF-mutated, KRAS-
wildtype; (2) type 2: MSI-, CIMP+, BRAF-mutated, KRAS-
wildtype; (3) type 3: MSI-, CIMP-, BRAF-wildtype, KRAS-
mutated; (4) type 4: MSI-, CIMP-, BRAF-wildtype, KRAS-
wildtype; and (5) type 5: MSI+, CIMP-, BRAF-wildtype,
KRAS-wildtype (Fig. 5A) [74,75]. This molecular subtyping
proved to be useful in the prognostication of CRCs. The prog-
nosis of the five molecular subtypes was ranked (best to worst)
as follows: type 1-type S—type 4—type 3—type 2 (Fig. 5A)
[74,75]. Type 1 CRCs indicate sporadic MSI+ (MSI-high) tu-
mors caused by promoter methylation-associated MLH silenc-
ing, whereas the majority of type 5 CRCs are hereditary MSI+
tumors that arise in the setting of Lynch syndrome, which is
genetically defined by germline mutations in one of the MMR
genes. Because both type 1 and type 5 CRCs are molecularly
MSI-high, which is well-established as a favorable prognostic
factor in CRC [18], patients with these tumors generally show
good survival. Sporadic MLH1 methylation with CIMP+ and
BRAF mutation occurs almost exclusively in SSLs among
colorectal premalignant lesions. Thus, SSLs can be considered as
unequivocal precursors of type 1 CRCs (Fig. SA). Most precur-
sor lesions in Lynch syndrome-associated CRCs are histologically
conventional-type adenomas with grossly flat or polypoid appear-
ance (Fig. 5A) [1]. Type 2 CRCs demonstrate the worst prog-
nosis among the five molecular subtypes [74,75]. The molecu-
lar features of type 2 CRCs (CIMP+/MSI-/BRAF mutation)
almost exactly match those of MLHI-unmethylated SSLs and
proximal-located TSAs, and these serrated lesions can be pre-
cursors of type 2 CRCs (Fig. 5A). As described above, MrTSAs
can also be considered precursors of type 2 CRCs. Type 3 CRCs
are associated with poor prognosis, although their survival is
slightly better than that of type 2 CRCs [74,75]. All subtypes
of serrated lesions which frequently harbor KRAS mutations,
including sTVAs and SuSAs (both can be classified as USA, as
described above) as well as distally located TSAs, can be major
precursors of type 3 CRCs (Fig. 5A). KRAS mutations are found

http://jpatholtm.org/

in a subset of conventional adenomas, which can also be precur-
sors of type 3 cancers (Fig. 5A). Type 4 carcinomas represent
the most common CRC subtype developed through the classic
adenoma-carcinoma sequence and are molecularly characterized
by chromosomal instability. These cancers typically progress from
conventional adenomas, including tubular adenoma, villous ade-
noma, or TVA (Fig. 5A).

Interestingly, SSLs are thought to be the main precursors of
either the best or the worst prognostic CRCs (type 1 and type 2,
respectively) (Fig. 5A). Although type 1 and type 2 CRCs com-
monly share CIMP+/BRAF-mutated status, obtained mainly
through the SSL pathway, their contrasting survival rates criti-
cally depend on the presence or absence of MSI (that is to say,
the presence or absence of MLHI methylation) [76]. If an SSL
harbors MLH1 methylation, the lesion is at a high risk of pro-
gressing into an advanced lesion, but an invasive carcinoma de-
rived from the SSL will be expected to show a favorable progno-
sis. On the other hand, CIMP+ SSLs without MLH methylation
can be regarded as a potential high-risk precursor of poor-prog-
nostic type 2 CRC. Thus, we believe that for early prevention of
poor-prognostic CRCs, it will be helpful to screen CIMP+ SSLs
without MLHI methylation (or CIMP+ SSLs without MLH1
loss) among non-dysplastic SSLs. Collectively, we propose a
two-step screening method to stratify risk subgroups of non-
dysplastic SSLs: first-step screening by combining age, location,
and lesion size profiles, and second-step screening by combined
molecular and immunohistochemical analyses. This screening
approach can efficiently and differentially detect high-risk precur-
sors of type 1 and type 2 CRCs (Fig. 5B). Using this approach,
non-dysplastic SSLs at high risk for dysplastic/carcinomatous pro-
gression may be more precisely detected. Ultimately, the risk-
subgrouping of non-dysplastic SSLs will help to prevent interval
colon cancers arising from underestimated SSLs.

FUTURE DIRECTIONS

Although notable data refining the morphologic classifica-
tion and molecular characterization of serrated colorectal lesions
have accumulated during the last decade, several pathologic issues
remain unresolved. First, overuse of the USA category should
be avoided, and USAs should be more clearly divided into mor-
phologic and/or molecular subtypes such as sTVAs and SuSAs.
Second, in order to achieve personalized treatment and preci-
sion surveillance of serrated premalignant lesions, SSLs and
TSAs should be further stratified into risk subgroups based on
combined clinicopathologic and molecular profiles; our proposed
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algorithm for the risk-subgrouping of non-dysplastic SSLs is
shown here (Fig. 5B). Third, immunohistochemical or molecular
biomarkers should be further developed and validated to aid in
the differential diagnosis or prognostic subgrouping of serrated
colorectal lesions. Recently studied proteins such as AGRN and
LEFTY1 are potential biomarkers which can aid in the differ-
ential diagnosis of serrated lesions [62,73].
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Peripheral type squamous cell carcinoma of the lung:
clinicopathologic characteristics in comparison to the central type
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Background: Squamous cell carcinomas (SqCCs) of the lung are known to arise more often in a central area but reports of peripheral
SqCCs have increased, with a pathogenesis that is obscured. In this study, the clinicopathologic characteristics of peripheral lung
SqCCs were studied and compared with those of the central type. Metheds: This study included 63 peripheral lung SqCCs and 48 ran-
domly selected central cases; hematoxylin and eosin-stained slides of surgically resected specimens were reviewed in conjunction with
radiologic images and clinical history. Cytokeratin-7 immunohistochemical staining of key slides and epidermal growth factor receptor
(EGFR)/KRAS mutations tested by DNA sequencing were also included. Results: Stages of peripheral SqCCs were significantly lower
than central SqCCs (p=.016). Cystic change of the mass (p=.007), presence of interstitial fibrosis (p=0.007), and anthracosis (p=.049)
in the background lung were significantly associated with the peripheral type. Cytokeratin-7 positivity was also higher in peripheral
SqCCs with cutoffs of both 10% and 50% (p=.011). Pathogenic mutations in EGFR and KRAS were observed in only one case out of
the 72 evaluated. The Cox proportional hazard model indicated a significantly better disease-free survival (p=.009) and the tendency of
better overall survival (p=.106) in the peripheral type. Conclusions: In peripheral type, lower stage is a favorable factor for survival but
more frequent interstitial fibrosis and older age are unfavorable factors. Multivariate Cox analysis revealed that peripheral type is
associated with better disease-free survival. The pathogenesis of peripheral lung SqCCs needs further investigation, together with
consideration of the background lung conditions.
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Lung cancer is known to be the leading cause of cancer fatali-
ties worldwide, in both developed and less developed countries
[1]. Squamous cell carcinoma (SqCC) is one of the major non-
small cell lung carcinomas and can be classified according to
the location of the tumor into either a central or peripheral type
[2]. About one-third of SqCCs are known to arise from the pe-
riphery, while the majority of SqCCs are associated with the
central portion of the lung [2]. More recently, the peripheral type
of SqCCs has been reported to increase, and now comprise ap-
proximately one-half of the SqCCs of the lung [3,4]. Multistage
pathogenesis of SqCC arising in the central airway epithelium
is known, with several sequential molecular abnormalities; start-
ing at the normal epithelium, through squamous metaplasia,
dysplasia, and carcinoma in situ [5]. Several sequential molecular
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abnormalities are recognized, including 3p loss of heterozygosity,
9p loss of heterozygosity, telomerase activation, methylation of
tumor suppressor gene, and 5q loss of heterozygosity, that con-
tribute to the development of invasive carcinoma [5]. On the
other hand, the exact etiology of peripheral SqCCs remains un-
known, with only a few studies of molecular events associated
with peripheral SqCCs using animal models [6,7]. Although
peripheral lung SqCCs have been investigated [3,8-10], the stud-
ies are limited in number with partly inconsistent results. In this
study, we tried to reveal the clinicopathologic, immunohisto-
chemical (cytokeratin-7), and molecular (epidermal growth fac-
tor receptor [EGFR] and KRAS) characteristics of the peripheral
type of SqCCs, and compared them to the central type. Not
only the tumor but also the background lung condition was in-
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cluded as the object of research. Furthermore, this study aimed
to see if any of the findings suggested some indication of the
pathogenesis or associated factors of peripheral SqCCs.

MATERIALS AND METHODS

Study subjects

Patients with surgically resected specimens of lung SqCC
from January 2011 to December 2013 at Seoul St. Mary’s Hos-
pital were reviewed. Specimens of patients who had received
neoadjuvant chemotherapy or radiotherapy for SqCC or had a
previous malignancy at other sites were excluded. In total, 63
cases of peripheral SqCC, with clinical history, radiologic data, and
immunohistochemical study available, were included. As well as
these 63 peripheral SqCCs, 48 randomly selected non-peripheral
SqCCs (central SqCC) were also included in this study, for com-
parison. Peripheral SqCC was defined as SqCC located at or distal
to subsegmental bronchi [3,11], based on both radiologic images
and pathologic findings. The survival length was defined as the
interval in months between the day of surgical resection and the
date of either the last follow-up or death. Each cause of death
was reviewed to exclude death due to any other cause.

Pathological studies

The surgically resected specimens for SqCCs were fixed rou-
tinely in 10% formalin, followed by embedding in paraffin,
4-micron sectioning, and hematoxylin and eosin (H&E) stain-
ing. The determination of histological classification and TNM
classification was based on the World Health Organization clas-
sification (2015) [5]; Verhoeff-Van Gieson Elastic staining was
additionally done with the cases in need for pleural status evalu-
ation. The presence of the adenocarcinoma component was eval-
uated by morphological features of adenocarcinoma, in conjunc-
tion with immunohistochemical studies of thyroid transcription
factor-1 (TTF-1) (Fig. 1A-C). Adenosquamous carcinoma,
which requires at least 10% of both an adenocarcinoma and
SqCC component, was excluded. Cystic change in the mass was
defined as a definite presence of cystic space inside the mass le-
sion, revealed in computed tomography (CT) images and/or
gross examination of the resected specimens (Fig. 1D-F). Inter-
stitial fibrosis, including usual interstitial pneumonia (idio-
pathic pulmonary fibrosis) (Fig. 1G-I), emphysema, bronchiec-
tasis, and anthracosis (Fig. 1]) were decided by characteristic
histologic findings, with or without concomitant radiological
evidence. The occupational history of the patients was reviewed
for evaluation of pneumoconiosis, with applicable CT images
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and evidence of histological findings (Fig. 1K, L). History of
tuberculosis was also reviewed with radiologic and/or patholog-
ic evidence of tuberculous scars.

Antibodies and immunohistochemical studies with evaluation

Among the 111 cases, immunohistochemical studies were
available for 105 cases (94.6%); 61 peripheral SqCCs (61 out of
63, 96.8%) and 44 central SqCCs (44 out of 48, 91.7%). Six
cases were excluded due to the absence of preexisting informed
consent for the further use of their human-derived materials.
Immunohistochemical staining was petformed with antibodies
of TTF-1 (1:200, clone SPT24, Novo, Newcastle upon Tyne,
UK) and cytokeratin-7 (CK7; 1:50, clone OV-TL 12/30, Dako,
Glostrup, Denmark). TTE-1 analysis was integrated as part of
evaluating glandular component of SqCCs, as previously de-
scribed. Each glandular morphology by H&E staining was con-
firmed by TTE-1 positivity. Representative sections of each SqCC
were stained for CK7, which were interpreted and categorized as
negative (0%), focally positive (+1, < 10%; +2, 10%-50%),
and positive (+3, 250%). For SqCC cases containing a focal
glandular (adenocarcinoma) component, CK7 positivity was
evaluated only in the SqCC component.

Molecular studies

Among the 111 cases, molecular studies. including assessment
of EGFR and KRAS, were performed in 72 (64.9%) of the pa-
tients, who consented to the test performance: 44 peripheral
SqCCs (44 out of 63, 69.8%) and 28 central SqCCs (28 out of
48, 58.3%). DNA was extracted from formalin-fixed paraffin-
embedded specimens by using a Maxwell 16 Tissue DNA Puri-
fication Kit (Promega, Madison, W1, USA) following the manual.
Polymerase chain reaction (PCR) was performed by using Qiagen
HotStar Taq DNA Polymerase (Qiagen, Hilden, Germany). The
forward sequencing primers used were 5'-ACTGCTTTCCAG-
CATGGTGAGG-3' for EGFR exon 18, 5'-GTGGCAC-
CATCTCACAATTGCC-3' for EGFR exon 19, 5'-ATGC-
GTCTTCACCTGGAAGG-3' for EGFR exon 20, 5'-CCTGAA
TTCGGATGCAGAGCTTC-3' for EGFR exon 21, 5'-GGT-
GAGTTTGTATTAAAAGG-3' for KRAS exon 2 and 5'-GGT-
GCACTGTAATAATCCAGAC-3' for KRAS exon 3. PCR con-
ditions consisted of initial denaturing at 95°C for 5 minutes,
40 cycles at 94°C for 30 seconds, at 60°C (EGFR exon 18) or
57°C (EGFR exon 19, 20, and 21) or 50°C (KRAS exon 2 and
3) for 30 seconds, at 72°C for 30 seconds and a final extension
at 72°C for 7 minutes. The PCR products were sequenced using
the BigDye Terminator v3.1 Cycle Sequencing kit (Applied
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Biosystems, Foster City, CA, USA), according to the manufac- Statistical analysis

turer’s instructions. IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA) and R
ver. 3.6.2 [12] was used for statistical analysis in this study. The
correlation between each type of lung SqCC and clinicopatho-

Tt

Fig. 1. Clinicopathologic characteristics of peripheral lung squamous cell carcinoma. (A-C) Microscopic findings of the glandular component
(adenocarcinoma component) in peripheral squamous cell carcinoma of the lung: H&E staining (A, B) and thyroid transcription factor-1 im-
munohistochemical staining (C). (D-F) Radiologic and pathologic images of cystic change of the mass: computed tomography (CT) image of
the chest (D), gross examination (E), and H&E staining (F). (G) Interstitial fibrosis, especially usual interstitial pneumonia with squamous cell
carcinoma in the peripheral lung; CT image showing coarse reticulation with honeycombing and mass in the lower lobe of the lung (G), H&E
staining (H, ). (J) Overall anthracosis coexisting with squamous cell carcinoma in the left upper area of the image. (K, L) Peripheral squamous
cell carcinoma in pneumoconiosis lung: CT image (K) and H&E staining (L) showing progressive massive fibrosis with irregular mass at the
subpleural portion of the left lower lobe.
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logic data was evaluated by the chi-square test for discrete vari-
ables. For variables having an expected count of less than 5,
Fisher exact test was used. The continuous variables including
age and smoking history (pack years) were first tested by the
Shapiro-Wilk normality test, and analyzed by the Wilcoxon
rank-sum test. Immunohistochemical study with CK7 was fi-
nally categorized as 0%—10% versus >10% and < 50% versus
>50%, both analyzed by the chi-square test. The length of sur-
vival was defined as the interval between the day of surgical re-
section and the date of death or the last follow-up, in months;
40 deaths occurred and the median follow-up period was 35.3
months. Survival analysis was done by Kaplan-Meier curve and

Peripheral lung squamous cell carcinoma ® 293

Cox proportional hazard model. Every factor and feature was
analyzed individually, followed by the analysis of selected fac-
tors using the Cox proportional hazard model. In all instances,
a p<.05 was considered statistically significant.

RESULTS

The clinicopathologic characteristics of the 63 peripheral and
48 central lung SqCCs are summarized in Table 1. The median
age of patients with peripheral or central SqCC was 70 (range,
65 to 74) and 68 (range, 58 to 72), respectively, with male pre-
dominance in both types (93.7% and 97.9%). The age of pe-

Table 1. Clinicopathologic characteristics of peripheral and central squamous cell carcinoma of the lung

Characteristic Peripheral (n=63) Central (n=48) p-value
Age (yr) 70 (65-74) 68 (568.5-72) 037
Sex .387
Male 59 (93.7) 47 (97.9)
Female 4 (6.3 1(2.1)
Smoking (pack year) 35 (20-50) 40 (28-50) .629°
T category 412
T 25(39.7) 21(43.7)
T2 31(49.2) 25 (52.1)
>T3 7(11.1) 2(4.2)
N category <.001
NO 52 (82.5) 22 (45.8)
>N1 11 (17.5) 26 (54.2)
Stage .016
I 41 (65.1) 19 (39.6)
I 18 (28.6) 20 (41.7)
>l 4(6.3) 9(18.8)
Pathologic features
Adenocarcinoma component 6(9.5) 2(4.2) 462
Cystic change of the mass 16 (25.4) 3(6.3) .007
Interstitial fibrosis 22 (32.9) 6(12.5) .007
Emphysema 37 (68.7) 24 (50) .360
Bronchiectasis 3(4.8) 0 257
Anthracosis 35 (55.6) 18 (37.5) .049
Pneumoconiosis 5(7.9) 1(2.1) 232
Tuberculosis history and/or lung scar 18 (28.6) 9(18.8) 232
Cytokeratin-7 (%) .01
0-10 30/61 (49.2) 32/44 (72.7)
10-50 12/61 (19.7) 8/44 (18.2)
50-100 19/61 (31.1) 4/44 (9.1)
Metastasis and/or recur and/or death .083°
Event 23(36.5) 27 (56.2)
Disease-free survival 25.0(11.0-50.5) 35.0 (22.0-48.5)
Death A487°
Event 21(33.3) 19 (39.6)

Overall survival

37.0(29.0-49.0)

33.5(19.5-63.5)

Values are presented as median (interquartile range) or number (%).
Statistical analysis method: Pearson chi-square test and Fisher exact test.
AWilcoxon rank-sum test; °Kaplan-Meier method.
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ripheral SqCC patients was significantly older than that of the
central type (p=.037), with no difference in sex ratio between
the two groups (p=.387). Among the 111 patients included, 96
wete smokers, with a median smoking history of 35 pack year
(range, 20 to 50) in peripheral SqCC and 40 pack year (range,
28 to 50) in central SqCC. Neither the ratio of smokers to non-
smokers nor the period of smoking was associated with SqCC
lung location (p = .629). Although T category did not show any
difference between the two types, the frequency of lymph node
metastases (N category, >N1) was lower in the peripheral type
than in the central type (17.5% vs. 54.2%, p <.001; odds ratio,
0.179; 95% confidence interval [CI], 0.075 to 0.424). The over-
all stage evaluated by T, N, and M of each case showed differ-
ences between the two types, with a low-stage more frequent in
patients with the peripheral type (p=.010).

Among the pathologic features studied, peripheral SqCC was
associated with a more frequent cystic change of the mass (25.4%
vs. 6.3%, p=.007; odds ratio, 5.217; 95% CI, 1.422 to 19.140).
For evaluation of interstitial fibrosis, not only pathologic findings
but also clinical aspects were considered. Cases with definite
histologic features of interstitial fibrosis showing various or uni-
form stages were included, but some cases with characteristic
radiologic findings including honeycomb pattern were also con-
sidered to be in the ‘interstitial fibrosis’ group if they had con-
sistent pathologic findings. Most of the interstitial fibrosis cases
were usual interstitial pneumonia and the presence or absence
of interstitial fibrosis was significantly different between the
two groups (32.9% vs. 12.5%, p =.007; odds ratio, 3.756; 95%
CI, 1.382 to 10.210). Anthracosis was also more frequently
found in peripheral type SqCCs (55.6% vs. 3.5%, p = .049; odds
ratio, 2.160; 95% CI, 1.000 to 4.668), compared to central
SqCCs. TTF-1 immunohistochemical studies were interpreted
in conjunction with glandular morphologic features, to evaluate

the adenocarcinoma component. The presence of the adenocar-
cinoma component was analyzed for each case and the differ-
ence was found to be statistically insignificant between the pe-
ripheral and central type. The remaining features, including the
presence of emphysema, bronchiectasis, pneumoconiosis, and
tuberculosis history were also statistically unrelated to either
type of lung SqCCs.

CK7 immunohistochemical results were categorized as 0%—
10%, 10%—50%, and 50%-100%, according to the proportion
of positive tumor cells out of the total number of tumor cells, as
summarized in Table 1. Representative images of each propot-
tional group are shown in Fig. 2. The proportion of each group was
significantly different between peripheral and central SqCCs (p=
.011), with higher CK7 expression in peripheral SqCC. The result
was the same when dividing cases of each location into two sub-
groups with different cutoffs; with 10% cutoff (0%-10% vs.
10%-100%, p=.036); with 50% cutoft (0%—5% vs. 50%—-100%,
p=.007). Furthermore, we analyzed if there was any correlation
between CK7 positivity and survival in each group. For periph-
eral SqCCs, there existed no difference in overall survival accord-
ing to CK7 exptession (p=.912 in the 10%-50% group and p=
915 in the 50%-100% group). However, for central SqCCs,
higher CK7 positivity was associated with worse overall survival
(p=.041 in the 10%-50% group and p=.022 in the 50%—
100% group).

Molecular changes in EGFR existed in four out of 44 eval-
uated peripheral SqCCs and four out of 28 evaluated central
peripheral SqCCs; seven out of eight cases harbored silent mu-
tations, mostly the exon 20 Gln787Gln (c.2361G > A) polymor-
phism (Table 2). Only one case (case No. 3) showed pathogenic
mutation; exon 18 Glu709Gly (c.2126A > G) mutation with
concomitant exon 19 Leu747_Thr751del (c.2240_2254del) (Ta-
ble 2). KRAS mutation was detected in 1 out of 28 central

Fig. 2. Cytokeratin-7 (CK7) immunohistochemical staining of squamous cell carcinoma of the lung. (A) Less than 10% positivity of tumor
cells. Entrapped normal bronchial cells (right lower area) are excluded from the evaluation. (B) Between 10%-50% CK7 positivity of tumor
cells, with entrapped normal bronchial cells and pneumocytes in the left and upper area. (C) More than 50% CK7 positivity of tumor cells,
with strong intensity.
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Table 2. Molecular studies for EGFR and KRAS of peripheral and central squamous cell carcinoma of the lung
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Central

Peripheral
EGFR mutation
Case No. 1 Exon 20 GIn787GlIn (c.2361G > A) polymorphism
Case No. 3 - Exon 18 Glu709Gly (c.2126A>G) mutation
- Exon 19 Leu747_Thr751del (c.2240_2254del)
Case No. 7 -
Case No. 57 -
Case No. 60
Case No. 61
Case No. 80
Case No. 97 -
KRAS mutation
Case No. 56 -

Exon 20 GIn787GlIn (c.2361G>A) polymorphism
Exon 20 GIn787GiIn (c.2361G>A) polymorphism
Exon 20 GIn787GiIn (c.2361G > A) polymorphism

Exon 18 Thr725Thr (c.2175G > A) polymorphism -
Exon 20 GIn787GiIn (c.2361G > A) polymorphism -

Exon 20 GIn787GiIn (c.2361G > A) polymorphism
Intron 19 (c.2284-60T > C) polymorphism

Gly12Val (c.35G >T) mutation

EGFR, epidermal growth factor receptor.
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Fig. 3. Survival analysis by Kaplan-Meier curves (A) Overall survival of each stage; stage |, including stage IA and IB; sage I, including stage
A and 1IB; stage Ill & IV, including IIA, 11IB, and IV. (B) Overall survival according to the presence or absence of interstitial fibrosis; the pres-
ence of interstitial fibrosis was significantly associated with poor survival (p=.021). (C, D) Disease-free survival (DFS) (C) and overall survival
(OS) (D) according to the peripheral or central type of lung squamous cell carcinoma (SqCC); peripheral SqCC had a tendency of better
DFS, but the result was statistically not significant (p=.063); there was no significant difference in OS (p=.487).

SqCCs and not found in peripheral SqCCs; the mutated case (case
No. 56) harbored a Gly12Val (c.35G > T) mutation (Table 2).

A Kaplan-Meier curve of overall survival according to stages
is shown in Fig. 3A. Sex and smoking history were not signifi-
cantly associated with survival. Among the pathologic features
listed in Table 1, only interstitial fibrosis revealed to be a signif-
icant prognosticator of overall survival; patients having intersti-
tial fibrosis showed worse overall survival compared to those

https://doi.org/10.4132/jptm.2020.05.04

without it (p=.021) (Fig. 3B). Patients with peripheral SqCC
had a tendency of better disease-free survival (Fig. 3C) but the
result was not statistically significant (p = .063). There was no
difference in overall survival between peripheral and central
lung SqCCs (p = .487) (Fig. 3D).

Based on the results obtained, the Cox proportional hazard
procedure was used for further analysis. The included variables
wete age and stage, as well-known prognosticators, the variables

http://jpatholtm.org/
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HR (95% Cl) p-value
Age 1.06 (1.02-1.10) - 0.005
Stage lvs. 2l 1.76 (0.96-3.23) = ‘ 0.069
Interstitial fibrosis ~ Absent vs. present 2.33 (1.22-4.43) = * 0.010
Location Central vs. peripheral 0.43(0.23-0.81) o | 0.009

05 1 2 5 (A)

HR (95% Cl) p-value
Age 1.05(1.01-1.1) - 0.027
Stage lvs. 2l 1.79 (0.90-3.5) = * 0.096
Interstitial fibrosis ~ Absent vs. present 2.71 (1.33-5.5) - + 0.006
Location Central vs. peripheral 0.55(0.27-1.1) » | 0.106

05 1 2 5 (B)

Fig. 4. Hazard ratio by Cox proportional hazard model analyzed for disease-free survival (DFS) (A) and overall survival (OS) (B). Peripheral lung
squamous cell carcinoma (SqCC) was significantly associated with a better prognosis (hazard ratio [HR], 0.43; 95% confidence interval [95%
Cl}, 0.283t0 0.81; p=.009). It also had a tendency of better OS (HR, 0.55; 95% Cl, 0.27 to 1.10) but was not statistically significant (p=.106).

revealed to be different between the two groups, and interstitial
fibrosis. Patients with peripheral lung SqCC showed a tendency
of better overall survival (hazard ratio, 0.55; 95% CI, 0.27 to
1.1) but this was not statistically significant (p =.106) (Fig. 4).
However, in disease-free survival, peripheral lung SqCC was
significantly associated with better prognosis (hazard ratio 0.43;
95% CI, 0.23 t0 0.81; p=.009) (Fig. 4).

DISCUSSION

In the current study, we first investigated clinicopathologic
features of peripheral and central lung SqCC (Table 1). The age
of patients was significantly different between the two groups
(p =.037), which is consistent with two previous studies that
found patients with peripheral lung SqCC were older [3,10]. T
categories were not significantly different between the two types,
whereas the N category of the peripheral type was significantly
lower than the central type (p <.001). The tendency of lower
lymph node metastases in the peripheral type was previously
confirmed in one study by Funai et al. [3]; however, another study
revealed no difference in metastases between the peripheral
and central type [10]. In this study, the overall stage, evaluated
from the T, N, and M category, was also different between the
two types, probably due to lower lymph node metastasis in pe-
ripheral lung SqCC. The possibility cannot be ruled out that a
lower N category, in the setting of the same T category, is caused

http://jpatholtm.org/

by a greater physical distance from the main mass to mediastinal
lymph nodes, in the peripheral SqCC.

Adenosquamous carcinoma is known to typically arise in the
peripheral pulmonary parenchyma, with some cases reported to
be located centrally [5]. We evaluated all the cases to determine
there was a glandular component (adenocarcinoma component)
in up to 10% of the tumors (Fig. 1A-C). An adenocarcinoma
component was observed in 9.5% (6 out of 63 cases) and 4.2%
(2 out of 48 cases) in peripheral and central lung SqCCs, respec-
tively (Table 1). However, statistical analysis with Fisher’s exact
test revealed no significant difference, probably due to the limited
number of cases.

There existed more frequent cystic change of the mass in pe-
ripheral type SqCCs than in central type (25.4% vs. 6.3%, p =
.007), which was confirmed by both CT images and gross exam-
ination, along with microscopic findings in each case (Fig. 1D-F).
Cystic change of lung cancers has been studied by several research-
ers of radiology [13,14]. The majority of the data consisted of
adenocarcinoma. The cystic lesions were considered to include
emphysematous bullae, congenital or fibrotic cysts, bronchiectatic
airways, and distended distal airspaces [13]. In the current study,
microscopic findings of the masses with cystic change revealed
an empty space lined by SqCC cells or partly suspicious for
SqCC in situ (Fig. 1F). With gross examination and CT images
of some cases, the cystic lesion was suspected to have been pre-
viously bronchiolar airway, of which the proximal portion was

https://doi.org/10.4132/jptm.2020.05.04



blocked by a mass effect. Cystic change due to necrosis was
scarce in this study. It is possible to assume that the lower pro-
portion of cystic change in central lung SqCCs might be due to
a relatively larger airway diameter obstructed by the mass. It
might be noteworthy that differential diagnoses of solid masses
with cystic change in the lung should include SqCC, especially
those located in the peripheral area of the lung.

In the investigation of pathologic features of background
lung, we focused on the diffuse and overall change of lung, in
conjunction with CT images. Among those reviewed, the pres-
ence of interstitial fibrosis (Fig. 1G-I) and anthracosis (Fig. 1])
were more associated with the peripheral type than the central
type of SqCCs (32.9% vs. 12.5%, p=.007; 55.6% vs. 37.5%, p=
.049) (Table 1). Interstitial fibrosis cases included in this study
were mostly of the usual interstitial pneumonia pattern. With the
established multistage pathogenesis of SqCCs, which includes
morphological changes from normal epithelium through to
squamous metaplasia, dysplasia, and carcinoma in situ in the
central bronchial area [5], it is possible to assume that similar
pathogenic events may occur in the peripheral area of the lung
parenchyma if it has undergone bronchial metaplasia. In the pe-
ripheral SqCC cases with simultaneous interstitial fibrosis, SqCCs
usually coexisted with interstitial fibrosis and bronchial meta-
plasia (Fig. 1H, I), although the sequential morphologic change
from dysplasia or carcinoma in situ to SqQCC was not sufficient
to be verified microscopically.

Some authors have proposed several growth patterns for the
peripheral SqCC of the lung, including pushing patterns, infil-
trative patterns, alveolar filling patterns, and pseudoalveolar fill-
ing patterns [15] or an alveolar space-filling type, expanding
type, and combined type [3]. These previous studies suggest that
the alveolar filling growth pattern might be associated with a
better prognosis [3,15]. However, in the current study, it seemed
reasonable to consider the presence of diffuse interstitial fibrosis,
including usual interstitial pneumonia, in evaluating peripheral
SqCC of the lung for the following two reasons: (1) interstitial
fibrosis might be more frequently associated with the peripheral
type of SqCC than the central type and (2) for the cases of back-
ground fibrotic lung, certain growth patterns such as the alveo-
lar filling pattern may be impossible.

In regards to the background condition of the lung, we also
investigated the presence of emphysema, bronchiectasis, pneu-
moconiosis, and histologic evidence of past tuberculosis with or
without a clinical history of tuberculosis, all of which revealed
to be of no significant relevance with either type of lung SqCC
(Table 1). Among these, the presence of emphysema, which was
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reported to be relevant to peripheral type SqCC in one previous
study [9], did not show significant association in the current
study (p =.360). Especially, patients with pneumoconiosis
whose lungs show multiple scattered fibrotic nodules were hy-
pothesized initially to have an association with peripheral type
SqCCs, as interstitial fibrosis or anthracosis. There were five
pneumoconiosis cases out of 63 peripheral SqCCs (7.9%) and
one case out of 48 central SqCCs (2.1%). The statistical results
may be due to the limited number of pneumoconiosis cases in-
cluded as well as rare epidemiology. A further large-scale study
with a greater number of patients might be necessary.

CK7 expression is usually considered a characteristic feature
of adenocarcinoma of various origin sites, including lung, bili-
ary tract, pancreas, salivary gland, breast, ovary, and endometri-
um [16-18]. Relatively less studied in SqCC, CK7 is known to
be positive in more than 20% of lung SqCCs according to a pre-
vious study [19]. In esophageal SqCCs, a group of researchers
revealed an association between CK7 expression and poor prog-
nosis [20]. No such study was found for the prognostic signifi-
cance of CK7 positivity in lung SqCC. However, the difference in
immunohistochemical staining between the peripheral and cen-
tral type of lung SqCCs was included in a few previous studies;
CK7 expression was more frequently observed in the peripheral
type in one study [10], while there was no difference between the
two types in another study [9]. In both studies, tissue microar-
rays were evaluated. In the current study, whole slides of each
key block in all tumors were stained with CK7 and overall a het-
erogenous staining pattern was obtained. Therefore, we inter-
preted CK7 staining with categorization according to the pro-
portion of positive tumor cells out of the entire number of tumor
cells as 0%-10%, 10%—-50%, and 50%-100% (Fig. 2). With
cutoffs of both 10% and 50%, significantly more CK7 positivity
in peripheral type lung SqCC was confirmed (Table 1). It was
notable that with a cutoff of 10%, 47.5% of peripheral type lung
SqCC showed CK7 positivity.

As CK7 expression was evaluated in only SqCC, even in the
cases containing a focal adenocarcinoma component, the differ-
ence of CK7 expression between peripheral and central groups
was not associated with the glandular component. Additionally,
the presence of the focal adenocarcinoma component was not
significantly different between the two groups, as shown in Ta-
ble 1. CK7 expression was observed not only in various percent-
ages but also with various intensity, as shown in Fig. 2. The fact
that adenosquamous carcinoma frequently arises in the peripheral
area [5] and that an adenocarcinoma component of up to 10%
was observed in a proportion of peripheral SqCC in this study,
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although not significant, suggests some association. A weak to
moderate, and even strong, expression of CK7 in peripheral SqCC
might suggest a different biologic and/or molecular aspect from
central SqCC. This possible difference needs further study and
probably needs to be separated from the cases accompanying
interstitial fibrosis. Furthermore, the survival analysis according
to CK7 expression in each location revealed high CK7 expres-
sion was associated with worse overall survival in central SqCC,
with no survival difference in peripheral SqCC. Although this
finding might suggest a new prognostic aspect of CK7 in central
SqCC, it is limited by a relatively small number of samples (44
central SqCCs) and the fact that there was no difference in dis-
ease-free survival in both central and peripheral SqCCs.

According to previous studies, the EGFR and KRAS muta-
tion in lung SqCC is sparse and reported in less than 5% of all
patients [5]. In the current study, though some polymorphism
was observed in several cases, only one case in the peripheral type
harbored the EGFR mutation and another case in the central
type had a KRAS mutation (Table 2). Until now, the molecular
difference between the two types of SqCC has not been studied.
This study has limitations in that only a portion of the cases
collected were the object of molecular tests. For further investi-
gation, studies with a much larger number of cases might be
necessary, opening the possibility of assessing novel molecular
events of peripheral type SqCCs of the lung other than EGFR
or KRAS mutations.

With Kaplan-Meier curves, peripheral lung SqCC did not show
a significant difference in survival, although the slight tendency
of a better DFS was suggested (Fig. 3C, D). We hypothesized
that a lower TNM stage in peripheral SqCC is a favorable factor,
but more frequent interstitial fibrosis and older age are counter-
acting factors. This could be verified by the Cox proportional
hazard model, which revealed an association with better surviv-
al after adjustment for age, stage, and the presence of interstitial
fibrosis (Fig. 4).

In conclusion, the current study suggests that peripheral type
lung SqCC is possibly different from the central type in clinico-
pathologic aspects, with lower lymph node metastasis but more
frequently accompanying interstitial fibrosis and anthracosis in
the background lung. In addition, a cystic change in the mass is
more commonly observed in the peripheral type, which can be
evaluated by CT images preoperatively and also with gross exam-
ination after surgery. Immunohistochemically, the peripheral type
shows more tendency of CK7 staining, which has been known
to be positive in only a minority of SqCC. Some of the cases in
our study revealed rare EGFR and KRAS mutations in both types.

http://jpatholtm.org/

The peripheral type of lung SqCCs may have different patho-
genic events from that of the central type, which needs further
investigation with a larger set of cases. We believe the current
study could be considered with further investigation and expect
the information to be reflected eventually in patient care.
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Analysis of PAX8 immunohistochemistry in lung cancers:
a meta-analysis

Jae Han Jeong', Nae Yu Kim’, Jung-Soo Pyo’
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Background: In this meta-analysis, we aimed to evaluate the PAX8 immunohistochemical expressions in primary lung cancers and met-
astatic cancers to the lung. Methods: We identified and reviewed relevant articles from the PubMed databases. Ultimately, 18 articles
were included in this meta-analysis. PAX8 expression rates were analyzed and compared between primary and metastatic lung cancers.
Results: The PAX8 expression rate in primary lung cancers was 0.042 (95% confidence interval [Cl], 0.025 to 0.071). PAX8 expression
rates of small cell (0.129; 95% Cl, 0.022 to 0.496) and non-small cell carcinomas of the lung (0.037; 95% Cl, 0.022 to 0.061) were signif-
icantly different (p=.049 in a meta-regression test). However, the PAX8 expression rates of adenocarcinoma (0.013; 95% Cl, 0.006 to
0.031) and squamous cell carcinoma (0.040; 95% Cl, 0.016 to 0.097) were not significantly different. PAX8 expression rates of meta-
static carcinomas to the lung varied, ranging from 1.8% to 94.9%. Metastatic carcinomas from the lung to other organs had a PAX8
expression rate of 6.3%. The PAX8 expression rates of metastatic carcinomas from the female genital organs, kidneys, and thyroid
gland to the lung were higher than those of other metastatic carcinomas. Conclusions: Primary lung cancers had a low PAX8 expres-
sion rate regardless of tumor subtype. However, the PAX8 expression rates of metastatic carcinomas from the female genital organs,

kidneys, and thyroid were significantly higher than those of primary lung cancers.
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Although various targeted therapies have been developed and
applied in lung cancers, a detailed diagnosis of tumor type is
important to identify precise treatment [1]. Primary lung tumors
includes small and non-small cell lung cancers (20% and 80%,
respectively) [2]. However, the lung is a common metastatic site
for metastatic extrapulmonary carcinomas [3]. Differential diag-
nosis between primary lung cancers and metastatic carcinomas
to the lung is challenging in some cases due to similar histologic
findings or poorly differentiated tumors [4]. Although thyroid
transcription factor 1 (TTF-1) and Napsin A are useful markers
for primary lung adenocarcinoma [4-7], complete differentiation
between primary lung cancers and metastatic carcinomas to the
lung may be limited. Additional precise markers are needed in

daily practice.
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The paired box transcription factor PAXS8 has long been
studied in malignant tumors of the lung [4,7-24]. PAXS,
which includes a family of cell-lineage transcription factors, is
involved in the organogenesis of the thyroid gland and kidney
as well as the Miillerian system. PAX8 can be expressed in the
neoplastic cells of associated organs and is expressed both in the
normal tissues and tumors from these organs [25-29]. In previ-
ous studies, high PAX8 expression levels have been shown in
kidney, thyroid, ovarian, endometrial, and endocervical carcino-
mas [25-32]. Although PAXS expression of primary lung can-
cers was absent in some reports, variable PAXS8 expression rates
in primary lung cancers has been reported [4,7-24]. PAXS ex-
pression in normal lung tissue is unclear. In normal lung tissue,
various cell types are present, including bronchial epithelium,
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pneumocytes, submucosal glands, neuroendocrine cells, and lym-
phocytes, and each has a different PAXS8 expression pattern.
Moreover, studies have reported PAXS8 expression in normal B
lymphocytes [14,18]. These results make interpretation of PAX8
expression in the lung difficult, necessitating a meta-analysis to
obtain conclusive information.

Because various malignant tumors including metastatic tumors
can occur in the lung, a comparison of PAX8 expression between
primary lung cancers and metastatic carcinomas to the lung is
needed. In addition, detailed information based on tumor sub-
types is not available. In this meta-analysis, we investigated
PAX8 immunohistochemical expression rates in primary lung
cancers and metastatic carcinomas to the lung as well as in various
tumor subtypes of primary lung cancers. Subgroup analysis for
PAXS8 expression based on the origin of the metastatic carcino-

mas was also performed.

MATERIALS AND METHODS

Database search and selection criteria

Relevant articles were extracted from the PubMed database
through January 31, 2020 using the following keywords:
“PAXS,” “immunohistochemistry or immunohistochemical,”
and “cancer or carcinoma.” The titles and abstracts of all searched
articles were screened. The included articles had information for
PAX8 immunohistochemistry of primary lung cancers and
metastatic cancers to the lung and metastatic carcinomas from
the lung. Additionally, studies on metastatic lung cancers in
other organs were included. However, case reports, non-original
articles, or articles written in non-English were excluded. We
followed PRISMA guidelines.

Data extraction

Data on the PAX8 immunohistochemical expressions of pri-
mary lung cancers and metastatic cancers to the lung and meta-
static carcinomas from the lung were extracted from each eligible
study [4,8-24]. All data were extracted by two independent
authors. The extracted data included the authors” information,
study location, number of patients analyzed, antibody informa-
tion (manufacturer and clonality), tumor subtypes and PAXS8
expression rates.

Statistical analyses

The meta-analysis was performed using the Comprehensive
Meta-Analysis software package (Biostat, Englewood, NJ, USA).
The PAXS8 expression rates of various primary lung cancers and
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metastatic cancers to the lung and the metastatic carcinomas
from the lung were investigated. In addition, subgroup analysis
was performed based on tumor subtypes of the primary lung
cancers and the metastatic carcinoma from the lung. Heteroge-
neity between studies was checked using Q and I’ statistics and
is expressed as p-values. Additionally, sensitivity analysis was
conducted to assess the heterogeneity of eligible studies and the
impact of each study on the combined effects. In the meta-anal-
ysis, because the eligible studies used various evaluation criteria
and PAXS antibodies, a random-effect model was more suitable
than a fixed-effect model. To assess publication bias, Begg’s fun-
nel plot and Egger’s test were used. If significant publication
bias was found, the fail-safe N and trim-fill tests were addition-
ally used to confirm the degree of publication bias. The results
were considered statistically significant at p <.05.

RESULTS

Selection and characteristics of the studies

In this study, 457 relevant articles were extracted from the
PubMed database and reviewed for meta-analysis. Of these, 265
articles with no or insufficient information for a meta-analysis
and 122 non-original articles were excluded. Furthermore, 52
articles were excluded for the following reasons: in a language
other than English (n = 24), on other diseases (n = 19), and in-
volving non-human subjects (n=9) (Fig. 1). Finally, 18 eligible
articles were selected and included in this meta-analysis. These
studies included 3,238 patients with primary and metastatic
lung cancers (Table 1).

PAX8 expression in primary lung cancers and metastatic
cancers to the lung

PAXS expression rates were estimated in primary lung cancers,
including small cell and non-small cell carcinomas. The PAXS8
expression rate of overall primary lung cancers was 0.042 (95%
confidence interval [CI], 0.025 to 0.071). The PAXS expression
rates were 0.129 (95% CI, 0.022 to 0.496) and 0.037 (95% CI,
0.022 to 0.061) in small cell and non-small cell carcinomas,
respectively (Table 2, Fig. 2). There was a significant difference
in PAX8 expression between small cell and non-small cell carci-
nomas by the meta-regression test (p = .049). Detailed subgroup
analysis was performed based on tumor subtypes of non-small
cell carcinomas. PAX8 expression rates were 0.013 (95% CI,
0.006 to 0.031), 0.040 (95% CI, 0.016 to 0.097), and 0.113
(95% CI, 0.059 to 0.205) in adenocarcinoma, squamous cell
carcinoma, and large cell carcinoma, respectively. The PAXS8
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expression rate was 0.071 (95% CI, 0.004 to 0.577) in micro-
papillary carcinoma and 0.050 (95% CI, 0.007 to 0.272) in large
cell neuroendocrine carcinoma. Moreover, the PAXS8 expression
rate of metastatic cancers from the lung to other organs was in-
vestigated; the estimated PAXS8 expression rates were similar to
those of primary lung cancers. The PAXS8 expression rates in
metastatic lung adenocarcinoma and squamous cell carcinoma
were 0.050 (95% CI, 0.003 to 0.475) and 0.071 (95% CI, 0.004
to 0.577), respectively (Table 3). In addition, the PAXS8 expres-
sion rate of metastatic small cell carcinomas from the lungs was
0.067 (95% CI, 0.009 to0 0.352).

PAX8 expression in metastatic carcinomas from various
organs

The PAXS8 expression rates of metastatic carcinomas to the
lung were investigated to elucidate the differential role of PAXS8
immunohistochemistry. Metastatic carcinomas to the lung
showed different PAXS8 expression rates, ranging from 1.8% to
94.9% (Table 4, Fig. 3). Among metastatic carcinomas to the
lung, PAXS expression rates in metastatic carcinomas from the
female genital organs, kidney, and thyroid were 0.746 (95% CI,
0.501 to 0.895), 0.876 (95% CI, 0.796 to 0.928), and 0.879
(95% CI, 0.697 to 0.959), respectively. There were significant
differences in PAX8 expression rates between primary lung
cancers and metastatic carcinomas from the female genital organs,
kidneys, and thyroid gland.

http://jpatholtm.org/
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Fig. 1. Flow chart of study search and selection methods.

DISCUSSION

Because PAXS8 expression can differ by tumor origin, PAX8
may be useful in differentiating malignant tumors of various ori-
gins. Some studies reported that PAXS8 expression was absent
or very low in primary lung cancers [4,8-24], whereas others re-
ported high PAXS expressions of up to 66.7% [8,14,16,21-24],
thus detailed information on PAXS8 expression according to
tumor subtypes of lung cancer was unclear. In this meta-analysis,
we evaluated the diagnostic roles of PAX8 immunohistochemical
expression in primary lung cancers and metastatic carcinomas to
the lung.

It is difficult to obtain conclusive data from individual stud-
ies because of the small sample size and difference in evaluation
methods. PAXS expression was found in 09%—-66.7%, 0%—12.5%,
and 0%-33.3% cases of small cell lung carcinoma, adenocarci-
noma, and squamous cell carcinoma of the lung, respectively
[4,8-24]. Unlike previous studies, estimated PAXS expression
rates were 12.9% and 3.6% in small cell and non-small cell car-
cinomas, respectively. However, the cause for discrepancy in the
results between the present meta-analysis and previous studies
could not be determined. Based on our results, the PAX8 expres-
sion was significantly higher in small cell carcinoma than in non-
small cell carcinoma (p = .049 in the meta-regression test). Clin-
ically, the usefulness of differentiation between small cell and
non-small cell carcinomas is limited, regardless of statistical sig-
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Study Location Antibody : BETEy Tumor subtype PG IHC
manufacturer clonality organ Positive Negative
Asirvatham et al. (2014) [8] USA Polyclonal Lung ND 1 14
Bietal. (2019) [9] China Monoclonal Metastatic 0 7
Biet al. (2016) [10] China Polyclonal Lung NEC 0 20
El-Magsoud et al. (2016) [11] Egypt Monoclonal Lung Adenocarcinoma 0 30
Monoclonal Lung Squamous cell carcinom 0 15
Monoclonal Lung Large cell carcinoma 0 5
Monoclonal Metastatic 88 55
Galley et al. (2013) [12] USA Polyclonal Lung Squamous cell carcinoma 0 12
Heidarpour et al. (2014) [13] Iran Polyclonal Lung ND 0 5
Laury et al. (2011) [14] USA Polyclonal Lung Adenocarcinoma 0 120
Polyclonal Lung squamous cell carcinoma 4 8
Polyclonal Lung Adenosguamous carcinoma 0 3
Polyclonal Lung Small cell carcinoma 0 9
Lotan et al. (2009) [15] USA Polyclonal Lung Micropapillary carcinoma 0 6
Mentrikoski et al. (2014) [16] USA Polyclonal Lung Adenocarcinoma 1 7
Polyclonal Lung Squamous cell carcinoma 0 3
Nonaka et al. (2008) [17] USA Polyclonal Lung Adenocarcinoma 0 114
Polyclonal Lung Squamous cell carcinoma 0 29
Polyclonal Lung Large cell carcinoma 0 4
Ozcan et al. (2011) [18] USA Polyclonal Lung Squamous cell carcinoma 0 4
Polyclonal Lung Adenocarcinoma 0 7
Polyclonal Lung Small cell carcinoma 0 12
Polyclonal From lung Small cell carcinoma 1 14
Polyclonal From lung Adenocarcinoma 0 9
Polyclonal From lung Squamous cell carcinoma 0 6
Suzuki et al. (2015) [19] Japan Polyclonal Lung Squamous cell carcinoma 0 5
Tacha et al. (2013) [20] USA Monoclonal Lung ND 0 50
Tacha et al. (2011) [21] USA Polyclonal Lung Squamous cell carcinoma 1 48
Polyclonal Lung Adenosguamous carcinoma 0 11
Polyclonal Lung Adenocarcinoma 0 15
Toriyama et al. (2014) [22] Japan Polyclonal Lung Adenocarcinoma 6 247
Polyclonal Lung Squamous cell carcinoma 3 155
Polyclonal Lung LCNEC 17 89
Polyclonal Lung Small cell carcinoma 27 40
Polyclonal Lung Pleomorphic carcinoma 0 4
Polyclonal Lung Large cell carcinoma 2 9
Monoclonal Lung Adenocarcinoma 0 253
Monoclonal Lung Squamous cell carcinoma 0 158
Monoclonal Lung LCNEC 0 106
Monoclonal Lung Small cell carcinoma 0 67
Monoclonal Lung Pleomorphic carcinoma 0 41
Monoclonal Lung Large cell carcinoma 0 11
Vidarsdottir et al. (2019) [23] Sweden Monoclonal Lung Adenocarcinoma 2 429
Monoclonal Lung Sqguamous cell carcinom 4 198
Monoclonal Lung Large cell carcinoma 2 7
Monoclonal Lung Sarcomatoid carcinoma 0 6
Monoclonal Lung Small cell carcinoma 2 1
Monoclonal Lung Large cell NEC 1 19
Monoclonal Metastatic 55 251
Weissferdt et al. (2013) [24] USA Polyclonal Lung NEC 2 23
Ye et al. (2012) [4] USA ND Lung Adenocarcinoma 0 120
ND Metastatic 45 56

ND, no description; NEC, neuroendocrine carcinoma; LCNEG, large cell neuroendocrine carcinoma.
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Table 2. The estimated rates of PAX8 immunohistochemical expressions in primary lung cancers

N2 6 Fixed effect (95% Cl) Heterogenelty test g jom effect (059 ¢y F999'S test
subsets p-value p-value
Lung, primary 45 0.092 (0.075-0.114) <.001 0.042 (0.025-0.071) <.001
Small cell carcinoma 5 0.350 (0.254-0.461) .002 0.129 (0.022-0.496) 185
Non-small cell carcinoma 3,637 0.054 (0.042-0.071) <.001 0.036 (0.021-0.061) .022
0.055 (0.042-0.071) 0.037 (0.022-0.061) 018
Adenocarcinoma 10 0.016 (0.009-0.027) 113 0.013 (0.006-0.031) 493
Micropapillary carcinoma 1 0.071 (0.004-0.577) >.99 0.071 (0.004-0.577) -
Squamous cell carcinoma 11 0.041 (0.025-0.067) .004 0.040 (0.016-0.097) .907
Large cell carcinoma 8 0.139 (0.094-0.199) 216 0.113 (0.059-0.205) 101
Large cell NEC 3 0.136 (0.087-0.205) .020 0.050 (0.007-0.272) 192
Sarcomatoid carcinoma 1 0.071 (0.004-0.577) >.99 0.071 (0.004-0.577) -
Pleomorphic carcinoma 2 0.012 (0.002-0.080) >.99 0.012 (0.002-0.080) -
Adenosquamous carcinoma 2 0.071(0.010-0.373) .569 0.071(0.010-0.373)

Cl, confidence interval; NEC, neuroendocrine carcinoma.

nificance. This may be due to the low expression rates of PAX8
in both small cell and non-small cell lung carcinomas. In addi-
tion, a significant difference in PAXS expression between tumor
subtypes of primary lung cancers was not identified in the meta-
regression tests. Therefore, the usefulness of PAXS8 expression in
the differentiation of tumor subtypes of primary lung cancer is
limited.

In daily practice, pathologists have to diagnose various meta-
static cancers to the lung, which is a common metastatic site for
extrapulmonary carcinomas [3]. The histologic diagnosis of some
metastatic cancers of unknown origin is challenging, especially
when the metastatic cancer to the lung has histologic findings
similar to a primary lung cancer. In previous studies, tumors that
originated from the female genital organs, kidney, and thyroid
gland were found to have high PAX8 expressions. PAX8 expres-
sion rates of metastatic carcinoma from these organs were 62.9%—
94.9%. However, metastatic carcinomas from other organs showed
lower PAXS8 expression than the metastatic carcinoma from the
female genital organs, kidney, and thyroid gland (1.8%-16.7%
vs. 62.9%-94.9%). Taken together, these results indicate that
metastatic carcinomas from the female genital organs, kidney, and
thyroid gland can be differentiated from primary lung cancers
based on different PAX8 expression rates.

Because lung cancer can metastasize to other organs, PAX8
expression levels were investigated in metastatic lung cancers [33].
In this study, there was no significant difference in PAXS8 ex-
pression between primary lung cancers and metastatic cancers to
the lung. For example, lung adenocarcinoma metastasizes to the
ovary at an extremely low rate [33]. The metastatic lung cancers
can be easily differentiated from the primary ovarian cancers using
immunohistochemistry for TTF-1, Napsin A, and PAXS [7].

http://jpatholtm.org/

The most common site of distant metastasis for thyroid car-
cinomas is the lung [34]. In addition, some lung cancers, up to
3.1%, can metastasize to the thyroid glands [35,36]. Thus, the
need for differentiating between lung and thyroid carcinomas
may be common in daily practice. The histologic findings of
papillary thyroid carcinoma can overlap with some non-muci-
nous bronchioloalveolar and papillary types of lung adenocarci-
noma [17]. Because TTF-1 is expressed in both thyroid and
lung cancers, other specific markers are needed for differentia-
tion in daily practice. In our results, PAX8 was highly expressed
in metastatic thyroid cancer of the lung, similar to primary thy-
roid cancers [23]. According to these findings, cases with TTE-1
and PAXS8 expressions theoretically can be considered as meta-
static thyroid cancer. On the other hand, cases with only TTEF-1
expression can be considered as primary lung cancer. The PAX8
expression rates of anaplastic thyroid carcinomas were reported
to be 50.0%-100.0% [22,37]. In addition, the histologic find-
ings, such as anaplastic spindle and giant cells, can overlap be-
tween pleomorphic carcinoma of the lung and anaplastic thyroid
carcinoma [1,38]. The TTF-1 expression rates were higher in
lung pleomorphic carcinoma than in anaplastic thyroid carcino-
ma [39,40]. Because TTF-1 expression can be lower in anaplas-
tic thyroid carcinoma than in other types of thyroid carcinoma,
the histologic findings of the original tumor are important for
differentiation. Therefore, the immunohistochemical markers,
including PAX8, can be useful for the differential diagnosis of
malignant tumors of the lung.

PAXS8 expression was evaluated by monoclonal or polyclonal
antibodies. However, the difference in clonality of the primary
PAXS8 antibody is not clear in primary lung cancers. This point
may be necessary for defining PAX8 expression because PAXS8
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Study name Subgroup within study Statistics for each study Event rate and 95% ClI
Event Lower Upper p-value
rate limit limit
Laury 2011 Small cell carcinoma 0.050 0.003 0.475 0.042
Ozcan 2011 Small cell carcinoma 0.038  0.002 0.403 0.026
Toriyama 2014_M  Small cell carcinoma 0.007 0.000 0.107 0.001
Toriyama 2014_P  Small cell carcinoma 0.403 0.293 0.524 0.115 ——+
Vidarsdottir 2019~ Small cell carcinoma 0.667 0.154 0.957 0.571 =
0.129  0.022 0.496 0.048 ]
-1.00 -0.50 0.00 0.50 1.00
(A
Study name Subgroup within study Statistics for each study Event rate and 95% CI
Event Lower Upper p-value
rate limit limit
Bi2016 LCNEC 0.024  0.001 0.287 0.009
El-Magsoud 2016 Adenocarcinoma 0.016 0.001 0.211 0.004
El-Magsoud 2016 Large cell carcinoma 0.083 0.005 0.622 0.105
El-Magsoud 2016 Squamous cell carcinoma 0.031 0.002 0.350 0.017
Gailey 2013 Squamous cell carcinoma 0.038 0.002 0.403 0.026
Laury 2011 Adenocarcinoma 0.004 0.000 0.063 0.000 -
Laury 2011 Adenosquamous carcinoma  0.125  0.007 0.734 0.198
Laury 2011 Squamous cell carcinoma 0.333 0.131 0.624 0.258 —_—
Lotan 2009 Adenocarcinoma 0.071 0.004 0.577 0.081
Mentrikoski 2014 Adenocarcinoma 0.125 0.017 0.537 0.069
Mentrikoski 2014 Squamous cell carcinoma 0.125 0.007 0.734 0.198
Nonaka 2008 Adenocarcinoma 0.004 0.000 0.066 0.000 -
Nonaka 2008 Large cell carcinoma 0.100 0.006 0.674 0.140
Nonaka 2008 Squamous cell carcinoma 0.017 0.001 0.217 0.004
Ozcan 2011 Adenocarcinoma 0.063 0.004 0.539 0.064
Ozcan 2011 Squamous cell carcinoma 0.100 0.006 0.674 0.140
Suzuki 2015 Squamous cell carcinoma 0.083 0.005 0.622 0.105
Tacha 2011 Adenocarcinoma 0.031 0.002 0.350 0.017
Tacha 2011 Adenosquamous carcinoma  0.042 0.003 0.425 0.030
Tacha 2011 Squamous cell carcinoma 0.020 0.003 0.131 0.000 p—
Toriyama 2014_M  Adenocarcinoma 0.002 0.000 0.031 0.000 o
Toriyama 2014_M  Large cell carcinoma 0.042 0.003 0.425 0.030
Toriyama 2014 M LCNEC 0.005  0.000 0.070 0.000 -
Toriyama 2014_M  Pleomorphic carcinoma 0.012 0.001 0.164 0.002 p—
Toriyama 2014_M  Squamous cell carcinoma 0.003 0.000 0.048 0.000 -
Toriyama 2014_P  Adenocarcinoma 0.024  0.011 0.052 0.000 o
Toriyama 2014_P  Large cell carcinoma 0.182 0.046 0.507 0.054 ——
Toriyama 2014 P LCNEC 0.160  0.102 0.243 0.000 -
Toriyama 2014_P  Pleomorphic carcinoma 0.012  0.001 0.164 0.002 p—
Toriyama 2014_P  Squamous cell carcinoma 0.019 0.006 0.057 0.000 -
Vidarsdottir 2019  Adenocarcinoma 0.005 0.001 0.018 0.000 g
Vidarsdottir 2019 Large cell carcinoma 0.222 0.056 0.579 0.118 ——
Vidarsdottir 2019  LCNEC 0.050  0.007 0.282 0.004
Vidarsdottir 2019 Sarcomatoid carcinoma 0.071 0.004 0.577 0.081
Vidarsdottir 2019 Squamous cell carcinoma 0.020  0.007 0.052 0.000 o
Weissferdt 2013 NEC 0.080  0.020 0.269 0.001
Ye 2012 Adenocarcinoma 0.004 0.000 0.063 0.000 -
0.037  0.022 0.061 0.000 (4
-1.00 -0.50 0.00 0.50 1.00

Fig. 2. Forest plots for PAX8 expression rates in small cell lung cancer (A) and non-small cell lung cancer (B) [4,10-12,14-19,21-24]. Cl, con-
fidence interval; LCNEC, large cell neuroendocrine carcinoma; NEC, neuroendocrine carcinoma.

expression in primary lung cancers was low or absent. In previ-
ous studies, the immunohistochemistry using PAX8 polyclonal
antibody showed cross-reactivity with other PAX families and
detected immunoreactivity in normal tissues and tumors repre-
sented by B lymphocytes [41-43]. Some studies reported differ-
ent PAX8 expression rates according to the clonality of anti-

https://doi.org/10.4132/jptm.2020.06.08

bodies in the same tissues [22,23]. Toriyama et al. (2014) [22]
reported that PAX8 expression was only detected in immuno-
histochemistry with polyclonal antibody but not with a mono-
clonal antibody. However, Vidarsdottir et al. (2019) [23] detected
PAXS8 expression in primary lung cancers using a monoclonal
antibody. In our results, PAXS8 expression rates of small cell car-
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Table 3. The estimated rates of PAX8 immunohistochemical expressions in metastatic lung cancer

10,6 Fixed effect (95% C) Hetorogeneity test o om effect (95% ) -999r'S test
subsets p-value p-value
Lung, metastatic 3 0.063 (0.016-0.220) .980 0.063 (0.016-0.220) .755
Adenocarcinoma 1 0.050 (0.003-0.475) >.99 0.050 (0.003-0.475)
Squamous cell carcinoma 1 0.071 (0.004-0.577) >.99 0.071 (0.004-0.577)
Small cell carcinoma 1 0.067 (0.009-0.352) >.99 0.067 (0.009-0.352)
Cl, confidence interval.
Table 4. The estimated rates of PAX8 immunohistochemical expressions in metastatic carcinoma to the lung
No. of Fixed effect @6% C))  Hoerodeneitytest o iomeflect (95% ) C99erS test
subsets p-value p-value
Metastatic carcinoma 39 0.492 (0.412-0.573) <.001 0.337 (0.191-0.523) .005
Adrenal cortex 1 0.167 (0.010-0.806) >.99 0.167 (0.010-0.806) -
Appendix 1 0.100 (0.006-0.674) >.99 0.100 (0.006-0.674) -
Breast 3 0.039 (0.010-0.142) .991 0.039 (0.010-0.142) 701
Colorectum 3 0.018 (0.006-0.056) 468 0.018 (0.006-0.056) 049
Esophagus 1 0.125 (0.007-0.734) >.99 0.125 (0.007-0.734) -
Female genital organ® 7 0.717 (0.571-0.828) .042 0.746 (0.501-0.895) 570
Ovary 4 0.641 (0.423-0.813) .038 0.629 (0.243-0.899) .908
Mucinous carcinoma 1 0.600 (0.297-0.842) >.99 0.600 (0.297-0.842) -
Serous carcinoma 1 0.955 (0.552-0.997) >.99 0.955 (0.552-0.997) -
Uterine endometrium 2 0.949 (0.713-0.993) 615 0.949 (0.713-0.993) -
Kidney-RCC 5 0.876 (0.796-0.928) 884 0.876 (0.796-0.928) 213
Clear cell RCC 1 0.923 (0.609-0.989) >.99 0.923 (0.609-0.989) -
Chromophobe RCC 1 0.833(0.369-0.977) >.99 0.833(0.369-0.977) -
Papillary RCC 1 0.958 (0.575-0.997) >.99 0.958 (0.575-0.997) -
Liver 3 0.063 (0.013-0.260) 914 0.063 (0.013-0.260) 048
Pancreatobiliary 2 0.133 (0.026-0.466) 472 0.133 (0.026-0.466) -
Prostate 2 0.072 (0.014-0.290) 678 0.072 (0.014-0.290) -
Salivary gland 2 0.071 (0.010-0.370) >.99 0.071(0.010-0.370) -
Small bowel 1 0.167 (0.010-0.806) >.99 0.167 (0.010-0.806) -
Stomach 1 0.083 (0.005-0.622) >.99 0.083 (0.005-0.622) -
Testis 1 0.125 (0.007-0.734) >.99 0.125 (0.007-0.734) -
Thyroid 4 0.879 (0.697-0.959) 421 0.879 (0.697-0.959) .839
Papillary carcinoma 1 0.938 (0.665-0.991) >.99 0.938 (0.665-0.991) -
Follicular carcinoma 1 0.967 (0.634-0.998) >.99 0.967 (0.634-0.998) -
Urinary system 2 0.171 (0.032-0.564) 261 0.165 (0.024-0.613) -

Cl, confidence interval; RCC, renal cell carcinoma.

4ncluded uterine corpus and cervix and ovary.

cinoma were 0.113 (95% CI, 0.001 to 0.968) and 0.141 (95%
CL, 0.019 to 0.585) in monoclonal and polyclonal antibodies,
respectively (data not shown). In addition, in non-small cell
lung carcinoma, PAX8 expression rates were 0.020 (95% CI,
0.009 to 0.044) and 0.057 (95% CI, 0.033 to 0.095) in mono-
clonal and polyclonal antibodies, respectively (data not shown).
However, the difference in PAX8 expression between clonalities
of PAX8 antibody was significant in non-small cell lung carci-
noma but not in small cell lung carcinoma (p =.030 and p =
.993 in the meta-regression test, respectively). Therefore, the
difference in PAXS8 expression rates as detected by monoclonal

http://jpatholtm.org/

and polyclonal antibodies is uncertain. However, regardless of
these differences, both monoclonal and polyclonal antibodies
can be useful for differentiating between metastatic carcinomas
with high expression rates of PAX8 and primary lung cancers
with low expression rates of PAXS8. From previous studies, the
high expression rate of PAX8 immunohistochemistry using a
polyclonal antibody can be considered a highly sensitive meth-
od. Conversely, the low expression rate of PAX8 immunohisto-
chemistry using a monoclonal antibody can be considered a
highly specific method. As described above, the possibility of
misinterpretation for other components, including normally
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Study name Subgroup within study Statistics for each study
Event Lower Upper
rate limit limit
Bi 2016 Adenocarcinoma 0.063 0.004 0.539
El-Magsoud 2016  Breast cancer 0.045 0.003 0.448
El-Magsoud 2016~ Chromophobe RCC 0.833 0.369 0.977
El-Magsoud 2016 Clear cell RCC 0.923 0.609 0.989
El-Magsoud 2016 Colon cancer 0.045 0.003 0.448
El-Magsoud 2016  Endometrium 0.969 0.650 0.998
El-Magsoud 2016 Esophagus 0.125 0.007 0.734
El-Magsoud 2016  Follicular thyroid carcinoma ~ 0.967 0.634 0.998
El-Magsoud 2016 Gastric cancer 0.083 0.005 0.622
El-Magsoud 2016 Liver 0.045 0.003 0.448
El-Magsoud 2016 Ovary_Mucinous carcinoma  0.600 0.297 0.842
El-Magsoud 2016 Ovary_serous carcinoma 0.955 0.552 0.997
El-Magsoud 2016 Papillary RCC 0.958 0.575 0.997
El-Magsoud 2016  Papillary thyroid carcinoma ~ 0.938 0.665 0.991
El-Magsoud 2016 Prostate 0.045 0.003 0.448
Vidarsdottir 2019 Adenoid cystic carcinom 0.071 0.004 0.577
Vidarsdottir 2019 Appendix 0.100 0.006 0.674
Vidarsdottir 2019 Breast 0.037 0.005 0.221
Vidarsdottir 2019 Colorectum 0.011 0.003 0.044
Vidarsdottir 2019  Female genital tract 0.706 0.458 0.872
Vidarsdottir 2019  HCC 0.100 0.006 0.674
Vidarsdottir 2019 Pancreas 0.200 0.027 0.691
Vidarsdottir 2019 Prostate 0.091 0.013 0.439
Vidarsdottir 2019 RCC 0.857 0.717 0.934
Vidarsdottir 2019 Small bowel 0.167 0.010 0.806
Vidarsdottir 2019 Thyroid 0.667 0.154 0.957
Vidarsdottir 2019~ UC 0.056 0.003 0.505
Ye 2012 Adrenal cortex 0.167 0.010 0.806
Ye 2012 Breast 0.036 0.002 0.384
Ye 2012 Colon 0.056 0.003 0.505
Ye 2012 Endometrium 0.917 0.378 0.995
Ye 2012 Liver 0.056 0.003 0.505
Ye 2012 Ovary 0.750 0.377 0.937
Ye 2012 Pancreatobiliary 0.063 0.004 0.539
Ye 2012 RCC 0.879 0.718 0.954
Ye 2012 Salivary gland 0.071 0.004 0.577
Ye 2012 Testis 0.125 0.007 0.734
Ye 2012 Thyroid 0.800 0.309 0.973
Ye 2012 Urinary tract 0.333 0.043 0.846
0.337 0.191 0.523

p-value

0.064
0.035
0.142
0.017
0.035
0.017
0.198
0.019
0.105
0.035
0.530
0.035
0.030
0.009
0.035
0.081
0.140
0.001
0.000
0.100
0.140
0.215
0.028
0.000
0.299
0.571
0.052
0.299
0.022
0.052
0.105
0.052
0.178
0.064
0.000
0.081
0.198
0.215
0.571
0.084

-1.00

-0.50

Event rate and 95% Cl

0.00

-~
0.5

1.00

Fig. 3. Forest plot for PAX8 expression rate in metastatic carcinomas to the lung from other organs [4,10,11,283]. Cl, confidence interval;

RCC, renal cell carcinoma; HCC, hepatocellular carcinoma.

placed components, should be considered. In addition, immu-
nohistochemical staining techniques can affect the positive rates
of PAXS, regardless of the clonality of antibody.

This study has some limitations. First, subgroup analysis
based on clonality of antibody could not be performed for meta-
static carcinomas from other organs due to insufficient informa-
tion. Second, the detailed information for PAX8 expression of
metastatic lung cancer based on metastatic organs could not be
obtained due to insufficient information. Third, although the
pleura is the most common metastatic site of lung cancer, a
comparison of PAXS8 expressions between the primary and
metastatic tumors of the pleura could not be performed due to
a lack of information. Fourth, subgroup analysis based on dif-
ferentiation of tumors and subtypes of adenocarcinoma could not
be performed due to insufficient information on eligible studies.
Fifth, detailed analyses for some uncommon subtypes of the pri-

https://doi.org/10.4132/jptm.2020.06.08

mary lung cancer with low incidence were not performed due
to the small sample size of patients with these cancers. Lastly, the
impact of changed diagnostic criteria of primary lung cancers
could not be investigated because we did not include cases apply-
ing revised diagnostic criteria in eligible studies.

In conclusion, our results showed that PAX8 expression was
lower in primary lung cancer than in metastatic carcinoma of
the lung. However, the diagnostic role of PAXS8 expression in
differentiating tumor subtypes of primary lung cances is limited
due to low rates of PAX8 immunohistochemistry. In daily prac-
tice, PAX8 immunohistochemistry can be useful for the diag-
nosis of metastatic cancer from the female genital organs, kidney,
and thyroid gland.
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Highly prevalent BRAF V600E and low-frequency TERT promoter
mutations underlie papillary thyroid carcinoma in Koreans
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Background: The presence of telomerase reverse transcriptase (TERT) promoter mutations have been associated with a poor prognosis
in patients with papillary thyroid carcinomas (PTC). The frequency of TERT promoter mutations varies widely depending on the popula-
tion and the nature of the study. Methods: Data were prospectively collected in 724 consecutive patients who underwent thyroidecto-
my for PTC from 2018 to 2019. Molecular testing for BRAF V600E and TERT promoter mutations was performed in all cases. Results:
TERT promoter alterations in two hotspots (C228T and C250T) and C216T were found in 16 (2.2%) and 4 (0.6%) of all PTCs, respec-
tively. The hotspot mutations were significantly associated with older age at diagnosis, larger tumor size, extrathyroidal extension,
higher pathologic T category, lateral lymph node metastasis, and higher American Thyroid Association recurrence risk. The patients
with C216T variant were younger and had a lower American Thyroid Association recurrence risk than those with hotspot mutations.
Concurrent BRAF VB00E was found in 19 of 20 cases with TERT promoter mutations. Of 518 microcarcinomas measuring <1.0 cmin
size, hotspot mutations and C216T variants were detected in five (1.0%) and three (0.6%) cases, respectively. Conclusions: Our study
indicates a low frequency of TERT promoter mutations in Korean patients with PTC and supports previous findings that TERT promot-
er mutations are more common in older patients with unfavorable clinicopathologic features and BRAF V600E. TERT promoter muta-
tions in patients with microcarcinoma are uncommon and may have a limited role in risk stratification. The C216T variant seems to

have no clinicopathologic effect on PTC.
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The incidence of thyroid cancer has dramatically increased
over the past several decades [1,2]. The highest incidence of thy-
roid cancer in the world has been observed in Korea [3,4]. The
increase in the incidence of thyroid cancer was responsible for the
increase in papillary thyroid carcinoma (PTC), which accounts
for over 95% of all thyroid cancer cases in Korea [3,5,6]. Despite
the increased incidence of thyroid cancer, the thyroid cancer mor-
tality rate has not changed significantly over the last three de-
cades [3,5]. A multicenter cohort study reported a disease-spe-
cific 10-year survival rate of 98% in Korean patients with well-
differentiated thyroid carcinoma [6].

Independent prognostic factors related to survival in patients
with PTC include elements of cancer staging, such as patient
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age at diagnosis, tumor size, extensive extrathyroidal extension,
and distant metastasis [7]. There have been many studies dem-
onstrating the prognostic value of molecular markers for tumor
recurrence and survival. Telomerase reverse transcriptase (TERT)
promoter mutation is one of the most evident molecular factors
related to poor prognosis of patients with PTC [8-11]. The can-
cer-specific TERT promoter mutations occur in two mutually
exclusive hotspots in chromosome 5, g.1 295 228 C> T (C228T)
and g.1 295 250 C> T (C250T) which correspond to 124 bp
(c~124C >T) and 146 bp (c.—146C > T), upstream from the
translation start codon of the TERT gene promoter sequence
[10-16]. The pooled prevalence of TERT promoter mutations
in PTC was 11.3% (95% confidence interval, 9.3 to 13.5) ina
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previous meta-analysis of 13 studies [14]. However, the retro-
spective data may overestimate the mutation frequency because
of potential patient selection bias. Patients with microcarcino-
ma <1.0 cm were more easily excluded from the molecular
studies [8-10,15,17-19]. Furthermore, old archival paraffin blocks
may have suboptimal DNA quality that results in molecular
test failures and analytical errors.

The BRAF V600E mutation is the most common genetic
alteration in PTC and remains controversial as an independent
prognostic factor [7]. The coexistence of BRAF V600E and
TERT promoter mutations, however, could more accurately
indicate the highest mortality risk for patients with PTC [8,19].

The present study aimed to evaluate the real-world frequency
of TERT promoter mutations in prospectively-collected consec-
utive cases of PTC and assess the relationship between TERT
promoter mutations and clinicopathological features in Korean
patients with PTC and a high frequency of BRAF V600E muta-
tions.

MATERIALS AND METHODS

Patients

We reviewed the prospectively collected data from 724 consec-
utive patients who underwent thyroidectomy for PTC and mo-
lecular testing at Seoul St. Mary’s Hospital of the Catholic Uni-
versity of Korea from 2018 to 2019. Molecular tests for BRAF
and TERT promoter mutations were performed in all patients
who agreed to allow molecular analysis of their surgical speci-
mens. In cases of multifocal PTCs, the largest tumor was defined
as the primary lesion and was chosen for evaluation. The histo-
logic variants of PTC were classified following the diagnostic
criteria and terminology of the World Health Organization [7].
The tall cell variant was defined using 30% of tall cell area as a
criterion. The PTCs were further classified as classic PTC with
tall cell features if it harbored between 10%-30% tall cells and
as classic PTC if it contained less than 10% of tall cell area and
any well-formed papillae. Cancer staging was done using the 8th
edition of the American Joint Committee on Cancer (AJCC) stag-
ing system [20]. Minimal extrathyroidal extension was defined
as extrathyroidal invasion that was restricted to the perithyroidal
soft tissues detected only on microscopic examination (including
microscopic strap muscle invasion). When strap muscle inva-
sion was found on preoperative imaging and/or at the time of sur-
gery, the case was considered as gross extrathyroidal extension.
Risk stratification of patients for tumor recurrence was done using
the 2015 American Thyroid Association (ATA) guidelines [21].

https://doi.org/10.4132/jptm.2020.05.12
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Mutational analyses for TERT promoter and BRAF V600E
mutations

Genomic DNA was extracted from 10 pm-thick formalin-
fixed paraffin-embedded (FFPE) tissue blocks using a Maxwell
16 FFPE Tissue LEV Purification Kit (Promega, Fitchburg, W1,
USA). Tumor areas were manually dissected with a scalpel under
a microscope.

The TERT promoter was amplified using the nested poly-
merase chain reaction (PCR) method. The first-round 235-bp
PCR amplicon was amplified using forward 5'-AGTGGATTC-
GCGGGCACAGA-3' and reverse 5'-CAGCGCTGCCTGAA
ACTC-3' primers. Then, the second-round 163-bp PCR ampli-
con was amplified using forward 5'-GTCCTGCCCCTTCACCTT-
3" and reverse 5'-CAGCGCTGCCTGAAACTC-3' primers. Bi-
directional Sanger sequencing was performed in both directions
using the same primers that were used for the second-round
PCR. BRAF V600E mutation was analyzed using the real-time
PCR clamping technology of PNAClampTM BRAF kit (Pana-
gene, Daejeon, Korea) [22]. Each test had a positive control of
mutation-holding human genomic DNA and a negative control
of distilled water.

Statistical analysis

Categorical variables were analyzed using the Pearson’s chi-
square, Fisher exact test, or linear-by-linear association when ap-
propriate. Continuous variables were compared using the Student’s
t-test or Mann-Whitney test when appropriate. The statistical
significance threshold was defined as a p-value less than 0.05. All
statistical analyses were done using SPSS Statistics program, ver.
21.0 IBM Corp., Armonk, N, USA).

RESULTS

Demographic and clinicopathologic characteristics

Table 1 summarizes the baseline clinicopathologic character-
istics of the 724 patients with PTC. The median age of the pa-
tients at the time of diagnosis was 46 years (interquartile range
[IQR], 36 to 56 years). The female to male ratio was 2.7:1. The
median tumor size was 0.7 cm (IQR, 0.5 to 1.1 cm). The propo-
tion of microcarcinomas (< 1.0 cm in size) was 71.5% (518/724).
Lobectomy was done in 504 (69.6%) and total thyroidectomy
in 191 patients (26.4%). The numbers of patients with mini-
mal and gross extrathyroidal extension were 405 (55.9%) and
41 (5.7%), respectively. Cervical lymph node metastases were
found in 409 patients (56.5%).
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Table 1. Baseline characteristics

Characteristic (212'7(;@)
Age at diagnosis (yr) 459+13.0
<55 531 (73.3)
>55 193 (26.7)
Sex
Female 528 (72.9)
Male 196 (27.1)
Tumor size (cm)
<10 518 (71.5)
>1.0 206 (28.5)
Surgical procedure
Lobectomy 504 (69.6)
Total thyroidectomy 191 (26.4)
Isthmusectomy 29 (4.0)
Histologic types
Classic 490 (67.7)
Classic with tall cell features 83 (11.5)
Classic encapsulated 46 (6.4)
Tall cell variant 49 (6.8)
Warthin-like variant 15 (2.1)
Infiltrative follicular variant 10(1.4)
Invasive encapsulated follicular variant 6(0.8)
Diffuse sclerosing variant 8(1.1)
Oncocytic variant 8(1.1)
Solid variant 5(0.7)
Hobnail variant 3(0.4)
Cribriform-morular variant 1(0.1)
Extrathyroidal extension®
Absent 278 (38.4)
Minimal (microscopic) 405 (55.9)
Gross (strap muscle invasion, pT3b) 30 (4.1)
Gross (tracheal, esophageal or recurrent laryngeal nerve 11(1.5)
invasion, pT4a)
Pathologic T category®
pT1 651 (89.9)
pT2 30 (4.1)
pT3 32 (4.4)
pT4 11 (1.5)
Lymph node metastasis®
Absent (pNO) 315 (43.5)
Central lymph node (pN1a) 346 (47.8)
Lateral lymph node (pN1b) 63(8.7)
ATA recurrence risk
Low risk 241 (33.3)
Intermediate risk 358 (49.4)
High risk 125 (17.3)
AJCC cancer staging®
Stage | 623 (86.0)
Stage |l 98 (13.5)
Stage lll 3(0.4)
Stage IV 0
(Continued)

http://jpatholtm.org/

Characteristic (’:2. 7(;/21))
BRAF V600E mutation
Aosent 108 (14.9)
Present 616 (85.1)
TERT promoter mutation
Wild 704 (97.2)
C228T mutation 14(1.9)
C250T mutation 2(03)
C216T variant 4(0.6)

ATA, American Thyroid Association; TERT, telomerase reverse transcriptase.
Al TNM categorization and staging were done according to the 8th Ameri-
can Joint Committee on Cancer (AJCC).

Frequency of TERT promoter and BRAF V600E mutations
Hotspot-point mutations (C228T and C2507T) in the TERT
promoter were found in 16 (2.2%) patients: 14 with C228T and
two with C250T (Table 2, Fig. 1). Four cases had the TERT
promoter variant of g.1 295 216 C>T (c.~112C > T) (hereafter
C216T) (Fig. 1). The BRAF V600E mutation was found in
616 (85.1%) patients. Of 20 PTCs with TERT promoter aber-
rations, 19 had coexisting BRAF VG60OE (Table 3, Fig. 2). Fig.
2 summarizes the distribution of histologic variants of PTC and
mutational profiles according to the variants. There was no corre-
lation between TERT promoter mutations and histologic variants.

Clinicopathologic features of patients with TERT promoter
mutation

Hotspot mutations in the TERT promoter were significantly
associated with age 255 years (p <.001), tumor size > 1.0 cm (p=
.001), extrathyroidal extension (p =.032), lateral lymph node
metastasis (p =.041), and higher ATA recurrence risk (p <.001)
(Table 2). Compared with patients with hotspot mutations, those
with C216T variant were younger (p =.032) and had a lower
rate of high ATA recurrence risk (p =.014). There were no sig-
nificant differences in the clinicopathologic features between the
patients with wild-type TERT promoter mutations and those
with C216T variant of the TERT promoter (Table 2). Table 3
shows the detailed clinicopathologic features of the patients with
a TERT promoter mutation.

DISCUSSION

The strength of this study stems from the prospectively col-
lected data encompassing all consecutive patients treated for
PTC with thyroid surgery. In our study, almost three-quarters
of patients with PTC underwent thyroid surgery before the age
of 55 years (73.3%) and had microcarcinomas (71.5%). Gross
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Table 2. Association between TERT promoter alterations and clinicopathologic features in 724 consecutive patients with papillary thyroid

carcinoma
Variab) TERT promoter alteration, n (%) p-value
e Wild-type (A) C228T, C250T (B) C216T (C) Avs. B Bvs.C Avs.C

Age at diagnosis (yr) <.001 032 >.99
<55 526 (99.1) 2. 3(0.6)
>55 178 (92.2) 14(7.3) 1(0.5)

Sex 776 587 .295
Female 515 (97.5) 11(2.1) 0.4)
Male 189 (96.4) (1.0)

Tumor size (cm) .001 255 >.99
<1.0 510 (98.5) 5(1.0) 306
>1.0 194 (94.2) 11 (6.3) 1(0.5

Histologic variant 313 214 405
Classic? 603 (97.4) 12(1.9) 4(0.6)
Classic with TCF 78 (94.0) 0
Tall cell variant 46 (93.9) 0
Follicular variant® 16 (100) 0 0
Other® 39 (97.5) 1(2.5) 0

Extrathyroidal extension .032 162 645
Absent 274 (98.6) 2(0.7) 2(0.7)
Present 430 (96.4) 14(3.1) 204

Pathologic T category <.001 267 >.99
pT1-2 667 (97.9) 10(1.5) 4(0.6)
pT3-4 37 (86.0) 6(14.0) 0

Pathologic N category 297 619 322
pNO 304 (96.2) 309
pN1 400 (98.0) 1(0.2

Lateral lymph node metastasis 041 >.99 294
Absent 646 (97.7) 12(1.8) 305
Present 58 (92.1) 1(1.

ATA recurrence risk <.001 014 344
Low risk 237 (98.3) 2. 0.8
Intermediate risk 354 (98.9) 2(0.6) 2(0.6)
High risk 113 (90.4) 12(9.6)

AJCC cancer staging, 8th edition .065 >.99 >.99
Stage Il 702 (97.4) 15 (2.1) 4(0.6)
Stage IV 2(66.7) 1(33.3) 0

BRAF VB00E mutation 489 >.99 >.99
Absent 107 (99.1) 1(0.9 0
Present 597 (96.9) 15 (2.4) 4(0.6)

TERT, telomerase reverse transcriptase; TCF, tall cell features; ATA, American Thyroid Association; AJCC, American Joint Committee on Cancer.

“Classic papillary thyroid carcinoma (PTC) included classic PTC (n=490), classic PTC with tall cell features (n=83) and encapsulated classic PTC (n=46); Fol-
licular variant included infiltrative follicular variant (n=10) and invasive encapsulated follicular variant (n=6); °Other variants included 15 Warthin-like variant, 8
diffuse sclerosing variant, 8 oncocytic variant, 5 solid variant, 3 hobnail variant, and 1 cribriform-morular variant; “Included both microscopic and gross extra-

thyroidal extension.

extrathyroidal extension was found in only 41 patients (5.7%).
No case developed synchronous distant metastasis. Therefore, it
stands to reason that the vast majority (86.0%) of patients with
PTC were assigned to stage I by the 8th edition of the AJCC
staging system. Although BRAF V60OE mutations were highly
prevalent in our study cohort, the frequency of hotspot muta-
tions in the TERT promoter was 2.2%, which is far lower than
that reported in previous studies for PTC (pooled mean preva-

https://doi.org/10.4132/jptm.2020.05.12

lence of 11.3%) [14,23]. These results indicate that most PTC
tumors in the current study should have indolent behavior.

In our study, additional benefits were gained by including mi-
crocarcinomas in the molecular analysis. Hotspot mutations of
the TERT promoter were found in five of 518 papillary micro-
carcinomas (1.0%). Minimal extrathyroidal extension, found in
three of the five patients with hotspot mutations, did not affect
the pathologic T category. Patient age ranged from 39 to 84

http://jpatholtm.org/
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2

2

c.-146 C>T c.-124C>T c-112C>T
g.1295250 C>T 91295228 C>T 9.1295216 C>T
(C250T) (C228T) (C216T)

Fig. 1. Schematic figure of the telomerase reverse transcriptase (TERT) promoter region and sequencing electropherograms of two hotspot
mutations (C228T and C250T) and a C216T variant in the TERT promoter. The hotspot mutations resulted from a cytosine-to-thymine transi-
tion at genomic loci Chr5:1,295,228 (C228T) and 1,295,250 (C250T), respectively. The C216T variant is a cytosine-to-thymine transition at

the 1,295,216 position of Chrb.

Table 3. Clinicopathologic features of papillary thyroid carcinoma patients with TERT promoter alterations

Case Age Tumor

Multi-

TERT

No. o Sex Surgery size (om) Variant ooy ETE pT pN M Stage promoter BRAF
1 77 F  Isthmusectomy 0.3 Classic N Absent fa 0 O 1 C250T Wild

2 60 F  Total lobectomy 05 Classic, encapsulated Y Absent fa 0 O 1 C250T  VB0OE
3 55 F Lobectomy 0.8 Classic Y Microscopic ta 0 O 1 C228T  V60OE
4 46 F Total lobectomy 1.5 Classic Y Microscopic ib 0 0 1 C228T  V60OE
5 66 F Total lobectomy 2.0 Classic Y Strap muscleinvasion 3b 0 O 2 C228T  VB0OE
6 57 M  Total lobectomy 2.6 Classic N Strap muscle invasion  3b 1b 0 2 C228T  VB0OE
7 68 M  Lobectomy 2.8 Classic Y Microscopic 2 0 0 1 C228T  VB0OE
8 60 F  Lobectomy 0.7 Classic with TCF Y Microscopic ia 0 0 1 C228T  VB0OE
9 76 F Total lobectomy 1.3 Classic with TCF Y Microscopic b 1a O 2 C228T  VB0OE
10 59 F  Total lobectomy 1.6 Classic with TCF N Microscopic ib 0 O 1 C228T  VE0OE
11 39 F  Total lobectomy 2.1 Classic with TCF N Microscopic 2 1b O 1 C228T  VB00E
12 65 M  Total lobectomy 3.2 Classic with TCF Y Strap muscle invasion 3b 1a 0 2 C228T  VBOOE
13 75 F Total lobectomy 2.0 Tall cell N Strap muscleinvasion 3b 1a 0 2 C228T  VB0OE
14 74 M Lobectomy 2.7 Tall cell N Strap muscleinvasion 3b 0 0 2 C228T  VBOOE
15 84 F  Total lobectomy 5.5 Tall cell N Esophagus invasion 4a 1b O 3 C228T  V60OE
16 64 M  Total lobectomy 0.7 Oncocytic Y Microscopic ta 1b 0 2 C228T  V60OE
17 44  F  Lobectomy 0.4 Classic N Absent ta 0 O 1 C216T  V600E
18 55 F  Total lobectomy 0.5 Classic N Absent ta 0 O 1 C216T  VB0OE
19 29 M Total lobectomy 1.0 Classic Y Microscopic 1la 1b 0 1 C216T  VEOOE
20 54 M  Lobectomy 1.2 Classic N Microscopic ib 0 O 1 C216T  VEOOE

TERT, telomerase reverse transcriptase; ETE, extrathyroidal extension; F, female; M, male; Y, yes; N, no; TCF, tall cell features.

years. Although the frequency of TERT promoter mutations is
lower than that of previous studies, these findings are in line with
a previous Italian study showing no correlation with unfavorable
outcomes [24]. The Italian study showed that TERT promoter
mutations were found in 4.7% of papillary microcarcinomas and
were not associated with poor clinical features [24]. As active
surveillance is one of the treatment options for low-risk papillary

http://jpatholtm.org/

microcarcinomas, the identification of TERT promoter muta-
tions may facilitate decision-making on appropriate candidates
for active surveillance [21,25]. One Japanese study reported that
no TERT promoter mutations were found in 25 patients selected
from 1,252 patients with low-risk papillary microcarcinoma
who were managed with active surveillance [25]. These results,
however, need to be validated in further larger studies.

https://doi.org/10.4132/jptm.2020.05.12
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Fig. 2. A pie chart depicting a portion of BRAF VB0OE and telomerase reverse transcriptase (TERT) promoter mutations (C228T and C250T)
in relation to histologic variants of papillary thyroid carcinoma (n=724). The middle and inner circles show the frequency of BRAF V600E and
TERT promoter mutations, respectively. The other variants included eight diffuse sclerosing, eight oncocytic, five solid, three hobnail, and one

cribriform-morular variant. TCF, tall cell features.

Since most studies reported only pathogenic hotspot muta-
tions, little is known about the prevalence and functional role of
the TERT promoter C216T variant in human cancers. The C216T
variant was found in four cases of our study cohort and has been
previously reported in two lung adenocarcinomas [26] and one
esophageal squamous cell carcinoma [27]. In our study, all four
patients with the C216T were younger (range, 29 to 55 years)
than those with hotspot mutations and had no unfavorable clini-
copathologic features. Therefore, we suggest that the TERT pro-
moter C216T variant may be a non-pathogenic DNA polymor-
phism in PTC.

Many studies have shown synergistic effects of concurrent BRAF
VG600E and TERT promoter mutations on the poor prognosis
and mortality risk of patients with PTC [8,11,17-19,23]. The
C228T and C250T mutations of the TERT promoter generate
an 11-bp binding motif (5'-CCCCTTCCGGG-3') for E-twenty-

https://doi.org/10.4132/jptm.2020.05.12

six (ETS) transcription factors [13]. Mitogen-activated protein
kinase pathway activation by the BRAF V600OE mutation up-
regulates ETS transcription factors, which results in increased
TERT mRNA expression by the binding of the mutated TERT
promoter to ETS [28]. In our study, all 14 patients with the
TERT promoter C228T mutation had a concurrent BRAF
VG600E mutation. In Korean patients with PTC and a high
prevalence of the BRAF VG0OE, further studies are needed to
validate the prognostic utility of risk stratification of patients
with PTC by combining BRAF V600E and TERT promoter
mutations.

In summary, this study demonstrated that the TERT promoter
mutation frequency was 2.2% in prospectively collected patients,
and the presently reported frequency is lower than that reported
in previous studies. TERT promoter mutations were more com-
mon in older patients with unfavorable clinicopathologic fea-

http://jpatholtm.org/
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tures and a BRAF V600E mutation. Although they were observed
less frequently than in those with larger tumors, TERT promoter
mutations also occurred in patients with microcarcinoma and low-
risk clinicopathologic features. The C216T variant was found in
0.6% of all PTCs and may be a non-pathogenic DNA polymor-
phism.
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Background: The Korean Society for Cytopathology has conducted the Continuous Quality Improvement program for cytopathology
laboratories in Korea since 1995. In 2018 as part of the program, an annual survey of cytologic data was administered to determine the
current status of cytopathology practices in Korea. Methods: A questionnaire was administered to 211 cytopathology laboratories. Indi-
vidual laboratories submitted their annual statistics regarding cytopathology practices, diagnoses of gynecologic samples, inadequacy
rates, and gynecologic cytology-histology correlation review (CHCR) data for 2018. In addition, proficiency tests and sample adequacy
assessments were conducted using five consequent gynecologic slides. Results: Over 10 million cytologic exams were performed in
2018, and this number has almost tripled since this survey was first conducted in 2004 (compounded annual growth rate of 7.2%). The
number of non-gynecologic samples has increased gradually over time and comprised 24% of all exams. The overall unsatisfactory rate
was 0.14%. The ratio of the cases with atypical squamous cells to squamous intraepithelial lesions accounted for up to 4.24. The major
discrepancy rate of the CHCR in gynecologic samples was 0.52%. In the proficiency test, the major discrepancy rate was approximately
1%. In the sample adequacy assessment, a discrepancy was observed in 0.1% of cases. Conclusions: This study represents the current
status of cytopathology practices in Korea, illustrating the importance of the Continuous Quality Improvement program for increasing
the accuracy and credibility of cytopathologic exams as well as developing national cancer exam guidelines and government projects
on the prevention and treatment of cancer.
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The Korean Society for Cytopathology (KSC) has conducted
the Continuous Quality Improvement program for cytopathology
laboratories in Korea since 1995 [1]. In 1992, the Committee
of Quality Improvement of the KSC (CQIKSC) was first founded.
In 1995, the standard operating procedures and documents of
quality assurance (QA) were enacted, and the first nationwide
survey of annual statistics on cytologic exams of all institutions
was conducted. In 1996, the first proficiency tests (PT5) and the
certification of participating institutions were performed with

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology

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

100 institutions. Since 2003, all cytopathology laboratories in
Korea have been obliged to submit annual statistics and partici-
pate in PT5 to be certified by the CQIKSC. The number of par-
ticipating institutions was 148 in 2004 and increased to 211 in
2018. Currently, the certification awarded through the Contin-
uous Quality Improvement program is regarded as an impor-
tant standard to qualify individual cytopathology laboratories,
especially in conjunction with the National Cancer Screening
Program that was started in 1999 [1-3].
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The Continuous Quality Improvement program initially con-
sisted of an annual survey of the statistics on gynecological (GYN)
cytologic exams. Recently, the survey has been expanded to cover
overall statistics, statistics on the diagnostic category of GYN
exams, inadequacy rates, cytology-histology correlation reviews
(CHCRs), and the number of discordant cases. PTs were initially
performed 2—4 times annually using three slides; however, in
2013, this was adjusted to once annually using five glass slides.
Sample adequacy evaluations have been performed with five
GYN slides submitted from participating institutions since 2013.
Since 2009, six glass slides from each participating institution
have been submitted to be used in the PT for the following years.
The statistical analysis of the submitted data has been unoffi-
cially performed by CQIKSC to efficiently develop a strategy for
quality improvement. Official reports have only been published
twice: in 2008 (using data collected before 2007) [1] and 2017
(using data collected before 2016) [4]. A new report using the
data collected between 2007 and 2017 is currently being com-
piled for publication. The Continuous Quality Improvement
statistics are very credible and represent the current status of
cytopathology practices in Korea [4]. In addition, quality data to
support the creation of national policies and strategies in cancer
screening are becoming more essential [5]; therefore, CQIKSC
has decided to publish the statistics annually.

Thus, we present the results of a nationwide survey on annual
statistics from cytologic exams and PTs for 2018.

MATERIALS AND METHODS

The Continuous Quality Improvement program by CQIKSC
As mentioned earlier, the annual Continuous Quality Im-
provement program consists of four parts: 1, a survey of the sta-
tistics on the cytologic exams performed in the last year; 2, a
PT using five glass slides; 3, a sample adequacy evaluation of five
GYN glass slides submitted by the participating institutions;
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and 4, submission of six candidate slides by the participating
institutions to be used in the PTs of the following years.

Annual survey of cytopathology statistics

A nationwide survey was conducted by CQIKSC from February
11, 2019, to February 22, 2019. The questionnaire and the writ-
ten informed consent were collected from 211 medical institu-
tions performing cytopathologic examinations in Korea in 2018.
The questionnaire included the statistical data on overall cyto-
logic exams, the case number of the GYN exams according to the
diagnostic categories, the GYN sample adequacy, the CHCR
results, and the number of discordant cases according to the
discordant assessment criteria. The diagnostic concordance be-
tween the cytologic and corresponding histologic examination
of the uterine cervix or endometrium was categorized as either
concordant (category O) or one of three discordant categories:
category A (minimal clinical impact), category B (minor clinical
impact), or category C (major clinical impact). The criteria for
CHCR were developed by the individual institutes according
to the internal guidelines for laboratory QA. The discordant as-
sessment criteria for PT by CQIKSC were provided to each insti-
tute as a reference for the criteria for CHCR (Tables 1-4).

The participating institutions were categorized into three
groups: university hospitals, general hospitals, and commercial
laboratories. The overall cytologic exam statistics were analyzed
by category. The sample categories were as follows: GYN, fine-
needle aspiration (FNA), and non-GYN/non-FNA sample ex-
ams including urine, body fluids, respiratory tract samples (spu-
tum, bronchial washing, brushing, bronchioloalveolar lavage,
etc.), cerebrospinal fluid, etc. Endoscopic bronchial ultrasonog-
raphy-assisted aspiration cytology samples were classified as
FNA samples other than body fluids. The cystic fluids derived
from anatomical body cavities, such as the pleural, peritoneal,
or pericardial cavities, were classified as body fluids although they
were obtained by needle aspiration.

Table 1. Discordance assessment criteria for gynecologic samples, squamous lesions

Submitted diagnosis
Original diagnosis
Negative ASC-US ASC-H L-SIL H-SIL Carcinoma

Negative 0 A B A B C
ASC-US A 0 A 0 A B
ASC-H B A 0 A 0 B
L-SIL A A A 0 A B
H-SIL B B A A O A
Carcinoma C B B B A 0

ASC-US, atypical squamous cells of undetermined significance; ASC-H, atypical squamous cells, cannot exclude H-SIL; L-SIL, low-grade squamous intraepi-

thelial lesion; H-SIL, high-grade squamous intraepithelial lesion.
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Table 2. Discordance assessment criteria for gynecologic samples, glandular lesions

Submitted diagnosis
Original diagnosis - X ) .
Negative AGC AGC, favor neoplastic Endocervical AIS Adenocarcinoma
Negative @) A B B C
AGC A 0 A B B
AGC, favor neoplastic B A 0 A A
Endocervical AIS B B A O A
Adenocarcinoma C B A A o]
AGC, atypical glandular cells; AlS, adenocarcinoma in situ.
Table 3. Discordance assessment criteria for thyroid fine-needle aspiration
Original diagnosis
Benign, Benign, . Benign, Follicular Follipular _ .
Submitted diagnosis o/w a c/w chron|lc c/w. lesion lesion, Papllary Poor_ly Medlilary Undlfferentlgted
benign  lymphocytic  granulomatous ! Hurthle cell . differentiated ) (anaplastic)
. . \ conventional . carcinoma . carcinoma .
follicular (Hashimoto's)  (subacute) toe (oncocytic carcinoma carcinoma
nodule thyroiditis thyroiditis type)
Benign, c/w a benign 0 A A B B C C C C
follicular nodule
Benign, ¢/w chronic A 0 A B B C C C C
lymphocytic (Hashimoto’s)
thyroiditis
Benign, ¢/w granulomatous A A 0 B B C C C C
(subacute) thyroiditis
Benign, other A A A B B C C C C
AUS or FLUS A A A A A B B B B
Follicular lesion, B B B 0 A A B B B
conventional type
Follicular lesion, Hurthle cell B B B B 0] A B B B
(oncocytic type)
Suspicious for papillary C C C B B 0 B B B
carcinoma
Suspicious for poorly C C C B B B O B B
differentiated carcinoma
Suspicious for medullary C C C B B B B 0 B
carcinoma
Suspicious for C C C B B B B B 0
undifferentiated carcinoma
Suspicious for lymphoma C C C B B B B B B
Suspicious for malignancy, C C C B B A B B B
other
Papillary carcinoma C C C A A 0 A A A
Poorly differentiated C C C B B A O A A
carcinoma
Medullary carcinoma C C C B B A A 0 A
Undifferentiated (anaplastic) C C C B B A A A O
carcinoma
Malignant, other C C C B B A A A A

c¢/w, consistent with; AUS, atypia of undetermined significance; FLUS, follicular lesion of undetermined significance.

Proficiency test

The second part of the Continuous Quality Improvement
program, the PT, was performed in 209 medical institutions
from May 3, 2019, to May 25, 2019, using a total of 1,045 glass
slides. Five glass slides (2 GYN slides, 1 body fluid or urine, 2
respiratory tract sample or FNA slides) were dispatched to the

http://jpatholtm.org/

participating institutions by parcel post. The candidate cases for
PT, along with their cytologic diagnoses and the corresponding
histologic diagnoses, were collected from the participating insti-
tutions in 2015 and 2016. The cases were reviewed by mem-
bers of the CQIKSC and their eligibility for PT was confirmed.
The diagnosis submitted by participating institutions was based

https://doi.org/10.4132/jptm.2020.02.26
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Table 4. Discordance assessment criteria for bodly fluid, urine, and other fine-needle aspiration samples

o : Submitted diagnosis
Original diagnosis : > : : > : : : : : :
Negative or benign  Atypical, favor reactive  Atypical, favor neoplastic  Malignant ~ Malignant, but different diagnosis

Benign 0 A B C C

Atypical, favor reactive A 0 A B B

Atypical, favor neoplastic B A 0] A A

Malignant C B A 0 A

on the Bethesda system [6] for GYN samples and on the thyroid RESULTS

Bethesda system [7] for thyroid FNA samples. The submitted
diagnoses were evaluated using the discordance assessment cri-
teria (Tables 1-4), and the diagnostic concordance was catego-
rized as either concordant (category O) or as one of three discor-
dant categories: category A (minimal clinical impact), category
B (minor clinical impact), or category C (major clinical impact).
The criteria for PT have been developed and modified by CQ-
IKSC based on the potential clinical impact in relation to the
clinical treatment guidelines.

Sample adequacy assessment

The third part of the program was the sample adequacy as-
sessment. Each participating institution was asked to submit
five GYN glass slides of any consequent number and the corre-
sponding reported adequacy that were diagnosed in each insti-
tution on March 5, 2018. They were submitted to the CQIKSC
from September 10, 2018, to September 21, 2018, and the sam-
ple adequacy was reevaluated by the members of the CQIKSC.

Submission of samples for the QA program

For the final part of the program, each participating institu-
tion was asked to submit six glass slides (2 GYN, 2 non-GYN,
and 2 FNA) with confirmed cytologic diagnoses and the corre-
sponding histologic diagnoses from November 26, 2018, to
December 7, 2018. The eligibility of the collected samples for
the PT was evaluated by the members of the CQIKSC, and eli-
gible samples were archived to be used in the PT in the following
years.

Statistical analysis

The correlation between total case numbers, liquid-based
preparation (LBP) coverage, atypical squamous cells to squa-
mous intraepithelial lesions ratio (ASC/SIL ratio) of participant
institutions in 2018 was done using Pearson correlation analysis
with Microsoft Excel 14.0.7237.5000, Microsoft Co. (Redmond,
CA, USA).
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Participating institutions

Responses were obtained from all 211 medical institutions,
including 83 university hospitals (39.3%), 84 general hospitals
(39.8%), and 44 commercial laboratories (20.8%) (Fig. 1). The
number of participating institutions steadily increased from
148 in 2004 to 211 in 2018. In particular, the number of com-
mercial laboratories significantly increased from 25 (14.6%) in
2009 to 44 (20.8%) in 2018, while the number of general and
university hospital laboratories slightly increased.

Overall statistics

The total number of cytopathologic examinations performed
in 2018 was 10,057,839; this number was more than triple the
number of examinations performed in 2004 (2,891,867, com-
pounded annual growth rate: 7.2%) (Fig. 1). The number of
cytologic exams performed was 1,695,625 in university hospitals
(16.9%), 732,880 in general hospitals (7.3%), and 7,629,334
in commercial laboratories (75.9%). In 2018, commercial labo-
ratories only comprised approximately 20% of the total institu-
tions but performed over 75% of the total examinations (Supple-
mentary Fig. S1). In 2015, commercial laboratories comprised
17.5% of the participating institutions (36 out of 206) and per-
formed 5,717,336 out of 8,284,952 exams (69.0%), illustrating
a significant increase of the segment share (69.0% to 75.9%)
and the number of institutions (17.5% to 20.8%). In 2018, the
average number of cytologic exams was 20,429 in university
hospitals, 8,724 in general hospitals, and 173,393 in commer-
cial laboratories. In 2015, the average number of cytologic exams
was 19,320 in university hospitals, 11,080 in general hospitals,
and 158,814 in commercial laboratories, illustrating a significant
increase in the number of exams in university hospitals and com-
mercial laboratories and a significant decrease in the number of
exams in general hospitals.

GYN and non-GYN samples
In 2018, the total number of GYN samples was 7,641,281
(76.0%), and the total number of non-GYN samples was
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Fig. 1. Overall statistics of cytopathology exams from 2004 to 2018. GYN, gynecologic samples; Non-GYN, non-gynecologic samples.

2,416,558 (24.0%). The percentage of non-GYN samples
gradually increased from 14% in 2007 to 24.0% in 2018. The
majority (approximately 80.9%) of the GYN samples were ana-
lyzed in commercial laboratories (n = 6,181,796), while only
6.7% and 12.5% were processed by general and university hospi-
tals, respectively. The proportion of GYN samples analyzed by
commercial laboratories significantly increased from 58.0% in
2004 and 74.2% in 2015 to 80.9% in 2018; however, from 2015
to 2018, this number was similar in university hospitals (13.8%
and 12.5%) and significantly decreased in general hospitals
(11.1% to 6.7%). The proportion of non-GYN samples was
highest in university hospitals (44%), followed by general hos-
pitals (31%) and commercial laboratories (19%).

The primary types of non-GYN samples were body fluids (n =
1,664,313, 68.9%), followed by urine (n = 431,749, 17.9%)
and FNA (n = 320,496, 13.3%). The majority of the body fluids
were obtained from the respiratory system (e.g., sputum, bron-
chial washing, or bronchial brushing, n= 1,508,676, 90.6%) (Fig.
2A). Most of the FNA samples were taken from the thyroid (n =
225,511, 70.4%). The FNA and urine samples were more com-
mon in the university (17.4% and 30.6%, respectively) and gen-
eral hospitals (18.9% and 24.2%, respectively), while body fluids
from the respiratory tract comprised the majority of the commer-
cial laboratory samples (79.4%) (Fig. 2B).

Conventional and LBP cytology
Of all the samples, 8,030,418 (79.8%) samples were prepared
by conventional smear, and 2,027,421 (20.2%) samples were
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prepared by LBP. The LBP method was used in 19.5% of the
GYN (n=1,493,582) and 22.1% of the non-GYN samples (n =
533,839), including 44.4% of the urine (n =191,769), 43.6%
of the FNA (n=139,599), and 12.1% of the body fluid (n =
202,471) samples (Fig. 3A). The LBP coverage of the GYN
samples slightly decreased from 2017 to 2018 (20.3% to 19.5%).
The LBP coverage of the non-GYN samples also decreased
from 2017 to 2018 (25.2% to 22.1%), although the coverage
was significantly increased in the FNA and urine subsets among
the non-GYN samples. This indirectly suggests that from 2017
to 2018 a relatively high increase of GYN and body fluid sam-
ples were prepared by conventional methods (Fig. 3A). The LBP
coverage of the GYN samples increased from 2017 to 2018 in
both university and general hospitals, while it decreased in
commercial laboratories (Fig. 3B). This pattern was similar in the
non-GYN samples; the LBP coverage decreased only in commet-
cial laboratories in 2018 (Fig. 3C). Among the subsets of the
non-GYN samples, the LBP coverage generally increased in the
FNA and urine samples of all institutions, while it only decreased
in the body fluid samples of the commercial laboratories. (Fig.
3D-F). Chronologically, the LBP coverage in the GYN samples
increased from 7.6% in 2004, reached a peak of 29.0% in 2012,
and decreased slightly to 19.5% in 2018 (Fig. 3G).

Distribution of the GYN sample cytologic diagnoses

The cytologic diagnoses percentages of the GYN samples are
summarized in Table 5. The percentage of the samples with
“unsatisfactory adequacy” was 0.14% in 2018. The overall per-
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Fig. 2. Number and proportion of cytopathology exams according to types of sample (A) and institution (B). GYN, gynecologic samples;
Non-GYN, non-gynecologic samples; FNA, fine-needle aspiration; CSF, cerebrospinal fluid; ERCP, endoscopic retrograde cholangiopancrea-
tography; Univ. Hos., university hospitals; Gen. Hos., general hospitals; Com. Lab., commercial laboratories.

centage of the “negative” samples was 95.29%. The percentage
of “atypical squamous cells of undetermined significance”
(ASC-US) and “atypical squamous cells-cannot exclude high-
grade squamous intraepithelial lesion” were 3.45% and 0.19%,
respectively. The percentage of “low-grade squamous intraepi-
thelial lesion” and “high-grade squamous intraepithelial lesion”
wete 0.65% and 0.19%, respectively. The ratio of ASC-US to
squamous intraepithelial lesion (SIL) was 4.25 in 2018. Compared
to 2017, the percentage of ASC-US increased from 3.47% to
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3.69%, and the percentage of SIL decreased from 0.91% to
0.87%.

Although the total number of GYN samples increased sig-
nificantly from 5,640,080 in 2012 to 7,706,455 in 2018 as the
coverage of the National Cancer Screening Program increased, the
total number of SIL and cancer slightly decreased from 71,722 in
2012 to 67,063 in 2018 and 2,847 in 2012 to 2,042 in 2018, re-
spectively (Fig. 4A). In contrast, the atypical squamous cell (ASC)
percentage increased slightly from 3.03% in 2012 to 3.69% in
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2018. As a result, the ASC/SIL ratio increased from 2.98 in 2012
to 4.24 in 2018. With regard to institutions, the ASC/SIL ratio
was steadily maintained at approximately 1.8 in university hos-
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increased in commercial laboratories from 3.68 in 2012 to 5.65
in 2018 (Fig. 4B). A correlation analysis using the data from all
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Fig. 3. Proportion of conventional smear (CS) and liquid-based preparation (LBP) cytology. Change in proportion between 2017 and 2018 of
all samples (A), gynecologic samples (GYN) (B), non-gynecologic samples (Non-GYN) (C), fine-needle aspiration (FNA) (D), urine (E), and
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general hospitals; Com. Lab., commercial laboratories.
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Table 5. Distribution of the gynecologic sample cytologic diagnoses

Cytologic diagnosis 2017 2018
Unsatisfactory 024 0.14
Negative (reactive cellular change, inflammation,
a?rophyfetc_) g 9510 95.29
ASC 351 3.64
ASC-US 3.31 345
ASC-H 020 0.19
AGC 0.05 0.05
AGC, favor neoplastic 0.01 0.01
L-SIL 0.70 0.65
H-SIL 020 0.19
Squamous cell carcinoma 0.02 0.02
Adenocarcinoma 0.00 0.01
ASC/SIL ratio 382 4.25

ASC, atypical squamous cells; ASC-US, atypical squamous cells of uncer-
tain significance; ASC-H, atypical squamous cells, cannot exclude H-SIL;
AGC, atypical glandular cells; L-SIL, low-grade squamous intraepithelial le-
sion; H-SIL, high-grade squamous intraepithelial lesion; ASC/SIL ratio,
atypical squamous cells/squamous intraepithelial lesion ratio.

211 institutions showed that the laboratories with more cases
tended to use less LBP and report a higher ASC/SIL ratio, although
these findings were not statistically significant (Fig. 4C, D).
Moreover, the laboratories that used more LBP tended to report
significantly lower ASC/SIL ratios (Fig. 4E).

CHCR for the GYN cytology

As part of the internal quality control (QC) program, each
institution was asked to compare the diagnoses of the cytologic
and histologic samples of the same individual whenever possible
and to document the degtee of discordance between the cytologic
and histologic diagnoses according to the institutional criteria. Of
69,808 cases, 60,823 cases showed concordant results between
the cytologic and histologic diagnoses (87.1%) (Fig. 5A). Dis-
cordance with minimal and minor clinical impact (categories A
and B) were found in 6,555 and 2,301 cases, respectively (9.4%
and 3.3%) (Fig. 5B). Discordance with major clinical impact
(category C) was found in 361 cases (0.52%) (Fig. 5B). Over
the past 15 years, while an increasing number of cases have been
compared, the discordant rate has been steadily maintained at
approximately 15% (Fig. 5A). However, the rates of discor-
dance with minor and major clinical impact (categories B and
C) have markedly decreased from 4.40% and 1.5% in 2003 to
3.30% and 0.52% in 2018, respectively (Fig. 5B).

Adequacy of GYN samples

The percentage of the GYN samples with unsatisfactory ade-
quacy in each institution was collected as a part of the annual sur-
vey. The overall unsatisfactory rate was 0.14% in 2018 and
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0.24% in 2017. It was 0.45% in university hospitals, 0.44% in
general hospitals, and 0.07% in commercial laboratories in 2018.

Proficiency test

The PT using 1,045 dispatched glass slides showed 84.6%
overall concordance (category O), 12.2% discordance with
minimal clinical impact (category A), 2.2% discordance with
minor clinical impact (category B), and 0.95% discordance with
major clinical impact (category C) (Fig. 6A). The concordance
rates reported by the institutions were 86.6% in university hos-
pitals, 85.9% in general hospitals, and 78.1% in commercial
laboratories; discordance with major clinical impact (category
C) was 1.0% in university hospitals, 1.2% in general hospitals,
and 0.5% in commercial laboratories (Fig. 6A). Of the 420
GYN cytology cases, the overall concordance rate was 75.2%,
minimal discordance (category A) was 21.0%, minor discor-
dance (category B) was 2.8%, and major discordance (category
C) was 0.5% (Fig. 6B). Concordance reported by the institu-
tions was 77.4%, 77.6%, and 67.9% in university hospitals,
general hospitals, and commercial laboratories, respectively.
Major discordance (category C) was 0.6%, 0.6%, and 0.0% in
the university hospitals, general hospitals, and commercial lab-
oratories, respectively (Fig. 6B). Of the 164 thyroid FNA cases,
the overall concordance was 95.7%, and the major discordance
was 1.2% (Fig. 6C). The concordance rates by institution were
similar in the university hospitals (98.5%), general hospitals
(95.4%), and commercial laboratories (90.9%). Major discor-
dance was found in only two cases (3.1%) in the general hospi-
tals (Fig. 6C). Of the 300 body fluid cases, the overall concor-
dance was 91.0% and the major discordance rate was 1.0%
(Fig. 6D). The concordance rate was 92.4%, 92.6%, and 85.0%
in the university hospitals, general hospitals, and commercial
laboratories, respectively. Major discordance was found in one
case in each institution (0.8%, 0.8%, and 1.7% in university
hospitals, general hospitals, and commercial laboratories, re-
spectively) (Fig. 6D). Of the 108 urine cytology cases, the overall
concordance rate was 85.2%, and the major discordance rate was
1.9% (Fig. 6E). The concordance rate was 86.0%, 89.1%, and
73.7% in the university hospitals, general hospitals, and com-
mercial laboratories, respectively. Major discordance was found
in one case in the general hospitals and in the commercial labo-
ratories (2.2% and 5.3%, respectively) (Fig. 6E). Among 55 other
FNA cases, the overall concordance rate was 83.6%, and the
major discordance rate was 5.5% (Fig. 6F). The concordance rate
was 88.9%, 78.3%, and 85.7% in the university hospitals, gen-
eral hospitals, and commercial laboratories, respectively. Major
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Fig. 4. Trends in gynecologic sample cytologic diagnoses from 2012 to 2018 and correlation analysis according to atypical squamous cells
to squamous intraepithelial lesions ratio (ASC/SIL ratio). Trends in the number of total gynecologic (GYN) samples, atypical squamous cells
(ASC), squamous intraepithelial lesions (SIL), cervical cancers, and ASC/SIL ratio from 2012 to 2018 (A), ASC/SIL ratio according to institu-
tions (B), correlation of total case number versus liquid-based preparation (LBP) coverage among 211 participating institutions in 2018 (C),
correlation of total case number versus ASC/SIL ratio in 2018 (D), correlation of LBP coverage versus ASC/SIL ratio in 2018 (E). Com. Lab.,
commercial laboratories; Gen. Hos., general hospitals; Univ. Hos., university hospitals.
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discordance was found in two cases and one case in the university
and general hospitals, respectively (11.1% and 4.3%, tespectively)
(Fig. 6F).

Sample adequacy assessment

A total of 193 participating institutions submitted a total of
965 GYN slides of consequent numbers (5 slides from each in-
stitution) and their reported adequacy. The sample adequacy as-
sessments reevaluated by the members of the CQIKSC and the
reported adequacy of the institutions in all cases were concordant.
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Submission of samples for the next QA program

A total of 182 participating institutions submitted 961 glass
slides with confirmed cytologic diagnoses and corresponding
histologic diagnoses.

DISCUSSION

The key findings of this study are summarized as follows: 1) the
total number of cytopathologic exams is continuously increasing,
and the proportion of non-GYN samples is gradually increasing
over time; 2) the number of cytopathologic exams processed by
commercial laboratories is increasing; 3) the LBP coverage is in-
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creasing in all samples except GYN and body fluid samples pro-
cessed by commercial laboratories; 4) the total number of GYN
exams is increasing, but the number of cancer cases is decreas-
ing; 5) the ASC/SIL ratio is increasing (the ASC percentage is
increasing while the SIL percentage is decreasing); 6) the high
LBP coverage seems to be lowering the ASC/SIL ratio; 7) the
major discordance rate found by the CHCR (internal QC as-
sessment) is decreasing over time; 8) the unsatisfactory rate in
GYN samples is well under control; 9) the average diagnosis
concordance rate of the PT (external QC assessment) is approxi-
mately 85% with a major discordance (category C) rate of less
than 1%; and 10) the concordance rate was highest in thyroid
FNA, lower in urine and other FNA, and lowest in GYN cytology.

The total number of cytopathologic exams has increased dra-
matically to over 10 million exams per year. It has more than
tripled from the number of total exams in 2004 with a steady
compounded annual growth rate of 7.2%. Furthermore, the
growth has not slowed but rather reached a peak. In 2018, an
annual average of 47,667 cases was processed by individual lab-
oratories that processed only 19,000 cases in 2004. This seems
to be primarily due to the introduction of screening cytologic
exams in the National Cancer Screening Program [1,2,8]. The
proportion of non-GYN samples has also been gradually increas-
ing over time. This is probably because of an overall increase in
cytologic exams (the subgroup proportions were not significantly
different from the numbers in 2015).

The number of cytopathologic exams processed by commercial
laboratories has been increasing. The average number of cyto-
logic exams reported by the institutions showed a bipolar distri-
bution; they significantly increased in university hospitals (19,320
in 2015 to 20,429 in 2018) and commercial laboratories (158,814
in 2015 to 173,393 in 2018) but decreased in general hospitals
(11,080 in 2015 to 8,724 in 2018). This finding suggests that
university hospitals and commercial laboratories have a need for
mote manpower.

LBP coverage has generally increased in all samples, especially
thyroid FNA and urine samples based on the wide acceptance
of the technology in these samples [9]. However, it decreased in
the GYN and body fluid samples processed by the commercial
laboratories. This seems to be primarily due to the increase in
National Cancer Screening Program samples where LBP meth-
ods are not covered by insurance. Because the total number of
cytologic exams is significantly increasing and cytopathology man-
power is limited, expanding LBP coverage in the cancer screen-
ing program would be an effective strategy to manage increasing
labor demands.
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Over the past few years, the total number of GYN exams has
been increasing and the number of cancer cases has been de-
creasing. At the same time, the ASC/SIL ratio, an important QC
parameter for GYN cytology exams [10], has been increasing
(the ASC rate has been increasing while the SIL rate has been
decreasing). This finding seems to be due to the expansion of the
recipient age group of the National Cancer Screening Program.
Since 2016, the National Cancer Screening Program has covered
women over the age of 20 (previously, only women over the age of
30 were covered), and the number of negative or ASC cases has
increased while the number of SIL or cancer cases proportionally
decreased [8]. The ASC/SIL ratio was more significantly increased
in commercial laboratories than in the other institutions (3.68 in
2012 t0 5.65 in 2018), which explains the impact of the changes
in the National Cancer Screening Program samples. Interestingly,
in correlation analyses, the institutions with more samples tended
to have less LBP coverage and to report higher ASC/SIL ratios, and
high LBP coverage tended to significantly correlate with lower
ASC/SIL ratios. As the registered cytotechnologists that pet-
form cytology screening were estimated as 386 in 2017, the aver-
age number of GYN samples screened by a cytotechnologist is
19,796.1 cases per year, approximately 79.2 cases per working
day, which indicates that cytology laboratories in Korea have a
labor-intensive working environment.

The major discordance (category C) rate in the CHCR of the
GYN samples has been significantly decreasing over time to a level
as low as 0.52%, and the unsatisfactory rate of GYN samples has
been well controlled over time (0.14% in 2018). These findings
show that the Continuous Quality Improvement program of KSC
has gradually contributed to the improvement of cytopathologic
exam quality in cytopathology laboratories in Korea over time.

In the PT, the average diagnosis concordance rate was approx-
imately 85%, and the major discordance (category C) rate was
less than 1% (0.95%). The concordance rate was the highest in
thyroid FNA (95.7%), followed by body fluids (91.0%), urine
(85.2%), and other FNA (83.6%); it was the lowest in GYN
cytology (75.2%). This finding seems to be due to the sample
characteristics and the varying degrees of complexity of the di-
agnostic categories. In GYN cytology, the major discordance
(category C) was less than 0.5%, while the minimal and minor
discordance (categories A and B) composed almost one-fourth
of the total samples (24.3%). This finding indirectly shows the
complexity of the diagnostic category (Bethesda system [6]) of
GYN cytology. In contrast, in thyroid FINA, the concordance rate
was over 95%. This seems to stem from the monotonous com-
position of PT samples. The occurrence of the minor categories of
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thyroid FNA, such as medullary carcinoma, poorly differentiated,
or undifferentiated carcinoma was relatively rare, and these cat-
egories were not properly included in the PT sample pools. A
more balanced sample composition for the PT should be carefully
designed in the future. In comparison with the prior results of
PT in 2004 and 2007, the concordant rate slightly but gradu-
ally increased from 73.0% in 2004 and 74.5% in 2007 to 75.2%
in 2018 [1]. The major discordant rate (category C) also gradu-
ally decreased from 2.8% in 2004 and 2.0% in 2007 to 0.5%
in 2018 [1]. However, because the discordance assessment cri-
teria for PT have been slightly modified by the CQIKSC during
the period as clinical treatment guidelines have changed, it is rec-
ommended that this data should be interpreted with care.

For the fourth part of the program, each participating insti-
tution has submitted candidate slide samples for the next PT pro-
gram (182 institutions, 961 slides). However, there are several
drawbacks to using these glass slides in the PT program. Not
enough samples have been submitted every year. There is a possi-
bility of sample loss or damage during packaging, handling, and
storage, which can lead to the leakage of personal information.
The level of diagnostic difficulty of each PT sample is variable,
and the PT samples may be distributed disproportionately. The
PT samples can easily become discolored over time during stor-
age. Because of the aforementioned reasons, the introduction of
a digital pathology system in the QC programs is being uti-
lized in other programs such as United Kingdom National
External Quality Assessment Site (UKNEQAS) and The Royal
College of Pathologists of Australasia Quality Assurance Programs
(RCPAQAP) [11,12]. In 2019, CQIKSC will also attempt to
adopt the digital pathology system for the Continuous Quality
Improvement programs with the collaboration of the Committee
of Quality Assurance of the Korean Society of Pathologists. The
efficacy of the digital pathology system in the Continuous Quality
Improvement program will be assessed during its establishment.

With the results of this study, we confirmed that the Contin-
uous Quality Improvement programs using the annual survey and
the internal (CHCR) and external QC tests (PT) in the KSC
have contributed to improved cytopathology practice perfor-
mance quality by enhancing diagnostic accuracy. However, the
high ASC/SIL ratio in a few institutions should be further mon-
itored as the National Cancer Screening Programs expand over
time. Active intervention and QC surveillance of each institution
must be continued.
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CASE STUDY

Gastric crystal-storing histiocytosis with concomitant
mucosa-associated lymphoid tissue lymphoma
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Crystal-storing histiocytosis (CSH) is a rare entity that is characterized by intrahistiocytic accumulation of crystallized immunoglobulins.
CSH is not a malignant process per se, but the majority of CSH cases are associated with underlying lymphoproliferative disorder. Al-
though CSH can occur in a variety of organs, gastric CSH is very rare. We present a localized gastric CSH with concomitant mucosa-
associated lymphoid tissue (MALT) lymphoma, manifesting as an ulcer bleeding in a 56-year-old man. Histologically, the biopsied gas-
tric mucosa demonstrated expansion of the lamina propria by prominent collections of large eosinophilic mononuclear cells containing
fibrillary crystalloid inclusions. Immunohistochemical studies revealed that the crystal-storing cells were histiocytes harboring kappa
light chain-restricted immunoglobulin crystals. Within the lesion, atypical centrocyte-like cells forming lymphoepithelial lesions were
seen, consistent with MALT lymphoma. Since this entity is rare and unfamiliar, difficulties in diagnosis may arise. Particularly, in this
case, the lymphomatous area was obscured by florid CSH, making the diagnosis more challenging.
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Crystal-storing histiocytosis (CSH) is a rare entity that is
characterized by prominent collections of histiocytes with a dis-
tinctive intracytoplasmic accumulation of immunoglobulin
crystals [1-4]. The name CSH is descriptive and sounds harm-
less, but up to 90% of cases are associated with an underlying
lymphoproliferative or plasma cell disorder, such as multiple
myeloma, lymphoplasmacytic lymphoma, or monoclonal gam-
mopathy of undetermined significance [2-4]. That is, CSH is an
under-recognized paraneoplastic phenomenon, and the aware-
ness of CSH may help to detect a hidden malignancy. CSH can
be overlooked if so subtle, while extensive CSH can obscure a
concomitant lymphoma. We herein describe the histologic
findings of CSH associated with mucosa-associated lymphoid
tissue (MALT) lymphoma in detail, to be aware of this rare en-
tity and facilitate a proper diagnosis.

CASE REPORT

A 79-year-old man was admitted to our hospital with melena

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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and hematemesis lasting for 5 hours. He denied any previous
history of gastrointestinal bleeding. His medical history includ-
ed lacunar infarct, hypertension, and dementia. He was taking
Aspirin Protect (100 mg/day). Laboratory test demonstrated
anemia (hemoglobin, 9 g/dL; hematocrit, 26.7%), but other-
wise normal complete blood counts. Emergency endoscopy and
colonoscopy were performed. Colonoscopy showed no bleeding
focus. Esophagogastroduodenoscopy revealed a 1 cm-sized active
ulcer with an eroded vessel in the high body (Fig. 1A), which
was treated with epinephrine injection and argon plasma coag-
ulation. The surrounding mucosa was hyperemic and friable. A
flat nodular lesion with irregular margin and discoloration was
also seen in the low body (Fig. 1B). Multiple biopsy specimens
were obtained from the margin, the surrounding area of the ul-
cer, and the flat nodular lesion. Microscopically, all biopsy speci-
mens showed marked expansion of the lamina propria by sheets
of large mononuclear cells with brightly eosinophilic cytoplasm
and eccentric small bland nuclei (Fig. 1C, D). At higher mag-
nification, abundant eosinophilic cytoplasm contained fibrillary,
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Fig. 1. Esophagogastroduodenoscopy reveals an active ulcer surrounded by elevated hyperemic mucosa in the high body (A) and another
flat erosive lesion showing hypertrophic folds and nodularity in the low body (B). (C, D) Microscopically, all the biopsy specimen demon-
strates dense infiltration of large eosinophilic mononuclear cells and lymphocytes, along with remarkable decreases in gastric glands. (E) At
higher magnification, infiltrating mononuclear cells are packed with eosinophilic, fibrillary, needle-like crystalloid inclusions displacing nuclei,
which are different from Mott cells that have grape-like intracytoplasmic spherical inclusions (inset). (F) Immunohistochemically, both crystal-
storing cells and lymphoplasma cells show kappa light chain restriction: they are positive for kappa (left) and negative for lambda (right) im-
munostains. (G) Atypical small- to intermediate-sized lymphoid cells infiltrate adjacent gastric glands to form a lymphoepithelial lesion, which
are CD20-positive centrocyte-like cells (H).
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Table 1. Clinical and pathological findings of previously published cases of gastric crystal-storing histiocytosis in the English literature

Year Study sl Endoscopic finding He//ggbac{er e Ig light chain Follow-up data
(yr) pylori infection neoplasm

1999 Jonesetal. [1] F/35 NS NS Thymic lymphoma Polyclonal  Persist

2006 Stewart and Spagnolo [7] M/82  Gastritis Yes No Lambda  Died of unrelated cause

2006  Stewart and Spagnolo [7] M/81  Gastritis Yes No Insufficient  No symptoms or lesion

2006  Stewart and Spagnolo [7] F/52  Erosion Yes No Lambda  No symptoms or lesion

2007 Jooetal. [8] F/56  Polyps Yes No Polyclonal - No residual lesion

2013 Yanoetal [9] F/65  Discoloration with granularity Yes No Polyclonal  Alive without disease

2014 Vaid et al. [10] M/NS  Discolored patch NS No Kappa No

2016 Kanagal-Shamannaetal. [4] M/43 Nodule NS MALT lymphoma Kappa Alive without disease

2016 Kanagal-Shamannaetal. [4] M/51 NS NS Multiple myeloma Lambda  No

2018 Arnold et al. [6] a Discoloration with granularity Yes MALT lymphoma Kappa Persist

2018 Arnold et al. [6] a Discoloration with granularity Yes MALT lymphoma Kappa Persist

2018 Amold et al. [6] @ Malignant-appearing mass No Mantle cell ymphoma Lambda  Died of lymphoma

2018 Arnold et al. [6] a Malignant-appearing mass No DLBCL Kappa Died of lymphoma

2020 Present case M/79  Ulcer, flat nodularity No MALT lymphoma Kappa No

F, female; NS, not stated; M, male; MALT, mucosa-associated lymphoid tissue; DLBCL, diffuse large B cell lymphoma.

4ncluding 2 females and 2 males with age range from 56 to 82.

needle-like, non-refractile crystalloid inclusions (Fig. 1E). Im-
munohistochemical studies revealed that these crystal-storing
cells were histiocytes harboring kappa light chain-restricted
immunoglobulin crystals; they were diffusely positive for CD68
and kappa light chain (Fig. 1F, left), but negative for lambda
light chain (Fig. 1, right), desmin, smooth muscle actin, S100
protein, CD117, CD1a, and cytokeratin. Also, there were mul-
tifocal aggregates of atypical lymphocytes and plasma cells,
which also showed kappa light chain restriction. Atypical lym-
phocytes forming lymphoepithelial lesions were CD20-positive
B cells (Fig. 1G, H), and the diagnosis of CSH associated with
MALT lymphoma was rendered accordingly. It was not easy to
identify the lymphoepithelial lesions due to overwhelming accu-
mulation of crystal-storing histiocytes. Helicobacter pylori-like
organisms were not observed histologically, and the result of
Campylobacter-like organism test was also negative. The patient
refused to undergo bone marrow biopsy. Abdominal and pelvic
computed tomography revealed no lymph node enlargement or

organomegaly.
DISCUSSION

To date, about 130 cases of CSH have been reported in a wide
variety of organs, including bone marrow, lymph nodes, liver,
spleen, lungs, gastrointestinal tract, kidney, central nervous sys-
tem, and skin [1-5]. It may present as either localized (a single
deposit involving only one organ or site) or generalized (multi-
ple deposits involving more than one organ or site) forms [2].
Localized CSH is more frequent than generalized CSH (about

http://jpatholtm.org/

70% versus 30%) [2-3,5]. The vast majority of the reported
CSH cases had underlying lymphoproliferative or plasma cell
disorder with monotypic kappa light chain [2-4]. CSH is ex-
tremely rare in the stomach, and until now, 14 cases of gastric
CSH (including the present one) have been described in the
English literature [1,4,6-10]. The detailed clinical and patho-
logical findings of these patients are summarized in Table 1.
The 14 patients reported included 8 men and 6 women with a
mean age at diagnosis of 61 years (range, 35 to 82 years). There
were one generalized (7.1%) and 13 localized (92.9%) forms.
Among them, eight patients (57%) had a concomitant or sub-
sequent lymphoplasmacytic malignancy: four MALT lympho-
mas with kappa-restriction, one mantle cell lymphoma with
lambda-restriction, one diffuse large B cell lymphoma with
kappa-restriction, one multiple myeloma with lambda-restric-
tion, and one metachronous thymic lymphoma. Five patients
(35.7%) had no associated disease except H. pylori infection, and
the remaining one patient showed no etiologic condition. Four
of the patients who had H. pylori infection alone did not develop
other gastric lesion or symptoms during the follow up period
[7-9]. Compared to other organs, gastric CSH predominantly
manifested as a localized form, and about half of the cases were
not related to clonal lymphoproliferative disorders: instead,
they were frequently associated with H. pylori—associated gastri-
tis.

The differential diagnosis of CSH may include a variety of
conditions characterized by collections of large eosinophilic tu-
mor cells (adult thabdomyoma, granular cell tumor, and onco-
cytic neoplasms) or histiocytic aggregation (Langerhans cell

https://doi.org/10.4132/ptm.2020.04.20



histiocytosis, fibrous histiocytoma, xanthogranuloma, Gaucher’s
disease, malakoplakia, and mycobacterial or fungal infection)
[2-4,6]. However, considering the distinctive intracytoplasmic
immunoglobulin crystal and gastric location, Russell body gas-
tritis (RBG) may be the most difficult differential diagnosis.
RBG is another rare entity characterized by aberrant immuno-
globulin deposits in the stomach [11]. Unlike CSH consisting
of predominantly histiocytes with crystallized immunoglobulin
in the lysosome, RBG is composed of plasma cells with small
condensed spherical immunoglobulin surrounded by endoplas-
mic reticulum membrane (called Mott cells) [12]. Besides his-
tological picture displaying diffuse proliferation of large eosino-
philic mononuclear cells in the lamina propria, RBG cases also
share similar features, such as frequent kappa light chain re-
striction of accumulated immunoglobulin (43%) and strong as-
sociation with H. pylori infection (67%) [11]. There were two
cases of RBG related to lymphoplasmacytic neoplasm: one with
concomitant MALT lymphoma and another with metachronous
multiple myeloma three years after RBG diagnosis [13,14].
However, so far, RBG has been considered a unique inflamma-
tory reaction rather than a paraneoplastic phenomenon. Thus,
gastric CSH seems to be more significant than RBG in the as-
pect of association with lymphoproliferative disorder.

In conclusion, although CSH rarely manifests in the stomach,
the recognition of CSH is important to initiate a clinical work-
up searching for the underlying neoplasm or associated cause.
Therefore, once the diagnosis of CSH is rendered, pathologists
have to provide prompt notification to the clinician. Some-
times, CSH can be so extensive as to obscure the concomitant
neoplasm. Thus, pathologists should be aware of the detailed
histological features of CSH to avoid misdiagnosis and also
should have a high level of suspicion for the presence of accom-
panying lymphoproliferative disorder.
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CASE STUDY

Pediatric granular cell tumor in the posterior wall
of the larynx extending to the trachea
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Granular cell tumor (GCT) is a slow-growing benign neoplasm that can be found in any organ. Pediatric laryngotracheal GCT is rare. We
experienced a 6-year-old boy suffering from a barking cough and symptoms of stridor and croup for one month. Head and neck com-
puted tomography revealed a protruding mass that occluded 60% of the airway lumen. Under the impression of hemangioma or papil-
loma, excision revealed a submucosal non-encapsulated mass. Histologically, the mass was composed of sheets of large polyhedral-
shaped tumor cells containing plump eosinophilic granular cytoplasm and centrally placed, small, bland-appearing nuclei. The tumor
cells were positive for S-100 protein, and voluminous eosinophilic cytoplasm was stained by diastase-resistant periodic acid-Schiff. The
present report describes a unique case of a huge pediatric laryngeal GCT extending to the subglottic trachea. We also review the clinical

course of pediatric laryngotracheal GCT and emphasize the importance of diagnosing GCT in children.
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Granular cell tumor (GCT) has been variably called granular
cell myoblastoma, Abrikossoft’s tumor, and granular cell schwan-
noma [1]. As its name indicates, GCT is regarded to be of neural
crest Schwann cell origin, like schwannoma, although its patho-
genesis is still under debate. Its characteristic granularity is
caused by accumulated secondary lysosomes in the cytoplasm of
the tumor cells [1]. Recently, we experienced a six-year-old boy
with a huge GCT in the larynx that extended to the trachea.
Here, we describe a pediatric patient with laryngotracheal GCT
who was difficult to diagnose early.

CASE REPORT

A previously healthy 6-year-old boy presented with acute onset
noisy breathing, hoarse voice, and symptoms of croup and stri-
dor for three weeks. He had a history of asthma for the previous
1 year, and there was no family history. Physical examination
was nonspecific. Laryngoscopy revealed posterior vocal cord
swelling and a crust-like lump lesion (Fig. 1A). Laryngitis or
tracheitis was suspected. Head and neck computed tomography

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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(CT) showed a 22 x9-mm-sized lesion with a lobulated margin
and heterogeneous enhancement in the posterior wall of the
subglottic trachea, suspicious for papilloma or hemangioma
(Fig. 1B). In addition, the mass arose from the cricoid cartilage
at the posterior laryngeal wall and extended to the subglottic
trachea level. With the patient under laryngeal mask airway
general anesthesia, suspension laryngoscope setting bagging was
performed using a 4.5-mm endotracheal tube. The posteriorly lo-
cated glottic mass was incompletely removed using a cup forceps,
and the mucosal surfaces of both sides of the mass were left intact
to prevent stenosis of the airway.

Histologically, the excised mass from the trachea and glottis
was composed of large polyhedral cells arranged in sheets with
plump eosinophilic granular cytoplasm (Fig. 2A). Centrally
placed small nuclei were bland with or without nucleoli. Mitosis
and necrosis were absent. The overlying epithelium was observed
as either intact or as occasional erosive squamous epithelium
with focal pseudoepitheliomatous hyperplasia. The eosinophilic
granular cytoplasm was stained with diastase-resistant periodic
acid-Schiff (PAS) (Fig. 2B, left). The polyhedral large cells were
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Fig. 1. (A) Laryngoscopy shows scattered swelling and a crust-like lump lesion, causing subglottic stenosis and stricture. (B) Head and neck
computed tomography reveals a 2.2-cm-sized lesion (arrow) with heterogeneous enhancement in the posterior wall of the subglottic trachea.

Fig. 2. (A) Large polygonal-shaped tumor cells fill the subepithelial stroma. Note the overlying pseudoepitheliomatous hyperplastic squa-
mous epithelium. The inset indicates tumor cells containing fine granular cytoplasm. (B) Voluminous cells are strongly stained with periodic
acid-Schiff with diastase-pretreatment (left) and S-100 protein (right).

positive for S-100 protein (1:600, polyclonal, Dako, Glostrup,
Denmark; Fig. 2B, right) and negative for smooth muscle actin
(1:100, 1A4, Dako). Because the tissue lacked cellular pleomor-
phism and mitosis, benign GCT was diagnosed.

Seven months later, the patient is healthy with remaining tumor.
A 12-month follow-up visit is planned.

https://doi.org/10.4132/jptm.2020.02.08

DISCUSSION

Pediatric laryngotracheal tumors are uncommon, accounting
for only 2% of laryngeal lesions, and most of them are benign [2].
The most common occurrences are papillomatosis and heman-
gioma [3]. GCT most commonly affects the posterior portion
of the larynx. Pediatric laryngeal GCT is rare [4], with fewer than

http://jpatholtm.org/
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20 cases of pediatric laryngotracheal GCTS reported [5]. In addi-
tion to its rare incidence, laryngotracheal GCT in children may
present with stridor and upper airway obstruction, a very serious
clinical presentation, and a long period of time may pass before
exact diagnosis. Causes of airway distress vary from infection to
rare neoplasm. Furthermore, a preoperative diagnosis of laryn-
gotracheal GCT is not easy because tracheal tumors are infre-
quent in children. In children, ultrasound is favored over CT. Al-
though preoperative diagnosis of laryngeal GCT may not be
easy, its pathologic diagnosis through characteristic histology and
immunohistochemical results can be assured, unless the biopsy
sample is inadequate. If the diagnostic biopsy is purely superfi-
cial, only squamous epithelium will be examined, which may be
mistaken as squamous cell carcinoma. Pathologic diagnosis of
GCT is based on observation of its classic morphology: overlying
pseudoepitheliomatous hyperplasia, submucosal polygonal or
elongated cells with small nuclei, and eosinophilic granules
stained by S-100 protein and PAS in cellular lysosomes.

Although most GCTs are benign, some show malignant be-
havior, producing controversial classification between benign,
atypical, and malignant GCTs [6]. The pathological criteria of
malignancy, i.e., the Fanburg-Smith criteria, have been the most
useful. The histopathological diagnosis of malignancy is based
on the following six criteria: necrosis, spindling, vesicular nuclei
with prominent nucleoli, mitotic activity (> 2 mitoses/10 high-
power fields under 200 X magnification), high nuclear to cyto-
plasmic ratio, and pleomorphism. GCTs showing three or more
of the criteria are categorized as malignant, those showing one or
two criteria are categorized as atypical, and those showing only
focal pleomorphism are categorized as benign.

If GCT occurs in multiple locations, it may be the result of
multicentric origin rather than metastasis, as in the skin [7].
Multiple GCTs have been reported in the skin of children, and
most of those cases were associated with various systemic syn-
dromes, such as neurofibromatosis (NF), Noonan syndrome (NS),
Costello syndrome, and mutation of the phosphatase and tensin
homologue (PTEN) gene. The molecular pathogenesis of mul-
tiple GCTs has not yet been clarified. Alterations of the RAS/mi-
togen-activated protein kinase pathway promoting cellular pro-
liferation and oncogenesis, i.e., gain-of-function mutations, may
explain why NF1 and NS patients develop multiple occurrence
of GCT5 [7]. Therefore, long-term follow-up should be required
in patients with pediatric laryngotracheal GCT.

Treatment of laryngotracheal GCT is poorly standardized due
to limited data, particularly in children. Most pediatric GCTs
take a benign course, unless the patient suffers airway obstructive
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symptoms, and there is no role for radiotherapy or chemotherapy
[8]. Complete excision with a clear resection margin is regarded
as the standard of treatment, though therapy may vary from
simple observation to laryngotracheal reconstruction [9]. Endo-
scopic resection may be undertaken as the initial treatment for
a small GCT. On the other hand, surgical resection is recom-
mended for laryngotracheal GCTs measuring more than 8§ mm
or those with full thickness involvement of the airway for main-
tenance of the airway [10].

Following complete resection, recurrence of GCT is unlikely,
and recurrence rates are around 2%—3% if it is completely excised.
Recurrence and increased size in benign GCT may be indicators
of malignant transformation. Pediatric patients with laryngo-
tracheal GCT and incomplete conservative surgery should be
closely and regularly followed to detect late recurrence due to
incomplete resection, metachronous multiple occurrence, or
systemic manifestation of an underlying syndrome as well as
lifetime risk of recurrence.

In conclusion, pediatric GCT involving the trachea and lar-
ynx mimics papilloma or hemangioma and poses a challenging
diagnosis. The present case was unique for two reasons: first,
the laryngotracheal occurrence, an unusual location for GCT;
and second, the presentation of acute stridor that necessitated a
differential diagnosis that included entities with asthma or bron-
chitis. Although laryngotracheal GCT is rare, pediatricians and
radiologists should bear it in mind when evaluating a patient
presenting with respiratory obstructive symptoms.
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CASE STUDY

Primary hepatic extranodal marginal zone lymphoma
of mucosa-associated lymphoid tissue
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Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma), is one of the specific type of low-grade
B-cell ymphoma not infrequently found worldwide. It typically involves mucosal sites such as stomach and conjunctiva; however, pri-
mary hepatic MALT lymphoma has been extremely rarely reported. We describe a case of hepatic MALT lymphoma in a 70-year-old
male patient who underwent left hepatectomy due to the incidentally detected liver masses at a medical checkup. The resected speci-
men revealed multinodular masses consisting of small-to-intermediate-sized lymphoid cells with serpentine pattern and focal lympho-
epithelial lesions. The tumor cells were diffusely positive for CD20 and Bcl-2 but negative for CD3, CD10, CD5, CD23, CD43, and cy-
clinD1. The Ki-67 labeling index was 10% and immunoglobulin heavy chain gene rearrangement study confirmed monoclonal
proliferation. In this paper, we discuss several unique clinicopathologic characteristics which will be helpful to the differential diagnosis

of hepatic MALT lymphoma.
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Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT) is one of the specific type of low-grade
B-cell lymphoma not infrequently found worldwide. MALT
lymphoma represents 7%—-8% of all non-Hodgkin’s lympho-
mas in Western countries [1]. In Korea, MALT lymphomas
represent 19.0% of non-Hodgkin lymphomas and over half
(59.8%) occur in the stomach. Other sites of occurrence include
the lung, salivary gland, ocular adnexa, skin, and thyroid [2].
However, lymphoma in the liver as the primary site is very rare.
Primary hepatic lymphoma (PHL) comprises 0.016% of non-
Hodgkin’s lymphoma [3] and MALT lymphoma comprises
2%-4% of PHL [4]. Since it is a rare disease with limited liter-
ature, there is no consensus on treatment modalities [5,6].
Here, we report a case of primary hepatic MALT lymphoma.

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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CASE REPORT

A 70-year-old male patient was referred for liver masses on
ultrasonography from a medical checkup at another hospital.
He had a history of intracerebral hemorrhage, and coronary
stent insertion due to myocardial infarction. A physical exami-
nation showed no abnormalities. The laboratory test results
were within normal limits. The level of aspartate transaminase
was 27 IU/L, alanine transaminase was 24 TU/L, total bilirubin
was 0.9 mg/dL, alkaline phosphatase was 96 TU/L, and v glu-
tamy! transferase was 34 TU/L. The patient was seronegative for
hepatitis B and C and tumor markers (a-fetoprotein and pro-
tein induced by vitamin K antagonist IT) were within normal
limits. He was also seronegative for human immunodeficiency
virus and was negative for antinuclear antibody. The abdomen
ultrasonography showed mild fatty liver. Esophagogastroduo-
denoscopy showed atrophic gastritis and no other MALT lesion
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Fig. 1. (A) The magnetic resonance imaging shows a hypointense in T1, and T2, and arterial enhancing lesion in left lateral segment (arrows).
(B) The positron emission tomography/computed tomography shows two hypermetabolic masses in left lateral segment (maximal standard-
ized uptake value, 4.4). T1-WI, T1 weighted image; T2-WI, T2 weighted image.

was present. Further imaging studies including computed to-
mography (CT), magnetic resonance imaging (MRI), and *F-
fluorodeoxyglucose (FDG)-positron emission tomography
(PET)/CT were performed. The MRI revealed two arterial en-
hancing masses measuring 3.6 cm and 3.3 cm in the left lateral
segment of the liver, suggesting hepatocellular carcinoma
(HCC) (Fig. 1A). The PET/CT revealed the two masses in the
left lateral segment of the liver to be hypermetabolic (maximum
standardized uptake value of 4.4) (Fig. 1B). No other lymph-
adenopathy was present. He underwent left hepatectomy.

The liver specimen showed two masses measuring 4.8 4.2 %
3.3 cm and 4.8%3.8x 2.3 cm that were well-demarcated and
grayish tan in color in segment 2 (Fig. 2A). On low-power mag-
nification, nodular and serpentine infiltration of lymphocytes was
seen (Fig. 2B). On high-power magnification, small-to-interme-
diate-sized lymphoid cells were present (Fig. 2C). Lymphoepithe-
lial lesions were present in the bile ducts (Fig. 2D), which were
highlighted by positive immunoreactivity for cytokeratin 7 by
immunohistochemistry (IHC) (Fig. 2E). In other IHC studies,
CD20 and Bcl-2 were diffusely and strongly positive, and the tu-
mor cells were negative for CD3, CD10, CD5, CD23, CD43,

https://doi.org/10.4132/jptm.2020.03.18

and cyclinD1 (Fig. 3A-C). The Ki-67 index was about 10%.
Immunoglobulin heavy chain (IgH) gene rearrangement study
revealed monoclonality of the lymphoid lesion, and all these re-
sults were compatible with a diagnosis of MALT lymphoma. The
background liver outside the nodules showed portal-to-periportal
lymphocytic infiltration (Fig. 3D), however, there was no evi-
dence of autoimmune hepatitis, or primary biliary cirrhosis, or
non-alcoholic steatohepatitis. Systemic studies including bone
marrow biopsy showed no additional lesions. He was diagnosed
with Ann Arbor stage IIE and close follow-up without additional
therapy was recommended. After 8 months from the surgery, the
patient showed no recurrent disease in the CT scan.

DISCUSSION

Although the incidence of primary hepatic MALT lymphoma
is extremely rare, some unique clinical characteristics were re-
ported in the literatures (Table 1) [6-15]. Most of primary he-
patic MALT lymphoma cases occurred in elderly people and
were presented with incidentally detected liver masses without
specific symptoms [6,7]. These features were consistent with

http://jpatholtm.org/
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the present case.

Chronic antigenic stimulation such as longstanding inflam-
mation or infection has been suggested as an important etiolog-
ic factor of MALT lymphoma. Helicobacter pylori has been proved

to be the cause of gastric MALT lymphoma and the suggested
infectious agents for other sites are Borrelia burdorferi for skin,
Chlamydophila psittaci for ocular adnexa, Campylobacter jejuni
for small intestine, and Achromobacter xylosoxidans for lung. As

Fig. 2. (A) Gross image of the liver shows well-demarcated and grayish tan masses. (B) Low power view of the lesion demonstrates serpen-
tine infiltrations of lymphoid cells. (C) High power view of the lesion demonstrates small-to-intermediated-size lymphoid cell infiltration. (D, E)
Lymphoepithelial lesion is present, which is revealed by cytokeratin 7 immunohistochemical stain.

http://jpatholtm.org/
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Fig. 3. The lymphoid cells are positive for CD20 (A), and negative for CD3 (B) and CD10 (C). (D) The non-neoplastic liver shows portal to
periportal lymphocytic infiltration.

for hepatic MALT lymphoma, hepatitis C viral infection, auto-
immune diseases such as Sjogren’s disease or Hashimoto's thy-
roiditis have been reported to have increased the risk of MALT
lymphoma [16,17]. Another study proposed that 45% of pa-
tients with MALT lymphoma had no concomitant liver diseases
[6]. Our patient had no suggested predisposing conditions list-
ed above. The pathogenesis of hepatic MALT lymphoma is still
unclear and should be explored in a large-scale study.

In this case, the patient was initially misdiagnosed with HCC
by CT and MRI studies. Betianu et al. [8] states that there are
no characteristic radiological findings of PHL. After contrast ad-
ministration, more than 50% of PHLs showed no enhancement,
30% showed patchy enhancement and 15% showed a ring en-
hancement. On MRI, PHL is hypo- or isointense on T1 and hy-
perintense on T2 [8]. Thus, when suspected malignant liver
masses are seen in imaging studies without elevation of tumor
markers, lymphoma should be a differential diagnosis and liver

https://doi.org/10.4132/jptm.2020.03.18

biopsy could be an option. Several articles focus on *F-FDG
PET/CT as a diagnostic modality as for other lymphomas. Bao
et al. [9] suggest that ""F-FDG PET/CT is particularly helpful
in distinguishing the initial stages of MALT lymphoma, al-
though pathological evidence is needed for definitive diagnosis.
It can assist in staging, evaluating treatment responses, and
monitoring relapse and recurrence [9]. Our patient had a slightly
hypermetabolic mass, considering its indolent nature. The stan-
dardized uptake value of primary hepatic MALT lymphoma re-
mains to be validated with more evidence.

Microscopically, in low-power magnification, nodular and
serpentine infiltrations of lymphoid cells from the portal area
were present. MALT lymphomas are known to predominantly
involve the portal fields of the liver, and lymphoepithelial le-
sions of the bile ducts are known to be typical accompanying
findings [18]. The differential diagnoses are HCC, cholangiocel-
lular carcinoma, low-grade B-cell lymphoma including follicu-

http://jpatholtm.org/
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Table 1. Reported cases of primary hepatic MALT lymphoma

ﬁ(e;se Study Age (yr)/Sex HBV HCV Comorbidities Image finding Treatment Outcome
1 Xie et al. [6] 73/M (+) (-)  None CT: enhanced in arterial phase Surgery Alive/6 mo
MRI: hypointense on T1,
hyperintense on T2
2 Nagata et al. [7] 74/M @] (-)  Hypertension CT. no mass Surgery Alive/2 yr
MRI: enhanced on T1 in arterial
phase, withdrawal in portal venous
and delayed phases
3 Betianu et al. [8] 47/F @] (-)  None CT. hypodense mass Surgery and Alive/9 mo
MRI: hypointense on T1, chemotherapy
hyperintense on T2
4 Bao et al. [9] 59/F (+) (-)  None CT. hypodense lesions Patient refused ~ ND
PET/CT: increased uptake of SUV
5 Obiorah et al. [10] 80/F @] (-)  None CT: bilobed mass Surgery, rituximab  Pulmonary
and idelalisib recur/1 yr,
parotid gland
recur/7 yr
6  Obiorah et al. [10] 30/F @] (-)  Autoimmune hepatitis, PET/CT: diffuse FDG activity Rituximab Alive/3 yr
Hashimoto’s thyroiditis
7 Bohlok et al. [11] 68/M ] (=) Alcohalic cirrhosis, MRI: enhanced in arterial phase and Surgery ND
hemochromatosis washout in portal phase
FDG PET: hypermetabolic tumor
8 Khurana et al. [12] 71/F @] (-) Invasive breast cancer, PET: FDG hypodense lesion Surgery ND
papillary thyroid carcinoma
9 Dong et al. [13] 50/M ] () Type 2 diabetes, MRI: hypointense on T1 and Surgery and Alive/13 mo
hypertension hyperintense on T2, enhanced in Rituximab
the arterial phase and portal phase
10 Lietal [14] 44/F (] (+) None MRI: hyperintense on T1 and T2 Surgery Alive/27 mo
11 Haefliger et al. [15] 69/M (Sl (=) Non-alcoholic steatohepatitis, MRI: hyperintense on T2, Rituximab and Alive/6 mo
Helicobacter pylori-associated ~ washout on portal venous phase HP eradication
gastritis therapy
12 Ourcase 70M - (5)  Intracerebral hemorrhage, MRI: enhanced in arterial phase Surgery Alive/8 mo

myocardial infarction

PET/CT: hypermetabolic and
isometabolic nodules

MALT, mucosa-associated lymphoid tissue; HBV, hepatitis B virus; HCV, hepatitis C virus; M, male; CT, computed tomography; MRI, magnetic resonance im-
aging; F, female; PET, positron emission tomography; SUV, standardized uptake value; ND, not detected; FDG, fluorodeoxyglucose; HP, Helicobacter pylori.

lar lymphoma and small lymphocytic lymphoma, hepatosplenic
T-cell lymphoma, pseudolymphoma, and IgG4-related liver
disease. THC with CD5, CD10, CD23, CD43, and cyclinD1 is
critically important to further classify low-grade B-cell lympho-
mas. Hepatic pseudolymphoma is another rare lesion often asso-
ciated with inflammatory or autoimmune diseases and shows
features similar to malignant lesions in imaging. Its histologic
findings resemble low-grade lymphoma, particularly extranodal
marginal zone lymphoma [19]. It can be distinguished from ex-
tranodal marginal zone lymphoma by histology, and IHC stud-
ies showing reactive patterns and polyclonality in an IgH gene
rearrangement study. The diagnostic features of IgG4-related
disease include elevated serum IgG4 concentrations, and histo-
logic features include dense lymphoplasmacytic inflammatory
infiltrate with increased numbers of IgG4" plasma cells, often
increased eosinophils, a storiform pattern of fibrosis, and obliter-
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ative vasculitis [20]. The histologic findings along with results
from THC study and IgH gene rearrangement study seem to be
critical in the differential diagnosis.

H.pylori eradication is a well-established treatment for gas-
tric MALT lymphoma. However, there is no consensus on the
treatment for MALT lymphoma in other sites. Expectant obset-
vation, surgery, radiotherapy, chemotherapy, and immunothera-
py are generally performed, considering site, disease stage, and
performance status. For localized diseases, radiation therapy is
often a preferred option and surgery can be considered. For ad-
vanced stages, observation with monitoring was often proven to
be adequate, but when treatment is required, chemotherapy
with rituximab and enrollment in controlled clinical trials is
suggested [5]. After discussion, our patient was placed under
observation. Tumor recurrence has been reported in the litera-
ture, with the lung reported as the most common site [10].

https://doi.org/10.4132/jptm.2020.03.18



Primary hepatic MALT lymphoma is a very rare disease. The
clinical features are nonspecific and the image findings variable.
Histology, IHC studies and an IgH gene rearrangement study
are of great importance in accurate diagnosis. The disease char-
acteristics should be disclosed further with more data.
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CASE STUDY

Atypical femoral neck fracture after prolonged hisphosphonate therapy

Kwang-kyoun Kim', Young-wook Park’, Tae-hyeong Kim', Kyung-deok Seo'

Departments of 'Orthopaedic Surgery and ?Pathology, Konyang Unversity Hospital, Daejeon, Korea

Of the drugs developed to prevent and treat osteoporosis, bisphosphonate has played a very important role in preventing osteoporotic
fractures. However, case reports describing atypical femoral fractures in patients using long-term bisphosphonates have emerged.
The majority of atypical femur fractures occurs in the lateral aspect of the subtrochanteric or femur diaphysis, which is explained by
accumulation of tensile stress in these areas. Although the superior cortex of the femur neck withstands maximum tensile stress, to
our knowledge, there have been only two reports (three cases) of atypical femoral neck fracture. In addition, none of those case reports
revealed detailed pathology related to suppressed bone turnover rate. We encountered an incomplete femoral neck fracture and diag-
nosed it as “atypical” on the basis of the patient’s lack of trauma and medication history and pathological findings. For patients with groin
pain, minimal or no trauma, and a history of long-term bisphosphonate use, an atypical femoral neck fracture should be considered.
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Bisphosphonates reduce the overall risk of osteoporotic frac-
tures and have a long-term beneficial effecc. However, they re-
duce bone turnover and allow micro-cracks to accumulate over
time, leading to atypical femoral fracture (AFF) [1]. There have
been many reports of AFF in the subtrochanter or the diaphysis
that were attributed to accumulation of tensile stress in these
regions [2]. According to Koch [3], the greatest tensile strength
occurs at the superior cortex of the femoral neck. However, to
our knowledge, there have been only three cases of atypical fem-
oral neck fracture (AFNF) [4,5]. In addition, none of those case
reports revealed evidence related to suppressed bone turnover
rate. Here, we report a case of AFNF with detailed pathological
findings and a literature review.

CASE REPORT

A 71-year-old female was referred to our clinic with a 3-month
history of pain in the right groin. Her pain was not preceded by
a fall or any injury. Three weeks before presenting to our clinic,
the pain worsened so that she could not bear weight on the
right hip, and she underwent hip radiography and magnetic
resonance imaging (MRI) at the referring hospital, where she
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was conservatively treated for a bone contusion. The patient had
been taking 3 mg of intravenous ibandronate sodium every
3 months over the previous 4 years for osteoporosis. At admis-
sion, the bone mineral densities (T-score) of the lumbar spine,
total hip, and femoral neck were 3.6, —1.4, and -1.2, respec-
tively. On physical examination, there was pain limitation to
range of motion and a positive log roll test for the right hip.

Laboratory tests showed normal adjusted serum calcium (8.9
mg/dL; normal range, 8.0 to 10.5), inorganic phosphorus (3.2
mg/dL; normal range, 2.5 to 4.5), serum creatinine (0.7 mg/dL;
normal range, 0.6 to 1.1), and alkaline phosphatase (85 TU/L;
normal range, 40 to 120). However, 25-hydroxycholecalciferol
(17.8 ng/mL; normal range, 30 to 80) and urinary excretion of the
N-telopeptide of type I collagen (8 nM bone collagen equiva-
lents/nM creatinine; normal range, 11 to 91) were decreased.

Hip radiograph performed at our hospital upon admission
showed a more definite and extended incomplete right femoral
neck fracture (Fig. 1A, B), whereas a 1.5T MRI conducted at
the referral hospital had shown a decreased signal intensity
without fracture on the right femur neck (Fig. 1C).

A specimen that included the fracture line was obtained and
stained with hematoxylin and eosin (H&E) (Fig. 2A). The frac-
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Fig. 1. (A) A radiograph performed 3 weeks before referral to our hospital shows a minimal fracture line (white arrow) on the superior cortex
of the right femoral neck. (B) A radiograph performed at our hospital at admission shows a more definite and nearly vertical radiolucent line
(fracture) in the right femoral neck. (C) T1 magnetic resonance imaging shows a decreased signal intensity in the superior and central aspect

of the right femoral neck, which represents bone marrow edema.

ture gap appeared as a vertical, nearly empty crack, <0.1 mm
wide, and containing mainly amorphous acellular material. No
hematoma, vessels, chondrocytes, or inflammatory cells were
seen within the fracture gap (Fig. 2B). The deep portion of the
fracture was mostly replaced by fibrovascular tissue with a focal
area of osteoid formation, indicating fracture healing (Fig. 2C).
Increased remodeling activity (active osteoblastic rimming and
osteoclast proliferation) was seen around the fracture gap (Fig.
2D). Osteoclasts were widely distributed, except within the
fracture gap (Fig. 2). There were giant multinucleated osteo-
clasts, with more than 8 detached from the shallow resorption
cavity (Fig. 3). The patient was diagnosed with AFNF based on
history of long-term bisphosphonate therapy, suppressed bone
turnover marker (urinary excretion of the N-telopeptide of type
I collagen), and radiologic and pathological findings.

Because the patient required early weight bearing, bipolar ar-
throplasty was performed rather than internal fixation. Bisphos-
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phonate treatment was discontinued, oral supplemental vitamin
D was prescribed, and teriparatide was administered subcutane-
ously to prevent osteoporotic fracture. The patient was able to
bear full weight immediately after the operation, and no pain
was felt in either hip at 3 months postoperatively.

DISCUSSION

To our knowledge, only three cases of atypical femoral neck
fractures have been previously reported with little evidence.
Khan et al. [5] reported the pathological findings of discon-
nected, mainly thin trabecular bone with necrosis, hemorrhag-
ing, and acute inflammatory cells. However, these pathological
findings are not specific to AFF and are considered evidence of
acute fracture in osteoporotic patients [6,7]. However, the pa-
thology from the present case showed that the fracture gap con-
tained amorphous acellular material and no living cells. Con-
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Fig. 2. (A) Specimen shows a definite incomplete fracture of the superior femoral neck (arrow). (B) A thin fracture line (arrows) extends through
the entire thickness of the cortex. (C) A thin fracture gap contained amorphous acellular material (asterisk) but no hematoma, vessels, chon-
drocytes, or inflammatory cells. However, remodeling cavities with increased cellular activity are seen in the bone adjacent to the fracture gap
(arrows). (D) A deep portion of the fracture site is mostly replaced by fibrovascular tissue with a focal area of osteoid formation representing
the fracture-healing process (magnification of square area of B).

versely, the adjacent bone revealed living cells, including active
osteoclasts. These findings show that the present case was not
an acute fracture, but a stress fracture.

Osteoclasts normally contain up to eight nuclei before apop-
tosis, but in the present case, there were giant multinucleated
osteoclasts with more than 8 nuclei detached from the shallow
or absent resorption cavity. This is as a characteristic finding of
bisphosphonate-related atypical fractures [8-10]. Osteoclast
apoptosis is likely due to exposure to a high extracellular con-
centration of calcium released during bone absorption [11,12].
Bisphosphonate inhibits formation of the guanosine triphos-
phate-binding protein necessary for osteoclasts to form the ruf-
fled border necessary for adhesion and resorption on bone sut-
face; therefore, calcium concentration in the resorption cavity

does not increase due to loss of absorption from long-term
bisphosphonate use [13]. As a result, by reducing the signal

Fig. 3. A giant multinucleated osteoclast with more than 8 nuclei
detached from the shallow resorption cavity. (high extracellular calcium concentration), which is important
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for osteoclast apoptosis, the lifespan of the osteoclast increases;
therefore, the number of osteoclasts does not decrease, and fu-
sion continues to form giant multinuclear cells [8,14]. Giant
multinuclear cells are also found in Paget’s disease, secondary
hyperparathyroidism, giant cell tumor, and fibrodysplasia. How-
ever, these conditions can be pathologically differentiated by
number, size, and apoptosis of osteoclasts; amount of osteoids;
and condition of the hematopoietic bone marrow.

Fractures originating in the femoral neck and in the intertro-
chanteric femur are excluded from the case definition of AFF
because they are more likely to be associated with other causes
such as trauma or osteoporosis. However, given that atypical
fractures are clustered at the region of maximal tensile loading,
the superior cortex of the femoral neck withstands maximum
tensile stress, putting it at risk of atypical fractures [2,3]. We
assumed that the paucity of reports on AFNFs was related to
the fractures being mistaken for the transverse type of osteopo-
rotic insufficiency fractures [15]. In osteoporosis, the pathology
shows thin trabeculae disconnected from each other, enlarged
areolar tissue, and increased resorption cavity, and the increased
bone turnover marker is shown in laboratory testing. In the
present case, urinary excretion of the N-telopeptide of type I
collagen was reduced, reflecting a decrease in bone remodeling
due to bisphosphonate [16,17]. Recently, atypical fractures were
also reported in the ulna, tibia, ilium, and pubis [18-20]. There-
fore, I propose that the case definition of AFF be limited to fem-
oral subtrochanter and shaft that require supplementation.

There is a limitation in this study. Histomorphometry of giant
multinuclear osteoclasts (i.e., scale, shape, and position) and
number of giant multinuclear osteoclasts were not detailed, as
only H&E staining was performed.

In conclusion, the patient in the present case had no trauma
history, long-term bisphosphonate use, reduced urinary excre-
tion of the N-telopeptide of type I collagen, and a pathological
finding of bisphosphonate-related atypical fracture comprised of
amorphous acellular material and no living cells in the fracture
gap and giant multinucleated osteoclast detached from the
bone perimeter. For patients with groin pain with minimal or
no trauma and a history of prolonged bisphosphonate use, the
possibility of AFNF should be considered.
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